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PREFACE
Chuka University is the 9th Chartered Public University in Kenya. It organised the 7th Annual
International Research Conference on 2rd and 4th December, 2020. The theme of the 7th
Conference was: “Sharing Current Innovations to Revitalize Economic Development”. The
Conference theme was in line with contemporary times that need recovery from negative impacts
caused by misfortunes such as COVID-19 pandemic, locust invasion and floods. It contributed to
the realization of national and global blueprints. Together with the subthemes, it aspired to link
all stakeholders to establish firm partnerships for effective recovery.
The Organizers set six subthemes for the Conference. These were:
1. Agriculture and Environment Revitalization Innovations
2. Hospitality and Business Revitalization Innovations
3. Education and Training Revitalization Innovations
4. Humanities and Social Science Revitalization Innovations
5. Engineering and Technology Revitalization Innovations
6. Health and Affirmative Action Revitalization Innovations
In this respect, the conference had four objectives; namely to: disseminate current innovations
for revitalizing global economies; provide contemporary and alternative knowledge for policy
setting; share research milestones to facilitate sustainable industrialization’ and forge
partnerships for collaborative research endeavours.
We subsequently received 106 abstracts from Kenya and beyond, in all sectors of the economy.
Many higher education institutions were represented in the Conference either through direct
entry or collaboration. Similarly, many allied institutions were also represented. We were
grateful to all delegates who responded to participate in this Conference through the various
thematic plenary sessions. Networking sessions shall run continuously during health breaks.
We have packaged full manuscripts submitted into proceedings and will upgrade highest quality
ones for review and publication in the Chuka University Journal for Environmental
Sustainability Enhancement Research (JESAR) Volume7.
We hope you shall find these Proceedings enlightening and revitalizing.

Professor Dorcas K. Isutsa, Ph.D.
Deputy Vice-Chancellor (Academic, Research & Student Affairs)
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ABSTRACT
With global climate change becoming evident across the continent, agriculture has suffered greatly due to the effects
of global warming. Erratic weather conditions and sporadic rainfall patterns which are unpredictable have led to the
compromise of food security especially in areas where farmers rely on rain-fed agriculture. The effects of climate
change have led to the failure of crops in the field compounded by uncertainty in agricultural planning hence
affecting farmer’s income across the agricultural value chain. This study conceptualized land fragmentation as the
production of different crops in different geographical location by a single farmer. A 3 Stage Least Squares model
(3SLS) to estimate how land fragmentation and crop diversity affect smallholder farmers’ income was employed. To
measure land fragmentation, the Januszewki index (JI) was adopted while crop diversity was captured using the
Entropy index method. The results show that land fragmentation has a positive effect on crop diversity. Farm crop
diversity affects positively the level of farm income. The findings suggest that land fragmentation, as much as it has
had a negative view on its effect, it can be of positive impact especially on farming households with small farms.
Keywords: Land Fragmentation; Crop Diversification; Januszewki index; Entropy index
INTRODUCTION
With the declining agricultural productivity and land efficiency, there has been a renewed focus on the effect of land
fragmentation especially in most developing countries. Without any universal approach to understanding land
fragmentation, different views have been shared on how to view land fragmentation; a problem or not (Demetriou,
2013). According to van Dijk (2003), land fragmentation is in terms of the number of used units being used,
different ownership, internal fragmentation or commonality between ownership and use. In Sub-Saharan Africa,
there has been a major decline in farm sizes leading to decreased farm output (Kiplimo & Ngeno, 2016). In Africa,
effects of land fragmentation on agricultural production and efficiency have been reported by Okezie et al. (2012) in
Nigeria, Ayalew and Deininger (2013) in Rwanda, Kiprop et al. (2015) and Barasa et al. (2019) in Kenya.
Kenya is characterized by both high and medium productive land and Arid and Semi-arid land. In the country, 16%
of the total arable land is made up of high and medium agricultural potential that receives adequate and reliable
rainfall that can support intensive cropping and dairy production (Kiprop et al., 2015). Over the last 20 years the
Western part of Kenya, Kisii County included, has experienced a sharp rise in population. This has greatly led to the
subdivision of the vast large scale farms in the areas (Barasa et al., 2019).
From early 1960s major land reforms took place as the British colonials allowed Africans to buy land from them.
This marked the start of land fragmentation problem in Kenya. With the population expected to hit 55 million by
2050, according to the World Bank, pressure on the existing arable land is increasing in the country. The existing
laws of land succession, customs and traditions and the coming up of the new constitution that allows daughters to
inherit land contribute to a great extent to the problem of land fragmentation (Kiplimo & Ngeno, 2016). Land
ownership in Kenya is divided into three; private, communal and government trust. Communal and private
ownership are the big influencers of land fragmentation to extents that the land cannot be viable for production
through optimal use of inputs (Nyariki et al., 2015). With the lack of adoption of new technologies by smallholder
farmers, agricultural productivity and efficiency have been stalled leading to a continuous vicious cycle of poverty
and food insecurity (Kassie et al., 2015; Valbuena et al., 2015).
Previous research by Bardhan (1973) and Monchuk et al. (2010) have considered land fragmentation as detrimental
to agricultural production. On the other hand, Bentley (1987), Blarel et al. (1992) and Goland (1993) among others
have viewed that not all forms of land fragmentation have been negative but also beneficial as it helps in managing
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production risks, ease in allocating available labour and managing the different soil types for different crops (crop
diversification). But the full impact or effects of land fragmentation can only be context-specific depending on the
geographical, socio-economics and environmental conditions. According to Ciaian et al., (2018), land fragmentation
in Albania had led to increased agricultural diversification especially among the subsistence households. Also, land
fragmentation has led to improved food quality, security and sustainability in Rwanda (Ntihinyurwa et al., 2019).
Farmers fragment their land into plots depending on soil type or quality to diversify their crops (Tran & Van Vu,
2019). Land fragmentation in a positive way contributes to food security as farmers diversify their crops and
therefore more foodstuffs are available. The farmers get the freedom to grow different crops different from the
world top four of wheat, rice, maize and potatoes (Ntihinyurwa et al., 2019). In the developing countries like Kenya,
with access to the right information, developed research and extension, improved rural financial markets, good
distribution of assets coupled with crop diversification, agricultural productivity and efficiency in areas experiencing
high land fragmentation can be achieved. With improved productivity of the smallholder farmers, economic
development can be achieved (Barasa et al., 2019).
According to Konguka (2013) (cited in Ntihinyurwa et al., 2019), farmers can grow a variety of crops to help reduce
over-reliance of limited food crops, especially with the unreliable cropping season. According to FAO and World
Bank, crop diversification has been used by small scale farmers as a means of mitigating themselves from market
and production risks to achieve food security (Rehima et al., 2013). In most developing countries, crop
diversification has been considered as a tool for growth and sustainable agriculture. Farmers can diversify to highvalue crops by fragmenting their land into small sizes as evidenced in China and Vietnam (Nguyen, 2017). In the
USA, diversified farms have shown a reduction in the cost of production due to diversification (Paul & Nehring,
2005; Nguyen, 2017). Similarly, in Sudan, crop diversification has helped reduce income uncertainties (Guvele,
2001). According to Lin (2011), intensive agricultural production can be achieved through crop diversification as it
shields farmers from the effects of climate change. There is little empirical evidence of how land fragmentation and
crop diversification affects household income. According to Tran & Van Vu (2019), farmers would diversify to
other non-farm activities if they feel that land fragmentation affects their farming efficiency. Other farmers would
diversify by fragmenting their land more depending on the variation in inputs use, weather patterns, terrain and
location to reduce on risks (Ntihinyurwa et al., 2019; Tran & Van Vu, 2019).
METHODOLOGY
Following the literature, the study employed a 3 Stage Least Squares model (3SLS) to estimate how land
fragmentation and crop diversity have impacted the smallholder farmers’ income. The first step was to determine
how farm income is affected by both fragmentation (fragmentation index is used in this case) and crop diversity. The
second step was to find how land fragmentation and other factors have impacted crop diversity given that crop
diversity is itself affected by land fragmentation. To measure land fragmentation, the Januszewki index (JI) was
adopted (Kiprop et al., 2015). This index should be within the range of 0 to 1. The index was computed as:
1
a
k 



a

Where ‘a’ represents the parcel size and k represents the Januszewki index.
Crop diversity is then calculated using Entropy index and/or Herfindahl index methods. Entropy Index weights the
shares of a farm’s activity by a log term of the inverse of the respective shares. It takes the value of zero when the
farm is completely specialized, and it will approach its maximum when diversification is perfect. Thus, for
increasing diversification the index should increase. This index gives less weight to larger activities than the
Herfindahl index (HI). HI has a weakness in that it is insensitive to minor secondary activities as it only focusses on
major farm activities (Theil, 1967). Let Zi be the crop acreage in activity i. Then: ∑ Zi = total farm acreage cropped
will show the proportions
Therefore: Entropy index=

N

1

 P log P
i

i 1
i
2
Where N is the total number of crops and P i represents an area proportion of the i-th crop in the total cropped area.
Farm Income = β0 + β1cropdiversity + β2Fragmentationindex + β3Fertilizeruse + β4 non-farmincome
+β5Knowledge+β6LandSize+β7farmilysize+ ε1
3
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Equation 4 depicts the role of fragmentation and amount of crop diversity on farm income.
Farm crop diversity = α0 + α1fragmentationnindex + α2experience + α3land size + α4fertilizer use + ε2
4
Because the error terms might be correlated, seemingly unrelated regression is used alongside the 3SLS. Seemingly
Unrelated Regression (SUR) has a cross-equation error correlation. Also, the Durbin-Wu-Hausman test was done to
test for endogeneity of the crop diversity index.
Sampling Method
Kisii County was purposively selected based on vast information from literature review on land fragmentation in the
region. The sampling criterion for sample distribution was based majorly on the area’s population distribution. The
required sample size was determined by proportionate to size sampling method (Kothari, 2004).




  2 P 1  P 


n 
e2


6

Where n = sample size, P = proportion of the population containing the major interest, Z= confidence level (α =
0.05), δ = acceptable/allowable error. Since the number of households that had fragmented their land was not


known, P =0.5, Z = 1.96 and e = 0.05. Survey data was collected from smallholder farmers who were randomly
selected from various regions to give a sample size of 196 farmers.
RESULTS AND DISCUSSIONS
Factors that influence land fragmentation among households
In the context of this study, the first step was to determine factors that influence land fragmentation among
households. Hence, the JI results were regressed on specific household characteristics using the Tobit model in
STATA software. The limited dependent variables (results of JI are bounded between 0 and 1) were used in the
regression. Since the Tobit model parameter estimation is by maximum likelihood, it provides consistent and
asymptotically efficient estimators for parameters and variance (Greene, 1997). For the dependent variable, the JI
index calculated was chosen as it shows clearly the level of fragmentation. Thus, the overall fragmentation level was
regressed against the different explanatory variables.
Table 1 shows the results of the factors influencing land fragmentation among households in Kisii County. This was
achieved by the use of censored Tobit model as the limit of the Januszewki Index lies between 0 and 1. The smaller
the fragmentation index value, the higher the degree of land fragmentation. Among the sampled households, the
factors identified as significant influencers of land fragmentations were age and education level of the household
head, generation, farm income, land size and number of women.
Table 1: Factors influencing land fragmentation among households
Level of land fragmentation
Coefficient
Std. Err.
(Januszewski Index)
Age
0.0046**
0.0019
Education
0.010**
0.0050
Number of men
0.018
0.0168
Number of women
0.027*
0.0161
Number of generations
-0.058*
0.0306
Yield
0.017
0.0286
Land size
0.081***
0.0075
Farm income
0.016***
0.0051
Group membership
0.086
0.0634
Access to extension
0.035
0.0658
Constant
-3.868***
0.2217
Sigma
0.278
0.0156
Number of Obs =161, LR chi2 (12) = 132.49, Pseudo R2 = 0.7359, Log likelihood = -23.780327, Prob>chi2=
0.0000 *** Significant at 1%; ** significant at 5%; and * significant at 10%
A year increase in the age of the household head increased land fragmentation index by 0.0046. This was significant
at 5% among households especially if the household head is female (0.027 times). This implies that the older a
household head becomes, the less likely he is to subdivide his landholding to his children. Older members of the
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household tend to be less involved in agriculture, depending more on their more energetic children. With the
absence of a male head, the children tend to demand a share of their land because the female head cannot hold the
land for them. Kisii has a more traditional cultural setup where women are not landowners.
The number of years of schooling had a positive influence on the household’s decision to fragment land into smaller
portions for either his children or selling portions for upkeep purposes. An extra year of schooling for the household
head increases fragmentation index by 0.07 times and this was significant at 5%. This implies that a well-educated
household head is less likely to subdivide his land but rather centralize homesteads leaving a large portion for
production purposes. Land size of the household was a significant factor in decision making concerning land
fragmentation. Increase in size of landholdings will increasing land fragmentation index by 0.081 times, which
implies a reduction in the probability of fragmenting the available land. This can be explained by the fact that less
fragmented land allows for the cultivation of crops on large scale thus allowing for economies of scale to exist.
Some farmers are trying to make most out of the small parcels of land to produce more. With a small piece of land,
when it comes to inheritance of the land by male children, the level of fragmentation will tend to increase more and
household land end up being less than the standard land size of 2 hectares.
An extra generation in a family lineage decreases the land fragmentation index by 0.058 times. This implies that
additional generation will increase land subdivision making land that was once large be subdivided into smaller
portions for several households. This means that with one more generation coming of age, land fragmentation will
increase. This is because the new generation will also want to own property of their own especially land in their
ancestral homes. Household farm income had a significant influence on farm fragmentation among households in
Kisii County. Extra Shilling in household income increases land fragmentation index by 0.016 times implying a
reduction in probability to subdivide land into small portions as incomes improve overtime. This was significant at
1%. An increase in land size, that is below 0.5 hectares per capita, is influenced by an increase in household income.
SLS regression results
Table 2 shows the results from the Three Stage Least Squares (3SLS) analysis and Seemingly Unrelated Regression
(SUR) to show consistency of the regression results.
Table 2: Regression using Entropy Index
Variables

3SLS (A)
Coeffs

Dependent variable: Farm Income
Crop diversity
3.95**
Experience
-0.11
Family size
0.04
Fragmentation
19.58
Labour(days)
0.05*
Fertilizer
1.07**
Land area
-0.31
Non-farm income
-0.14*
_cons
1.92
Dependent variable – Farm crop diversity
Experience
-0.01
Land area
-0.07***
Fertilizer use
-0.04
Fragmentation
8.98***
_cons
0.45***
N=177; significance levels: * at 10%, ** at 5% and *** at 1%,

Std Errors

SUR (B)
Coeffs

Std Errors

5.31
0.07
0.15
13.88
0.03
0.41
0.93
0.08
4.43

4.28***
-0.10
0.04
17.54
0.04**
1.07**
-0.25
-0.14**
1.75

0.75
0.07
0.14
12.08
0.02
0.32
0.35
0.07
1.41

.01
0.02
0.03
2.25
0.14

-0.01
0.16***
-0.06**
-0.90
0.81***

0.01
0.03
0.03
1.15
0.11

The 3SLS and SUR analysis used the same variables for consistency of the regression results. Results of the SUR
show that farm crop diversity is significant at 1% level. This shows that farm crop diversity is correlated with farm
income. Farms that manage to grow different crops on separate fragments of land tend to earn more than those that
don’t. This is consistent with Di Falco and Perrings (2005) and indicates the economic benefits that are associated
with crop diversification. Also on the 3SLS column, farm crop diversity is significant at 5% level. Growing a variety
of crops to match the different agro-ecological conditions of the area will tend to be more beneficial than growing
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only one type of crop. This can also help reduce production risks and price fluctuations as farmers can be able to
trade throughout the year on the different crops grown. According to Ciaian et al. (2018) land fragmentation leads to
increased farm diversification in Albania as households with fragmented land grow different type of crops as they
try to be sustainable and improve their farm efficiency.
Fertilizer use is also significant indicating that it has a positive effect on farm income. This result gives a different
perspective on intra-specific crop diversity (Di Falco and Chavas, 2006). Increasing the number of crops increases
the use of fertilizer and pesticides and in the long run, more income is expected from the sale of farm products.
Fertilizer use tends to improve productivity of farms and farmers get more produce.
Labour days were also significant at 10% and positively affect farm income. For most of the farmers, their income
tends to increase when they work on their farms with the help of the family members. The more days they spend on
their farms, the more farm income they get. Non-farm income is also significant at 10% level on the 3SLS and 5%
level in the SUR equations. As the total non-farm income increase in the household, the total farm income will end
up reducing. This is because non-farm income may influence the farmers not to engage themselves in farming
activities. This is mainly because in Kenya, the income obtained from the farming sector is comparatively lower and
inconsistent than that from the non-farming sector.
On the second equation, the land area of the households affects the farm crop diversity. In the 3SLS column, land
area is shown to have a negative influence on the farm crop diversity. Having a bigger piece of land will tend to
decrease the crop diversity as more farmers prefer to do large scale farming of commercial potential crops like
maize or beans. Pope and Prescott (1980) found that large and rich farms tend to specialize more than smallholder
farms because they can have access to better inputs, mechanized labour and better management skills. Other studies
have found different results to this. Rehima et al. (2013) found a positive effect of land fragmentation on farm crop
diversity in Ethiopia.
Land fragmentation also has an effect on crop diversity as shown by the 3SLS results. The 3SLS coefficient is
largely different from that of the SUR which is statistically insignificant. The widespread level of land fragmentation
has led to increased crop diversity in the area and most parts of the country. According to Rehima et al. (2013), an
increase of one plot increases crop diversification by 47.7% in Ethiopia. With different agro-ecological and soil
conditions within the farm, farmers tend to increase more diversity in the farm. Other studies like Abay et al. (2009)
and Mesfin et al. (2011) show evidence that fragmented land and fragmentation index increase agricultural
diversification. Farm input use is also significant as shown in the SUR column.
CONCLUSION AND RECOMMENDATIONS
Kisii County presents a good case of extreme land fragmentation in Kenya due to the land policy reforms made after
independence. Although there have been many studies on how land fragmentation has had an influence on
household’s farm income and how also it has influenced agricultural production, no concrete evidence has shown
how a relation of both land fragmentation and crop diversity has affected farm incomes.
To answer the question as to whether the two factors affect household income, the study examined the effects of
both on crop income. The results show that land fragmentation has a positive effect on crop diversity. On the other
hand, farm crop diversity affects positively the level of farm income. The findings suggest that land fragmentation,
as much as it has had a negative view on its effect, it can be of positive impact especially on farming households
with small farms. They diversify their farm production with other factors in mind for them to reduce certain
production risks hence improve their level of farm income or sustenance. By fragmenting their land, they can
diversify the number of crops grown hence participate in commercial agriculture to earn more and be food secure.
The study also identifies other factors that affect or contribute to household farm income. Crop diversity, labour and
fertilizer use contributes to smallholder farmers earning more from their farms. All this contribute more to the
households’ food sustainability and food security. With multiple plots to grow different crops (early maturing,
perennial, cash crops, cereals, vegetables, tubers or disease-resistant crops) to be grown, farmers can be able to meet
their household food demands and also for the market. On the other hand, factors that affect crop diversity were land
area and fragmentation. Different theories support this result such as the FAO theory on land fragmentation which is
taken as a strategy for risk management and driver to food security. To understand the different types or levels of
land fragmentation a more elaborate study needs to be undertaken to avoid a vague view of it due to methodological
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limitations from the study area and indexes for measurement. From this, the study does not view fragmentation as a
negative phenomenon but a risk mitigation strategy to deal with food insecurity, land shapes and overpopulation in
some areas. This contributes to Sustainable Development Goals (SDGs) and Vision 2030. Therefore, the study
recommends more generalized research to cover issues of land fragmentation using globally recognized land
fragmentation and crop diversity measures. The study also recommends for land use consolidation measures based
on the variation in comparative advantage across the country. Factors like the physical nature of land, agroecological variability and socio-economic factors should be put into consideration, especially in the Kenyan context.
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ABSTRACT
Tomato (Solanum lycopersicum) is an important crop cultivated and consumed worldwide. It provides wide variety
of nutrients with many health-related benefits like, protection against cancer, maintains blood pressure and reduces
blood glucose level in people with diabetes. Despite the importance of tomato, its growth and yield is limited by
choice of cultural practices mainly earthing up and pruning system. There is also limited knowledge on the effect of
integrating pruning and earthing up on tomato growth and yield. This study investigated the effect of integration of
pruning and earthing up on the growth and yield of tomato. A split-plot experimental design, arranged in a
Randomized Complete Block Design, with three replications was used. The study investigated two factors i.e.
pruning system in the main plot (single stem, double stem, and triple stem) and earthing up in sub-plots. (0 cm, 10
cm, 20 cm, and 30 cm. The findings of the study revealed that earthing up and pruning system had a significant (p
˂0.05) effect on plant height and stem girth diameter at 45, 52, and 59 days after transplanting. The single stem
pruning system and earthing up to 30 cm gave the tallest plant height with an average plant height of 69.80 cm in
cultivation 1 and 71.50 cm in cultivation 2. Single stem pruning system and earthing up to 30 cm gave the largest
stem girth diameter with mean stem girth diameter of 2.16 cm in cultivation 1 and 2.25 cm in cultivation 2. Triple
stem pruning system, earthing up to 30 cm had highest marketable fruits with 64500 fruits/hectare in cultivation 1
and 64333 fruits/hectare in cultivation 2. To improve tomato growth and development which consequently improves
marketable yields, farmers are encouraged to consider triple stem pruning system with earthing up to level 30 cm.
Keywords: Earthing up, Pruning system, Growth, Yield, marketable fruits, Tomato
INTRODUCTION
The Agriculture sector is the mainstay of the Kenyan economy. The sector provides sustenance for more than 80%
of the Kenyan population in terms of employment and food security [13]. The sector contributes directly up to 24%
to the national Gross Domestic Product (GDP) and 27% indirectly through linkages with manufacturing, distribution
and other related sectors [26]. In addition, the sector employs more than 40% of the total population and more than
70% of Kenya’s rural people and it accounts for 65% of revenue from exports [26]. The agriculture sector includes
industrial crops, food crops, horticulture, livestock, fisheries and forestry sub sectors. The industrial crops and food
crops contribute 17% and 32% of Agricultural Gross Domestic Product (AGDP) while horticulture and Livestock
contributes 33% and 17% of AGDP respectively [26). [12] studied the performance of the horticultural sub-sector in
Kenya and found that increase in horticultural exports led to increased AGDP.
Tomato (Solanum lycopersicum), is a popular and extensively cultivated vegetable among the promising
commodities in horticultural production in Kenya. It belongs to the Genus Solanum and species, lycopersicum. It is
a relatively small genus within the extremely large and diverse family Solanaceae [39]. Tomato is native to South
America in the Andes Mountains of Peru and Bolivia [31]. It is the fourth most popular fresh-market vegetable after
potatoes, cabbages, and onions because of its great yield potential and high nutritive value [36]. Its versatility in
fresh or processed form plays a major role in its spread as an important food commodity. Tomato is an important
source of vitamins A (900 IU), C (23 mg) and B2 (0.04 mg), and minerals such as K (244 mg), Fe (0.5 mg), and P
(27 mg) per 100 g sample [15). Tomato contains important compounds that can help protect consumers against
cancer, maintains blood pressure, and reduce blood glucose level in people with diabetes. It also contains key
carotenoids such as lutein and lycopene that protect the eyes against induced damages [10].
Over the years, tomato production in Kenya has intensified [35]. Yields, however, have remained low due to a
myriad of impediments, key among them being poor cultural practices such as improper earthing up level and poor
pruning system. Therefore, the production of tomato could be increased through the application of better cultural
practices such as proper pruning system and earthing up level, which contribute substantial amount of tomato yields.
Earthing up is a technique in horticulture of piling soil around the base of the plant [9). The technique triggers the
initiation of plant roots that come in direct conduct with nutrients through a process of interception as it grows [27).
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It encourages the development of additional roots and root hair to help improve stem length as well as suckers [37).
Plants absorb nutrients primarily through their roots and therefore good growth and proliferation of the roots are
essential in partitioning and set of functional equilibrium [7). It also improves the distribution of nutrients, water and
air circulation which are important in the soil [32). Proper earthing up level therefore increase tomato fruit yield by
creating favorable soil conditions, fruit initiation and development. Removal of unnecessary suckers on the other
hand also has a great impact on the tomato fruit yield [34). Suckers would compete to acquire assimilates and
removal of the unnecessary suckers would increase transfer of assimilates into the fruiting trusses consequently
increasing yield. Pruning contributes to proper partitioning, which is a requirement for plant growth and
development [33). It also regulates plant growth, flowering, and fruiting responses, [8). Therefore, there is an
attempt to increase the yield of tomato through providing good tomato growth and fruiting by combining cultural
practices such as pruning system and earthing up levels. Tomato sucker are less valuable economically as it is
considered to be the major photo-assimilate sinker that reduces translocation of food to the fruits [22). However,
most of tomato farmers give less regard to combining earthing up and pruning system. This study aims at
contributing and solving some of these constraints by researching to find out appropriate earthing up level and
pruning system for tomato production and utilization in the future.
MATERIALS AND METHODS
Site Description and Experimental Design
The study was conducted at Chuka University Research and teaching farm for cultivation 1 while cultivation 2 was
carried out on a farm at Ndagani within the University neighbourhood. The first cultivation was carried out in
November 2019 and ended in January 2020. The second cultivation commenced in February 2020 and ended in May
2020. The site is situated at 0⁰19’59, N and 0⁰19’15.85’S. The area lies in the upper midland zone. Daily
temperatures in the area range between 22o C to 36o C. The annual rainfall is 1599 mm distributed bi-modally with
the longest rains experienced in November. The climate is favourable for the cultivation of tea, coffee, maize,
cowpeas, pigeon peas, tobacco and a variety of other food crops. Soils in this area are classified as humic nitisols
[21] and they are of volcano origin with basic and ultrabasic igneous rocks.
The study used a split-plot experiment arranged in a randomized complete block design (RCBD) and replicated
three times. Each subplot had six plants. There were two factors, the pruning system and earthing up. The pruning
system was allocated to the main plot, while the earthing up was allocated to the sub-plot. There were four levels of
earthing up (no earthing up, earthing up to 10 cm, earthing up to 20 cm and earthing up to 30 cm) and three levels of
pruning system (single stem or control level, double stem and triple stem) the treatment were made up by a
combination of factor levels resulting to 12 treatments in this study. The plant spacing was 0.6 m by 0.45 m, row
spacing and within the row respectively.
Earthing up and Pruning Systems
Transplanting was done on a level ground. Earthing up was done three weeks after transplanting as follows: No
earthing up 0 cm (EU0), earthing up to 10 cm (EU1), earthing up to 20 cm (EU2), and earthing up to 30 cm (EU3).
Double stem and triple stem suckers below the first pair of the true leaves were maintained. The plants were trained
into; Single Stem (SS), Double Stem (DS), and Triple Stem (TS). Where; SS=Single Stem, DS=Double Stem,
TS=Triple Stem, DAT=Day after transplant, EU=Earthing Up, PS=Pruning System.

Figure 1: Showing field Layout and tomato performance
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Data Collection
Tomato Stem Girth and Plant Height
The height of 4 randomly selected and tagged plants per plot were measured using a tape measure every 7 days from
45 days after transplanting and the average height was recorded. The stem girth circumference of 4 randomly
selected and tagged plants per plot was measured using a Vernier calliper to find its circumference after every 7 days
from 45 days after transplanting and the average stem girth size was recorded in centimetres.
Total Fruit Yield, Marketable and Unmarketable Yields
All the fruits harvested per 2.5 x 2 m area were counted and weighed separately on each harvesting date. The
average fruit weight was calculated for each treatment in tonnes per hectare. Fruits were separated into two lots of
marketable and unmarketable fruits. Marketable fruits were picked at the breaker stage. The size was determined
using a Vernier calliper and categorized according to diameter size. Unmarketable fruits were those ˂6 cm in
diameter and with physiological disorders such as cracks and blossom end rot or other types of blemish if any.
Data Analysis
Data were subjected to the Analysis of Variance using Statistical Analysis System version 9.4 at a probability level
of 5 % and where the F-test was significant, Least Significant Difference was used in mean separation.
RESULTS AND DISCUSSION
Effect of Earthing up levels and Pruning Systems on Plant Height
The height of the plants with earthing up level 30 cm was statistically significant compared to those plants grown
under the control treatment. At 45 days after transplanting (DAT), an average height of 41.20 cm and 42.26 cm was
recorded in cultivation 1 and 2 respectively while the lowest plant height of 33.68 cm in cultivation 1 and 35.15 cm
in cultivation 2 was recorded under the control. This observation was consistent with the results obtained at 52 DAT
and 59 DAT which showed that the overall final plant height of 67.96 cm and 69.09 cm under earthing up level 30
cm. Pruning system significantly affected tomato plant height. The single stem at 45 DAT recorded the highest plant
height at 39.25 cm in cultivation 1 and 40.22 cm in cultivation 2. Plant height under the triple stem and double stem
pruning systems were not statistically different at 52 and 59 days after transplanting as shown in the Table 1.
Table 1: Means of tomato plant height (cm) at different earthing up levels and pruning systems in two
cultivations (2019/2020)
Cultivation
1

2

EU
0
10
20
30
CV%
LSD
0
10
20
30
CV%
LSD

45DAT
33.68d*
36.67c
39.26b
41.20a
2.10
0.3707
35.15d*
37.87c
39.33b
42.26a
2.05
0.370

52DAT
35.34d
48.08c
53.33b
57.73a
1.63
0.368
41.87d
50.31c
54.76b
58.65a
1.489
0.357

59DAT
49.32d
55.53c
61.93b
67.96a
1.46
0.400
50.65d
56.36c
62.80b
69.09a
1.411
0.393

PS
SS
DS
TS
CV%
LSD

45DAT
39.25a
37.27b
36.59c
2.10
0.3211

52DAT
49.26a
48.41b
48.19b
1.62
0.3187

59DAT
61.82a
57.63b
56.60c
1.46
0.347

SS
DS
TS
CV%
LSD

40.22a
37.64c
38.10b
2.05
0.321

54.96a
49.44c
49.79b
1.489
0.309

63.45a
58.11b
57.63c
1.411
0.340

*Means followed by the same letter (s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation.
Analysis of the treatment effect showed that the treatment SS3 at 45 DAT recorded significantly the tallest plant
height at 43.05 cm and 44.75 cm in cultivation 1 and 2, respectively. Plant height under double and triple stem
pruning systems combined with no earthing up level was statistically similar. Single stem pruning combined with
earthing up level 30 cm recorded the best performance in plant height. Double stem pruning and earthing up level 30
cm recorded statistically taller plants, followed by a combined treatment of the DS and earthing up level 20 cm and
10 cm. The findings further showed that earthing up level 30 cm in combination with different pruning systems
significantly influenced plant height compared to combined treatment of SS, DS and TS with levels 20 cm, 10 cm
and the control level. Double stem pruning with no earthing up and triple stem pruning with no earthing up recorded
the least plant height and the findings were consistent in both cultivations (Table 2).
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Table 2: Means of tomato plant height (cm) at different treatments in two cultivations (2019/2020)
Treatment
SS0
SS1
SS2
SS3
DS0
DS1
DS2
DS3
TS0
TS1
TS2
TS3
LSD
C.V

Cultivation 1
45DAT
52DAT
34.65h*
36.64i
37.09f
50.45e
42.22b
55.98c
43.05a
58.98a
32.50i
37.59g
35.34g
46.85f
37.09f
52.05d
41.02c
57.14b
33.90i
39.79h
37.58f
46.95f
38.49e
51.95d
39.52d
57.09b
0.6338
0.6287
2.0809
1.6007

59DAT
53.16h
59.48f
64.85d
69.80a
47.35j
54.66g
60.18e
68.35b
47.45j
52.45i
60.78e
65.73c
0.6987
1.4653

45DAT
36.63d
38.49c
41.02b
44.75a
34.39e
36.64d
38.49c
41.02b
34.40e
38.49c
38.49c
41.02b
0.6338
2.0297

Cultivation 2
52DAT
48.65e
53.65d
56.98c
60.59a
38.49f
48.65e
53.65d
56.98c
38.49f
48.65e
53.65d
58.39b
0.6121
1.4742

59DAT
54.66e
60.78d
66.85c
71.50a
48.64g
54.66e
60.78d
68.35b
48.65g
53.65f
60.78d
67.43c
0.6803
1.4101

*Means followed by the same letter (s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation. Where; SS0=Single Stem x no
Earthing Up (Control), SS1=Single Stem x Earthing up to 10 cm, SS2=Single Stem x Earthing up to 20 cm,
SS3=Single Stem x Earthing up to 30 cm, DS0=Double Stem x no Earthing up, DS1=Double Stem x Earthing up to
10 cm, DS2=Double Stem x Earthing up to 20 cm DS3=Double Stem x Earthing up to 30 cm, TS0=Triple Stem x no
Earthing up, TS1=Triple Stem x Earthing up to 10 cm, TS2=Triple Stem x Earthing up to 20 cm, TS3=Triple Stem x
Earthing up to 30 cm.
The result revealed that different treatments significantly influenced plant height at different growth stages. The
significant plant height recorded from treatment SS3 at different growth stages was because pruning allowed the
foliage to receive adequate and uniform sunlight interception [17]. The adequate sunlight interception enabled the
plant to photosynthesize more efficiently leading to increase in photoassimilates production which in turn increased
the fraction of dry matter partitioned to the stem consequently boosting the growth [23]. The combination of the
pruning system and earthing enhanced adequate air circulation and moisture for root extension. The proper root
extension improves efficient water and nutrient uptake required for internodes and stem elongation which could
have increased plant height ultimately. The current results are in agreement with those of [6] who did research on
the effect of nutrient uptake on tomato growth and reported that plant growth vigour and internode length generally
increased with the increase in nutrient uptake on tomato seedling. They further reported that plant growth and an
increase in the length and number of internodes as a result of increased nutrient uptake led to a progressive increase
in plant height. Earthing up also affects soil moisture content leading to better growth. It is worth noting that t
availability of moisture determines plant nutrient uptake and that low moisture content reduces root growth and
consequently limits the ability of the plant to utilize nutrients in amounts required for optimal growth [25] further
observed that soil moisture at an early vegetative growth is one of the determinants of higher growth and yield.
According to [20] in their study on soil phosphorus acquisition in the rhizosphere of intercropped plant species, they
found that efficient acquisition and uptake of phosphorus and other nutrients significantly increased plant height
compared to inefficient nutrient uptake. [42] found that the sesame plant had better growth as a result of higher
nutrients availability and uptake due to proper root development. [2] also observed in their study on the effect of
micronutrients in presence of different levels of organic manure on growth and yield of tomato that nutrient uptake
whether organic or inorganic increase plant growth and development. In tomato production, therefore, earthing up is
key in promoting proper tomato root development which enhance efficient nutrient uptake ultimately increasing
growth. [33] studied the effect of shoot pruning and inflorescence thinning on growth, yield and fruit quality and
they established that few plant sucker densities allows desirable etiolation and causes greater plant growth.
Effect of Earthing up Levels and Pruning Systems on Tomato Stem Girth
The largest stem girth diameter at 45 DAT (0.67 cm in cultivation 1 and 0.84 cm in cultivation 2) was recorded from
earthing up to 30 cm while the smallest stem girth diameter (0.45 cm in cultivation 1 and 0.57 cm in cultivation 2
(Table 3). The results at 52 DAT and 59 DAT were consistent with those of 45 DAT in both cultivations. Generally,
the level earthing up to 30 cm recorded the largest stem girth diameter in both cultivations as shown in Table 3. In
the case of the pruning system, single stem recorded the largest stem girth diameter at 0.64 cm in cultivation 1 and
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0.78 cm in cultivation 2 as at 45 DAT. The stem girth growth rate was consistent from 45 DAT, 52 DAT and 59
DAT in both cultivations with the single stem recording the overall largest stem girth diameter at 1.74 cm and 1.82
cm in cultivation 1 and 2 respectively as shown in the Table 3.
Table 3: Means of tomato stem girth size (cm) at different earthing up levels and pruning systems in two
cultivations (2019/2020)
Cultivation
1

2

EU
0
10
20
30
CV%
LSD
0
10
20
30
CV%
LSD

45DAT
0.45d*
0.52c
0.55b
0.67a
5.939
0.015
0.57d*
0.65c
0.69b
0.84a
5.804
0.018

52DAT
0.86c
0.98c
1.04b
1.25a
5.528
0.026
0.95c
1.08c
1.16b
1.40a
5.804
0.031

59DAT
1.27d
1.46c
1.55b
1.88a
5.787
0.041
1.33d
1.52c
1.62b
1.96a
5.804
0.043

PS
SS
DS
TS
CV%
LSD

45DAT
0.62a*
0.54b
0.48c
5.939
0.013

52DAT
1.16a
1.01b
0.92c
5.528
0.023

59DAT
1.74a
1.51b
1.36c
5.787
0.036

SS
DS
TS
CV%
LSD

0.78a*
0.67b
0.61c
5.804
0.016

1.30a
1.13b
1.01c
5.804
0.027

1.82a
1.58b
1.42c
5.804
0.037

*Means followed by the same letter (s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation.
Analysis of interaction showed that the treatment SS3 recorded the largest stem girth diameter at 0.77 cm in
cultivation 1 and 0.96 cm in cultivation 2 at 45 DAT. The treatment TS0 recorded the smallest stem girth diameter at
0.40 cm in cultivation 1 and 0.49 cm in cultivation 2 (Table 4). These results also showed consistency at 52 and 59
days after transplant. The treatment combinations with earthing level 30 cm recorded the largest stem girth diameter
compared to combined treatments of pruning system and earthing up level 20 cm, 10 cm and the control. Stem girth
under combined treatment of single stem pruning and earthing up level 20 cm not statistically different from DS30
and TS30. Besides, the results revealed that stem diameter was statistically similar under treatment combination
SS10 and DS20, this trend was similar in both cultivations. Stem diameter was statistically similar under SS0 and
DS0 although the two treatments were significantly different compared to TS0 that recorded smaller diameter.
Table 4: The means of tomato stem girth size (cm) at different combined effect of earthing up and pruning
systems (Treatment effects) in two cultivations (2019/2020)
Treatment
SS0
SS1
SS2
SS3
DS0
DS1
DS2
DS3
TS0
TS1
TS2
TS3
LSD
C.V

Cultivation 1
45DAT
52DAT
0.52d*
0.99d
0.58c
1.08c
0.62b
1.15b
0.77a
1.43a
0.43f
0.83f
0.52d
0.99d
0.58c
1.08c
0.62b
1.15b
0.40g
0.77g
0.45ef
0.86ef
0.47e
0.88e
0.62b
1.16b
0.026
0.047
6.023
5.630

59DAT
1.48d
1.62c
1.74b
2.16a
1.22f
1.48d
1.62c
1.73b
1.13g
1.27ef
1.31e
1.74b
0.073
5.901

45DAT
0.66d
0.72c
0.77b
0.96a
0.54f
0.66d
0.72c
0.77b
0.49g
0.57ef
0.58e
0.78b
0.033
5.912

Cultivation 2
52DAT
1.10d
1.20c
1.29b
1.61a
0.91f
1.10d
1.20c
1.29b
0.84g
0.95ef
0..95e
1.30b
0.055
5.912

59 DAT
1.54d
1.69c
1.81b
2.25a
1.27f
1.54d
1.69c
1.81b
1.18g
1.33ef
1.37e
1.82b
0.076
5.917

*Means followed by the same letter (s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation. Where; SS0=Single Stem x no
Earthing Up (Control), SS1=Single Stem x Earthing up to 10 cm, SS2=Single Stem x Earthing up to 20 cm,
SS3=Single Stem x Earthing up to 30 cm, DS0=Double Stem x no Earthing up, DS1=Double Stem x Earthing up to
10 cm, DS2=Double Stem x Earthing up to 20 cm DS3=Double Stem x Earthing up to 30 cm, TS0=Triple Stem x no
Earthing up, TS1=Triple Stem x Earthing up to 10 cm, TS2=Triple Stem x Earthing up to 20 cm, TS3=Triple Stem x
Earthing up to 30 cm.
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The results indicate that different treatments significantly influenced stem girth at different growth stages. Earthing
up in this case, coincided with the active tomato growth stage and improved soil condition which encouraged strong
root growth and proper absorption of more nutrients leading to an increase in stem diameter. The results of this
study are also similar to those found by [11] and [19] in their study on shoot-to-root coordination on plant carbon
and nitrogen acquisition, they found that the stem diameter of proper roots developed plants was larger than the
equivalent component in the poor-rooted plants. The result of the current study is also in agreement with the findings
[28] who found in their various study on the effects of root zone nutrient concentration on the growth and nutrient
uptake of tomato that improved nutrient uptake and partitioning increase growth components in plants.
Improper nutrient uptake and partitioning cause a decrease in stem diameter and total dry matter [38], and that the
severe nutrient deficit was found to delay stem elongation in tomato according to the study by [5]. It is also possible
that pruning and earthing up during active tomato growth enhanced efficient nutrient and partitioning to stem
ultimately increasing stem girth. In line with the current findings, [14] who researched on the effects of pruning
location on growth and fruiting of three tomatoes, found that pruning enhances efficient partitioning of nutrients
which ultimately enhances stem growth. [24] who did research on the photosynthetic rate of the vegetative sink in
tomato indicated that change in stem diameter reflect changes in stem tissue nutrient partitioning. The strong stem
may be a useful indicator of the potential of the plant to produce high final yield.
Effect of Earthing up levels and Pruning Systems on Marketable Tomato Fruit Numbers
Results showed that earthing up to level 30 cm had a significantly greater proportion of marketable fruits at 44833
fruits in cultivation 1 and 44614 fruits in cultivation 2 as compared to no earthing up (control) which recorded the
smallest proportions of marketable fruits at an average of 22389 fruits and 22333 in cultivation 1 and 2 respectively.
In both cultivations, the distribution of marketable fruits at harvest also appeared to respond to the pruning system.
After grading, the triple stem pruning system record the highest proportion of marketable fruits at an average of
50248 fruits in cultivation 1 and 50250 fruits in cultivation 2 as compared to the single stem pruning system which
recorded the smallest averages of 17000 fruits in cultivation 1 and 17042 fruits in cultivation 2 (Table 5).
Table 5: Means of marketable tomato fruits at different levels of earthing up and pruning systems in two
cultivations (2019/2020)
Cultivation
1

2

EU
0
10
20
30
CV%
LSD
0
10
20
30
CV%
LSD

Fruits/ha
22389d*
30889c
37111b
44833a
5.047
795.89
22333d
30722c
37333b
44614a
3.241
510.35

PS
SS
DS
TS
CV%
LSD

Fruits/ha
17000c
34167b
50248a
5.047
689.26

SS
DS
TS
CV%
LSD

17042c
33958b
50250a
3.241
441.97

*Means followed by the same letter (s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation.
The results in Table 6 show that earthing up levels and pruning system significantly affected the total marketable
yields. This result shows that increasing both earthing up and pruning system levels tends to increase marketable
tomato fruit yield per hectare. The average mean progressively increased from (SS1, DS1, TS1), (SS2, DS2, TS2) to
the highest average means from (SS3, DS3, TS3) in terms of individual treatments. However, the lowest in all
treatments was obtained from controls (SS1, DS1, and TS1). This implies that marketable yield progressively
increased from single stem, double stem, and finally to triple stem in terms of pruning systems. In terms of earthing
up, marketable yields increased from control, level 10 cm, 20 cm to 30 cm. as shown in table 6. A comparison of the
means shows that values from TS0 (control) were not significantly higher overall, although it was significantly
higher than DS2, DS1, DS0, SS3 SS2, SS1 and SS0 treatments because of its increased bearing area (suckers and
trusses). It was also noted that although DS3 was not significantly higher its overall average means, it was higher
than TS0, in this case, root development, water and nutrient uptake was the key factor. In general, the treatment TS3
recorded the highest number of marketable tomato fruits at an average of 64500 fruits in cultivation 1 and 64333
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fruits in cultivations 2 respectively. Whereas the treatment SS0 (control) in both cultivations recorded the smallest
proportions of marketable tomato fruits as shown in Table 6
Table 6: Means of marketable tomato fruits at different levels of earthing up and pruning systems treatments
in two cultivations (2019/2020)
Treatment
SS0
SS1
SS2
SS3
DS0
DS1
DS2
DS3
TS0
TS1
TS2
TS3
LSD
C.V

Cultivation 1
Means
11500j*
15330i
18333h
21500g
22834g
30167f
37835d
47167c
34171e
47163c
55164b
64500a
1379.6
5.0526

Cultivation 2
Means
11503k
15661j
18167i
22835g
21333h
29833f
38000d
46667c
34167e
46667c
55828b
64333a
892.69
3.2784

*Means followed by the same letter (s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation. Where; SS0=Single Stem x no
Earthing up (Control), SS1=Single Stem x Earthing up to 10 cm, SS2=Single Stem x Earthing up to 20 cm,
SS3=Single Stem x Earthing up to 30 cm, DS0=Double Stem x no Earthing up, DS1=Double Stem x Earthing up to
10 cm, DS2=Double Stem x Earthing up to 20 cm DS3=Double Stem x Earthing up to 30 cm, TS0=Triple Stem x no
Earthing up, TS1=Triple Stem x Earthing up to 10 cm, TS2=Triple Stem x Earthing up to 20 cm, TS3=Triple Stem x
Earthing up to 30 cm.
Different treatments significantly influenced the total number of marketable fruits. There were highly significant
differences between treatments concerning the total number of marketable fruits per hectare, with the highest
number of fruits per hectare observed in TS3 (Table 6). This could be attributed to more fruits produced due to an
increase in productive tomato suckers and trusses. Dry matter accumulations in the bearing trusses is ultimately a
product of resource partitioning determined by the interaction between the pruning system and earthing up levels as
well as competition driven by source-sink relationships [29]. These interactions were the most consequential to the
development of crop load (fruits). As the number of tomato suckers and trusses increase, marketable fruits per plant
increased asymptotically. This is the evidence that the total marketable fruits were higher in TS3. The current results
are similar with those of [18] in their study on the effect of shoot pruning, observed that tomato plants which were
pruned to a single stem gave the lowest number of marketable fruits per plant as compared to double and triple stem.
These present results are also in agreement with those of [30] who in their study on the effect of plant population,
fruit and stem pruning on yield and quality of tomato, showed that total yields increased with increases in productive
suckers per plant. They pointed out that, increase in sucker density generally with proper nutrient uptake increases
both early and total yields per hectare. [16] observed that earthing up of potato crop during the active plant growth
period improved the soil condition, which enabled proper root growth. They indicated that proper root growth
enhanced efficient nutrients absorption that facilitated better growth and development consequently increasing
marketable yield. The current results are also in line with the work of [40] who confirmed that earthing up potato
after complete plant emergence resulted in better plant performance and yields. Tomato plants with high marketable
fruits are more desirable to farmers because they will be able to sell more hence obtaining high net economic return.
Effect of Earthing up levels and Pruning System on Tomato Yields (tonne/ha)
In cultivation 1 and 2, the earthing up level 30 cm showed a tendency of higher yield at an average of 17.03 tonnes
per hectare in cultivation 1 and 17.03 tonnes per hectare in cultivation 2 relative to control (no earthing up) which
recorded significantly the smallest average yields. On the other hand, the pruning system showed significant
difference with triple stem pruning system tendency of higher average yields (18.67 tonnes in cultivation 1 and
18.64 tonnes in cultivation 2) as compared to control (single stem) in both cultivations (Table 7).

7th International Research Conference Proceedings

14

Table 7 Means of tomato total yield hectare at different earthing up levels and pruning system in two
cultivations (2019/2020)
Cultivation
1

2

EU
0
10
20
30
CV%
LSD
0
10
20
30
CV%
LSD

ton/ha
11.05d*
12.97c
14.96b
17.03a
1.83
0.11
10.99d
12.96c
14.91b
17.03a
1.74
0.11

PS
SS
DS
TS
CV%
LSD

ton/ha
8.81c
14.52b
18.67a
1.83
0.10

SS
DS
TS
CV%
LSD

8.78c
14.49b
18.64a
1.74
0.09

*Means followed by the same letter(s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level.
Tomato fruit production was affected by earthing up and pruning. There were significant effects on average total
yield in both cultivations. This result shows that increasing both earthing up and pruning system levels tended to
increase total fruit yield in tonnes per hectare. The average mean progressively increased from (SS1, DS1, TS1),
(SS2, DS2, TS2) to the highest average means from (SS3, DS3, TS3) in terms of individual treatments. However,
the lowest in all treatments was obtained from controls (SS0, DS0, TS0). This implies that total yield progressively
increased also from single stem, double stem, and finally to triple stem in terms of pruning systems. In terms of
earthing up, marketable yields increased from control, level 10 cm, 20 cm to 30 cm. similar to marketable yields as
shown in Table 8. A comparison of the means shows that TS1 was not significantly different from DS3, because of
its increased bearing area (suckers and trusses) and nutrients uptake respectively. It was also noted that TS0 was not
significantly different from DS2, in this case, root development, water and nutrient uptake was the key factor.
Generally, the analysis showed that the treatment TS3 recorded the highest fruit yield (21.82 tonnes and 21.84
tonnes) per hectare in cultivations 1 and 2 respectively. Whereas the treatment SS0 (control) recorded the smallest
average yield at 6.21 tonnes/hectare in cultivation 1 and 6.12 tonnes per hectare in cultivation 2 as shown in Table 8.
Table 8: Means of tomato yield in tonnes per hectare at different treatments in two cultivations (2019/2020)
Treatment
SS0
SS1
SS2
SS3
DS0
DS1
DS2
DS3
TS0
TS1
TS2
TS3
LSD
C.V

Cultivation 1
Means
6.21i*
7.74h
9.64g
11.65f
11.66f
13.53e
15.29d
17.62c
15.29d
17.65c
19.93b
21.82a
0.206
1.8212

Cultivation 2
Means
6.12i
7.73h
9.60g
11.64f
11.62f
13.53e
15.24d
17.58c
15.24d
17.58c
19.89b
21.84a
1.196
1.7364

*Means followed by the same letter(s) along the column for earthing up and pruning systems are not significantly
different at 5 % probability level. Mean separation was done within each cultivation. Where; SS0=Single Stem x no
Earthing up (Control), SS1=Single Stem x Earthing up to 10 cm, SS2=Single Stem x Earthing up to 20 cm,
SS3=Single Stem x Earthing up to 30 cm, DS0=Double Stem x no Earthing up, DS1=Double Stem x Earthing up to
10 cm, DS2=Double Stem x Earthing up to 20 cm DS3=Double Stem x Earthing up to 30 cm, TS0=Triple Stem x no
Earthing up, TS1=Triple Stem x Earthing up to 10 cm, TS2=Triple Stem x Earthing up to 20 cm, TS3=Triple Stem x
Earthing up to 30 cm.
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The result revealed that different treatments significantly influenced total tomato yield per plant at different earthing
up levels and pruning system. It is possible that earthing up resulted in the distribution of air in the tomato root zone.
The distribution of air increased the level and availability of oxygen, which is continuously needed to act as an
electron acceptor in the tricarboxylic acid metabolic cycle, ATP production and normal root cell activity. An
increase in the circulation of oxygen in the root zone enhances the development of mitochondria and proteins in the
root cell leading to an increase in plant growth and development [45]. In this context, it will be expected that any
positive growth impact of increasing earthing levels improved soil aeration and consequently root hair development
[43]. Proper root promotes efficient nutrient uptake and partitioning to the productive suckers and trusses in
tomatoes. This led to the development of more flowers and fruits resulting in higher tomato fruit yield per plant. It
should be noted that nutrient uptake affects the tomato production by increasing mineral contents, flower clusters,
fruit set percentage, and reducing physiological disorders leading to higher yield. The current results are in
agreement with the findings of [41] who showed that an increase in root surface area enhances nutrient uptake
leading to increased total yields and the number of fruits per plant. [6] also reported the highest crop yield per
hectare after earthing up potato 15 days after complete plant emergence. Similarly, [44] also reported that tomato
fruit yield increases with increased nutrient uptake. [1] also found that nutrients not only increase the yield of tomato
by reducing the flower drop but also increase the fruit retention.
Overall, production (tonnes/hectare) was directly related to the number of productive suckers and trusses that
affected fruit loads. The crop load was on average higher within the triple stem pruning system with treatment TS3
averaging higher than those from a single stem pruning system. The effect of triple stem pruning earthing up level
30 cm resulting in the production of greater fruit weight may be explained by not only an increase in bearing area
(trusses and suckers) but also exposure of the tomato to increased nutrient uptake due to an increase in root hairs
development after earthing up. According to [3], who did a study on the influence of sucker pruning and old leaves
removal on the growth and yield of tomato, they found that growth, flowering, and fruiting responses are regulated
by pruning. [4], indicated that the increase in plant bearing area (suckers and trusses) lead to an increase in total
yield. They further explained that pruning limits vegetative growth and allows more light which increases
photosynthesis efficiency hence increased fruit yield
CONCLUSION AND RECOMMENDATIONS OF THE STUDY
Combined treatment of single stem pruning system and earthing up level 30 cm gave the highest plant growth and
development. Triple stem pruning system and earthing up to level 30 cm produced the highest number of the best
quality fruit size (medium and large size fruits), it also gave the highest number of marketable fruits which reflected
in the final yields per hectare. It is therefore worthwhile investing in optimizing growth conditions, i.e. earthing up
to level 30 cm in combination with a triple pruning system. Based on the findings of the study, the following
recommendations were made. To improve tomato growth and development which consequently improves
marketable yields, farmers are encouraged to consider triple stem pruning system and earthing up to level 30 cm.
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ABSTRACT
Concern on quality and safety of life in managing mosquitoes, has shifted steadily from the use of conventional
chemicals towards alternative botanical insecticides that are target-specific, biodegradable and environmentally safe.
Pyrethrins are natural plant compounds used in commercial vector control. They are usually formulated with
synergists to improve quality, increase efficacy, mitigate resistance and make them cost effective. This discovery of
insecticidal synergists initiated the use of insecticide synergist, Piperonylbutoxide(PBO), which is obtained from
Safrole a main component of sassafras. Ocimum kilimandscharicum of the family Lamiaceae, commonly known as
African Blue Basil and ‘okita’ in native Luo language, is a perennial, under shrub with simple ovate-oblong leaves.
Earlier findings showed that the plant consists of linalool, camphor and 1,8-cineole. Literature review revealed no
report available on the chemical composition of the essential oil and its economic importance from Kenya. In light
of this observation, this article presents identified essential oil composition from the leaves of kilimandscharicum
collected from the Kipkaren in Nandi county(Kenya), as alternative recipe that can be used as pyrethrum synergist.
The essential oil was obtained by hydro-distillation of the leaves of kilimandscharicum, and then analyzed by gas
chromatography coupled with mass spectrometry (GC/MS). Seventeen constituents were identified, most of which
were mainly phenylpropane and their derivatives. Most of whose functional group is methylenedioxyphenyl which
form the binding site for the insecticide during the reaction of insecticide against insects. The findings of this
research could enable further exploration for large scale production and exploitation of the biological synergists for
commercial application; which could go along revitalizing agriculture and environment. Biological products are
biodegradable as opposed to convectional pyrethrum synergist, PBO currently being used by the Pyrethrum Board
of Kenya. Further research to identify the active component of the seventeen constituents is inevitable.
Keywords: Ocimum kilimandscharicum, Guerke, Lamiaceae, essential oil composition, Synergists
INTRODUCTION: BACKGROUND INFORMATION
The history of insecticidal synergists originated with attempts to enhance potency of pyrethrins (B-Benard &
Philogene, 1993). This discovery initiated use of insecticide synergists in search for better compounds. The
discovery of methylenedioxyphenyl synergist started with realization that, the synergistic activity of sesame oil was
due to the sesamin (1) and sesamolin (2) components. Synthesis and testing of related compounds led to sulfoxide,
propylisome, tropital and piperonylbutoxide (3). Propynylphosphonates and certain amides such as MGK264 (NOctylbicycloheptenedicarboximide) (4) were also effective. The shifting of compound for effectiveness, economics
and toxicology led only to two major synergists for practical use, piperonylbutoxide and MGK264 (Casida &
Quistad,1995). Safrole (5) a main component of sassafras oil obtained from Sassafras albiduma plant of Lauraceae
family is known for its synergist activity. Safrole (5) is the precursor for piperonylbutoxide, a synergist commonly
used with pyrethrum (Dewick, 2002).
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Figure 1 Structures of insecticidal synergists, 1,2,3,4, and 5
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Many plant species including pyrethrum, Artemisia and essential oils from plants such as Ocimum have been proved
to have mosquicidal properties (Kimbariset al., 2012). The insecticidal action of these plants is based on the active
ingredients produced by the plants. When these plant biocides are combined with pyrethrins they may have
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synergistic or additive effects which may have better effects on the mosquitoes. Piperonylbutoxide (3), a synergist,
is often used in combination with pyrethrins, making the mixture more effective by not allowing the insect's system
to detoxify the pyrethrins. However, the latest information regarding toxicity of piperonylbutoxide (3) has
determined that it can pose a distinct health risk when it becomes airborne (Kumar et al., 2002). In addition, when
used as a synergist or as pyrethrum formulation is very costly, toxic and its continuous supply is not guaranteed
(Kumar et al., 2002). The cost of PBO is three times that of pyrethrins (Romero et al., 2009). This research
identified a replacement of PBO from naturally occurring sources (natural oils and essential oils) from leaves of
higher plants. A synergist which is cheap, readily available and environmentally friendly is needed and many
botanicals are readily available. Piperonylbutoxide is commonly used synergist for pyrethrum and pyrethroids and
has a unique mode of action (Casida, 1970). Insects have in-built, complex systems that always attack an insecticide
once it enters the insect body. Mixed Function Oxidases (MFO’s) is one of the insect’s defense mechanisms. MFO’s
work by binding with the insecticide active site thereby rendering it ineffective. When PBO is present in a
compound, it binds with the MFO’s, thus making the insecticide available to do its job (Metcalf et al., 2002).
The genus Ocimum, of the family Lamiaceae, has tropical distribution with nearly two-third of the 160 species
reported from West Africa and the remaining one-third from Asia and America. India is represented by nine species
of Ocimum, mainly confined to tropical and peninsular regions. O. kilimandscharicum commonly known as African
Blue Basil and ‘okita’ (Kokwaro, 1976) in native luo language is a perennial, under shrub with simple ovate-oblong
leaves. Flowers are light purplish or white. Seeds are oblong, black to brown. O. kilimandscharicum is an exotic
West African species. The plant has carminative, stimulant, antipyretic, anti-fungal and anti-bacterial properties
Camphor is a major component of essential oil of O. kilimandscharicum. The biological activity of camphor against
the beetles, Sitophilus granarius, S. zeamais, Tribolium castaneum and Prostephanus truncatus, has been evaluated
by Obeng-Ofori et al., (1998) and found camphor to be effective when used in contact toxicity, grain treatment and
repellency assays. According to their experimental findings, camphor applied either topically, impregnated of filter
papers or whole wheat and maize grains was highly toxic to all the four species. Another study done, also reported
that EOs from O. kilimandscharicum and O. suave have remarkable knockdown effects (30-50%) when used as
repellent against Anopheles arabiensis, A. gambiae and Culex quinquefasciatus (Seyoum et al., 2006).
This discovery of insecticidal synergists initiated the use of insecticide synergist, Piperonylbutoxide(PBO), which is
obtained from Safrole a main component of sassafras. Ocimum kilimandscharicum of the family Lamiaceae,
commonly known as African Blue Basil and ‘okita’ in native luo language, is a perennial, under shrub with simple
ovate-oblong leaves. Earlier findings showed that the plant consists of linalool, camphor and 1,8-cineole. Literature
review revealed no report available on the chemical composition of the essential oil and its economic importance
from Kenya. In light of the scanty data on insecticidal efficacy of the herbal medicine especially in the tropical
regions where there are large forested land; the aim of this study was to understand the antimosquicidal efficacy of
combination therapy using two plant species and determine possible synergistic relationships.
Pyrethrins have been used in many insecticide, fogging products and pet products for over 100 years but their
formulation without synergists are ineffective and thus paralyzed insects normally recover after a while (Matthews,
Bateman & Miller, 2014). Piperonylbutoxide (PBO) is often used with pyrethrins, making the mixture more
effective by not allowing insect's system to detoxify pyrethrins. However, the latest information regarding toxicity
of PBO has determined that it can pose a distinct health risk when it becomes airborne (Kumaret al., 2002). Pregnant
women when exposed to this substance during the third trimester leads to delayed mental development in young
children (Romeroet al., 2009). A study found a significant association between piperonylbutoxide (PBO), a common
additive in pyrethroid formulations, measured in personal air collected during the third trimester of pregnancy, and
delayed mental development at 36 months was observed (Hortonet al., 2011). Piperonylbutoxide (PBO) is also
suspected to be carcinogenic, mutagenic, and teratogenic (Mahadevanet al., 2009). PBO also attributes to chronic
toxicity where it changes in liver and kidney in test animals at high doses (Wanget al., 2012).
MATERIALS AND METHODS
Collection of Plant Specimens
The plant specimens were obtained from Kipkaren in Nandi County, which is situated in the western part of Rift
Valley Province. It borders Kakamega to the north-west, Uasin Gishu district to the north-east, Kericho district to
the south-east, Kisumu district to the south-east, and Vihiga district to the west. The plant was identified by a plant
taxonomist in the Botany Department, University of Eldoret.
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Preparation of extracts
The fresh plant leaves of the O. kilimandscharicum (1000 g) was subjected to hydro-distillation using Clevenger
type apparatus for 4 hours. This produced oil yield of 0.4% v/w. The oil was collected and dried over anhydrous
sodium sulphate and stored in sealed vials at -4°C until analysis.
Bioassay on adult mosquitoes
The WHO cones were used to evaluate the synergistic activity of the compounds. Twenty adult A. gambiae3-4 days
old, were introduced to the test chamber its surfaces (filter paper) having been smeared with pretreated solutions.
The test compounds and 0.2% dry weight of pyrethrins, in the ratios of 1:1, 1:2, 1:3, 1:4 and1:5 ratios of pyrethrins
to potentially synergistic compounds were used until a suitable concentration was obtained. The knockdown and
mortality rates were monitored for three minutes then 24hours.
The knockdown mosquitoes were removed, provided with food and water while the percentage kill was determined
after 24 hours. A solution of pyrethrins and pyperonylbutoxide with same concentration as test solutions were used
as standards in each case. Results showed ocimum is very effective as it had 100% and 90% mortality and
knockdown respectively between 1 hr and 24 hrs.
Factor of synergism
Relative potency for the synergists based on the FOS and lethal concentrations, showed that the synergist O.
kilimandscharicum had relative potency (R.P) of 2.2. Earlier studies had shown that Tagetes minuta had R.P of 1.04
and 0.894 for larvae mortalities and adult knockdown respectively. Meaning that the higher the R.P, the more toxic
(better) the synergist. Similar studies also showed that steam distillation of leaves of Mentha aruensis (Labiatae) had
a Factor of synergism of 0.94. Other plant families like Burseraceae, P.E extract of resin of Commiphora mukul had
FOS of 1.43 and Ether extract of resin had 0.95 (Pyrethrum post, 1973).
Gas chromatography-mass spectrometry:
The composition of the essential oils was determined using an Agilent 7890A Gas Chromatography – Mass
Spectrometry instrument from Government chemist- Nairobi. Helium at 25cm/sec (0.73ml/min) was used as a
carrier gas, and hydrogen was used for the flame. The GC conditions used were as follows: capillary column; fused
silica (polydimethylsiloxane, 0.25 μm film thickness); temperature program: 70 °C for 8 min, 75 – 230 °C for 3 min,
230 – 240 °C for 5 min, 270 °C 5 min; carrier gas, Helium at 5 bar, linear velocity of 25cm/sec (0.73ml/min) ;
injection port splitless at 250 °C; injection volume, 0.1 μL. The MS conditions were as follows: ionization EI at 70
eV; m/z range, 30-300 °C; scan rate 1 sec-1; ionization chamber at 180 °C; and transfer line at 280°C.
Identification of the components:
Identification of the essential oil constituents was based on a comparison of their retention times, and these
constituents were further identified and authenticated using their MS library search (NIST and WILEY), and by
comparison with MS literature data (Adams, 2007).
RESULTS AND DISCUSSION
The chemical composition and retention times of the essential oil of leaves of O. kilimandscharicum are presented in
Table 1. The constituents listed in order of their elution decreasing order on the column. The constituents of O.
kilimandscharicum were listed in order of their elution on the column according to their retention time. The
separation and identification of the compounds in O. Kilimandscharicum resulted into seventeen compounds.
Among them with the functional group methylenedioxyphenyl were; 2-propenal, 3-(3,4-dimetho xyphenyl) (6),
Methyl Eugenol (12), Eugenol (13) and Estragol (21).
Another different study by Isman (2006) and Tripathi et al., (2009) also indicated that some compounds found in the
essential oil, included anethole (23), elemicine (24), estragole (17), methyl eugenols (12), methylene dioxy
Compounds in (Figure 1), apiole (25), and myristicine (26). A similar study by Bhasin, M., (2012) showed that the
essential oil obtained by hydro-distillation of the leaves of Ocimum kilimandscharicum Guerke, was analyzed by gas
chromatography coupled with mass spectrometry (GC/MS). Forty-one constituents were identified. Chemical
composition of the essential oil of O. kilimandscharicum were reported from India where the major constituents
were linalool (16), (41.94-58.85%), methyleugenol (12) (17.0-15.82%) and apiole (29) (10.18-6.38%).
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Table 1: Chemical Composition of Essential oil as Found in Ocimum kilimandscharicum
Essential oils Composition
RT in min
Propenal, 3-(3,4-dimetho xyphenyl) (6)
16.518
α –Pathchoulene (7)
14.461
Germacrene D-4-ol (8)
14.365
α Terpineol (9)
14.149
ﻻ-Muurolene(10)
13.473
(-)-Germacrene D (11)
13.039
Methyl Eugenol (12)
12.604
Eugenol(13)
12.504
Alfa-Copaene (14)
11.805
o-Menth-8- ene,4-isopropylidene-1-vinyl (15)
11.253
Linalool (16)
11.055
Estragol (17)
9.265
Terpinenol -4-ol (18)
8.985
ẞ-Ocimene (19)
7.393
ẞ-pinene (20)
7.171
Cyclohexene, 1-methyl-4-(1-methylidene) (21)
6.874
Cadinene δ
(22)
6.678
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Figure 2. Structures for the oil constituents of O. kilimandscharicum oil: 6 – 22
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A comparison of a similar study by Joshi, R.K., (2013) showed that above compounds were the most common
constituents of O. kilimandscharicum.
GC MS Spectrum of oil is shown in Figures 3 and 4 below.
GC-MS Spectrum of the Ocimum oil

Figure 3. GC MS Spectrum of the Ocimum
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Expanded GC MS Spectrum of the Ocimum oil

Figure 4. Expanded GC MS Spectrum of the Ocimum oil
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CONCLUSION
Characterization of the O. kilimandscharicum resulted into seventeen constituents (compounds) with some being
monoterpenes (C10), besides, they are phenylpropanes, which are potential sources of synergists for pyrethrins.
Structures that bear a functional group methylenedioxyphenyl, basic framework of chemical structure within which
likelihood of the compound with synergistic activity is predicted.
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ABSTRACT
The research study examined the influence of institutional arrangements and management factors on profitability of
smallholder pig farming in Tharaka-Nithi County, Kenya. A two-stage sampling technique was employed in
selection of 80 smallholder pig farmers and analyzed using descriptive statistics and stochastic frontier production
function. The study revealed that male (75%) respondents dominated were within the active age, had 6 years’ pig
farming experience with basic education. The results of Stochastic frontier production revealed that feed costs
(p<0.01) and breed type (p<0.05) negatively reduced profit efficiency of the respondents while herd size (p<0.05)
and veterinary and drug costs (p<0.01) positively influenced profit efficiency. Inefficiency was increased by Gender
(p<0.1) and Debt Asset Ratio (p<0.01) while information trust (p<0.05) and experience reduced. The mean profit
efficiency was 0.40 exhibiting low profit efficiency in the study area, efficiency level could be increased by 60%
through better use of available resources, adoption of modern technology and transaction costs reduction. This
would be acquired if good management practices and marketing channels are adopted. The gamma parameter (γ)
was 0.63 meaning 63% net revenue variation is due to profit inefficiencies. The study contributes to Agribusiness
field and would improve policies associated with agribusiness development in Kenya.
Keywords: Institutional arrangements, Management factors, Stochastic Frontier Analysis, profit inefficiency
INTRODUCTION
The rising population and urbanization have pushed demand for animal protein to a new high. There is a disparity
between the rate of food production and demand. This has led Kenya to import pork valued at USD 700,000 since
the country produces an estimated 12,000 tons of pig meat worth KES 1.2 billion. In the last five years, the number
of pigs slaughtered has increased by about 8% from 360,000 to 388,200 (ILRI, 2019). Inability to provide the
required amount of animal protein in diets of the populace is a major cause of food disparity (FAO, 2012). In Kenya,
the Livestock sector contributes to 50% of employment and 12% to Kenya’s’ Gross Domestic Product (GDP). This
sector is comprised mostly of dairy, meat, eggs, wool, hides and skins.
The consumption of meat has been rapidly increasing over the last decade with an expectation of reaching 13.3
million tons by 2025 (Shibia et al., 2017). As most urban areas continue to grow, consumption of meat (beef,
chicken, mutton, goat, pork and camel) is expected to keep on increasing from the current average of 19 kg per
capita per year (USAID, 2012). Pork could play an important role in effectively reducing the inadequacy of animal
protein in the diets through pig farming. Pig production has been increasing in the last decade especially in rural
areas using different production systems. The most common production systems are free range and intensive
confinement (Nguhiu et al., 2018). Also, with the improved farming methods, quality inputs, reliable and efficient
markets, credit access and favourable policies have led to improved productivity. Unfortunately, in Kenya the SHFs
are not well organized and lack good agricultural practices leading to low yields, eventually very low returns. SHFs
lack business orientation, meaning they do not operate their farming enterprise as a business (Micheni et al., 2020).
Over the years, the number of pigs being slaughtered in Kenya has been steadily rising. With a poverty level of 65%
in Tharaka-Nithi County, Pig farming plays an important role in risk diversification and livelihood security of
smallholder and households as they present an important asset useful in generating income for purchase of farm
inputs, school fees payment and covering emergency cash needs (Mutua et al., 2010). The small-scale pig farming
enterprise has been found to be very profitable when good husbandry practices and management skills are applied
(FAO, 2012). Proper selection of the breeding stock as well as organized breeding programmes are needed to
facilitate genetic improvement so as to improve pig productivity in Kenya (Mutua et al., 2010; Maitima et al., 2010).
However, smallholder pig farmers in Tharaka-Nithi County obtain varying and dismal profits from their enterprise.
The dismal profits have been attributed to a number of productivity and market related constraints ranging from
diseases, poor nutrition and poorly organized markets. With good management skills and efficient institutional
arrangements, pig production improves, increasing income and eventually increase profit levels of farmers. This can
only be achieved if the pig sub-sector is carried as a business (Levy et al., 2014).
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Development of the pig value chain is important as it has an effect on the farmers’ profits as all the key chain actors
offer support to each other to improve efficiency and competitiveness (KIT et al., 2006). The sub sector in the
county is largely informal with poorly organized markets, limited technology, information and services.
Additionally, lack of feed quality control measures, disease risks that wipe out pig herds during outbreak periods
lead to stunted growth which reduce market value. Exchange of good information in the produce market is also
affected by lack of farmer organizations in the pig sector. This leads to high transactions costs due to low binding
relationships between smallholder farmers and traders (Key et al., 2000). Therefore, to minimize these high
transaction costs, smallholder farmers need to establish efficient institutional arrangements.
A few studies have determined the influence of management factors and institutional arrangements on smallholder
pig farmers profit efficiency. Most examined the effect of farm and farmer conditions, marketing, social, cultural,
technological and institutional factors on profit efficiency at farm level (Abdulai and Huffman, 1998; Rahman,
2003; Ogundari, 2006; Hyuha, 2006; Costales, 2006; Ogunniyi, 2011; Maganga et al., 2012 and Kadurumba, 2014).
However, it’s not only the management factors and institutional arrangements that influence profit efficiency of
smallholder pig farmers and extent of influence but also the identification of the critical factors that influence profit
efficiency is an important priority for research. Thus, there is a need for research to establish which management
factors and institutional arrangements that need to be targeted for smallholder pig farmers to be profit efficient in
Tharaka-Nithi County. This study attempts to fill this knowledge gap.
STUDY AREA, RESEARCH METHODOLOGY AND DATA ANALYSIS
The study was carried out in Tharaka-Nithi County, Kenya. A two-stage sampling technique was adopted for the
selection of smallholder pig farmers in the study area. The first stage involved purposive selection of Maara
constituency because of prominence of pig farmers in the area as well as good agro-ecological zone suitable for pig
farming. The second stage involved stratification random sampling of 16 smallholder pig farmers from each of the
five wards making a total of 80 by use of snowballing method to trace the farmers within the stratified areas.
Primary data were collected through semi-structured interview schedules and data obtained from the farmers were
analyzed using descriptive statistics and stochastic frontier production function.
Empirical model specification
Stochastic Frontier Production Function (SFPF) was applied in the analysis of data. To establish which factors led to
profit inefficiency, Stochastic Frontier Approach was used. It accounts for the random error and the inefficiency
component (Jacobs, 2000). The functional form of the stochastic profit frontier was determined by testing the
sufficiency of the Cobb-Douglas which is highly restrictive by fitting it with the less restrictive translog, this is in
line with the work of Nganga et al., (2010).
The stochastic profit model used is as shown in equation 3 which is basically input-output transformation and
transaction costs model (North, 1990) which is the linearized Cobb-Douglas production function while equation 4 is
the inefficiency model. The econometric model was typically defined to be:
Yi = xiβ+ ei
(1)
Yi = β0 + ∑ i= 1βi Xi + Vi - Ui

(Cobb-Douglas function)

lnYi = β0 + β1lnX1+ β2lnX2 + β3lnX3 + β4lnX4 +β5lnX5+ β6lnX6+Vi - Ui (Translog function)

(2)
(3)

Where: lnY1 = Normalized profit (net revenue per kilogram of output sold); X1= Feed cost (kg); X2=Wage rate
(include wage rate for both hired and family labor) (man-days); X3 = Breed type; X4= Herd size; X5= Search costs
and X6= Drug/Veterinary costs (Kshs); Β0, β1,,, β6= Parameters to be estimated;
Ui = Degree of inefficiency which is half-normal distributed (iid N|(0, σu2). Ui is closely related to the profit
inefficiency which may arise from management factors and institutional arrangements;
Vi = statistical disturbance term that is caused by factors outside the scope of the farmers which is assumed to be
identically and normally distributed with a mean of zero (iid) and constant variance of V~N ((o, σ2v) and
independent of U.
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The coefficient of the variables x1, x2, x3, x4, and x5 are the estimates from profit function maximum likelihood and
are interpreted as the elasticities of the variables. The coefficients are all correctly signed. Stochastic frontier model
was used to determine the relationship between the pig Net Revenue and the inputs used by the selected smallholder
pig farmers.
The objective of this study was analyzed using the inefficiency model where profit inefficiency (u) was the
dependent variable and the inefficiency factors were the independent variables
The expression of inefficiency model is specified below:
Ui=δ0+ δ1z1 + δ2z2 + δ3z3 +δ4z4 + δ5z5 + δ6z6 + δ7z7 + δ8z8 + δ9z9 + δ10z10

(4)

Where: Ui – the inefficiency of the ith farm; δ0,..,δ9= Are parameters to be estimated; z1 =Age; z2 = Gender ; z3
=Schooling years; z4 = Group membership; z5=Management type; z6=Trust (price); z7= Trust (Information); z8 =
Debt Asset Ratio; z9= Experience; z10 =Record Keeping. A half normal distribution of the inefficiency variance was
used in the estimation.
The variance of the random errors, σv2 and that of the profit inefficiency effect σu2 and the overall variance of the
model σ2 are related thus: σ2 = σv2 + σu2, measure the total variation of profit from the frontier which can be
attributed to profit inefficiency (Battese and Corra, 1977). Battese and Coelli (1995) provided log likelihood
function after replacing σv2 and σu2 with σ2 = σv2+σu2 and thus estimating gamma (γ) as: γ = σu2/σv2+σu2. The
parameter γ represents the share of inefficiency in the overall residual variance with values in interval 0 and 1.
A value of 1 suggests the existence of a deterministic frontier, whereas a value of 0 can be seen as evidence in the
favor of OLS estimation (Kumbhakar and Lovell, 2000; Greene, 2008). Lambda (λ) that is (σ u /σv) was also
computed to assess the goodness of fit and correctness of the specified normal/ half-normal distribution assumption.
It was also used to explain the disparities of pork output among smallholder pig farmers.
The study will use the average wage county wage rate as a proxy for the wages of the family workers. The average
wage is the average wage of the hired workers in the pig farms in Tharaka-Nithi County. This is computed
according to the rule that a worker would spend 2 hours in a day at the pig farm only.
RESULTS AND DISCUSSION
Pig management Practices and Institutional arrangements
The management practices and Institutional arrangements of the sampled smallholder pig farmers are presented in
table 1. The table shows the mean age to be 44 years. This implies that most of the farmers are of middle age,
therefore they own risk bearing abilities and innovativeness. At this age the farmers have great mental capacity to
cope with daily challenges and demands of farming business. The average number of years spent in school was 10
years implying that the pig farmers were educated and have positive influence on adoption of improved technologies
and exploitation of opportunities in pig production.
Majority (75%) of the farmers in the study area were males, while 25% were females indicating that men are more
involved in production than females in the study area. In the African context males as the heads of households and
owners of resources make major decision on production and who increases profit efficiency because they decide on
procurement and use of production inputs. Females in this study area contribute to labour in light farm operations
such as serving of feed, water and cleaning of the piggery. Farmers have higher preference for large white (61%) to
other breeds. Also, the mean herd size of 4 pigs implies that pig production in the study area is on small scale level.
The study reveals that majority of the pig farmers practiced penning (68%) which is a semi intensive management
system, 32% practiced stall-feeding (intensive system) in which pigs are confined in clean pigsty and balanced food
given to them. Smallholder pig farmers in the study area sold pigs to traders directly (60%) who offered exploitative
prices compared to local consumers at 40% where high prices were offered with high search and contracting costs.
The study showed that 59% of smallholder pig farmers were not members of any farmer group compared to 41%
who were members. Those in farmer groups benefited from trainings which made them adopt new technologies and
follow management practices recommended by extension workers and other trainers.
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Table 1: Distribution of selected management and institutional arrangements factors of respondents (N=80)
Parameter
Frequency
Percentage
Mean
Std Dev.
Age (Years)
44
12
Sch Years
10
4
Experience
6
5
Gender
60
75
Man
20
25
Woman
80
100
Total
Type of Pig Breed
27
34
Cross breeds
3
4
Hampshire
1
1
Landrace
49
61
Large white
80
100
Total
Herd size
4
2.56
Trainings attended
2
0.690
Management type
54
68
Penning
26
32
Stall feeding
80
100
Total
Buyer type
32
40
Local consumer
48
60
Trader
80
100
Total
Trust (price, Inform)
39
49
Yes
41
51
No
80
100
Total
Group membership
33
41
Yes
47
59
No
80
100
Total
Source: Computed from field survey data.
Profit Efficiency of pig producers in the study area
Maximum likelihood estimates of the parameters in the stochastic frontier model are presented in table 2 below. The
results of the production function showed that most of the inputs used were statistically significant at different levels
except for labour wages and search costs. The coefficient of feed costs is rightly signed and statistically significant
(p <0.01) with coefficient of -0.255 meaning 1% increase in price of feeds would decrease net revenue level of the
enterprise by 25% which is consonance with the findings of Kadurumba et al. (2014). The breed type coefficient of
pig was negative and statistically significant (p <0.05) with coefficient of -0.100 meaning 1% increase on use of
poor breeds would depress net revenue level of the enterprise by 10%. Herd size was positive and statistically
significant at (p <0.005) level with coefficient of 0.080 though inelastic meaning 1% increase in the number of pigs
will increase net revenue by 8% and this was consistent with the study of Aminu and Akhigbe-Ahonkhai (2017).
Lastly, Veterinary and drugs costs was positive and statistically significant at (p <0.01). The coefficient which was
elastic in nature appeared to be a major determinant of profit level of pig enterprise in the study area. This however,
implied that a 1% increase in price of veterinary and drugs would increase net revenue of the enterprise by 50% this
is in consonance with the findings of Angkana et al. (2019) who found that strengthened veterinary service system
to quality animal health information and potential alternative interventions to antibiotic use including farm
management improvement, vaccines and immunodulators. The coefficient for cost of labour was 0.444 and not
statistically significant thus appeared not to be a major determinant in profit efficiency of pig enterprise in the study
area but have direct relationship. A unit increase in wage rate increases net revenue level by 0.444. The coefficient
for search costs was -0.052 which was inelastic and appeared not to be a major determinant of profit efficiency of
pig enterprise in the study area. Therefore, a unit increase in search costs reduced net revenue level by 0.052.
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Table 2: Maximum Likelihood estimates for the parameters of the stochastic frontier production for pig production
Variables
Parameter
Coefficients
P>|Z|
Constant
β0
-4.647
Feed costs
Β1
-0.255
0.000***
Labour costs
Β2
0.444
0.256
Breed type
Β3
-0.100
0.004**
Herd size
Β4
0.080
0.001**
Search Costs
Β6
-0.052
0.254
Vet/ Drug Costs
Β7
0.505
0.000***
Inefficiency Model
Constant
δ0
-0.811
0.000***
Age
δ1
0.119
0.458
Gender
δ2
0.067
0.054*
Schooling years
δ3
0.068
0.205
Group membership
δ4
-0.291
0.477
Management type
δ5
-0.003
0.993
Trust (Price)
δ6
-0.059
0.909
Trust (information)
δ7
-0.814
0.008**
Debt Asset Ratio
δ8
5.007
0.000***
Experience
δ9
-0.003
0.009**
Records
δ 10
0.237
0.685
Sigma-squared
δ2
4.320
0.000***
Gamma
σu/σs
0.630
0.000***
Log-Likelihood function
-95.954
Wald chi2(8)
66.70
0.000***
***Significant at 1%, **5%, *10%
Determinants of profit inefficiency in pig production
The result of the inefficiency model in table 2 shows that gender was positive and significant at p <0.10. This
implies that profit inefficiency increases with gender suggesting that female headed households are more profit
efficient than the male headed households since they are more involved in farm operations concurring with the study
of Mutua et al. (2010). Trust in market information was negative and significant at p<0.05, implying that profit
inefficiency declines with lack of trust in market information. Transaction costs rise from information asymmetry
where farmers have to incur more costs to search for better customers and prices and these costs include; personal
time, travel expenses, and communication costs. This is consistent with the study of Holloway et al. (2000) who
found that information asymmetry lead to opportunism resulting to mistrust amongst the players in the milk value
chain. The finding agreed with the study of KIT et al. (2006) who concluded that the higher the level of trust
between business partners in the marketing channel, the better are the conditions of good business performance.
Debt Asset ratio was positive and statistically significant at p<0.01. This implied that profit inefficiency increased
with higher debt asset ratio. The higher the ratio means that farm business liabilities are more compared to assets
and thus need to be balanced. High ratio makes farm business to be insolvent and hinders attracting more credit
(Kaase et al., 2003). Caroll et al. (2006) opined in their own study that dairy farms with low debt asset ratio in UK
were more efficient. The results on pig rearing experience was found to be negative and significant at 5%. This
suggests that specialization is developed overtime leading to improved production methods and higher profit
efficiency. This finding is in agreement with those of Etim and Edit (2014), that increased experience in agricultural
production enhances critical evaluation of relevance of better production decisions including efficient utilization of
productive resources. Age variable had a positive sign with coefficient of 0.119 but not statistically significant.
These results are consistent with the findings of Kadurumba et al., (2014). He revealed that older farmers are less
willing to adopt new practices and modern inputs. Furthermore, young farmers are likely to have some formal
education, and therefore might be more successful in gathering information and understanding new practices which,
in turn will improve the profit efficiency through higher levels of technical and allocative efficiency. Formal
education commonly measured in years of schooling had no statistically significant relationship between the two
variables. This is consistent with the study of Weir (1999) who concluded that farmers with some form of formal
education didn’t exhibit higher levels of profit efficiency in the study area.
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Distribution of profit efficiency
Table 3 presents the individual profit efficiencies of the sampled pig farmers using the estimated stochastic frontier
model. The predicted profit efficiencies differ substantially among the farmers, ranging between 0.094 and 1. The
estimates are skewed to the left and the mean profit efficiency was estimated to be 0.40
Table 3: Deciles frequency of profit efficiencies of smallholder pig farmers
Efficiency level
frequency
Relative percentage
< 0.25
27
33.75
0.26-0.50
28
35
0.51-0.60
11
13.75
0.61-0.70
2
2.5
0.71-0.80
2
2.5
0.81-0.90
3
3.75
0.91-1.00
7
8.75
Total
80
100
Minimum
0.094
Maximum
1
Mean
0.402
Source: Computed from field survey data.
This implies that pig farmers in the study area were producing at about 40 percent of the potential production level,
indicating that the production level was about 60% below the frontier. According to a study by Etim and Udoh
(2014), this is an indication of product wastage due to inefficiency of resource use by the farmers. The result also
suggests that profit efficiency in pig production in the study area could be increased by 60% through better use of
available resources and use of more variable inputs to boost production.
CONCLUSION
This study was conducted to assess factors that affect profitability of smallholder pig farmers in Tharaka-Nithi
County, Kenya. The study revealed that majority of the sampled respondents were males within the economically
active age group. The trusts on market information as well as experience of the household head were found to
influence pig profit inefficiency negatively. Which signify that they contributed in increasing the level of profit
efficiency. Lastly, Debt Asset Ratio influenced profit inefficiency positively on the farms in the study area. Meaning
that it contributes towards reducing profit efficiency. The study has indicated that pig farmers were not fully profit
efficient. Individual levels of profit efficiency revealed substantial profit inefficiencies. Although there is
considerable potential for enhanced profitability, it is capable of creating employment, augmenting income and
improving the standard of living of the people.
RECOMMENDATIONS
 Pig producers should be organized into groups such as producer organizations or cooperative societies which
are avenues to achieving the necessary economies of scale and thus reduce information asymmetries and build
up countervailing market power.
 Based on the findings of the study, the following policy recommendations are made: Adequate training
programme on pig production (to familiarize them with innovations) and basic finance management skills like
the optimal level of debt-asset ratio and debt utilization.
 Pig production in the area is male dominated. Women empowerment programmes should be initiated as they
provide significant opportunities for financial access to enable them afford better breeds, quality feeds and other
inputs to adopt new farming techniques and also have a voice in management of farm enterprises. Women also
need to be encouraged to participate in pig production to increase their income and enhance their livelihoods.
 The major key players in the sector should come up with a coherent and integrated response to address the core
challenges faced by smallholder pig farmers. The government can work in partnership with other stakeholders
to ensure coordination and cooperation across different national institutions and agencies, at central and local
level, private sector organizations, producer organizations and development partners.
 The study focused on factors influencing profitability of smallholder pig farms, thus would recommend a
further research on smart farming application in smallholder pig farming which could be used to support

7th International Research Conference Proceedings

31

integrative management approach. In redesigning the study, capturing the effects related to smart solutions in
smallholder pig farming could be considered.
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ABSTRACT
Agriculture is the mainstay in Kenyan economy, it currently contributes to 29% in gross domestic product (GDP)
and creates employment of over 80% in the rural population. There are four major sub sectors in the agricultural
sector which are food crops, industrial crops, livestock, fisheries and horticulture. Sweet potatoes are based under
horticultural crops production which are now constrained by many biotic factors including root knot nematodes
(RKN). Root knot nematodes pose a significant threat to a wide range of agricultural crops. The effect of RKNs in
sweet potatoes are seen through the formation of galls, which reduce water and nutrient uptake, stunted vines and
discoloured cracks in root tubers. These effects cause poor quality of tubers hence yield loss and high costs of
production leading to poor income. Root knot nematodes diversity depends on ecological conditions and change of
environmental conditions with time. Management strategies to control RKN have been practiced over time; cultural
methods including fallowing of fields, intercropping and crop rotation have been used however root knot nematodes
have ability to infect a wide host range; use of resistant varieties against RKN were adopted however some resistant
genes tend to be silent in soil temperatures above 30ᵒC rendering the crop susceptible; use of synthetic nematocides
were then found effective against RKN species however they leave residues on plants which are harmful to human
consumption and are environmentally unfriendly hence they were banned. With these challenges scientists are
focusing on discovery of nematocides from medicinal plants. The use of medicinal plants especially Canavalia
ensiformis has shown 87% mortality rate on juveniles at stage two. Due to limited exploration of medicinal plants,
more studies are encouraged on the same for RKN management and increase food security.
Keywords: Root knot nematodes (RKN), sweet potatoes, medicinal plants, food security, agriculture
INTRODUCTION
Sweet potato (Ipomoea batatas) is traditionally viewed as a “poor person’s crop” and has attracted limited attention
to other staple crops (Mwanga et al., 2017). Studies have investigated its importance and more attention has been
directed to its production in developing countries (Drapal et al., 2019). Sweet potatoes have shown to play a critical
role in food security and alleviating poverty (Wadl et al., 2018). It is ranked the sixth important food crop
worldwide after wheat, maize, potatoes and cassava (International Potato Centre, 2018). Sweet potatoes have high
nutritional value of vitamin C, minerals, β carotenoids, carotene and phenolic compounds (Lee and Lee, 2017).
Sweet potatoes are valued as a functional staple food for human consumption due to its phytochemicals,
antioxidants, immunomodulatory, antimicrobial and anticancer properties (Ayeleso et al., 2017). They provide
source of income however its production has faced a crisis due to presence of abiotic, social and biotic stress. Biotic
stress affecting production of sweet potatoes is the presence of parasitic root knot nematodes (Wabere et al., 2016).
Meloidogyne species are ranked the most common damaging harmful species (Karuri et al., 2017). These root knot
nematodes (RKNs) cause cracking of roots and necrosis which in turn reduces market quality (Laurence et al., 1986;
Karuri et al., 2017). Moisture and temperature elevation leads to an increased rate of RKNs reproduction,
development and infection (****). Common genera of infectious RKNs are Trichodorous, Tylenchus, Pratylenchus,
Hoplolaimus and Aphelenchus (*****). This review shades light on parasitic root knot nematodes in sweet potato
farms focusing on the most common and damaging nematodes. Due to their abundance and diversity, problems tend
to aggravate and farmers experience losses and economic crisis is faces by the nation. This review also shows a way
forward on how to control and manage parasitic RKN in more effective criteria.
Parasitic Root Knot Nematodes
Parasitic RKNs are obligate non segmented roundworms with a wide host range; all cultivated plants (Seesayo et al.,
2017). They are ranked the most economically damaging species that reduce sweet potato yield and production
(Jones et al., 2013). Parasitic RKNs have the ability to rapidly spread and colonize new localities hence their
management is tedious (Bebber et al., 2014). Parasitic root knot nematodes release a certain protein (m protein)
which mimics the plant proteins, this protein modifies the plant host cell wall and causes disruption, it further
localizes in host plant cell nucleus resulting in suppression of host defense (Khalil et al., 2017). Parasitic RKNs
further feeds on plant parts causing discolored cracks in the root tubers which results to stunted vines whereby the
plant doesn’t fully develop (Hunja et al., 2017). Meloidogyne genera is the common worldwide threat with five
major species M. fallax, M. javanica, M. incognita, M. hapla and M. arenaria known to be extremely pathogenic
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(Moens et al., 2009; Abd-Elgawad, 2019). Severely infected plants by parasitic RKN have altered normal root
system with a completely disorganized vascular system. Infected roots are ultimately hindered from their main
function of uptake and transportation of water and nutrients. Consequently, the plants experience stunted growth and
are easily affected by drought. This may render plants death (Danish et al. 2018). In addition, infected plants by
parasitic root knot nematodes have wounds which makes the plant vulnerable to other pathogens such as fungi and
bacteria that are present in the soil.
Parasitic Root Knot Nematodes in soil
Constituents of parasitic root knot nematodes among free living microorganisms in soil do act as bio indicators of a
healthy soil because their amount correlates with decomposition and nitrogen cycling activities (Neher et al, 2001).
Some are bacteria feeding root knot nematodes which eliminate bacteria that affect plants (Ntalli et al., 2019).
Prevalence of Parasitic Root Knot Nematodes
Prevalence can be characterised by gall index (GI), disease index (DI) and egg mass index (EI). Information of
prevalence is helpful to develop control strategies of soil-borne disease complex based on their pathological
characteristics (Seo et al., 2018). Parasitic root knot nematode species have shown high prevalence in the roots of
the plant where they reproduce successfully and in high amounts causing galls and this leads to death of the plant
(Danish et al. 2018). Composition and abundance of root knot nematodes are significantly influenced by
temperature and rainfall (Hoang et al., 2014). When scaled globally, the abundance of root knot nematodes (RKN)
increases with rise in mean annual temperatures (Nielsen et al., 2014). Data analysis of long term temperature in
Kakamega, Makueni and Kisii, the sweet potato growing areas show that minimum and maximum temperatures
increase annually and that Kenya has experienced an increase in temperature by 1°C in the last two decades (Omoyo
et al., 2015). This shows that abundance of RKN is bound to increase with increase in temperatures.
Distribution of Parasitic Root Knot Nematodes
Parasitic root knot nematodes (RKN) are aerobic and require moisture content in their immediate surrounding (Kim
et al., 2017). Parasitic RKNs among other soil microbes are unevenly distributed across dry landscapes and cold
areas where there is lack of vascular plants (Shaw and Wall, 2019). Parasitic root knot nematodes can be described
as root feeding larvae and their prevalence is affected by soil types. Most parasitic RKNs show high mortality,
persistence and virulence in marl soil (rich in calcium carbonate) when compared to sandy soil (Shapiro et al, 2000).
Parasitic RKNs abundance increases during the super bloom in soils of annual plants. Soil organic matter content
show significant and positive correlation to parasitic RKNs abundance. Overall, nematodes in extreme environments
are adapted to drought conditions, but are highly dependent on the growth and distribution of both annual and
perennial plants for their supply of soil organic matter that they rely upon (Treonis et al., 2019). Parasitic root knot
nematodes are rich and abundant in moist soils when associated with cryptogamic vegetation and are poor in dry
fields and in ornithogenic soils. Species distributions are highly variable within particular environments and are
related primarily to organic matter, nutrient and moisture but availability and quality of food resources is the major
underlying driver (Smykla et al., 2018).
Meloidogyne hapla was first recorded in Kenya in sweet potato large farm areas of Teso South, Nzaui, Matayos,
Manyatta and Mosocho. Their assessment was done by number of eggs present and the level of galling on a scan
scale of 0-5 whereby 0= no galls and 5≥100galls (Karuri et al., 2017). For common physical characteristics of
Meloidogyne species especially for the M. fallax are the female stylet length of 14.6 µm having an oval rounded
basal knob, an oval perineal pattern with a moderately high dorsal arch (Topalovic et al., 2017). As in the males,
there is presence of a slender stylet of 18.5 µm with a set off and rounded basal knob, a slightly set off male head
with one post-labial annule and an incomplete transverse incisures. In second-stage juveniles (J2) they have a large
and rounded stylet basal knobs with a gradually tapering tail of 46.9µm long with a broadly rounded tip and a
clearly delimitated smooth hyaline part sometimes marked by constrictions of 12.9 µm long (Topalovic et al., 2017).
Root knot nematodes mobility leads to rapid spread and colonize new localities in the farms (Bebber et al. 2014).
Damage due to Parasitic Root Knot Nematodes
Meloidogyne species are soil-borne pathogens that cause a negative effect on plants like wilt which may result to
death if plant has no resistant mechanisms (Danish et al. 2018). The infected potato tubers have small, rough
swellings on the surface area called galls. Cells where nematodes feed are stimulated to multiply and swell forming
galls within a day after infection. Parasitic root knot galls vary in shape and size on highly infected plants, galls fuse
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together so that large mass areas or the entire root, may be swollen. Presence of lateral roots appears on root crops
resulting in a condition known as hairy root and stunted growth. Plants’ ability to take up water and nutrients is
affected by the changes and wilted plants exhibit nutrient-type deficiencies. The more frequent the infection, the
more severe the aboveground effects (Seebold, 2014). Pathogenicity on sweet potato shows that M. incognita causes
quality reduction, reduced growth and poor yield in sweet potato farming (Osunlola and Fawole, 2015).
MANAGEMENT STRATEGIES AND CONTROL MEASURES
Parasitic nematodes have become difficult to manage over time due to their hidden nature hence generally
overlooked and this makes them rapidly spread through the farm and colonize new localities. Type of farming
system also plays a role in parasitic root knot nematodes infestation of sweet potatoes (Waiganjo et al., 2006). In
effective management strategies like frequent reusing of land by farmers leads to aggravated soil diseases (Barker et
al., 1994; Karuri et al., 2017). There are strategies adopted in the management of parasitic root knot nematodes to
increase yield and production of sweet potatoes and they are use of plant resistant varieties, synthetic nematicides,
cultural control methods as well as biological controls of parasitic RKNs.
Plant Resistance
Plants have the ability of self-defence against parasitic RKN in post infection by release of chemicals present in the
host tissues after penetration of parasitic root knot nematodes (Mashela et al., 2016). Ordinarily, plants carrying
major resistance genes for root knot nematode are invaded in similar manner as would occur in susceptible plants.
Nutritional inadequacies, chemical or physical barriers can be the cause of pre-infectional resistance. Fully
expressed pre-formed chemicals are mainly the cause of pre infectional resistance in root tissues before infection
and do not rise to high levels in response to attacks by parasitic root knot nematodes (Ferraz and Brown, 2002).
Presence of galls on roots gives an assessment of sweet potato cultivars for resistance to M. incognita populations
indicating them as host confirming that the nematode was able to reproduce within the cultivars (Olabiyi, 2007).
Performed resistant studies suggest that post infectional nematode resistance is in place and confirmed that the
identified nematode resistance in C. africanus and C. myriocarpus to Meloidogyne species is post infectional
(Ramatsitsi, 2017). Screened sweet potato cultivars against Meloidogyne species demonstrated that most cultivars
were hosts to M. javanica and M. incognita races 2 and 4, whereas ʹBopheloʹ, ʹBosbokʹ and ʹMvuvheloʹ are nonhosts to all Meloidogyne species and races (Pofu et al., 2016). Parasitic root knot nematodes resistance in sweet
potato varieties are observed and found highly resistant to M. incognita and few showed sensitivities. Same
outcomes are observed on sweet potato resistant clones to M. incognita races (Karuri et al., 2017).
Nematocides
Non-fumigant nematocides are non-volatile toxic chemicals that are applied prior to planting, at planting, or after
planting by drip irrigation, soil drenching or spraying on the crop foliage to reduce population densities of
nematodes and their damages (Ohri and Pannu, 2010). These products are dispersed by water movement in soil
when applied in the soil. There are two categories of these products: systemic nematocides which are taken up by
the roots and kill nematodes while they feed from plant roots and contact nematocides which kill nematodes in soil
by direct exposure to the compounds. Contrary to fumigant nematocides, the efficiency of non-fumigants does not
depend on soil temperature (Hajihassani, 2018).
A major drawback of Non-fumigant nematocides is that their efficiency is lower than that of fumigants such as
Telone II, and has a quick leaching effect of the active ingredients particularly in sand soil (Osunlola and Fawole,
2015). Nematocides; methyl bromide carbamate and organophosphate are found environmentally harmful and to
non-targeted soil biota (Jones et al., 2016). Concerns about a negative impact of improvised synthetic nematocides
on general public health and the environment has led to a limited use of such products. An example is the high use
of soil fumigant, methyl bromide which was found to result in contamination of the ground, drinking water and the
surface in Netherlands. This led to a ban on its use in the 1980’s (Mus & Huygen, 1992). Later on, methyl bromide
was then listed as ozone-depleting compound in the 4th meeting of Montreal Protocol in Copenhagen, 1992, and in
their accordance with the US Clean Air Act its use as a fumigant was banned in several nations (Ploeg, 2008).
Cultural Control
In chitinous wastes there are crushed shells of crustaceans of crab and shrimp also, cover crops suppress nematodes
through chemical residues, especially when grown and tilled into the soil (Khalil, 2013). Cultural control methods
involve practices like time of planting and crop rotation (Sorensen et al., 2016). Use of compost as a traditional
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cultural method showed decrease in damage caused by root knot nematodes (RKN) which related to a direct dosage
of applied compost (Coelho et al., 2018). Crops can be rotated, intercropped or there can be sole cropping performed
(Atandi et al., 2017). According to Dayan (2010), Sorghum bicolour manufactures a chemical compound,
sorgoleone, which has nematocidal activities that result in inhibition of mobility in nematode (Aydinli and Mennan,
2012). Cruciferous vegetables from Brassicaceae family have been identified to contain glucosinolate chemical
compounds which release toxic products against parasitic RKNs such as thiocyanate and isothiocyanate when they
decompose (Caboni, 2012), these products are toxic to parasitic RKNs (Larkin, 2013). Control of RKN cannot be
limited by fallowing or crop rotation due to a wide host range and survival rate of RKN in soil (Jones et al., 2016).
Biological Control of Parasitic Root Knot Nematodes
Studies have shown that biological control agents effectively control nematodes by acting in different ways
including antibiosis, cell wall degradation, interfere with vital processes like enzymatic system, respiratory and
nervous system (Abd-Elgawad, 2016; Rocha et al., 2017). Pre-treatment and combined tests decreases hatching.
Growers do not generally use bio control products due to lack of rapid and adequate control (Felde et al., 2006).
Discordant performance of applied bio control agents in farms has been reported as a primary hindrance in exploring
this mode of nematode management (Meyer and Roberts 2002).
Nematode Trapping Fungi
Use of bio control organisms like endophytes is important because nematocides are prohibited; example is in
organic farming and in areas where low nematode densities were recorded over time (Felde et al., 2006). These
Nematode-trapping fungi are classified under endoparasitic fungi as well as parasite of nematode eggs and their
cysts which produce metabolites known to be toxic to parasitic root knot nematodes. The predacious fungi grow and
reproduce saprophytically until they are in contact with the parasitic RKNs. Study on predacious fungi, have shown
possible in vitro bio control activity (Mankau, 1980; Gray, 2018). Nematode Trapping Fungi inhibit parasitic RKNs
through devices such as adhesive knobs, adhesive branches or hyphae, adhesive networks or constricting rings, or by
means of enzymes as well as metabolic products. These fungi are capable of regulating nematode behaviour by
interfering with nematode-host plant recognition giving opportunity for plant growth (Devi, 2018).
Medicinal Plants as Bio controls
Phytochemical plant extracts including terpenoids, saponins, alkaloids and flavonoids of Tithonia, Neem and
Tephrosia are found to be effective against parasitic root knot nematodes (Njenga et al., 2019). Botanical pesticides
such as neem oil pressed from fruits and seeds of the neem tree Azadirachta indica are also used as nematocides.
Neem oil contains triterpenoid compounds and the main component is Azadirachtin. On the other hand, there are
essential oils extracted from aromatic and culinary herbs which have shown promising potential sources for new
nematocides; thymol and carvacrol (Osunlola and Fawole, 2015).
Tagetes minuta has essential oils that can be used as nematocidal agent (Gakuumbi et al., 2016). Plectranthus
barbatus was found to be a rich source of active metabolites which will be used for nematocidal activity. (Ibrahim et
al., 2018). Hyptis suaveolens (L.) plant has a wide variety of secondary metabolites (Mozhiyarasi and Anuradha,
2016). Senna occidentalis has the most important active metabolites extracts which need further investigation for
other uses like nematocidal effect (Olantuji et al., 2019).
Phytochemical analysis of Tephrosa vogelii was conducted to find the bioactive components that were present and
abundance of the principles in this plant species across three countries in East Africa: Malawi, Kenya and Tanzania.
Analysis with use of methanol extract of T. vogelii parts revealed the occurrence of two distinct chemo types that
were separated by the presence of rotenoids in one, flavones and flavanones that are not bioactive against insects but
could be active against parasitic root knot nematodes (Mkindi et al., 2019).
CONCLUSION
There can be no doubt that sweet potato production has faced a crisis due to the presence of root knot nematodes
which caused reduced quality of tubers leading to reduced food security and alleviation of poverty. Presence of root
knot nematodes especially Meloidogyne genera, are known to be economically damaging pests with a wide host
range to nearly all cultivated crops. Different management strategies have been practiced over the years to reduce
their presence. Cultural methods which involve field fallowing, intercropping, crop rotation, time of planting and use
of compost showed reduces presence of root knot nematodes within a short period of time however due to their wide
host range they tend to be persistent and multiply. Use of resistant varieties showed a promising future however
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some host plant resistant genes tend to be silenced in soil temperatures of above 30C rendering them susceptible to
root knot nematode infections. Synthetic nematocides have been used to late however in great limitations, they show
great response in reducing root knot nematode density but they are expensive thus not overall affordable, they leave
residues on plants which are harmful for human consumption and were found to be ecologically unfriendly. With
these challenges faced by farmers as well as counties that rely on production of sweet potato as their source of
income, there is need for development of low cost and ecologically friendly mode of managing root knot nematodes.
Biological control methods are being explored and so far they are showing great nematocidal effects whereby their
mechanism of action is based on nematode’s respiratory system, enzymatic and nervous system. With this strategy,
more affordable means will be developed biologically from medicinal plants. This will lead to increased sweet
potato production which will alleviate source of income to small scale farmers, counties as well as the nation and
maintain food security.
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ABSTRACT
Adoption of agricultural indigenous practices (AIPs) holds the promise for agricultural and environmental
sustainability. However, the adoption rate has been low among smallholder farmers for decades. Level of advisory
services (ASs) accessibility has been documented as one of the key drivers of adoption. However, little information
exists to show the relationship between access to ASs and adoption of AIPs in Chuka sub-County. Therefore, the
objective of the study intended to generate factual information regarding the relationship between access to ASs and
AIPs adoption among smallholder farmers in the said sub-County. Data was collected from 100 farmers through
stratified sampling. Percentages, mean, frequencies, standard deviation, and simple Pearson correlation were used to
analyze data at p<0.05. Results of Pearson correlation indicated a significant positive relationship between access to
ASs and adoption of AIPs (r = 0.51, p = 0.01). Conversely, ASs were rated as inaccessible. Further, the study
revealed that radio was the most widely used source of information. It was concluded that access to ASs influenced
adoption of AIPs among farmers since the relationship was significant. It was therefore, recommended that County
government should formulate policies and incentives to enhance access to agricultural ASs towards the adoption of
AIPs for agricultural and environmental sustainability. County government should also step up support for extension
education and trainings for effective adoption of AIPs among farmers.
Keywords: Adoption, agricultural indigenous practices, radio, accessibility, advisory services, smallholder farmers
INTRODUCTION
Growing human population has led to significant changes in global food production systems characterized by
unsustainable conventional farming practices (Tyagi et al., 2014). In order to meet this burgeoning pressure on the
planet earth, farmers ought to focus more on practices that may enhance the processes of sustainability (Abdullah &
Hassan, 2015). Therefore, much effort is being made into using indigenous knowledge-based practices as a coping
strategy, to monitor, mitigate and adapt to climate related problems. Application of practices that enhance a balance
between nutrient inputs and outputs has gained prominence among farmers (Patil et al., 2014). Agricultural
indigenous practices (AIPs) boost soil nutrients and soil structure. Chaudhry (2011; Glasson et al., 2010) observed
that AIPs are locally developed farming system and are adopted by farmers in a particular agro-ecological zone.
Agroforestry, crop rotation, intercropping, organic manure, and minimum tillage are widely applied AIPs.
Agroforestry and minimum tillage promote soil carbon enrichment (Lorenz & Lal, 2014) and reduce soil erosion
(Sepúlveda & Carrillo, 2015). Crop rotation and intercropping, unlike monoculture, discourages soil degradation,
crop pests and diseases, and vulnerability to impacts of climate variability (Andres et al., 2016). Additions of
organic manure have also been confirmed to boost soil nutrient such as phosphorus availability in the soil (Rick et
al. 2011). Despite the benefits of AIPs, research has shown that AIPs have been less popular among farmers in the
recent times (Godfray et al., 2010). Andersson and D'Souza (2014) posited that contextual factors are key
determinants in the adoption of farming technologies within smallholder farms. Among the socio-economic factors
influencing application of AIPs include access to advisory services (ASs). Farmers receive agricultural information
from a variety of sources; informal, private, and public advisory service systems (Elahi et al., 2018).
Contact to agricultural information through extension services enables farmers to analyze and adopt farming
technologies (Al-Hassan et al., 2013). Therefore, poor access to ASs is a major constraint to the adoption of various
AIPs (Mwase et al., 2015). Better access to ASs implies improved access to information resource hence, better
adoption rate (Faure et al., 2012). As observed by Al-Hassan et al. (2013 exposure to agricultural information
enabled farmers to effectively analyze and adopt better agricultural innovations to improve their farm productivity
(Ketema & Bauer, 2012). Radio, television, and farmer-to-farmer contacts are some of the media of communication
to farmers. They are perceived to be cheaper, and readily available in most homes (Chhachhar et al., 2014).
In Kenya, previous research demonstrated positive and negative effects of various socio-economic factors on
adoption of AIPs (Alufah et al., 2012; Nyaga et al., 2015; Recha et al., 2015). Previous studies also indicated that
determinants of AIPs adoption, varied considerably depending on the specific regions hence, location-specific
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studies would be more appropriate (Tambo & Mockshell, 2018). However, a gap exists in regard to the relationship
between access to advisory services, and adoption of AIPs; crop rotation, agroforestry, intercropping, organic
manuring, and minimum tillage in Chuka sub-County. Therefore, the current study intended to gather factual
information that would help to address this gap and improve the adoption of AIPs among smallholder farmers for
agricultural and environmental sustainability in the said sub-County.
Conceptual Framework
This study reflected that access to advisory services is a fundamental aspect in the adoption of AIPs. The term
advisory and extension services can be used interchangeably as synonyms (Faure et al., 2012). Thus, ASs are
systems that increase access of farmers, and other actors to knowledge, information and new technologies. Notably,
these services can be obtained from various sources; public, private, and farmer-based organizations. Further, the
level of access varies with the type of information sources (Prager et al., 2016; Dunne et al., 2019). There are quite a
number of communication tools; radios, television, internet, and mobile phones (Abid et al., 2016; Ishida et al.,
2018; Ragasa et al., 2016; Temba et al., 2016), and that they have different levels of coverage in terms of
information needs. Poor access to extension services among farmers is thought to be a latent hinderance to adoption
of AIPs (Mtega, 2012), as shown in Figure 1.

Access to Advisory
Services
 Sources
 Frequency
of
contact
 Ease of access
 Training

Public
Extension
Increasing
Private
Extension







Adoption of AIPs
Crop rotation
Agroforestry
Intercropping
Organic manure
Minimum tillage

Figure 1: Conceptual Framework
Research Objective
The study was guided by the following objective;
To determine the relationship between access to advisory services and adoption of agricultural indigenous practices
among smallholder farmers in Chuka sub-County.
RESEARCH METHODOLOGY
Study Area and Participants
The study was carried out in Chuka sub-County. Majority of farmers apply AIPs in various forms. The sub-County
is an agro-ecological zone located on upper midland with an altitude of about 1,500m above sea level (Okeyo et al.,
2014). The area is characterized by smallholder livestock and crop farmers (Mucheru-Muna, 2007). A study sample
of 100 farmers was used. According to Fraenkel et al. (2015) a sample size of 100 participants is essential for a
survey study. Farmer population was stratified into Wards (Mugwe, Karinagni, and Magumoni) from which the
study participants were randomly selected.
Data Collection
A descriptive correctional design was used to describe the relationship between access to ASs and adoption of AIPs.
Lodico et al. (2010) observed that descriptive design is useful where the research has no control on the independent
variable. The study utilized a structured questionnaire to collect data from farmers practicing AIPs. As observed by
Muchunku (2014), the questionnaire gives considerable advantage in application and provides a stimulus capacity to
a large audience. Before the actual study, a pilot study was conducted in Muthambi Ward where farmers have the
same socio-economic characteristics as those in the study area. The pilot study sample was 15% of full sample, (n
=18). According to Hazzi & Maldaon (2015) in social sciences, a sample of 10-20% of full sample is acceptable.
Results from the pilot study were used to ensure validity and internal consistency of research instrument. The alpha
values of adoption of AIPs was 0.68 while that of access to advisory services was 0.89. Moorthy et al. (2012)
posited that in social sciences, Cronbach alpha coefficient of at least 0.60 is acceptable.
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Data Analysis
The dependent variable was adoption of AIPs and the independent variable was access to advisory services. Access
to advisory services was measured using a five-point Likert- type items; 1 = strongly disagree, 2 = disagree, 3 =
neutral, 4 = agree, 5 = strongly agree (Garson, 2012). Adoption of AIPs was measured using a summated score of
five items on a scale; 1 = not at all, 2 = very low, 3 = low, 4 = high, 5 = very high. The mean scores of the construct
items were statistically analyzed to determine the relationship between independent and dependent variables.
Data was analyzed using statistical package for social sciences (SPSS V.22). Descriptive (frequencies, percentages,
mean, and standard deviation) and inferential (simple Pearson correlation and multiple linear regression) statistics
were used to analyze data. To determine the direction and the strength of the relationship between access to advisory
services and adoption of AIPs, a Pearson’s correlation was used. Pearson correlation coefficient indicates the
strength of linear relationship between two variables, denoted by r (Liu et al., 2004; Puth et al., 2014). The
correlations were checked at 95% level of significance level, p < 0.05. Linearity was assessed using a scatterplot
(Garson, 2012). It was found that adoption of AIPs was a linear function of access to advisory services.
RESULTS AND DISCUSSION
This section presents results and their discussion on the relationship between access to ASs and adoption of AIPs in
Chuka. The main themes were; sources of ASs, relationship between access to ASs and adoption of AIPs,
descriptive statistics for access to ASs versus adoption of AIPs, and adoption of AIPs in the sub-County.
Sources of Advisory Services
Access to advisory services from various sources among farmers has been very diverse in terms of effectiveness,
convenience, and efficiency. To confirm these findings, farmers were asked to indicate their sources of advisory
services. Table 1 presents sources of advisory services in the sub-County.
Table 1. Sources of Advisory Services in Chuka sub-County (N = 100)
Sources
Frequency
Radio
30
Other farmers
25
Television
16
Extension agents
14
Agricultural books
7
Radio/television
6
Agricultural books/manuals
1
None
1

Percentage
30.0
25.0
16.0
14.0
7.0
6.0
1.0
1.0

Farmers received advisory services from various sources ranging from interpersonal contacts to mass-media. The
radio (n = 30, 30%) was the most common source of advisory services to farmers. Other mass-media sources were
television (n = 16, 16%), agricultural books (n = 7, 7%), radio and television (n = 6, 6%), and agricultural books and
manuals (n = 1, 1%). Radios were easily available, accessible, and provided reliable information (Ronald et al.,
2015). Personal media included farmer contacts (n = 25, 25%) and agricultural extension agents (n = 14, 14%).
A very slight proportion of farmers had never received advisory services from any of the sources (n = 1, 1%), which
may have had negligible effect on AIPs adoption. Farmers pointed out that farmer-to-farmer contacts were less
reliable in information sharing while advisory service delivery from agricultural extension agents was untimely
hence, irrelevant to farmers’ information needs (Casmir et al., 2012).
Relationship Between Access to Advisory Services and Adoption of AIPs
A Pearson correlation analysis was performed to illustrate the relationship between access to advisory services and
adoption of AIPs. There was a strong, positive correlation between access to advisory services and AIPs adoption,
which was statistically significant (r = 0.51, p = 0.01). This implied that increased access to advisory services would
enhance high adoption of AIPs. Accessibility to advisory services could be achieved through regular extension
education and trainings based on the farmers’ information needs and the use of relevant communication media.
Table 2 presents the results for the relationship between access to advisory services and adoption of AIPs.
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Table 2. Relationship between Access to Advisory Servicesa and Adoption of AIPsb (N = 100)
Variables
1
2
Access to advisory services
0.51
Adoption of AIPs
0.51
Note a = 1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly agree; b = 1 = Not at all, 2 = Very
low, 3 = Low, 4 = High, 5 = Very high
Descriptive Statistics for Access to Advisory Services Versus Adoption of AIPs
The relationship between access to advisory services and adoption of AIPs among smallholder farmers was assessed
on a five-point Likert type scale; 1 denoted strongly disagree and 5 meant strongly agree. Table 3 shows the average
scores for descriptive statistics of access to advisory services and AIPs.
Table 3. Descriptive Statistics for Access to Advisory Servicesa and Adoption of AIPsb (N = 100)
Statement
M
SD
The extension worker provides relevant information that helps me in adoption of agricultural
2.16 1.37
indigenous practices.
Extension program training I usually attend is useful in adoption of agricultural indigenous
2.07 1.31
practices on my farm.
Extension worker uses training materials relevant to adoption of agricultural indigenous practices
2.01 1.24
Extension workers are approachable hence promote adoption of agricultural indigenous practices.
1.97 1.11
I am aware of extension training on adoption of agricultural indigenous practices in my Ward.
1.80 1.08
The extension worker is always readily available hence enabling adoption of agricultural
1.58 0.89
indigenous practices on my farm.
The extension training service is usually timely hence useful to adoption of agricultural
1.54 0.70
indigenous practices.
I frequently attend extension training pertaining adoption of agricultural indigenous practices.
1.49 0.58
Note: a = 1 = Strongly disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly agree; b = 1 = Not at all, 2 = Very
low, 3 = Low, 4 = High, 5 = Very high
Though the government of Kenya has dedicated huge funding into agricultural sector, a majority of farmers had
never attended any useful extension program training (M = 2.07, SD = 1.31) or received any useful and relevant
extension service pertaining to AIPs (M = 2.16, SD = 1.31). Lack of farmer trainings, field demonstrations, and nonparticipatory nature of agricultural extension programs were the constraints. In particular, both public and private
agricultural extension were characterized by inability to provide adequate service due to lack of consideration of
prevailing needs of the farmers (Abura et al., 2012; Abid et al., 2016). Majority of farmers did not get an
opportunity to participate in agricultural extension programs. Any agricultural advisory service programs that had
been conducted in the sub-County, did not focus on AIPs hence, low adoption. This inadequacy of agricultural
extension systems was brought about by unavailability of agricultural extension agents (M = 1.58, SD = 0.89). This
implied that farmers lacked extension education on the adoption of AIPs that could promote soil health (Etwire et
al., 2013). There were no regular farm visits, neither did they visit any extension office for consultations. Failure
was also due to agricultural extension services was due to lack of timeliness in service delivery (M = 1.54, SD =
0.70), low training frequency (M = 1.49, SD = 0.58), and irrelevant training materials (M = 2.01, SD = 1.24).
Farmers argued that for a successful agricultural extension service delivery, emphasis should be laid on frequent
extension contacts and the use of hands-on activities. This would increase farmer satisfaction hence, effective AIPs
adoption (Ishida et al. 2018; Hamisu 2017; Ragasa et al., 2016).
In addition, agricultural extension workers were deemed not approachable (M = 1.97, SD = 1.11). Farmers noted that
the agents, talked too much; thus, making them shy off from active participation in agricultural extension programs.
Some agents gave a lot of details, rendering the program a one-way communication hence, low participation. This
implied that a personal characteristic of the individual extension agent was of paramount importance with respect to
effective extension training and adoption (Faure et al., 2012). Farmers also claimed that they were not aware of
extension program training on adoption of AIPs in their respective Wards (M = 1.80, SD = 1.08). Respondents noted
that they got awareness on training of AIPs adoption via television (Shamba shape up show on Citizen Television,
Kenya), internet, and radios only. However, the coverage of these sources was not sufficient due to poor network,
power outage, and costly charges (Kipkurgat et al., 2016).
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Adoption of AIPs
Various AIPs have been shown to be common among smallholder farmers. This is because AIPs are locally
developed hence, they are cheaper compared to modern technologies. However, AIPs adoption vary from place to
place perhaps due to socio-economic factors. To assess the AIPs adoption in the sub-County, farmers were requested
to indicate the extent to which they applied AIPs as shown in Table 4.
Table 4. Adoption of AIPsa in Chuka Sub-County (N = 100)
Agricultural Indigenous Practices
M
Crop rotation
4.01
Intercropping
3.92
Agroforestry
3.73
Organic manuring
3.41
Minimum tillage
2.69
Note: a = 1 = Not at all, 2 = Very low, 3 = Low, 4 = High, 5 = Very high

SD
0.88
0.75
0.76
0.88
0.81

Crop rotation was the most common applied practice (M = 4.01, SD = 0.88). A majority of farmers revealed that
crop rotation had helped them overcome poor soil conditions associated with sole cropping. Farmers underscored
various soil conditions; soil drainage, water holding capacity, texture, and organic matter as being the key drivers of
adoption (Lundy et al., 2015). Crop rotation had improved nitrogen cycling, microbial compositions, and minimized
leaching of nitrates (Hansen et al., 2010; Zhang et al., 2014; Andres et al., 2016; Kuntashula et al., 2014). However,
the findings implied that overdependence on staple cereals had deemphasized the importance of crop rotation for
soil health and productivity (Nyamangara et al., 2014; Sebukyu & Mosango, 2012; Armah et al., 2013). Farmers
would not bother about improving soils on leased plots (Varble et al., 2016). Respondents pointed out that operating
on plots that were less tenure secure, lowered the interest of conserving soils through crop rotations (Mabuza et al.,
2013). Inaccessibility to advisory services constraint adoption due to lack of knowledge of among most farmers
about the practice and benefits of crop rotation programs on crop yield response (Johansen et al., 2012).
The study showed that a majority of farmers intercropped staple cereals and legumes on the same piece of land (M =
3.92, SD = 0.75). The most common intercrops were sunflower-maize and maize-beans (Hu et al., 2015).
Intercropping contributed to the ecological and economic sustainability and maintenance of soil fertility resulting in
better crop yield (Min et al., 2017; Van Asten et al., 2011; Duchene et al., 2017). Intercropping had also closed the
yield gap and this could be taken to mean that land and labor were used more efficiently under this cropping
(Mueller et al., 2012; Mucheru-Muna et al., 2010 & Chai et al., 2013; Ngwira et al., 2012). However, intercropping
had not been fully adopted by farmers. This was due to inadequate access to relevant information to facilitate
effective adoption (Ketema & Bauer, 2012).
Agroforestry practices were also ranked third based on the extent of application in the sub-County (M = 3.73, SD =
0.76). Agroforestry promoted interactive benefits of combining trees, shrubs, crops, and livestock (Lambert &
Ozioma, 2012; Kaczan et al., 2013). Farmers experienced issues related to weak soils and strong winds that
damaged crops such as bananas. All these challenges encouraged farmers to establish agroforestry trees to act as
windbreaks, promote organic matter formation, and prevent soil erosion (Coulibaly et al., 2017; Lorenz & Lal, 2014;
Sepúlveda & Carrillo, 2015). Agroforestry was also preferred as farmers perceived that it created a rich source of a
wide range of products and services for households (Mutambara et al., 2012). Most of the trees provided fuelwood
(grevillea), building materials (eucalyptus), medicine (moringa), source of income, and fodder (Leucaena) in rural
homes (He et al., 2015; Kaczan et al., 2013; Hong et al., 2017; Leakey et al., 2012).
Farmers pointed out that they would like to grow trees that were fast maturing with multipurpose benefits (Mwase et
al., 2015; Glover et al., 2013). Mangos, moringa, and avocados were very common owing to their multiple benefits;
fuelwood, fruits, medicine, and building materials. However, agroforestry systems that required intensive
management were rejected by farmers, who preferred less labor-intensive practices (He et al., 2015). Small farm
sizes also discouraged farmers from incorporating many agroforestry tree species. However, improved access to
extension services and credit would see farmers adopt better tree species that could not pose much competition
against crops for resources (Kiptot & Franzel, 2012; Mwase et al., 2015; Jerneck & Olsson, 2013).
Organic manuring was moderately applied (M = 3.41, SD = 0.88). Manures were obtained from goats, chicken, and
cattle (Adesope et al., 2012). Most respondents reported that they utilized organic manure alongside synthetic
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fertilizers. This implied that manures were not entirely relied on for improved crop yield. Farmers who occasionally
applied manures did not report any significant crop yield response. However, these findings were contrary to those
in Chatsika (2016) and Tiamiyu et al. (2012) that application of manures improve environmental and public health.
Low adoption of organic manures in farming was linked to lack of access to essential agricultural extension
education on the importance of organic manures (Adesope et al., 2012; Lavison, 2013; Jaleta et al., 2013).
Minimum tillage was the least applied of the five AIPs in the sub-County (M = 2.69, SD = 0.81). However, A
majority of the respondents were knowledgeable of the concepts of minimum tillage; as a practice that was aimed at
least soil disturbance. The practice involved the use herbicides to kill weeds, mulching, crop rotation, and early
planting (Grabowski et al., 2016; Kuntashula et al., 2014). Farmers emphasized that reduced tillage operations had
promoted soil productivity and reduced costs of production (Singh et al., 2014; Grabowski et al., 2016). Farmers
noted that unlike minimum tillage, conventional farming practices; the use of jembes and tractors in tilling the land
would exacerbate soil loss and costs of production. However, high costs of herbicides and low organic materials due
to free-range livestock rearing led to poor adoption of minimum tillage (Herrmann et al., 2014). Farmers suggested
that financial incentives, agricultural extension trainings, and field demonstrations would be vital in the adoption of
AIPs even if only modestly (Marenya et al., 2017).
CONCLUSION AND RECOMMENDATIONS
Access to advisory services was a possible determinant of AIPs adoption. Based on this finding, it was found that
most farmers received agricultural information from radios. Radios were cheaper, readily available, and reliable. A
majority of respondents also expressed that accessibility to advisory services influenced adoption of AIPs owing to
the significant relationship. Additionally, it was also evident that crop rotation was widely applied followed by
agroforestry, intercropping, organic manuring, and minimum tillage in that order. It was thus, concluded that a few
AIPs had been adopted by farmers perhaps due to low access to advisory services in the sub-County.
Farmers should adopt AIPs, which are cheaper to acquire and apply; they are locally developed, centuries old
technologies. Ministry of agriculture should encourage application of AIPs which are environmentally and
agriculturally sustainable and promote soil structure and fertility. County government should devise ways of making
advisory services more accessible to farmers. Agricultural extension agents should ensure that extension programs
are relevant to the farmers’ information needs. County government should provide extension agents with adequate
support to facilitate mobility in order to reach out to farmers efficiently. Extension agents should prepare relevant
extension programs adequately and publicize them properly. Extension agents should also adopt a variety of
communication-media for wider population coverage.
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ABSTRACT
Green spaces such as parks and sports fields are a fundamental component of any urban ecosystem by playing a
critical role as wildlife refuge, recreation centers and offering a myriad of environmental services. The Nairobi City
Park is one such green space within Kenya’s capital city offering a serene environment for recreation to the city
dwellers. The desire to boost the economic gains provided for by the resident nonhuman primates (Highland Sykes
and Vervet monkeys) by promoting close interactions with tourists is escalating human-nonhuman primates conflicts
within the park. This study evaluated the economic, cultural and social aspects driving human-nonhuman primate
conflict at and around the park. Additionally, the role of entrepreneurs at the city market, photographers, park
visitors, cultural beliefs, and waste management practices in shaping the conflict was assessed using closed and open
ended questionnaires between May and August 2018. Despite poor waste management being highlighted as the main
source of conflict (56%), a good percentage of the respondents (32%) attributed the problem to feeding of monkeys
by the tourists. However, 76% of the tourists blamed photographers who provide commercial feeds for enticing
monkeys during photo session. Notable was the high liking of monkey’s presence around the park by a large
percentage of hawkers and market traders (84%) due to enhanced bait sales. A large proportion of the respondents
(59%), however, believe it is their God given duty to feed the monkeys. Additionally, the Asian community was
blamed for supplying monkeys with bananas to gratify their cultural beliefs, and further promoting overdependence
on provisioning. Despite understanding the technical aspects of human-nonhuman primate conflicts resolution, this
study unveils the complex social and economic factors requiring redress when initiating comprehensive and
interdisciplinary approaches for promoting primate tourism and long-term management of human-wildlife conflicts
within urban green spaces.
Keywords: Urban green spaces; provisioning, primate tourism; cultural beliefs
INTRODUCTION
Human-nonhuman primate conflicts occur when humans experience cost as a result of primate presence (Hill, 2018).
A number of costs are associated with primate coexistence including injury, damage to property and crops and
zoonotic diseases transmission. Consequently, the rising level of interactions between humans and primates is
increasingly becoming one of the challenges facing primate conservation as conflicts emerge (Hockings, 2016).
Human-nonhuman primate conflict is one of the most widespread human-wildlife conflict and an obstinate issue
facing conservation biologists today (Dickman, 2010). The problem has been exacerbated by the rapidly growing
phenomenon of primate tourism in both urban and rural areas (Russon &Wallis, 2014). Primate tourism ideology
aims at generating revenue by using nonhuman primates as the focus in wildlife tourism (Matheson, 2017).
Wildlife tourism is a sustainable approach of securing economic benefits while supporting wildlife conservation and
local livelihoods (Ashley and Roe, 1998; Manfredo, 2002). For wildlife tourism to be sustainable, it requires
consideration of its impacts on the environment, human communities, tourists and the tourism industry
(Higginbottom & Scott, 2004). In the recent past, the concept of Triple Bottom Line sustainability which focuses on
economic prosperity, environmental quality and social justice is being adopted in tourism business (Colbert &
Kurucz, 2007). This form of tourism which is based on the natural environment and advances the economic
wellbeing of the community is referred to as ecotourism (Orams, 1995). Tourism that involves visitor interaction
with wild animals is however, increasingly attracting interest in the tourism industry and researchers due to the
diversity of experiences offered (Higginbottom & Scott, 2004).
In many primate habitat countries, community-based conservation initiatives have in the recent past promoted
primate tourism (Hill, 2002). This entails interacting with monkeys in the anticipation of achieving conservation
goals as well as financial and educational benefits (Berman et al., 2007). The initiative is however experiencing
serious a shortcomings as it involves close contacts with humans, provisioning and ultimately affecting nonhuman
primate behavior (Wallis & Lee, 1999; Woodford et al., 2002). Provisioning for religious reasons has also greatly
facilitated primate tourism especially in most macaque tourist sites in Asia and often being near Hindu and Buddhist
temples (Fuentes, 2010). In this case, feeding monkeys is considered sacred and a means to obtaining spiritual merit
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by the religious devotees (Zhao, 2005). Macaques at the tourists and/or religious sites are mostly conditioned to
receiving food from people and will rarely forage on wild foods (Hill, 1999). Monkeys are then conditioned to
associating visitors with potential foods resulting in an extreme form human-nonhuman primate conflict (Zhao,
2005). Close contact is also associated with stress in wild primates (Macfie & Williamson, 2010; Kinnaird &
O'Brien, 1996), over habituation and hyper aggression (Grossberg et al., 2003) and changes in habitat use and
activity patterns (Treves & Brandon, 2005).
In urban areas where wildlife and humans have coexisted for a long period, urbanization which is associated with
land use and land cover change and an increase in human population has resulted in substantial changes to
ecosystem structure and processes (Grimm et al. 2008). This has resulted in challenging environments for wildlife to
survive (McKinney, 2008). These urban areas are however, made up of a complex habitat mosaic containing a mix
of buildings, streets, and green spaces (Mazerolle and Villard, 1999) which can support a variety of wildlife species.
Additionally, the green spaces in urban areas provide individual relaxation, nature enjoyments and a run-away from
the city life (Cheisura, 2004). Still, if well managed, urban green spaces tend to facilitate social interactions,
enhanced community life, community safety, opportunities for scientific research and ecological benefits (Kuo &
Sullivan, 2001; Conover, 2001). Moreover, these green spaces have significant economic impact due to enhanced
businesses revenues as more people congregate in these areas (Wolf, 2003).
In many developing countries where human population density is high, animals in urban green spaces interact with
humans and the interaction can either be positive, neutral or negative. Negative interactions, referred to as humanwildlife conflict, typically occur at the vicinity of natural habitat patches and/or green spaces (Poessel et al. 2013;
Teixeira et al., 2016). In many instances, the outcome of the conflict is dependent on the socio-economic, cultural
and political context and a conflict in one context may not be considered such in another (Mascia et al., 2003;
McIntyre et al., 2008).Understanding how individuals and communities view and respond to wildlife is therefore the
starting point to dealing and managing potential human-wildlife conflicts in urban green spaces. In this study, I
sought to determine the dynamics of human-nonhuman primate interactions in one of the most visited green space in
Nairobi, the City Park. The park is home to two primate species, highland sykes (Cercopithecus mitis kolbi), and
vervet monkeys (Cercopithecus aethiops hingerti) constantly interacting with the high number of traders and park
visitors. Specifically, the study evaluated the nature of interactions, factors driving these interactions and human
perceptions on the interactions. The findings provide a background to handling the escalating human-nonhuman
primate conflicts within and outside the park.
METHODOLOGY
Study Area
This study was done at the City Park located 3 km from Nairobi city center at 1016’-1015’S and 36049’-36049’E. The
park covers 150 acres and surrounded by Limuru road to the West, Forest road to the south and Muthaiga road to the
East (Figure 1). It has an estimated 50 indigenous trees species, 300 birds species, sykes monkeys (Cercopithecus
mitis kolbi), vervet monkeys (Cercopithecus aethiops hingerti) and suni antelope (Neotragus moschatus). City Park
was established in 1948 to serve Parkland neighborhood. Over 50 acres of land has since been lost due to illegal
alienation to private developers. Currently, the park is in poor conditions due to poor maintenance with the few old
dustbins mostly filled with uncollected solid waste (Chege, 1992). The park is an important recreation area to the
city residents. Mostly, visitors get involved in forest walks, resting, picnics, bird watching, photography, jogging
and team building. Despite the high number of park users, waste management is a serious challenge with Bowling
Green Restaurant and Hawkers market dumping grounds being an ecological and health hazard.
METHODS
Sampling
In this study, questionnaires were used during data collection and targeted park users including visitors, traders,
photographers and park management. Questionnaires was designed to gather information on economic, social and
cultural benefits derived from the park, challenges faced, perception on primate interactions and the future of
primate populations within the park. To capture detailed information from park users, both closed and open ended
questions were used. In the sampling frame, a stratified sample of 90 questionnaires was administered targeting both
gender. Target respondents were grouped according to age categories of 15-25 years, >25-45 years, >45-60 years
and over 60 years. Those below 15 years were considered too young and therefore not sampled.
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Figure 1: Map showing the location of City Park, Nairobi
Data collection
Data was collected for three consecutive days, Friday, Saturday and Sunday, in the first weekend of June and July
2018 when the park is actively used by the visitors. Due to their low number, questionnaires were administered to all
the photographers utilizing the park. Additionally, all the traders selling inside the park were interviewed while at
the Hawkers market outside the park, questionnaires were systematically administered to every third trader selling
within the semi-permanent stalls. Questionnaires were administered inform of interviews conducted in Swahili and
English language.
Data analysis
Statistical Packages for Social Scientists (SPSS) was used to analyze the data and present results graphically using
tables. Frequencies and percentages were used to analyze for descriptive statistics while chi-square (χ2) was used to
test for significance differences.
RESULTS
The largest proportion of City Park users interviewed were visitors (54%) largely comprising of women (52.7%).
Apparently age group 15-25 years old utilized the park more (44%) with a significant variation in park users ages
categories (χ2=4.54, df=3, p>0.05). Most of City Park users are not from the neighborhood (84.9%) and mainly visit
the park over the weekend.
Benefits from the park
Despite a large proportion of respondents benefiting from the park economically (56.4%), there was no significant
difference on how different users benefited from the park (χ2=85.17, df=15, p<0.05). All the respondents were
satisfied with the services received from the park. However, 41% of those interviewed felt that pollution may affect
their satisfaction if not checked.
A good proportion of users visit the park for business (44.1%) and photography (23.7%), however, the variation on
why different users visited the park was not significant (χ2=79.9, df=19, p<0.05). Monkeys were cited as the most
valuable resource within the park (93.5%) and park users derived different benefits from them. Hawkers largely sell
bait to visitors who then take photos with the monkeys (Table 1).
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Table 1: Benefits derived from monkeys by the City Park users cross tabulation
Benefits from monkeys
Feeding them Taking photos
Play
Sell bait

Park User
Total

Photographer
Hawker
Visitor
Management

0
0
7
2
9

6
0
28
1
35

1
4
13
1
19

1
23
1
0
25

Total
Spiritual
animals
0
0
5
0
5

8
27
54
4
93

City Park Attraction
The presence of well habituated population of monkeys attracted a large proportion of City Park visitors (54.8%)
while others prefer the fresh air (32.3%) and space (12.9%) at the park. The preferred park attraction was however
not significant between users (χ2=20.31, df=6, p<0.05). City Park users were attracted to the monkeys for varied
reasons including photography, seeing them, feeding them for fun, play with them and visiting a spiritual animal
(Figure 2). A good proportion of visitors however, felt that monkeys tend to affect their comfort while at the park
(17.2%).

Figure 2: Park user’s reasons for visiting City Park
Primate Conflict
A large proportion fed the monkeys (87%) especially when taking photos (33.6%) and having fun (22.6%). The
general feeling however, was that monkeys are problematic animals (93.5%) because they tend to inflict injuries,
snatch things from park users, steal food or even damage property (Figure 2) with no significant difference on how
men and women perceive the conflict (χ2=2.17, df=3, p<0.05). Most of the respondents felt that the monkeys were
problematic because it is their nature to be aggressive (38.7%); others felt that they did not have enough wild food
(36.6%) while a good number associated the aggression to the large population of monkeys at the park (21.5%). The
reasons given by different park users for monkeys being problematic was significant (χ2=11.84, df = 9, p>0.05).
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Figure 2: City Park user’s views on the problems posed by monkeys.
Most of the respondents attributed poor waste management (56%) to the escalating problem at the park.
Additionally, feeding of monkeys by the tourists was cited as a key driver to the conflict (32%) while 10% felt that
monkeys did not have enough food at the park. The variance on how different park users perceived the reason for
the rising number of problematic monkeys was significant (χ2=11.8, df=9, p>0.05). However, 87.1% of the
respondents do feed the monkeys with 59% of them thinking that monkeys cannot fed for themselves and it is their
duty to feed them while 34% feed the monkeys to lure them while taking photos. The reason given by the park users
for feeding the monkeys was however not significant (χ2=29.3, df=12, p<0.05).
Reason for the Conflict
Photography business at the park was largely blamed for the conflict (76%) because a large number of visitors
coming to the park are interested in taking photos with the monkeys (37.6%). A few park users feed the monkeys as
a cultural practice (Figure 3).

Figure 3: Reasons given by City Park users for feeding the monkeys
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To resolve the problem, 94.6% of the respondents did not support the idea of relocating the monkeys. They had
varied reasons for preferring the monkeys within the park (Table 2) despite them being problematic. The few park
managers interviewed prefer having the monkeys around the park (75%) due to the income generated from
photographers and hawkers licenses sales.
Table 2: Park Users reason for preferring monkeys within City Park
Prefer the monkeys
Source of fun Source
of Spiritual animal
Income
photographer
4
4
0
hawker
4
22
1
Park User
visitor
30
9
8
management
1
3
0
Total
39
38
9

Total
Support
Education
0
0
7
0
7

8
27
54
4
93

DISCUSSION
Attraction and benefits from City Park
The City Park is one green space within Nairobi city which is providing not only environmental services but also
social, recreation, cultural and economic services to the city dwellers. Interestingly, most of the City Park users are
not from the neighborhood despite being alienated to serve the neighboring Parklands community. This is a
community dominated by high and middle class people who prefer less crowded attractions. Being open to the
general public, the park is however, a major attraction for that city population which cannot afford paid tourism. It
provides an opportunity for social interactions away from busy city life. A few people, especially the aged visit the
park to pray while a good number of prefer visiting the park because they can play with the well habituated
monkeys. Thus, they provide food to the monkeys attracting them closer, making them more human dependent
(Reddy, & Chander, 2016) and foraging less in the wild. Monkeys eventually become conditioned to treating visitors
as potential feeders (Zhao, 2005) and forcefully demand for food.
Despite having become a big nuisance, all the park users felt that monkeys are the most beneficial resource in the
park. The benefits derived from the monkeys by various park users were mutually related. Park visitors prefer
playing with the monkeys or just feeding them. To lure the monkeys, these visitors buy the food (including fruits,
corn, sweets and nuts) from the hawkers. These hawkers felt that monkey’s presence at the park boosted their sales
especially over the weekend when most people visited the park. Park visitors were particularly exited taking photos
with the monkeys and to get them closer they buy luring bait from the hawkers. Photography business is well
promoted by the presence of nonhuman primates since those visiting the park were largely interested in close
interactions with monkeys. Such tourist-wildlife interaction has been associated with a number of negative impacts
including effects on primate behavior, human injury, aggression and diseases transmission especially when
deliberate or accidental feeding takes place (Burger, 1997). Interestingly, the few Asians interviewed come from the
neighborhood and primarily visit City Park to feed the monkeys for cultural practice since monkeys in many parts of
India are venerated as gods (Radhakrishna, 2013).
Primate conflict
The cause of human-nonhuman primate conflict at City ark is closely linked to the benefits park users derive from
the monkeys. Feeding while seeking contact was one way in which park visitors had fun and were able to take
photos with the monkeys. The problem is that monkeys tend to develop a taste for human foods, they lose their fear
of humans and become proactive and aggressive when seeking human food (Lee & Priston, 2005). At the park,
monkeys have come to associate bags with food and will snatch bags and in the process injure the visitors. The
conflict at the park is particularly interesting in that it has arisen from a positive desire to contact monkeys. This
problem had been reported in tourist lodges, camps and temples where monkeys are fed in Japan and China
(Brennan et al., 1985; Else, 1991; Fuentes, 2006). The general premise was that monkeys cannot feed for themselves
and it is man’s duty to feed them. Additionally, people were sympathetic of the monkeys due to their high numbers
and perceived lack of wild food in the forest. Interestingly, a majority of respondents felt that monkeys are naturally
aggressive and nothing much has changed in the observed behavior. Still, the culture of a large Asian population
neighboring City Park perceive monkeys as objects of worship representing Hanuman, the monkey god, hence
considering it their sacred duty to feed them daily (Fuentes, 2006; Pragatheesh, 2011). This devotion to
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provisioning has resulted in overreliance on human foods and monkeys hang around the open park areas and paths
waiting to be fed. Dependence on human food is the root cause of the conflict at City Park. However, the monkey
food business at the park is a key economic gain for hawkers and camera men who are not keen on having monkeys
relocated from the park as a conflict mitigation measure
Poor waste management was cited a factor which could potentially affect visitors comfort at the park. However, this
waste is a major source of food for the monkeys and in many instances, groups of monkeys would be seen turning
garbage looking for food. Availability of food waste in the open bins and compost pits has drastically altered
primate behavior when they easily access food, affecting their natural foraging behavior, become over reliant on this
food source and ultimately compounding conflicts with humans (Oro et al., 2013). Additionally, food waste may
end up changing their dietary preferences making them choose human foods over wild food resources. Availability
of food wastes have also been reported to influence population dynamics, behavior and habitat use (Strum, 2010).
The impacts of poor waste management at City Park, on resident monkey population dynamics, behavior and habitat
use however, require further investigation.
CONCLUSION
Understanding the complexity of drivers of human-nonhuman primate conflicts is critical in developing mechanisms
to mitigate the conflicts. We need to identify sustainable ways of maximizing on the benefits that human-nonhuman
interactions can bring. The value which people have placed on the interactions with primates provides the
foundation for their conservation, whether they want to see interactions enhanced or reduced. At City Park, conflict
resolution will require an integrated approach by developing a comprehensive framework addressing the social,
economic and cultural needs of park users. Effects of the observed human-nonhuman primate interaction on
primates ecology including foraging behavior, social tension, diseases and population dynamics, however requires
better understanding for a more inclusive framework.
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ABSTRACT
Rodents are reservoirs and hosts of zoonotic diseases. Rodents’ pathogenic parasites can be introduced onto soils,
water supplies, vegetables and fruits thus playing significant role in human infection. Though studies on rodents and
their parasites are necessary to understand and managing zoonotic disease cycle, knowledge gap of endoparasite
composition of wild rodents that interact with domestic animals and human still exists in Kenya. This study was
carried out to determine the prevalence of rodents’ endoparasites in Kirimiri forest, Embu County in Kenya between
January and May 2016. Wild rats were caught by laying traps in 100 m x 100 m grid of 50 Sherman and 50 victor
traps. Rodents’ morphometric data was used for their identification. Necropsy was performed for gastrointestinal
tract (GIT) and endoparasites extracted, counted and prevalence determined. Three species of rats totaling to 355
rats comprising of 199 males and 156 females were captured and identified. A total of 533 endoparasites extracted.
Rate of endoparasite prevalence was significantly higher in Rattus spp a peri-domestic rodent than forest rodents’
species (χ= 57.791, P = < 0.05). Asyphalia obvelata (44.79 %) had higher prevalence while the H. dinimuta had
lowest prevalence (6.20 %). Prevalence based on forest patches, GIT and was different. The current study highlights
the importance of rodents as potential vectors for intestinal parasitic infections.
Keywords: Rodents, Endoparasites, Kirimiri Forest, Kenya
INTRODUCTION
Rodents are reservoirs and are carriers of zoonotic diseases (Luis, 2013) (Chaisiri et al., 2010). Comensal rats may
spread many diseases to human, cattle and pets. Zoonotic diseases of medical significance among others include
plague, murine typhus, scrub typhus, hantavirus hemorrhagic fever (Kosoy, 2015). Other diseases transmitted by
rodents are leishmaniasis (Davami, 2014), trichinosis (Ryan, 2004), Hantavirus pulmonary syndrome (Peters, 2006).
Rodents’ pathogenic parasites can be introduced onto soils, water supplies, vegetables and fruits leading to human
infections (Wood J. L., 2012) (Hamidi, 2018). Mechanisms of disease transmission include contact with saliva, urine
and feces. Majority of rodent species express opportunistic behavior and high fecundity rates (Gurler, 2011). In a
new ecosystem, rodents may accelerate spread and invasions by spillover of parasites into new hosts (Schmid,
2015). Spillover of parasites accelerates local acquisition and spread of parasites to new rodent hosts (Hulme, 2014).
Infested rodents’ reservoirs maintain parasites in a habitat through spill-back (Reusken, 2011) (Meerburg, 2011).
Parasite’s spill over and spill-back negatively impact ecological systems including wildlife, domestic species and
have implication to human health (Wood C. a., 2015) (Hatcher, 2012). Humans infection with parasites have clinical
symptoms that epitomized by diarrhea, abdominal pain and anorexia (Karuna, 2013) (Kim, 2014). Parasites that
infest small mammals are grouped into: Cestodes, nematodes and acanthocephalans (Gibson, 2014). Majority
require invertebrate intermediate hosts for development of their larvae (Gibson, 2014). Parasitic fauna of the rodents
in each ecological setting is different (Young, 2016). Studies on rodents have medical and veterinary importance to
prevent transmission of diseases to human and domestic animals. Studies on endoparasite of wild rodents have
gotten attention in several countries; China (Chaisiri et al, 2010), Lao People's Democratic Republic (Pakdeenarong,
2014), Malaysia (Mohd Zain, 2012), Philippines, Thailand (Chaisiri et al., 2010) and Indonesia (Prasetyo, 2016). In
Kenya, studies on rodents have focused largely on; taxonomy (Corti, 2005) (Demos, 2014); Effect of land use on
rodent biodiversity; ectoparasite diversity (Mugatha, 2004) (Young, 2016) and Agricultural losses (Taylor, 1968).
Most of the studies on rats pathogens have concentred in dwelling places and have involved; Leishmania parasites
the causative agent of Visceral leishmaniasis (Kinuthia, 2011), Bartonnela spp (Halliday, 2015) (Wainaina, 2018).
Thus, information of rodents endoparasites is scarce yet essential for public health given their role in diseases cycle.
This study was carried out to assess the occurrence of wild rats’ endoparasites and create understanding on their
zoonotic significance. Availability of this information is crucial in zoonotic disease management, wildlife
conservation, policy formulation and for monitoring of variation in the ecosystem through comparative studies.
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MATERIALS AND METHODS
Area of study

Figure 2: Map of Embu County (CGok, 2014)
The study was conducted in Kîrîmîri Forest situated in Mukuuri - Runyenjes in Embu County in Kenya. It is
regarded as an Ecologically Sensitive Site by the International Union for the Conservation of Nature. It is dominated
by tree vegetation including rare variety of indigenous and medicinal trees which are faced by threat of deforestation
elsewhere in the country. The area has elevation of 1520 meters above sea level with its centre lying at latitude of 0.41667 and a longitude of 37.55 (Longitude/ latitudes S 0° 25' 22.30" E 37° 32' 41.42"). The average annual
rainfall ranges from less than 600 mm to 2500 mm. Temperatures range from 12 oC in July to a maximum of 30 oC
in March with a mean average of 21oC (CGoK., 2014). There is settlement and agricultural activities in the
immediate surroundings of Kirimiri forest where tea among other crops are grown as well as rearing of animals.
The forest was divided into four zones; farm land comprising of tea and maize, forest edge comprising of pine tree
with tree logging, mixed Indigenous with pine trees and an intact Indigenous forest zones with mixture of tree
species. In each zones a trap line was established.
Rodent Capturing and Identification
Traps were laid in 100 m x 100 m grid of 50 Sherman and 50 victor traps. Two trap lines were established in each
grid 10 m away from the boundaries. In a trap line, the distance gap of 10 m was established between one trap to the
next. The distance between one grid to the next was 150 m apart. A total of 16 traps were laid in each trap line
comprising of Victor traps and Sharman traps. The traps were laid every evening at 1800 hrs and checked every
morning at 0800 hrs. Peanut butter was used as bait in all cases. Trapped rats were tagged and placed in Zip lock
bags prior to transportation to Chuka University zoology laboratory in cool box for analysis. Rodent morphometric
data was recorded such as weight, total length, and lengths of the tail, hind foot, forearm and ear. Morphometric data
were used to identify the rodent’s specimen using mammalogy guide book (Stuart and Tilde).
Rodents’ Examination and Endoparasite Identification
Rodent specimen were placed on a tray and necropsy performed. Gastrointestinal tract was removed and placed on
petri dishes containing physiological saline. Stomach was opened using scissors and observed for parasites
infestation. Parasites were extracted and placed on a separate clean petri dish for identification and counting.
Dissecting microscope was used for this purpose. Preservation of parasites extracted was done in ethanol (70%).
After the visible parasites had been removed, further examination of colon contents was done using simple floatation
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technique. Assessment of helminth eggs and coccidia oocysts in intestinal contents was done using a simple
qualitative method. In this method, 2 g of the gastrointestinal contents was mixed with 30 ml saturated sodium
chloride (NaCl) solution and the suspension was filtered into a beaker. Strained gastrointestinal content suspension
was transferred into a test tube filled up and covered with coverslip and left to stand for 20 minutes. After 20
minutes, cover slip was removed placed on inverted LSD microscope and examined for parasite eggs and oocysts.
Data analysis
Prevalence of parasite infestation was calculated following Bush et al. (1997);
Number of hosts parasited with a particular parasite group
Prevalence (P) =
x 100
Total number of hosts examined for that parasite group

Prevalence was calculated for each group of endoparasite. Data analysis was performed with STATA 6 (Stata Press,
College Station, Texas, USA).
RESULTS
Infectivity of captured rodents with endoparasites
A total of 355 rodents belonging to three genera were captured, among which Rattus spp 180 (54 %) were the
highest Mastomys spp 112 (32%) while Hylomyscus 63 (18 %) were the lowest. The infection rates of these species
with endoparasites are shown in Table 1. Rattus spp had higher prevalence rates (61.67%) followed by Mastomys
ssp (59.82%) while Hylomiscus spp had the lowest prevalence rates (36.51%) in Table 1. Rate of endoparasitic
infections was significantly higher in peridomestic rodents than forest rodents’ species (χ= 57.791, P = < 0.05).
Table 1: Infectivity of captured rodents with endoparasites
Host species
Total
Number
Endoparasite
Endoparasites
Rodent (n) infected
Species
Number
96
Asyphalia obvelata
116
70
Heterakis spimosa
86
49
Aspiculuris tetraptera
65
Rattus spp
22
Moniliformis sp.
59
180(54%) 17
Syphacia Spp.
52
17
Trichris muris
44
47
Echinostoma Spp.
85
15
Hymenolepis diminuta
66
19
Hymenolepis nana
41
33
Gongylonema
43
54
Asyphalia obvelata
61
11
Heterakis spimosa
20
9
Aspiculuris tetraptera
14
Mastomys spp.
13
Moniliformis sp.
17
112(32%) 7
Syphacia Spp.
15
16
Trichris muris
25
22
Echinostoma Spp.
36
6
Hymenolepis diminuta
13
8
Hymenolepis nana
30
9
Gongylonema
15
9
Asyphalia obvelata
21
1
Heterakis spimosa
2
11
Aspiculuris tetraptera
31
Hylomyscus spp
1
Moniliformis sp.
4
2
Syphacia Spp.
6
63(18%)
3
Trichris muris
11
5
Echinostoma Spp.
33
1
Hymenolepis diminuta
1
2
Hymenolepis nana
6
2
Gongylonema
8
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Prevalence (%)
by Endoparasite
53.33
38.89
27.22
12.22
9.44
9.44
26.11
8.33
10.56
18.33
48.48
9.82
8.08
11.61
6.25
14.29
19.64
5.36
8.04
8.03
26.98
1.59
17.46
1.59
3.17
4.76
7.94
1.59
3.17
3.17

Prevalence
by rodent spp

61.67%

59.82 %

36.51 %
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Endoparasite counts were higher in tea plantation with mean prevalence of 71.67 % and lower in pine forest with
mean prevalence of 47.09%. In all forests types studied, infection prevalence was higher in Rattus spp. Prevalence in
Rattus spp was higher in tea plantation with 83.72 % and the lowest in the pine area recording 60 % (Table 2).
Distribution of endoparasites in different rodent hosts
All the rodent endoparasites common with Rattus species were present in all other rodents (Table 1).
Effect of Forest type on rodents and endoparasite infection prevalence
Table 2: Forest type, number of individual host species captured and endoparasite infection prevalence
Number
Number
Prevalence
Prevalence
Habitat type
Host species
Endoparasite
trapped
infected
(%)
Mean (%)
Indigenous
Rattus spp.
92
167
73
79.35
Forest
Mastomys spp.
64
87
29
45.31
60.72
Hylomyscus spp.
40
72
23
57.50
Mixed
Rattus spp.
25
28
18
72.00
Indigenous and Mastomys spp.
31
60
14
45.56
49.19
Pine Tree Forest Hylomyscus spp.
10
24
3
30.00
Rattus spp.
43
42
36
83.72
Tea Plantation
Mastomys spp.
22
59
14
63.63
71.67
Hylomyscus spp.
9
22
6
66.67
Rattus spp.
20
33
12
60.00
Pine Forest
Mastomys spp.
16
28
5
31.26
47.09
Hylomyscus spp.
4
5
2
50.00
Prevalence of endoparasite according to rodent’s gender
Rodent’s gender had significant effect on endoparasites prevalence (χ= 5.208, P < 0.05). Males had higher mean
prevalence (59.92 %) than in females (40.08 %) (Table 3). Males in Rattus spp had prevalence of 62.16 % being the
highest. Nonetheless, prevalence observed in all male rodents were above mean prevalence of 59.92 % while those
of female rodents were below the mean prevalence total male rodents trapped were higher than female (Table 3).
Table 3: Prevalence of endoparasite in according to rodent’s gender
Male
Male
Total
Rodent species
Rodent
Prevalence
endoparasite
trapped
n (%)
Rattus spp
270
99
69 (62.16%)
Mastomys spp.
240
61
38 (56.72%)
Hylomyscus spp
123
39
14 (60.87 %)
Total
199
Mean Prevalence
40.33 (59.92)

Female
Rodents
trapped
81
51
24
156

Female Prevalence
n (%)
42 (37.84 %)
29 (43.28 %)
9 (39.13 %)
26.67(40.08)

Prevalence of endoparasite according to gastrointestinal tract section (GIT)
Gastrointestinal tract had effect on rodents endoparasites prevalence. Higher prevalence was recorded in the small
intestine (44.79%) and lowest in the stomach (3.94%) (Table 4).
Table 4: Prevalence of endoparasite in according to gastrointestinal tract
GIT
Endoparasite
Number infected
Stomach
29
14
Intestine
365
159
Caecum
239
48
Number of rats examined = 355

Prevalence n (%)
3.94 %
44.79 %
13.52 %

Prevalence according to Endoparasite species
Rodents infection prevalence differed with different species of endoparasites. Asyphalia obvelata was the most
prevalent endoparasite with prevalent mean of 44.79 % while H. dinimuta was the lowest in terms of its prevalence
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(6.20 %). Asyphalia spp, Heterakis spp, Echinostoma spp and Aspicularis spp had their prevalence higher than the
prevalence mean of 14.51 while the rest were below the prevalence mean (Figure 2)
50
45

Graph of Prevalence according to Endoparasite species
44.79

Percentage Prevalence

40
35
30
25
20

23.91
20.85

19.44

Asyphalia obvelata
Heterakis spimosa
Aspiculuris tetraptera
Moniliformis sp.
Syphacia Spp.
Trichris muris
Echinostoma Spp.
Hymenolepis diminuta
Hymenolepis nana

15
10

12.4
9.3

7.32

9.3
6.2

8.17

5
0

Endoparasites

Figure 3: Graph of Prevalence according to Endoparasite species
DISCUSSION
Peri-domestic rats (Rattus spp) were captured in all forest patches studied including pine forest which recorded low
number of rodents generally. Occurrence of commercial rats and their endoparasites deep in the forest is due to their
dispersal from homes and farm land at the forest edge as a result of ecological destruction (Gibson, 2014). Wide
occurrence confirms that rodents are highly opportunistic and can easily adapt to new conditions, take advantage of
temporarily suitable environmental and multiply rapidly (Luis, 2013). Different endoparasites were found to infect
different rat species captured. The most affected rat species was Rattus spp (Table 3). Rattus spp was found to be the
main host of most endoparasites observed. This finding is in line with those of (Krishnasamy, 1980) (Ambu, 1996)
(Chaisiri, W., J., Herbreteau, & Morand, 2010). High vulnerability of Rattus spp to most endoparasites is a pointer
to their diet on intermediate insect hosts (Singh, 1987) (Jeffery, 2003). Additionally, higher infection of Rattus spp is
partly due to their foraging behaviour and indiscriminate feeding nature. This exposes them to a variety of
endoparasites and ultimate infection. In this study, low endoparasite load was observed in Hylomiscus spp. The low
endoparasite prevalence in hylomyscus spp. is attributed to low consumption of endoparasites intermediate hosts as
well as wide home range which minimized interactions (Nunn C. a., 2006).
Rodents infection with endoparasites was observed to differ depending on forest type (Table 2). Intact forest had
higher prevalence of endoparasites. Artificial forest comprising majorly of cypress and pine had lower endoparasite
prevalence. The effect of forest type on rodents’ endoparasite prevalence reported in this study corroborates with the
finding of (Chaisiri, W., J., Herbreteau, & Morand, 2010) and (Archer, Appleton, Mukaratirwa, Lamb, & Schoeman,
2017). Higher endoparasites prevalence in tea planta was attributed to presence of open domestic waste dumpsites at
the edge of the farm that boarders dwelling houses. The prevalence was also higher in the intact forest area. Location
of tea farm near dwelling houses at Kirimiri forest facilitates high interaction between domestic animals (cats and
dogs) faecal material and the rodents thus high prevalence observed. Intact forest area had numerous invertebrates
including and not limited to snails, cockroaches, millipedes and centipedes. These insects and invertebrates which
are fed on by rodents hosts infective stages of these endoparasites thus higher prevalence. High endoparasite
prevalence was also partly attributed to higher number of peri-domestic rats captured in tea planta and intact forest
patches. Generally, there was low number of rodents and their endoparasites in the pine area. Pine (forest edge) area
appeared to have had a lot of human activities since it boarders the tea and maize planta. There was constant grazing
activity observed. Besides pine forest area had reduced vegetation height and associated reductions in predation
cover. Limited insects and rodent food source were available. This fact confirms report by (Warner, 1998) that
vegetation structure, food availability and human activity influence distribution of rodents.
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Endoparasites with the highest prevalence was Asyphalia obvelata. H. dinimuta. was the least prevalent (Figure 2).
Higher infection by Asyphalia obvelata demonstrates its high adaptability and persistence to its host which moves
from one habitat to the next thus it’s rapid transmission rate (Warner, 1998). Ecologically, this parasite maybe
having cosmopolitan distribution in and around Kirimiri forest. The finding are similar to those of (Moradpour,
2018) who reported Asyphalia obvelata as the most prevalent endoparasite in Iran. Findings differ with those of (De
Leon, 1964) who reported Hymenolepis diminuta as the most prevalent; (Coomansingh, 2009) reported
Nippostrongylus brasiliensis as the most prevalent in wild rats in Grenada. Reasons for the difference in results on
endoparasites studies reported from different countries are due to geographical difference and environmental factors
(Lotfy, 2014). Generally, the result confirms the argument by (eifollahi, 2016) that parasitic fauna of the rodents is
different in each ecological setting.
Most of the endoparasites observed in Rattus spp. were common with other rats across the forest (Table 1). This
points at possible transmission of the pathogens either by common food source, water source or from common host.
Common hosts such as Rattus spp are able to facilitate spread to new niches and infection of new host through
parasite spill over (eifollahi, 2016) and spill-back (Wood J. L., 2012) (Hatcher, 2012). Common food rats’food
source contamination with rat faeces by spills account for the continuity of infection (Fagir, 2009). This fact
appeared to be the case in Kirimiri forest where rattus spp were found to be present at almost all forest patches.
Higher endoparasite prevalence was observed in male than in female rodents (Table 3). Similarly, (Archer,
Appleton, Mukaratirwa, Lamb, & Schoeman, 2017) observed different endoparasite load in male and female rodents
in South Africa. The result differs with those of (Gurler, 2011) who observed no difference in endoparasite load in
male and female. The higher parasite infection in males than in female is factor of hormonal difference (Karuna,
2013). Males have weaker immune responses than females and hence less resistant to helminth parasites (Luong,
2009). Males aresusceptible to infection than females because androgens reduce immunocompetence. In addition,
sex steroid hormones affect disease resistance genes and behaviors making males more susceptible to infection.
In this study more males (199) were captured in traps than the female (156) rats (Table 3). High number of males
caught was attributed to their wide home range as compared to females which mostly spend their time around the
nests (Hooker, 1995). According to (O, Lafferty, Lotz, & Shostak, 1997), males rodents make wider field excursion
than females. females remain in their nests nursing their litters this limits their movement across the habitat where
traps are laid. Gastrointestinal (GIT) section effected endoparasites count in rodents studied (Table 4). Small
intestine was the most preferred area of GIT by the endoparasites. These findings are supported by those of
(Okorofor, 2012). Preference of the small intestine by most of endoparasites is due to the presence of digested
absorbable nutritive food materials as opposed to crude hard food particles in the stomach and nutrient-less food
remains in the caecum. Digested soluble foods products are readily available for absorption by most endoparasites
which cannot use the crude food in the stomach.
Zoonotic potential of most of the parasites extracted from rats in this study have been reported (Salehabadi, 2008).
For instance, cases of human infection by molinifomis spp has been reported in Nigeria (Ikeh, 1992) and Iran
(Berenji, Fata, & Hosseininejad, 2007) (Rokni, 2008). Hymenolepis nana which is common helminth occurring both
in man and rodent plays significant role in the prevalence of some of the important human parasites (Flynn, 1973).
Hymenolepis nana needs just one host to complete its lifecycle in their host (Beaver, Jung, & EW., 1984). Both H.
nana and H. diminuta pathogens have been isolated in stools of children in Mexico (Quihui, 2006) (MartinezBarbabosa, 2010). Hymenolepis diminuta was reported in a child living in the urban area of Rome Italy (Marangi,
2003). Human infection with Gongylonema (gongylonemosis) has been reported in Japan (Haruki, 2005). Intestinal
parasite such as Heterakis spumosa genus Heterakidae (Salehabadi, 2008) is common parasite of rats, mice and
occasionally hedgehogs (Ito, 2003) (Ribas, 2013) with no reported zoonotic cases. Endoparasites such as Trichinella
spirallis has been flagged as major zoonotic helminth of public health concerned (Stojcevic, 2004).
CONCLUSION
Occurrence of zoonotic endoparasites in wild rats elucidates the public health implication of interaction between the
wild rats, peri-domestic rats and human habitat. The current study highlights the importance of rodents as potential
vectors for intestinal parasitic infections around and in forest environment. Build-up of these parasites may
negatively impact ecological systems, wildlife, domestic species and have implication to human health. Thus,
studies on rodents and their parasites with ecological, medical and veterinary importance is necessary to prevent
spill over for conservation purpose and to minimize disease occurrence.
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ABSTRACT
Water shortage that is caused by long droughts and higher cost of accessing piped water have forced many
households in Kenya to opt for wells and borehole water. Where they are used, boreholes are exposed to
contamination by pathogenic microorganisms from nearby toilets, defecation from domesticated animals and surface
runoff. Despite of known health concerns of consuming contaminated water many rural residents consume borehole
water whose portability is not determined and may not meet WHO standards. Thus, this study was conducted in
Tharaka Nithi County to determine bacterial safety of selected wells and boreholes in Maara, IgambaNgombe and
Tharaka Constituencies between March to September 2019. A total of 108 water samples were collected from 36
boreholes. The samples were analyzed at Chuka University using most probable number methods, Plate count and
bacteria species identified using selected biochemical methods. Data (MPN) for different locations of study and
boreholes were compared using general linear method in SAS. Significance means were separated using least
significant difference post hoc test in SAS version 9.4. Number of bacteria isolated from water samples were also
compared using general linear model. Feacal coliform values exceeding WHO recommendation of (0 CFU/ 100 ml
was observed in all borehole surveyed. Mean MPN value of 17.5/ 100 ml CFU was observed in Kawangware in
tharaka south. Coliform bacteria E.coli, Bacillusspp, Klebsiellaspp were isolated in all the water sampled. However,
E. coli followed by Bacillus spp were higher compared to the rest of isolates. Occurrence of these bacteria in
borehole water put the health of depended consumers at risk of infection
INTRODUCTION
In Kenya, expenditure towards water projects by the National government in some counties has increased. However,
long droughts, high poverty, cost of access to piped water, insufficient planning and managing limit access to water
(Development Initiatives, 2018). Shortage of water has seen increased use of wells and boreholes as alternative
water source for drinking by human and livestock, irrigation and even for industrial processes (Onuorah et al.,
2019). However, water contamination is a significant challenge when it comes to water quality. Contamination has
made provision of clean, safe and portable water a challenging event in most developing countries in Africa Kenya
included (Dara and Mishra, 2011; Idibie et al., 2018). According to Water Resource Authority ([WRA], 2018), in
Kenya shortage of portable water may worsen by the year 2030 due to degradation of its quality by human activity.
Ground water contamination may arise from runoff or flood splash, leachate from buried waste, latrine and septic
tanks into the borehole (Obot and Edi, 2012; Sebiawu et al., 2014; Sila, 2019). Most untreated water sources are
contaminated with faeces, animal and plant wastes (Idibie et al., 2018). Despite of eminent health concern about 1.5
billion global populations depend on ground water (Palamuleni and Akoth, 2015). Majority rural residents consume
water whose portability is not determined and may not meet WHO standards (Obioma et al., 2017). Water
degradation may results from bacterial, fungal, and parasites, physical and dissolved chemicals(Babič et al., 2017).
Microbial contaminants of drinking water are bacteria generally termed coliforms represented by E. coli. Other
microorganisms are Giardia lamblia and Cryptosporidium parvum(Opara and Nnodim, 2014). Indicator organisms
such as Klebsiella, Escherichia coli and Enterobacter bacteria species in water may be an evidence of existence
pathogens of Salmonella, Clostridium pafringens and Protozoa (Anyamene and Ojiagu, 2014). Illness such as
diarrhea, giardiasis, dysentery, and gastroenteritis are implication of consumption of contaminated water (Isikwue
and Chikezie, 2014; Oludairo and Aiyedun, 2016). Infection by these bacteria is symptomized by stomach cramps,
nausea, vomiting and fevers occurring between two to ten days upon consumption in water (Ugwuzor and Ifeanyi,
2015). Fungal contaminants in borehole water may include Aspergillus, Penicillium Rhizopus and Fusarium
(Okpako et al., 2009). Other fungal pathogen which have been isolated from drinking water include Alternariaspp,
Exophialaspp, Candidaspp, Acremoniumspp, Mucorspp,Absidiaspp, Rhodotorulaspp(Arvanitidouet al. 1999,
Gunhildet al.,2006; Ayanbimpe et al., 2012) (Onuorah et al., 2019).
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Health implication of fungal water contaminated causes allergenice reaction or infections in people whose immune
system is compromised individuals (Gunhildet al., 2006; Warris, 2003; Ayanbimpe et al., 2012). Respiratory
problems, mucosal, subcutaneous rhinocerebral, and cutaneous infections are other medical issues involving fungal
water contamination (Hoog et al., 2000).Populations group prone to fungal infections, those pregnant, those with
diabetes mellitus, and those with impairments in circulatory system. Other categories of with higher susceptibility to
fungal infection include persons with chronic pulmonary obstructive disease, cancer, HIV and cystic fibrosis
(Doggett, 2000; Babič et al., 2017). Despite medical significance fungal role in water contamination has been given
little attention particularly for borehole water sources thus, poorly understood (DEFRA), 2011). Research is
therefore necessary to explore the fungal contaminants in community boreholes and protect vulnerable population
from impending infection.
METHODOLOGY
Preparation of culture media
Potato dextrose agar, Nutrient agar, MacConkey purple broth culture media were used to for the study. Potato
dextrose agar was used to isolate fungal contaminants. Nutrient agar was used for total bacteria count. MacConkey
purple broth was used for total coliform and feacal coliform evaluation. Methylene blue agar was used to confirm
presence of feacal coliform after positive presumptive test in MacConkey agar. Nutrient agar was prepared by
dissolving 28 g of nutrient agar (NA) powder in 1 liter distilled sterile water in a conical flask. The media was
dissolved by heating on flame while stirring then covered with cotton wool and autoclaved at 121°C,15 psi for 15
minutes and cooled to 50°C in water bath. Fifteen (15) ml, of the cooled media was dispensed sterile Petri dishes
aseptically. Potato dextrose agar was prepared by dissolving Thirty-nine grams of potato dextrose agar powder was
dissolved in distilled water (1L)by heating. The media was covered using cotton wool and autoclaving at 121°C, 15
psi for 15 minutes then cooled to 50°C. Cooled media was supplemented with 50 mg of antibiotic and 15 ml
dispensed sterile Petri dishes aseptically.
Evaluation of Total Coliform Bacteria
Most Probable Number (MPN) method described was used to assess the total coliform bacteria status of water
samples. Presumptive test was done in a 3:3:3 McCartney bottle arrangement criterion using double strength and
single strength MacConkey purple broth. Durham tubes were placed inside the each McCartney bottle in an inverted
position. The first three sets of McCartney bottles was filled with 10ml double strength MacConkey purple broth
while second and third set ofMcCartney bottle 5 ml single strength MacConkeypurple broth. The bottles together
with their contents were sterilized in an autoclave at 121°C, 15 psi for 15 and allowed to cool prior to inoculation
with the water samples. Into the first set of double strength MacConkey purple broth, equal amount (10 lm) of the
sample (inoculum) was added while the second and the third set of single strength McCartney bottle were inoculated
with 1 and 0.1 ml of water samples respectively. The air bubble in the durham tubes was removed by inverting the
McCartney bottle upside down gently until durham tube in it was filled with the media. Inoculated samples were
incubated at 37°C for 48 hours and were examined gas production in the inverted durham and change of media from
purple to yellow. All the tubes that had gas in the durham tubes and the media had change from purple to yellow
were considered positive for total coliform. The probability table was used to determine the most probable number
(MPN) total coliform in 100 ml of water.
Evaluation of Feacal Coliform Bacteria
Most Probable Number (MPN) method was used to assess total coliform bacteria in water samples. Presumptive test
was done in a 3:3:3 McCartney bottle arrangent criterion using double strength and single strength MacConkey
purple broth. Durham tubes were placed inside the each McCartney bottle in an inverted position. The first three sets
of McCartney bottles was filled with 10 ml double strength MacConkey purple broth while second and third set of
McCartney bottle 5 ml single strength MacConkey purple broth. The bottles together with their contents were
sterilized in an autoclave at 121°C, 15 psi for 15 and allowed to cool prior to inoculation with the water samples.
Into the first set of double strength MacConkey purple broth, equal amount (10 lm) of the sample (inoculum) was
added while the second and the third set of single strength McCartney bottle were inoculated with 1 and 0.1 ml of
water samples respectively. The air bubble in the Durham’s tubes was removed by inverting the McCartney bottle
upside down gently until Durham’s tube in it was filled with the media. Inoculated samples were incubated at 44°C
for 48 hours and were examined gas production in the inverted durham and change of media from purple to yellow.
All the tubes that had gas in the Durham’s tubes and the media had change from purple to yellow were considered
positive for total coliform and were used in the confirmed test. A probability table was used to determine the most
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probable number (MPN) total coliform in 100 ml of water. Eosine Methylene Blue agar was used to confirm the
positive feacal coliform positive results. Using flame Eosine Methylene Blue agar (EMB) plates and followed by
incubation at 37°C for 48 hours. Growth of metallic green sheenbacteria colonies on an EMB was considered to be
positive test for feacal coliform.Feacal coliform positive samples were sub cultured in Nutrient Agar and used for
differential staining and biochemical tests which included Indole, methyl red, coagulase motility test and catalase.
Total Heterotrophic Microorganism Bacteria Counts
The total heterotrophic bacteria count was done on a ten-fold serial diluted sample to disperse bacteria colonies. One
ml of water sample was first diluted in a 9 mL sterile distilled water as a diluent making dilution 10 1 which was
subsequently diluted to dilution 102 and finally to 103. Using pour plate technique, 1ml of dilution 10 3 was plated on
plate count agar (CM0003, Oxoid UK) in triplicate. The plates were then incubated at the temperature of 37°C for
48 hours. Individual bacteria colonies which grew were subcultured on nutrient agar and their characteristics and
identity evaluated using biochemical test. Colony morphology of each isolate such as e.g. shape, size, margin,
consistency, elevation and colour was examined.
Gram Staining of Bacteria Isolates:
A thin smear of pure colon was made on the clean glass slide with a drop of normal saline. The smear was air dried
heat fix over the flame for 30 seconds. Fixed smear was flooded with crystal violet stain (a primary stain) and rinsed
using wash bottle. Gram iodine (A mordant) was poured on the smear to link the smeared cell and the crystal violate
and left to stand for 1 minute before rinsing. Three drops of 80% ethanol was added to the smear and left for 1
minute to decolourisethe gram negative bacteria and rinsed. After decolourisation, the smear was counterstained
with safranin(Secondary stain) to stain discoursed gram negative cells. Stained smear was dried by blotting and
viewed on the microscope using x100 lens and oil immersion. Cells that stained purple colour cells considered
being gram positive and the pinkish to reddish stained cells were considered as gram negative bacteria cells (Ogolla
and Neema, 2019). Catalase test was conducted on the isolates for detection of the presence or the absence of
enzyme catalase. A loop-full of 48 h pure colony of individual isolate was smeared on clean glass slide. On to the
bacteria loop a drops of 3% hydrogen peroxide (H2O2) was added and left to stand for 30 seconds. Formation of
bubbles and gas production was considered positive catalase test reaction.
Citrate utilization test was performed to test the ability of bacteria isolates of utilizing citrate as the only carbon
source. Simon’s citrate medium was prepared following manufacturer’sinstruction and slant prepared on test tubes.
Using flame sterilized wire, pure colonies of the individual were inoculated on Simon’s citrate medium slant and
incubated at 37°C 48 hours. Change of colour from green to deep blue colour was interpreted as a positive result.
Sugar fermentation test was performed on individual isolates to test their ability to ferment sugars and produce gas
and acid or only acid(Public Health England (PHE), 2019). The media made of peptone water and addition of
phenol red as an indicator was dispensed in test tubes that had inverted Durham’s tubes and by autoclaved at 121°C
for 15 minutes for sterility. Sugar solution (1%) was separately prepared and sterilized at 115°C for 10 minutes and
5 ml dispensed in tubes that had peptone water and an indicator. Tubes were inoculated using 24 hours old bacteria
isolates then incubated at 37°C. The incubated tubes were observed for acid only or gas and acid production at the
end of 24 hours incubation period. Change of media from light green colour to yellow colour indicated acid
production. Presence of gas in the Durham’s tube was an indication of gas production by the bacteria isolates (Gram
negative bacteria) that utilize different sugars (Carbon and energy source). During sugar fermentation, sufficient
acid that is produced may lower the pH of the test medium causing colour change (Hassan, 2019).
The production of the acid lowers the pH of the test medium, which is detected by the color change of the pH
indicator. Color change only occurs when sufficient amount of acid is produced, as bacteria may utilize the peptone
producing alkaline by products. The production of the acid lowers the pH of the test medium, which is detected by
the color change of the pH indicator. Color change only occurs when sufficient amount of acid is produced, as
bacteria may utilize the peptone producing alkaline by products The production of the acid lower the pH of the test
medium, which is detected by the color change of the pH indicator. Color change only occurs when sufficient
amount of acid is produced, as bacteria may utilize the peptone producing alkaline by products. Oxidase test was
done on Whatman No. 2 filter paper on which three drops of dimethyl p- phenylenediamine hydrochloride had been
added. Procedure described by (Shields and Cathcart, 2016) was used in this test. Onto the dimethyl pphenylenediamine moistened Whatman No. 2 filter paper, pure bacteria colony isolates smearedon the paper and
observed for reaction. Colony smear that formed purple colour on the filter paper within 30 seconds was considered
positive for oxidase test. Urease test was conducted on thebacteria isolates to evaluate their ability to hydrolyze urea
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and produce carbon dioxide and ammonia. Procedure described by Brink (2016) was used for this test.Individual
pure colony isolate was inoculated on urea medium slants then incubated at 37°C and observed at the 6 hours, 24
hours, and every day for up to 6 days.The slant were observed for the development of Red-pinkishcolourthat
indicate the presence of Urease cultures that differentiates urease-positive Proteeae from otherEnterobacteriaceae.
Coagulase test was performed using Slide method using procedure described by Public Health England (PHE)
2018). Bacteria isolate was placed on one end of the slide and plain water that served as control to the test on the
other end. Then rabbit plasma was added to bacteria colony and on water on the slide respectively. The content of
each slide end were emulsified (mixed) using sterile applicator stick for one minute and observed for agglutination.
Colonies which agglutinated on emulsification with rabbit plasma were considered positive for coagulase test
indicating presence of coagulase enzymes. Coagulases enzymes are produced by bacteria Staphylococcus aureus. In
this reaction, protease enzyme converts fibrinogen to fibrin and results in visible clotting of blood (RakotovaoRavahatra et al., 2019). Indole test was conducted to detect indole activity on bacteria isolates.
Media used for indole test was made by dissolving 5 g of sodium chloride, 10 g of tryptophan and 10 g of
tryptophan in 100 ml distilled water. The broth prepared was dispensed in the test tubes then autoclaved at 121°C at
15 psi and for 15 minutes. Bacteria isolates were sub cultured in the tryptophan broth in test tubes and dried paper
strips impregnated with oxalic acid inserted. Test tubes and their content were incubated for 14 days at room
temperature. The strip was observed for the formation of pink colour after every two days during incubation
period.The significance of indole test is to determine isolates’ ability to split indole from tryptophan. Indole test
differentiates Gram-negative Bacilli particularly the enterobacteriaceae.
RESULTS
Total and Feacal coliform in Borehole water samples in TharakaNithi County
Total and faeacal coliform differed significantly (p<0.05). Mean total counts of colony forming units varied from
one location of sampling to the next (F (7, 36)= <.0001; alpha=0.05). Kawangware and Kathwana recorded both
high means of total coliform and feacal coliform counts of (960.8) and (17.54) respectively (Table 1). The lowest
mean count of Total coliform and feacal coliform (22.55) and (5.515) respectively was observed in boreholes at
Kajiampao. Means and standard deviations of respective boreholes in different locations are presented in table 2.
Table 5: Comparison of Most Probable Number of Total and Feacal Coliforms Bacteria in boreholes in
Sampling Areas of Tharaka-Nithi County
Location
Total Coliform cfu/100 ml
Faecal Coliform cfu/100 ml
Kawangware
960.8a
17.5436a
b
Kajuki
485.0
15.5049b
bc
Chiakariga
366.33
14.7967b
cd
Mitheru
217.42
12.8037c
kiereni
262.0d
10.7737d
Kaanwa
70.0e
7.8328e
e
Marima
51.58
6.9938e
e
Chuka
35.75
6.7661e
e
Kajiampao
22.55
5.515e
CV
50.906
18.53
Mean
276.879
12.8917
LSD
115.31
0.1684
Means followed by the same letter superscripted in a column are not significantly different
Bacteria Species Contaminants of Borehole Water Samples in TharakaNithi County
The occurrence of different bacteria species in boreholes in TharakaNithi County were significantly different (F (7,
36)= <.0001; alpha=0.05). Escherichia coli(E. coli) were the mostly isolated bacteria contaminant with mean colony
count of 15.29 followed by Bacillus with mean of colony count of 8.02. The least isolated bacteria contaminant was
Pseudomonassppwith mean colony count of 5.11 CFU. Differences between E. coli and Bacillus spp, Klebsielaspp,
Proteus spp, Streptococcus spp, Enterobactorspp and Psuedomonasspp were 0.280, 0.297, 0.353, 0.359, 0.437 and
0.476 counts in the order listed were statistically significance (Table 4).
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Table 6: The MPN means and Standard Deviations of Total coliform and feacal coliform for different
borehole in Tharaka Nithi County (CFU)
Location
Borehole No
Total Coliform Mean
feacal Coliform Mean
Borehole No. 1
238.33 ± 31.75
33.20±2.41
Chiakariga
Borehole No. 2
140 ± 17.32
26.0±1
Borehole No. 3
53.67 ±18.48
15.14±1.22
Borehole No. 4
1033.33± 115.47
63.46±1.43
Borehole No. 1
28±0.0
3.0±1
Chuka
Borehole No. 2
18.67±5.69
6.60±1.18
Borehole No. 3
10.33.1.15
3.0±1
Borehole No. 4
35±0.5
7.34±1.42
Borehole No. 1
78.33±14.43
16.49±1.20
Kaanwa
Borehole No. 2
75±17.32
7.27±1.19
Borehole No. 3
40±8.66
3.0±1
Borehole No. 4
86.67±14.43
3.78±1.49
Borehole No. 1
19±1.73
3.0±1
Kajiampao
Borehole No. 2
116.67±11.54
12.27±1.13
Borehole No. 3
4.67±6.43
3.0±1
Borehole No. 4
2.67±4.62
3.78±1.49
Borehole No. 1
460±0.0
51.28±1.06
Kajuki
Borehole No. 2
256.67±31.75
20.95±1.08
Borehole No. 3
966.67±115.47
49.61±1.06
Borehole No. 4
256.67±31.75
29.86±1.13
Borehole No. 1
830.25±539.5
28.50±4.79
Kawangware
Borehole No. 2
1100±0.0
90.82±1.36
Borehole No. 3
900±0.0
102.76±1.09
Borehole No. 4
1100±0.0
57.59±1.15
Borehole No. 1
15.33±2.89
4.16±1.79
Marima
Borehole No. 2
98±124.01
6.0±1
Borehole No. 3
31.33±38.21
3.98±1.63
Borehole No. 4
61.67±4193
6.32±1.09
Borehole No. 1
53.67±18.48
17.06±2.77
Mitheru
Borehole No. 2
160.33±99.65
30.36±1.83
Borehole No. 3
636.67±456
25.81±1.56
Borehole No. 4
19±1.73
9.89±1.2
Borehole No. 1
900±0.0
63.622±1.66
kiereni
Borehole No. 2
70±0.0
11.92±1.15
Borehole No. 3
58.33±18.93
8.96±1.60
Borehole No. 4
19.67±4.62
3.0±1

Table 7: Bacteria Species Contaminants of Boreholes and wells in TharakaNithi County
Bacteria Isolate
Means CFU
E. coli
15.29 a
Bacillus spp
8.02 b
Klebsiellaspp
7.72 bc
Proteus spp
6.78 c
Streptococcus spp
6.69 c
Enterobacter spp.
5.59 d
Psuedomonasspp
5.11 d
Mean
7.4085
CV
18.694
LSD
0.0435
Means followed by the same letter superscripted in a column are not significantly different
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Bacteria contaminants varied from one location of sampling to the next. Kawangware in tharaka south recorded the
highest number of all bacteria contaminants except Klebsiela spp.

Colony forming unit counts

E. coli,
Kawangware,
40.31

E. coli,
Chiakariga, 21.96
E. coli, Kaanwa,
19.17

E. coli, Kanjuki,
26.69
Bacillus spp,
Kawangware,
Enterobacter
spp.,
23.51
Kawangware,
Streptococcus
spp,
21.34
Kawangware,
18.76

Bacillus spp
E. coli
Enterobacter spp.
Klebsiella spp
Proteus spp
Psuedomonas spp

Streptococcus spp
Bacillus spp,
E. coli, Marima,
Kanjuki, 14.57
14.03
E. coli,
Proteus spp,
Klebsiella
spp,
Kajiambao,
11.68
spp, Mitheru,
Kawangware, Proteus
11.1 E. coli,
Kaanwa, 10.41
Streptococcus
spp,
Marima,
10.24
Klebsiella
spp,
Klebsiella
spp,
Bacillus spp, 9.99 E. coli, kiereni,
Enterobacter
spp.,
Proteus spp,
Proteus
spp,
Proteus spp,
Kanjuki,
9.01
Kanjuki,
8.73
Psuedomonas
spp,
Kajiambao,
8.67
Psuedomonas
spp,
8.63
ProteusKanjuki,
spp,
spp,
E. coli,
Chuka,
Marima,
8.4 Streptococcus
Streptococcus
spp,
8.14
Streptococcus
spp,
Bacillus
spp,
Chiakariga,
7.87
Kanjuki,
7.86
Klebsiella
spp,
Mitheru,
7.83
Klebsiella
spp,
Bacillus
spp,
Klebsiella
spp,
Klebsiella
spp,
Kawangware,
7.4
Kajiambao,
7.35
Kajiambao,
7.24
Mitheru,
7.19
Bacillus
spp,
Psuedomonas
spp,
7.16
Psuedomonas
spp,
Enterobacter
Klebsiella
spp,
Chiakariga, spp.,
7.02
Chuka,
6.79
kiereni,
6.79
Enterobacter
Proteus
spp, spp,
Marima,
6.54
Mitheru,
6.47
Kajiambao,
6.45
Enterobacter
spp.,spp, spp.,
Psuedomonas
spp, Streptococcus
Streptococcus
spp,
Psuedomonas
Kawangware,
6.17
Chuka,
Mitheru,
5.89
Marima,
5.87
Streptococcus
Kanjuki,
5.79
Proteus
spp,
Chiakariga,
5.75 6.12Kaanwa,
kiereni,
5.75
Streptococcus
spp,
Enterobacter
spp.,
Psuedomonas
spp,
kiereni, 5.46
5.27
Mitheru,
5.14
Chiakariga,
5.1
Bacillus
spp,
Enterobacter
spp.,
Psuedomonas
spp,
Marima,
4.95
Mitheru,
4.884.52
Enterobacter
spp.,
Kaanwa,
4.77
Bacillus
spp,
Enterobacter
spp.,
Psuedomonas
spp, 4.25 4.33
kiereni,
Proteus
spp,
kiereni,
4.46
Kajiambao,
Kajiambao,
kiereni,
4.19
Kaanwa,
3.83.483.33
Chuka,
3.78
Chuka,
3.68
Kaanwa,
Chuka,
3.43
Marima, 3.4
Kaanwa,
Chuka,
3.22
Bacillus spp,
Klebsiella spp,
Chiakariga, 14.16
Chiakariga, 13.5

Locations of Boreholes Sampled
Figure 4: Graph of bacteria species contaminants in borehole water in Tharaka Nithi County
Mean cfu counts of E. coli in Kawangware was 40.31cfu followed by Bacillus Spp (23.51) and Klebsielaspp was
the least with mean cfu count of 6.17. Boreholes in Chuka recorded the lowest mean of bacillus spp (3.43±1.23), E.
coli (7.16±1.31) and Klebsiellaspp (6.12±1.42). Marima recorded the lowest mean cfu count of Enterobacter spp.
(3.40±1.42). However, Klebsiellaspp highest mean cfu count (13.50±1.33) was recorded in Chiakariga. Means and
standard deviations of respective boreholes in different locations and respective bacteria species contaminants are
presented in table 5.
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Table 8: Locations, Boreholes and their Respective Bacteria species Contaminants
Location
Bacillus spp
E. coli
Enterobacter spp. Klebsiella spp
Chiakariga
Borehole 1
19.85± 1.16
22.10± 1.20
5.52 ±1.34
15.92 ±1.13
Borehole 2
15.92 ±1.13
22.15 ±1.17
7.23 ±1.23
14.49 ±1.21
Borehole 3
4.93 ±1.23
13.84 ±1.20
3.30 ±1.18
9.16±1.26
Borehole 4
25.79 ±1.17
34.32±1.04
8.28 ±1.16
15.74 ±1.25
Chuka
Borehole 1
3.0 ±1
6.46 ±1.35
3.63 ±1.18
5.65 ±1.11
Borehole 2
3.92 ±1.29
7.23 ±1.23
3.0 ±1
7.61 ±1.48
Borehole 3
3.92 ±1.29
7.11 ±1.59
3.0±1
7.06 ±1.68
Borehole 4
3.0 ±1
7.88 ±1.23
6.26±1.21
4.64±1.14
Kaanwa
Borehole 1
3.0 ± 1
13.08±1.74
3.30 ±1.18
14.70 ±1.29
Borehole 2
3.0 ±1
18.84 ±1.17
3.78 ±1.49
15.223±1.156
Borehole 3
4.22 ±1.34
29.45 ±27
3.0 ± 1
6.952 ±1.732
Borehole 4
5.65 ±1.11
18.61 ±1.29
3.915 ±292
7.560 ±768
Kajiampau
Borehole 1
9.52 ±1.49
18.87 ±1.16
3.78 ±1.49
11.6 ±1.14
Borehole 2
12.27 ±1.13
23.30 ±1.07
7.37±1.43
16.85 ± 1.34
Borehole 3
4.93±1.63
5.59±1.21
3.0±1
5.518±1.34
Borehole 4
3.0±1
7.56±1.23
3.92±1.29
5.24±1.6
Kanjuki
Borehole 1
17.54±16
24.25±1.84
4.58 ±1.66
9.73±2.19
Borehole 2
11.70±1.61
13.37±1.70
8.85±1.25
9.76±1.78
Borehole 3
22.65±1.05
43.24±1.08
10.25±1.42
15.38±2.00
Borehole 4
9.70±1.82
36.18±12
10.59±1.73
3.98±1.31
Kawangware Borehole 1
25.56±1.36
44.29±1.06
18.72±1.24
4.380±1.54
Borehole 2
23.96±1.07
31.62±1.07
25.84±1.15
12.63±1.09
Borehole 3
19.51±1.65
43.60±1.07
23.61±1.09
8.73±2.00
Borehole 4
25.56±1.12
43.24±1.08
18.17±1.18
3.0±1
Marima
Borehole 1
5.52±2.27
3.30±1.18
4.48±2.00
3.56±1.34
Borehole 2
11.94±3.33
14.64±1.32
3.0±1
3.56±1.34
Borehole 3
19.35±1.25
23.32±1.24
3.0±1
4.48±1.43
Borehole 4
3.92±1.29
34.40±1.12
3.30±1.18
32.23±1.1
Mitheru
Borehole 1
6.54±1.59
7.65±1.87
4.93±1.63
8.65±1.42
Borehole 2
5.59±1.24
11.79±1.27
6.14±1.93
5.24±1.66
Borehole 3
10.95±3.08
17.62±1.28
6.46±2.52
6.84±1.61
Borehole 4
3.0±1
6.26±1.21
3.56±1.34
5.65±1.52
kiereni
Borehole 1
4.72±1.53
7.88±1.23
4.58±1.26
10.63±1.11
Borehole 2
3.979±63
6.07±1.44
4.16±1.42
3.56±1.34
Borehole 3
11.55±1.19
11.75±1.29
7.96±1.13
6.26±1.21
Borehole 4
9.78±1.29
9.87±1.23
5.85±1.31
4.48±1.43
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Proteus spp
10.98 ±1.1
9.16 ±1.26
3.56 ±1.34
10.72 ±1.32
3.30 ±1.18
3.63 ±1.18
3.0 ±1
3.0 ±1
6.80 ±1.34
7.65 ±1.08
3.557±1.343
4.160±1.417
13.10 ±2.34
12.76 ±1.27
3.0±1
5.49±1.92
12.576±1.38
9.17±1.3
11.04±1.34
3.0±1
9.03±2.12
16.94±1.11
14.52±1.20
6.84±1.52
4.93±1.23
15.47±1.98
13.03±1.30
11.05±1.10
6.6±2.04
10.54±1.63
18.0±2.62
3.0±1
7.61±1.16
5.24±1.60
3.30±1.18
3.0±1

Psuedomonas spp
3.92 ±1.3
4.48 ±1.43
4.22 ±1.34
9.16±1.26
3.30 ±1.18
3.30 ±1.18
4.0 ±1
4.22 ±1.343
3.302 ±1.181
4.16 ±1.42
3.0 ± 1
3.0 ±1
8.28 ±1.16
9.89±1.20
4.38±1.54
8.14±1.56
5.13±1.73
7.49±2.50
9.740±1.336
3.0±1
6.60±3.92
11.89±1.18
10.77±1.30
3.56±1.34
4.76±2.23
8.29±2.06
8.43±1.34
3.56±1.34
4.22±1.34
3.63±±1.18
12.31±3.40
3.0±1
6.46±1.35
4.22±1.34
3.78±1.49
3.0±1

Streptococcus spp
10.26 ±1.16
11.32 ±1.05
3.0±1
6.95 ±1.73
8.24±1.20
4.22±1.343
7.34±1.40
8.25 ±1.197
11.50 ±1.24
4.217 ±1.34
3.0 ± 1
3.56 ±1.34
5.74 ±1.78
4.38±1.54
3.0±1
4.642±1.137
7.06±1.68
6.75±1.66
13.658±1.044
10.13±2.30
21.34±1.24
19.34±1.06
20.33±1.25
14.8±1.23
3.63±1.18
3.63±1.18
5.13±1.73
8.85±1.25
8.04±1.86
6.3±1.49
17.54±1.44
3.0±1
4.31±1.14
4.48±1.43
6.54±1.27
3.30±1.18

Table 9: Phenotypic and Biochemical characteristics of Bacteria Isolated from Borehole water in Tharaka Nithi County
Isolates
Colony charateristics
Gram stain
Catalase
Oxidase
Coagulase
Indole
Citrate
1
Small Creamy, rough +ve rod chain
-ve
-ve
-ve
-ve
+ve
surface
2
Medium
greenish, -ve rod single
+ve
+ve
-ve
-ve
+ve
entire margin, low
convex
3
large Creamy, rough -ve rod single
+ve
-ve
-ve
-ve
+ve
surface
4
Medium
cream, -ve rod single
+ve
-ve
-ve
+ve
-ve
convex,
smooth
margin
5
Cremi, circular, shiny
- cocci
+ve
-ve
-ve
-ve
-ve
6
7

-Rod shaped

+ve
+ve

-ve
-ve
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-ve
-ve

+ve
-ve

-ve
+ve

Ureas
+ve

VP

Species
Bacillus spp

-ve

+ve

Psuedomonasspp

+ve

+ve

Klebsiellaspp

-ve

+ve

E. coli

-ve

-ve

+ve
+ve

-ve
+ve

Streptococcus
spp.
Proteus spp
Enterobacter spp.

DISCUSSION
Higher total coliform count that exceeds the WHO international standards (<1 coliform/100 ml) was observed in the
entire borehole sampled across TharakaNithi County. Though used as an indicator of water quality, high total
coliform count may however not necessarily point at fecal contamination. According to Bartram et al. (1996), total
coliforms result from environmental and/or thermotolerant (fecal) coliforms due to organic matter or soil or organic
entry in water. The higher levels of total coliform observed may be as a result of elevated temperature experienced
in Tharaka Nithi County. As pointed out by Bello et al. (2013), proliferation of microorganisms may be affected by
variation in prevailing temperatures. Positioning and distance of pit latrines dug a few meters from the boreholes
may be linked to total coliform counts due to underground leaching from biosolids.
Depth of boreholes may also contribute to water contamination due to insufficient bacteria filtration (Moyo, 2013;
Seth et al., 2014). Coliform count varied from one borehole to the next and from region to region. Variation in
coliform count of different borehole may be due to variation in soil type, rocks and surface through which water
flow into the well as explained in work of Palamuleni and Akoth (2015), Obioma et al. ( 2018) and Ayika et al.
(2019). Areas of Kathwana where Kajiampao, Chiakariga and Kawangware are found to have sandy and rocky
ground that may allow microorganisms to sip into the well and boreholes.
It was observed that an activity such as washing of utensils, clothes and feeding of animals were done just on/or a
few meters from the boreholes which may also explain the high count of bacteria pathogen in the water samples.
Most of the boreholes use hand pulled ropes to draw water from the wells especially in the locations such as Maara,
Mitheru and Chuka. Pulling of water from the wells may cause water spillage that flow back to the well, thus,
contamination.Our finding on higher contamination of borehole water with feacal coliform corroborates to those of
(Orotho and Fwej, 2012). However,our findings differ with those of Oria-Usifo et al. (2018) which reported no
feacal coliform in borehole water. All the wells surveyed reported cases of pathogenic bacteria. K. pneumoniae was
isolated in all the sample locations (100%), thermotolerant E. coli was isolated in the samples from location III in
addition to K. pneumoniae, while Proteus vulgaris was isolated in the samples from locations IV and V in addition
to K. pnemoniae. Salmonella, Shigella, or Vibrio were not isolated from any of the well water samples. The presence
of thermotolerant E. coli and K. pneumoniae indicated fecal contamination of ground water with human or animal
sewage. This poses a potential hazard of transmission of waterborne diseases by these pathogenic organisms
Our study finding corroborates with other findings from elsewhere which also reported occurrence of pathogenic
bacteria in borehole and wells used for domestic water supply (Ortiz, 2007; Palamuleni and Akot., 2015). Different
wells were found to be contaminated with Escherichia coli animal or human fecal bacteria suggesting possible
presence of other disease causing pathogens. Presence of E. coli is a health concern for the development of diseases
both in children and adult (World Health Organization, 2017). Klebsiella sppa thermotolerant coliforms occurred in
most well sampled .Klebsiella spp inhabits various natural environment with ability to multiply water containing
high nutrients (World Health Organization, 2017). Occurrence of Klebsiella spp is an indication that the wells may
be contaminated with feacal wastes. Nonetheless, Klebsiella spp. incidence in water may however, not cause
gastrointestinal illness when ingested in water (Ainsworth and Organization, 2004). The Proteus spp a members of
the enterobacteriaceae was also isolated from borehole water samples in this study.Proteus spp may have originated
from either natural habitat of human waste. Consumption of water contaminated by Proteus spp put infants, children
and immune compromised individual at risk of contracting infection. Furthermore, Bacillus (16.72%) is associated
with a variety of infectious diseases such as gastrointestinal tract, urinary tract and respiratory tract infection [29].
CONCLUSION
Vulnerability of boreholes to contaminants is a health concern in Tharaka Nithi County especially boreholes which
are used as source of drinking water.
RECOMMENDATIONS
There is need to educate households in Tharaka Nithi who depend on borehole water on health concerns and the
need to properly treat water prior to usesince most people uses borehole water without any treatment, affordable
treatment methods such as boiling or chlorination. There is need to educate community on position and safe location
of latrines relative to borehole location. Where provision of tap water is not possible, effort should be made by the
county government to refurbish deteriorated boreholes. Regular monitoring of boreholes is recommended that may
create awareness on the statues of borehole water quality hence avoidance of disease outbreak.
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ABSTRACT
Among key concerns all over the globe is the rising demand for high-value protein, expected to double by 2050 due
to the rapidly growing population in developing economies, Kenya included. To meet the new demand, conventional
livestock may prove expensive as the current production system remains unsustainable. Calling for research on
alternative sources of protein, hence a switch to affordable and environmentally acceptable protein sources of which
approximately 1,900 insect species are consumed worldwide. Alate termites have thus received considerations in
this line. However, information utilization and abundance is largely anecdotal and disjointed due to the limited
knowledge of sustained off-season production, appropriate processing technology and packaging for all end-user
market segments. This survey partly fills this knowledge gap by assessing the capacity of farmers on current
harvesting and utilization of the alate termite. The research followed a cross-sectional descriptive survey design that
informed data collection from a target population of 64,752 households. A Semi-structured questionnaire was used
to collect data from a sample of 204 households obtained through multistage sampling procedure within Vihiga
County Western Kenya. Descriptive and exploratory statistics was applied in summarizing the results while chisquare statistic was used to predict the likelihood of termite collection to improve household diet diversification. R
version 4.0.2 (RCore Team, 2020) was employed to carry out data processing. The key findings revealed a strong
association between the respondents' socio-economic status and respondents’ capacity, including attitude on
consumption, methods of utilization. There is a strong association of termite availability and their role in alleviating
hunger through household income and food security. Training of the mass about sustainable harvesting methods and
limited use of agrochemicals would therefore go a long way in keeping termite ecosystem.
Keywords; Alate termites, Food security, edible insects, Livelihood
INTRODUCTION
The entire globe is faced by the issue of food insecurity especially Sub Saharan Africa. Threats of malnutrition and
stunting pose a greater challenge with fears to feed the doubling population projected by the year 2050. (FAO 2013).
Kenya as one of the affected economies has made substantive strides in reducing the prevalence of malnutrition,
stunting and food insecurity, though several policy interventions which contributed to the fall in the cases of
malnutrition from 35% in 2008 to 26% in 2014. (KNBS et al. 2015; ICF Macro, 2010). Additionally, there have
been coordinated National Nutritional strategies and initiatives committed to eradicating hunger and attaining a
food-secure nation is included in the development blueprint of the vision 2030, aligned as part of the broader
medium-term development plans. Regardless of the efforts, Kenya continues to experience severe food insecurity
with 3.4 million people in 2007 suffering from acute food insecurity (USAID, 2017a) due to persistent drought,
devastating floods as a result of climate change, high cost of domestic food production, low purchasing power and
displacement of farmers during the 2007 post-election violence. Therefore, to achieve the goal of environmental
sustainability while meeting the increasing demand for protein calls for scaling up intervention research on
sustainable solutions to guarantee access to affordable and accessible nutritious food. To meet the demand, animal
protein has proven expensive and unavailable due to challenges on production systems, pressure on agricultural land
as well as effects of Green House gas emissions (GHGs) (Steinfeld H, et.al.,2006; Oonincx D.G., et.al., 2010).
Among the alternative food sources are the high-value edible insects that are being used to supplement the animalbased protein. Entomophagy, the collection and consumption of insect could be a possible solution as a food supply
chain for developing countries, Kenya included (van Huis, 2013). Edible insects have proved potential and
significant by research for future food and feed alternatives with high nutritional value and a lesser ecological
footprint. (FAO, 2013). Therefore, there is a focus on the supply side to establish and optimize insect production and
develop functional edible insect value chain. Nevertheless, different studies have shown that entomophagy
contributes positively to nutrition, health, environmental sustainability and household livelihood for those involved
in the edible insect value chain ( van Huis, 2013), of which alate termites are among the edible insects that have
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gained substantial attention in collection, marketing and consumption. (Huis, 2012; Anankware et al., 2016).
Currently, over 1,900 insect species are consumed ( van Huis, 2013), depending on their stage in the life cycle.
Anankware et al., (2015) reported consumption of some edible insect species including termites in Asia, South
Africa (SA), North America (NA), Africa and Australia with SA, NA and Asia being high on the ranking.
Entomophagy has been reported in Africa ( van Huis, 2013) mainly collected from harvesting from the wild for
either livestock feed or food. The most commonly consumed insect species include caterpillars (Lepidoptera) 18%,
bees, wasps and ants (Hymenoptera) (14%), grasshoppers, locusts and crickets (Orthoptera) (13%), cicadas,
leafhoppers, planthoppers, scale insects and true bugs (Hemiptera) (10%), termites (Isoptera) (3%), dragonflies
(Odonata) (3%), flies (Diptera) (2 %) and other orders (5%) (FAO, 2013; Arnold van Huis, 2013). Over 2.5 billion
people eat insects in Africa and Asia and sale for income generation in rural and urban areas. (FAO, 2010).
According to a report by FAO, (2013), different studies have assessed the nutritive value of edible insects of which
different percentages have been released that are not directly comparable due to variations of species and analytical
procedures. However, International Network of Food Data System (INFOODS) and FAO are working to streamline
nutritional data and the insects have proved efficient in terms of production as they have a short reproduction cycle,
require less water and land, emits fewer greenhouse gases and can feed on biowastes. (FAO, 2013; van Huis, 2016).
Insects are a potential source of protein (amino acids), fats, minerals and essential vitamins including vitamin A, B
complex and C (Johnson, 2010). They pose low risks of zoonosis (Ayieko et al., 2011) with high entrepreneurial
opportunities for the population worldwide.
In Kenya, different insect species including the alate termites, grasshoppers, locusts, lake flies and crickets have
been embraced as important parts of the diet ( Ayieko, 2013; Kinyuru et al., 2012). These insects have received a
boost due to increased research on their potentiality. The consumption of the soldier termites of the Macrotermes
spp has been reported in Zimbabwe as well as parts of Sub-Saharan Africa and SA by Van Huis, (2003). Termite
collection and consumption has been reported by Ayieko et al. (2010) in Western Kenya that forms the study region,
with alate termites being the most commonly harvested at the onset of the first rains following a dry season.
Termites are sold in open markets in various parts of the world including Zambia and Uganda, however, in Kenya,
commercialization has been majorly in a few counties in the Western region that formed the area of study including;
Vihiga, Kakamega and Bungoma counties. According to a report by GoK (2013), Vihiga county is depicted to be
characterized by small scale crop and livestock production which predisposes the population to dangers of food
insecurity and malnutrition. Additionally, a report by the county development plan of (2018-2022) indicates that the
county faces a challenge of malnutrition resulting in stunting, wasting and underweight of approximately 21% of
children population under the age of 5. Therefore, diversification of food resources and promotion of value chain
activities of the available food resources would promote employment to contribute to household cushioning
techniques against poverty, hunger and promote food security. Harvesting, commercialization and consumption of
alate termites are experienced mostly during the long rainy season depicted by the high quantity of the harvested
alate termites that supplements household diets through both the direct and indirect livelihood pathways.
Termites are sold in whole after frying or in processed products such as Crackers, muffins, sausages and meatloaf.
This shows its potential for food security and source of household livelihoods. (Ayieko et al., 2010). From literature,
it is evident that termites and termite products are accepted by the greater population in the lake region of Kenya,
therefore, there is need to explore their economic and nutritional potentiality by assessing the households already
benefiting from the utilization of the termites. Studies have been done on cases of acceptance of insects and
willingness to buy them ( Ayieko et al., 2010), however, facts on potentials of termites to contribute to household
food security and benefits of utilization to a household in terms of economic aspects remains unexplored area of
research. Thus this study focused on how utilization of alate termites contributes to household livelihood dietary
diversification to make recommendations on its potentiality as an enterprise by promoting residents’ capacity.
METHODS
Study area
The study was conducted in Luanda and Hamisi in Vihiga County Kenya as a sample representation of urban and
rural households respectively as in figure 1. The study area was purposively selected due to data concentration
looking into the emergence of termite commercialization and the population density within the county.
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Cross-sectional survey design was used to obtain the extent of harvesting, commercialization and consumption of
alate termites. According to KNBS (2019), Hamisi sub-county recorded the highest number of households of 37,982
selected to represent the rural residents, while Luanda sub-county recorded 26,766 which was a representation of the
urban residents that forms the largest known termites’ commercialization Centre within Vihiga county.

Source: GIS (Feb 2020)
Figure 5:Map of Vihiga County
Study and sampling design
The target population was obtained through multistage sampling procedures where for first and second stage,
purposive sampling was employed to select Vihiga County as area of study, with total population frame of 64,752
households within which Luanda and Hamisi sub-counties were selected to represent the urban and rural population
respectively due to the emergence of harvesting and commercialization of alate termites. In the third stage of
sampling, two wards were selected randomly from each sub-county to obtain a good representation data where, from
Luanda sub-county, Luanda south and Luanda Township were selected whereas, from Hamisi sub-county, Tambua
and Gisambai wards were selected. The sampling procedure was guided by information from sub-county agricultural
offices under the guidance of the extension staff who acted as the contact persons in the data collection process. The
last stage comprised the use of simple random sampling procedure to obtain 120 and 84 respondents from Hamisi
and Luanda sub-counties giving a total of 204 respondents including harvesters, marketers and consumers.
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The research data was collected by the use of structured pretested questionnaire administered through face to face
interviews by trained research assistants using the online data kit (ODK collect). The application of the ODK was to
ensure efficiency, convenience, cost-effectiveness and reduction of human errors that would be committed during
data entry. The questionnaire was organized into four sections containing information on respondents’ demographic
characteristics, farmers’ capacity on collection and utilization of alate termites, termite collection and household
income and food security. The data was cleaned and managed using the R version 4.0.2 (RCore Team, 2020).
Analytical framework
Statistical methods
Chi-square tests
A chi-square statistic was used to evaluate whether the distribution of categorical variables differs from one another.
The procedure compares the tallies or counts of categorical responses between two independent groups. The null
hypothesis assumes that there is no association between two variables whereas the alternative hypothesis assumes
that there is independence as it is for other tests like ANOVA, where a test statistic is computed and compared to a
critical value. The critical value for chi-square statistic is determined by the level of significance (0.05 in this study)
and the degrees of freedom.
The degrees of freedom for chi-square is calculated using the formula;
𝑟−1
𝑑𝑓 =
1
𝑐−1
Where r is the number of rows and c is the number of columns. If the observed chi-square test statistic is greater
than the critical value, the null hypothesis can be rejected.
The chi-square test statistic is provided by;
𝒙𝟐 = ∑

(𝑶𝒊 −𝑬𝒊 )𝟐

2

𝑬𝒊

Where 𝑂𝑖𝑠 are observed frequencies and 𝐸𝑖𝑠 are the expected frequencies, and 𝑥
independence.

2

is the chi-square test of

RESULTS AND DISCUSSION
This survey assessed attitude of respondents on preference for termite products, level of awareness, knowledge/skills
on utilization and methods of utilization. There was an inclusion criterion (table 1) of which only respondents that
participated in either consumption, harvesting and commercialization of alate termites were interviewed. The age of
respondents ranged from 1 to over 65, with 60% of respondents being female. About 58.1% within the age of 15-44,
and the least representation of 7.7% of the respondents of age 65 and above. A significant proportion (about 93%) of
the respondents were educated, however, there was a direct correlation between involvement in alate termite
consumption and education level of the respondents, 38% of the respondents were pure farmers
Consumption of alate termites.
Frequency distribution revealed that 81% of the respondents consume alate termite attributing to the higher rate of
utilization of alate termites (Macrotemes spp.). This corroborates with the findings of Nyeko and Olubayo, (2005)
who cited that both male and female of all ages consume soldiers, alates and workers in Uganda. However, two
other termite species were also mentioned to be harvested for other purposes in Vihiga county, including the
subterranean and Kalotermitidae, (Boafo, H.A, Afledzie-Obresi, S.,2019), collected for chicken feeding in Ghana.
The consumption rate in Vihiga was higher regardless of the age of respondent, this concurs with a study by Sere et
al., (2018), that the consumption rate is distributed among the various age categories.
Table 10:Respondents Involvement rate in frequencies.
Parameter
Variable
Consumption of alate termites.
YES
NO
Harvesting of alate termites
YES
NO
Commercialization of alate termites.
YES
NO
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Frequency
164
40
64
140
32
32

Percentages
81%
19%
31%
69%
50%
50%

Consumer Preference on Forms of Alate Termites
Results of this survey in Table 2 reveals a greater percentage of respondents consumes raw (straight from the
mound) and fried alate termites (AT) due to the taste thus preferred to blanched and sundried (Van Huis et. al.,
2013) which are mostly utilized for preservation purposes. Chi-square statistics on the categorical variables socioeconomic characteristics and their influence on the choice of alate termites revealed a statistical significance
(p=0.023) between occupation and consumption of blanched alates, (p=0.029) level of education on the
consumption of raw alates and (p=0.018,0.036,0.05) between marital status and consumption of blanched, sundried
and raw alates respectively. In all, 81% of the respondents alluded to be consuming alates. However, there was no
statistical correlation between persons’ gender and consumption of either forms alate termites. The consumption rate
was dependent on consumers’ attitude looking at forms being either being easy to prepare or nutritious to the
retention of the nutrient properties.
Table 11:Correlation between consumers’ preference on the form of utilization and selected demographic
variable.
Fried
Blanched
Sundried
Raw
Variable
Freq p-value
Freq p-value
Freq p-value
Freq p-value
Occupation
67
33
65
55
Farmer
31
0.421
7
0.023*
20
0.772
18
0.712
Educationist
29
16
28
24
Casual labourer
48
36
48
39
Other
Education
12
6
13
10
Non-formal
54
0.082
34
0.111
52
0.651
49
0.029*
Primary
58
28
57
48
Secondary
41
24
39
29
Tertiary
Marital status
104
62
102
82
Married
34
0.065
17
0.018*
32
0.036*
28
0.05*
Single
3
1
2
3
Divorced
24
12
25
23
Widow/er
Note; * shows the level of significance. At 95% C.I
χ2- Was used to determine the relationship between the categorical demographic variables and consumers
preferred forms of alate termite preparation.

food suplement,
47.00%

chicken feeed,
53%

poverty, 8.30%
income, 16.00%

health, 65%
chicken feeed

income

health

poverty

food suplement

Figure 6:Methods of alate termite utilization in Vihiga county
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Awareness of methods of alate termite utilization
Alate termite utilization within the study area was determined by looking into the respondents’ opinion as displayed
in figure 2. First, the results showed a proportion of the respondents to be using alates as chicken feed (53%), of
which 70% were female who purported to be collecting alate termites to feed their chicken this attributed to the fact
that women could be the most involved in poultry management. Supported by findings of Boafo, H.A, et.al., (2019)
that only 11% of the respondents said they never give termites to their poultry in Ghana. Chi-square test provided a
p> 0.05 depicting that gender has no significant influence of the respondents’ opinion on utilization as chicken feed.
However, with education level, a total of 104(51%) agreed out of which 74 (71%) represented respondents in
primary and secondary education level, even though respondents with tertiary education disagreed alluding that
there are more health benefits associated with alate consumption and not as feed. More importantly, the statistical
association was realized between the use of late termites as chicken feed and respondents level of education at
p=0.00044, probably because farmers with higher education are those that have industrial or semi-industrial poultry
farms and these are less suitable for the use of termites as protein feed. These farmers tend to stock a larger number
of birds under intensive or semi-intensive systems and would require larger amounts of termites to feed their birds.
On the other hand, occupation of the respondents showed a scientific significance as a proportion of 47(45%) out of
total respondents were farmers as well the married population who agreed to the opinion to use alate termites.
65% of the respondents agreed to be utilizing the alate termites for health reasons, based on the nutritional
proportions which are important for curbing malnutrition as cited by Ijeomah, H. M., Oyebade, B.A.and Mazi, E.C.,
(2015) in Nigeria who relate the nutrition capacity of termites to crayfish thus considered healthy for children
growth. Considering respondents’ occupation, there is statistical significance of p=0.0371, with farmers who tend to
agree at 32% of total occupation categories. Likewise, respondents’ marital status influenced the decision for the
method of utilization where X2 =26.59 (P=0.0322) with the married (41%) who tend to agree, this could be because
the married are more concerned with the health status of the family. Even though, education status of respondents
had no significance p>0.05, since respondents within primary (24%) and secondary (20%) are the greatly involved
in collection of the alate termites.
Results on the utilization of alate termites in figure 3 shows only 6.8% agreed to use of alate termites for poverty
reasons. Gender and marital status of respondents had no correlation p>0.05. However, education level (X2 =27.314,
p=0.026) and occupation (X2 =35.94, p=0.0017) of respondents were statistically significant. Occupation influences
individuals’ income level thus some collect for poverty having a majority of respondents in the primary and
secondary level of education with low economic status are greatly involved in termite collection and consumption.
This indicates the potentiality of alate termites for food, this is also depicted by a study on the potential of insects for
food and feed (Van Huis, 2015)
Harvesting of alate termites
Information compiled from this study reveals 62(30%) of the respondents participate in alate termite collection, with
a greater percentage being female supported by Josiah Taru & Bernard Chazovachii (2015) that females and
children continue to dominate the process of trapping in most cases. Higher quantities of alate termites are harvested
soon after the first rainfall in the period of long rains between March to June 26(42%), and short rains around
November to December 28 (45%) with least quantities during drought periods. Respondents (57%) perceived best
harvesting time to be afternoon and morning hours. This is contradicted by Boafo, H.A, et.al., (2019) who cited that
macrotermes are harvested throughout the year in some parts of Ghana, though this could be due to varying
ecological conditions and the sub specie.
Harvesting is dominated by respondents of all the ages and gender (Huis, 2012) who mentioned that the knowledge
of the species to be harvested is indigenous thus considered the size of the termite and the type of wings, this
somewhat contradicts the results by Netshifhefhe, S.R, Kunjeku, E.C and Duncan, F.D, (2017) reporting that the
harvesters used size, taste and colour of termites as well as the mound type and size to identify the species in
Limpopo South Africa. This could be mainly because the researcher referred to the harvesting of both the alates and
the soldier termites.
Common harvesting methods within the study area involved the use of the source of light to attract the alate termites
which are then collected into containers (30%), a similar harvesting method was reported in Zimbabwe by
Chavunduka (1975). However, new emerging techniques include use of a bucket put upside down over an
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emergence hole/mound mentioned by (60%) of the respondents, this coincides with a study in Limpopo SA by
Netshifhefhe, et.al, (2017), Boafo, H.A, et.al., (2019). Although in Limpopo, the hole was covered with sticks and
leaves of either banana (Musa paradisiaca Linnaeus and M. sapientum Linnaeus) or Peltophorum africanum, while
in Ghana Fresh branches with leaves from any plant are used. In Vihiga the banana leaves are used with grass or
plant debris which were claimed to provide good shade for the alates and as they fly to the bottom of the hole where
they are trapped and collected.
Some harvesters do not own the mounds (individual land) therefore, have to travel averagely less than 4 km while
many others walk 6-10KM to harvest. But still harvested from smaller emergence holes away from the mounds.
The harvested quantities in case of surplus are preserved through sun drying (50%), pan-frying (41.66%) and
refrigeration (8.33%). Even though, larger quantities are sold raw (direct from the mound).
Factors militating abundance of alate termites
The abundance of alate termites influences the extent of utilization, this was assessed by looking at respondents’
information level. The respondents who had stayed in the area for more than 20 years (49.7%) alluded that there is
variation in termite abundance over years. Most of the harvesters did not own mounds thus there was low harvest
quantities depending with regions, and could cover averagely less than 1KM while a majority would cover 6-10 KM
to the mounds, this contributed to low quantities since the alates could emerge and be attracted by other sources of
illumination as they swarm. Supported by a study in Imo states Nigeria, statistically showed low quantities of alate
harvested in areas away from mounds, (Ijeomah, H. M., et.al.,2015). This, however, contradicts results from this
study which revealed alates could swarm from wet grounds away from the mounds.
A chi-square test was run to determine the association between respondents’ socioeconomic characteristics and
awareness on factors determining the abundance of alate termites. Results obtained showed that respondents with
formal education agreed with the fact that there is variation in abundance based on soil type, season and
agrochemical utilization (p=0.034, p=0.003,0.008 respectively). Implying that through the formal education process
they were able to learn as well as observe a reduction in quantities of alate species per harvest in a specific area.
This influences the abundance of the alates. On the other hand, respondents’ who had no formal education,
mentioned that they use inherited knowledge and skills but are able to note the change in quantities with limited
ideas on the facilitating forces.
However, there is a negative correlation between, marital status and awareness on factors limiting abundance
although gender showed statistical significance in association to season influence (p=0.002), as female (61%) being
more involved in harvesting than male. More importantly, there was a statistical significance between occupation
and awareness p=0.025, with farmers (31%) who tend to agree most alluding that availability is influenced by the
type of soil and continuous use of agrochemicals that contributes to change in soil properties and mound
characteristics. However, variance based on agro-ecological conditions (35.8%) was also mentioned where the
amount of rainfall and microclimate in an area influences abundance and swarming of the alate termites
Frequency
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Figure 7: Factors militating abundance of late termites
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Therefore, the major factors determining abundance and utilization of alate termites (figure 3) include seasonality
and weather (63.2%), type of soil in the locality and the continuous use of agrochemicals. This partly coincides with
results by Ijeomah et al. (2015) in selected communities in Nigeria that season is a major factor which determines its
abundance. This is because during the rainy season the alates goes for the ‘nuptial flight’ however this study has also
revealed that continuous use of agrochemicals in the agricultural fields contributes to the reduced availability of the
alate termites due to change in the chemical composition of the soil thus reduced abundance.
CONCLUSION
Considering facts as obtained in the data, quite a number of households have explored the options of livelihood
diversification by benefiting from collection and utilization of alate termites. As a proof to the potentiality of the
alate termites, most respondents supported the fact that alate termites are key in enhancing household diet
diversification which in turn reduces cases of malnutrition as well as food insecurity. The two pathways of
household food security were depicted by, greater percentage of respondents who uses the termites as food directly
either, raw, blanched, sun dried or fried in own oil as well as commercialization to obtain income used to attain other
household needs including, quality education, health care and maternity care. Farmers consider termites as very
important because they are an easily available protein and play an important role in improving options of food
consumed among rural and urban households when it is available. However, the species utilization is decreasing
among the younger generations and urban dwellers even though it serves as a cheap substitute for conventional
protein in the diets of many rural dwellers. It is good for children and women who require nutritious food and a high
calorie diet. Its prices and high relative protein content can be harnessed to improve the nutrition of lactating
women. It can as well be used as an inexpensive and rich dietary supplement for households. The consumption of
alate termites should thus be encouraged among city dwellers. The main challenge is on the collection of termite
because their availability varies with season and weather, excessive use of agro chemicals as well as type of soil and,
in some cases, farmers must walk long distances to obtain them. Therefore, trapping techniques should be promoted
and the existing methods should be improved. In regions where trapping is uncommon, Research should also be
conducted on methods to effectively preserve the species to make it available during the off-season as well as
improve processing technologies for the farmers to ensure continuous supply in the diets.
RECOMMENDATION
Looking in to the responses it’s clear that frequent training on value addition and marketing options to the farmers
would enhance year round supply of alate termite enriched food products. Quite a number of organizations have
been making greater strides to promote all year round production technologies of edible insects however, alate
termites are seasonal insects thus promoting storage techniques through value addition could promote all year
supply. Likewise, even though most people consume alate termites there is need to promote awareness on the
potentiality of the alate termites as an economic weapon against malnutrition and food insecurity in other parts of
the world. There is dire need to carry out continuous training and awareness seasons to reduce over exploitation and
natural habitat destruction through reducing the use of synthetic fertilizers.
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ABSTRACT
Fusarium wilt disease caused by the soil-borne fungus Fusarium oxysporum Schlechtthe is a serious threat to tomato
production worldwide. Chemical and cultural methods of management used are either ineffective or toxic to the
environment. Plant secondary metabolites; therefore, pose a possible alternative because they are environmentally
friendly and have minimal effect on non-target organisms. This study screened phytochemical compounds of two
plants; Tithonia diversifolia (Hemsl.) A. Gray and Kigelia africana (Lam.) Benth and assessed their potency in
controlling plant fungal pathogen F. oxysporum, a causal agent of Fusarium wilt disease in tomatoes. Leaf extracts
of T. diversifolia and fruit extract of K. africana were concentrated in water and screened for phytochemical
contents using standard procedures. Concentrations used were 25 g/L, 50 g/L and 100 g/L to sock the disc. Fusarium
oxysporum was isolated from infected soil using potato dextrose media, Antifungal activity was evaluated by
measuring the zone of inhibition against the test organism. The results showed that the mean inhibitory zones were
highest at 100g/l in both plants, although K. africana fruit extract portrayed the highest inhibitory activity compared
to Tithonia africana. The effect of the plant extracts and the negative control was statistically significant (p<0.05).
This study indicates that K. africana and T. diversifolia possess the antifungal activity and can be used as a broadspectrum fungicide against F. oxysporum. These plant extracts may provide an effective measure for the
management of Fusarium wilt of tomatoes that may form an integral part of integrated management and it also has
prospect as an alternative to reliance only on fungicides.
Keywords: Extracts, antimicrobial, Kigelia africana, Tithonia diversifolia, Fusarium, Phytochemical
INTRODUCTION
Tomato (Solanum lycopersicum L.) belongs to the Solanaceae family and is grown and consumed globally. In
Kenya, the production of tomato is 14% of the whole vegetable harvest and the whole horticultural crops account for
6.72% (Government of Kenya (GoK), 2016). According to Food and Agriculture Organization, (2018), tomatoes are
either grown on fields or in greenhouses and tomato production in the field accounts for 95 % while greenhouse
production accounts for 5 % of the entire tomato production in Kenya. Production of tomatoes contributes to
economic development and reduction of poverty. Tomatoes are a source of income, job creation and foreign
exchange to the farmer leading to earning for economic development (Collins, 2012; Ongeri, 2014). However,
cultivation of is faced by constraints such as adverse weather and environmental conditions, soil type and pathogenic
microorganism causing diseases (Berrueta et al., 2012). Fusarium oxysporum is a pathogen that causes Fusarium
wilt in tomatoes and it destroys the xylem (Ajilogba and Babalola, 2013). According to Agrios, (2005) control of
Fusarium oxysporum pathogen has become a problem since it persists in the soil and sustains infection in the farm.
Farmers prefer use of synthetic fungicides to control Fusarium wilt disease in tomato in Kenya (Mwangi et al.,
2015). However, synthetic fungicides and cultural practices that include crop rotation are not effective (Chandler et
al., 2011; Chellemi et al., 2012; Palti, 2012; Machado et al., 2018). Crop rotation and shifting cultivation is no
longer possible due to insufficient land due to increased human population (Bawa, 2016). Excessive uses of
chemicals are environmentally toxic (Koutros et al., 2012; Malkhan et al., 2012; Onkendi et al., 2014). Since
farmers maximises fungicide application to limit diseases occurrence of tomato diseases, development of resistant
pathogen strains have occurred (Akbar et al., 2009; Malkhan et al., 2012; Gliessman, 2014;Vincelli, 2016). Misuse
of fungicides synthetics has rendered them less effective in controlling the pathogen (Hadian et al., 2011).
Fungicides have become expensive for farmers to procure (Ngowi et al., 2007; Njoroge, 2014).
Due to limitations of synthetic fungicides and other methods used to control Fusarium wilt, there is a need to explore
and develop bio-fungicide from plant products (Gilligan, 2008). Plant products may be environmentally friendly
with minimal effect on non target soil microorganisms (Njoroge, 2014; Lucia, 2017). Tithonia diversifolia and
Kigelia africana are widely distributed in Kenya, have medicinal value and with high seed production and dispersal
(Zarghani et al., 2015). Both are tolerant to harsh environmental conditions and therefore able to reproduce
continuously even during the dry season (Munyuli, 2011). The two plants have allelopathic property facilitating their
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survival by minimising resource competition (Ajayi, 2017). According to Dewole et al., (2013) and Saini et al.,
(2009) Tithonia diversifolia and Kigelia africana extracts have been used to control plant pathogens such as
Phytophthora nicotianae and Rhizoctonia solani information on their application in control of Fusarium oxysporum
sp lyperseci is scarce. This study was carried out to evaluate the efficacy of the water extract of Tithonia diversifolia
and Kigelia africana against Fusarium oxysporum mycelial growth under laboratory conditions.
MATERIALS AND METHODS
Experimental Site
Tithoni adiversifolia, Kigelia africana and Fusarium oxysporum were collected in Gatwiri, Mwea in Kirinyaga
County in Kenya where tomatoes production is practiced (Mwangi et al., 2015). The phytochemical analysis and
isolation of Fusarium oxysporum was conducted atthe Technical University of Kenya. Antimicrobial studies were
done at Chuka University in the Department of Biological Sciences Laboratories.
Study Design
In determining the antimicrobial properties of the plant extract, a (3×3) complete randomized design was used.
Factor A was Fusarium pathogen at three-levels i.e. three different fungal mycelia concentration at 1×103, 2×103 and
3×103 and factor B was plant extract at three levels i.e. Tithonia diversifolia at 25 g/L, 50 g/L, and 100 g/L
replicated 3 times. This design was similarly applied to Kigelia africana
Plant Sample Collection
The plants' samples used for the study were Tithonia diversifolia and Kigelia africana. Purposive sampling was used
to locate the sample collection points because the method focuses on the particular characteristics of a population
that are of interest. For Tithonia diversifolia, the leaves were collected while for the Kigelia africana the fruits were
collected because they are reported to have the highest concentration of phytochemicals. The samples were then
chopped into small pieces on aluminum foil to prevent losses of the phytochemical constituents. The samples were
then transferred to a glass bottle to minimize the reaction of the organic phytochemical constituents with the other
surfaces. The two plant samples were then placed in a bag and then taken to the laboratory at the Technical
University of Kenya for study.
Preparation of Crude Extract Concentration
Preparation of crude extract concentration was done according to Hossain et al. (2013). The plant samples were
washed and allowed to air dry under a shade. After a week, 100 g of fresh sample was chopped and then crushed in a
surface-sterilized pestle and mortar by adding 100 ml sterile water and allowed to stand for three days after which
filtering was done using Whatman paper. Only the phytochemical constituents soluble in water dissolved to farm a
solution. Water was removed by freeze drying the solution. Concentrations of 2.5% (25 g/L) 5% (50 g/L) and 10%
(100 g/L) were prepared separately by adding 2.5 g, 5 g and 10 g of the extract supernatant respectively with 5 ml of
water to enhance dissolution and made up to 100 ml by adding distilled water. The plant extract was then placed into
vials and stored in the refrigerator waiting antimicrobial assay
Collection Fusarium oxysporum in the farm
Samples containing Fusarium oxysporum were collected the soil random sampling was used to obtain the samples.
Preparation of Potato Dextrose Media
Preparation of the media followed the guidelines of commercial manufacture. Thirty-nine grams of Potato Dextrose
Agar (PDA) media were placed in 1000 ml distilled water. The media was dissolved in water by heating over the
Bunsen burner. Sterilization was done by autoclaving at 15 lbs. pressure (122°C) for 15 minutes. It was then mixed
well before dispensing (Sheringham & Brightwell, 2012).
Preparation and identification of Fusarium oxysporum Cultures
Ten grams the soil sample was spread on the surface of the PDA media. The soil sample was then inoculated into
the PDA media and then kept in the incubator at 280 C (Latiffah et al., 2010), to allow growth. After growth, the
fungus was sub cultured to obtain a pure culture.
Identification of the Fusarium oxysporum cultures
Identification and isolation of F. oxysporum was done according to De Carolis et al., (2012). This was through
observation of growth and microscopic characteristics. For the growth characteristics identification was done
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through the observation of the colour in the nutrient medium because Fusarium oxysporum usually tends to be either
violet or purple in colour. For the microscopic characteristics, chlamydospores were observed. First, the formation
of either macroconidia or microconidia spores or both were observed. For the microconidia, an observation was
based on the presence of unicellular spores with an oval shape.
Preparation of Standard Inoculums of Test Pathogens
This was done according to Alaniz et al., (2011). Spore suspension of Fusarium oxysporum was prepared from
young 10-day old cultures grown on PDA.. The spore suspensions were obtained by using a sterile cork-borer to
pick a colony of the fungus on the cultured surface to remove the spores from the surface of the PDA nutrient
medium. After the removal of the spore suspensions, the pathogen was estimated using the fungal mycelia of 1×10 3,
2×103 and 3×103 for antimicrobial test.
Preparation of Antimicrobial Test Discs
The discs were prepared according to Arunkumar (2009). Test disc was made using a paper punch. Paper discs of
6 mm in diameter were cut off from a sheet of Whatman paper of size three. The paper discs were then sterilized in
the oven at 1500 C. The bottle containing the paper disc was stored in a cool, dry cupboard until the time for use.
Antimicrobial test disc was made by taking two ml of each of the concentration of the stock solution of each plant
extract and pipetting on a sterile paper disc of 6 mm diameter in a sterile Petri- dish, this was to give a concentration
of 2 mg/disc. The preparation of antimicrobial test disc was replicated three.
Antimicrobial Testing of the Fusarium oxysporum Pathogen
The antimicrobial test was done according to Assob et al., (2011). Eighty-one plates of PDA media plates were
prepared. Pure isolates of Fusarium oxysporum were cultured by transferring a loop of culture into sterile nutrient
media on each plate. The antimicrobial test disc or the Whatman paper disc socked with plant extract were placed on
to the media; the media was placed in an inverted position and incubated at 28o C for 1 week to allow for growth
Data Analysis
Statistical Analysis Software (SAS) version 9.4 was used to analyze the measured data of zone of inhibition. Two way ANOVA was carried out to determine if there was a statistical difference in the zones of inhibition between the
plant extracts of Tithonia diversifolia and Kigelia africana exposed to the plant pathogen Fusarium oxysporum.
Two-way ANOVA was used to determine if there was interaction between the plant extract and the test
microorganism, with α=0.05 considered significant. Least Significance Difference was also used to determine the
difference between the mean
RESULTS
Isolation of Fusariumo xysporum
Fusarium oxysporum was recovered from the soil. The microscopic features that were observed during identification
were septation and shapes of microconidia and macroconidia and the structures of the chlamydospores were also
noted. Fusarium oxysporum grown in the PDA media produced white mycelia, with a cotton appearance that was
pink in colour on the reverse side of the plate. Microscopic characteristics for example presence of oval non-septate
microconidia and macroconidia with a slight curvature, septate and pointed apical cell confirm that the isolates were
of Fusarium oxysporum.
Antimicrobial Activity of plant extract
The antimicrobial activity of the plant extract was determined using the disc diffusion assay method. There were
observable zones of inhibition for all the concentration of both Tithonia diversifolia and Kigelia africana plant
extract against Fusarium oxysporum fungal pathogen
Antimicrobial Activity of Tithonia diversifolia and Kigelia africana.
As the plant extract concentration was increased, there was a reduction in the fungal mycelia growth. The effect of
the plant extract was statistically significant (p<0.05). The Mean of inhibition ranged from 23.67 to 7.78 for
Tithonia diversifolia and 23.67 to 11.75 for Kigelia africana. The plant extract with the high concentration had more
inhibitory activity on the Fusarium oxysporum mycelial growth than the lower concentration (Table 1 and 2). The
growth inhibition of Fusarium oxysporum increased linearly with an increase in the concentration of the botanicals.
The zone of inhibition on the mycelial sizes on the control plates were significantly higher (P=0.05) than for the
plant extract. The statistical analysis showed that both Tithonia diversifolia and Kigelia africana extract at different
concentrations significantly affected radial growth and sporulation of Fusarium oxysporum. From the LSD test, the
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mycelia growth rate for concentration 100 g/ml was lower than the growth rate of the control. The overall model
(Yijk =µ+i+j+Eijk) was found to be statistically significant at 0.05% level of significance at P <0.05)
Table 1: mean mycelia diameter of Fusarium oxysporum recorded on Petri dishes treated with different
concentrations of Tithonia diversifolia
Treatment
Zones of inhibition
p1ridomil
23.67 a
p2ridomil
23.00 a
p3ridomil
21.67 b
c3t3
10.63 c
c2t3
10.40 cd
c1t3
10.22 cd
c2t2
9.90 cde
c1t2
9.67 de
c3t2
9.25 e
c2t1
8.2 f
c3t1
7.88 f
c1t1
7.78 f
LSD
0.44
Mean
10.68
CV
6.18
a
Means followed by the same letter are not significantly different by two way ANOVA followed by LSD test at 5%
probability level. Pridomil was pathogen and ridomil negative control, C3T3, C1T1 and C2T2 was Fusarium
oxysporum pathogen and Tithonia diversifolia
Table 2: Mean mycelia diameter of Fusarium oxysporum recorded on Petri dishes treated with different
concentrations of Kigelia africana
treatment
Zones of inhibition
p1ridomil
23.67 a
p2ridomil
23.00 ab
p3ridomil
21.67 b
c1k3
16.00 c
c3k3
15.38 c
c2k3
15.30 c
c3k2
13.50 d
c1k2
13.22 de
c2k2
13.10 de
c2k1
12.30 de
c1k1
12.13 de
c3k1
11.75 e
LSD
0.75
Mean
14.56
CV
7.71
a
Means followed by the same letter are not significantly different by two way ANOVA followed by LSD test at 5%
probability level. Pridomil was pathogen and ridomil negative control, C3k3, C1k1 and C2k2 was Fusarium
oxysporum pathogen and Kigelia africana
Comparison for the Best Performance between the Plant Extract and Negative Control
The Mean of inhibition ranged from 22.78 to 7.93 (Table 3). The minimum reduction in sporulation was recorded in
the negative control, which was significantly lower than the rest of the treatments. The Fusarium oxysporum fungal
mycelial diameters on media with the control (Ridomil) were significantly lower compared with the plates that
contained Kigelia africana and Tithonia diversifolia. Higher inhibition of fungal hyphal growth was recorded in
media treated with Ridomil. Hyphae on media incorporated with Kigelia africana had a bigger diameter than in
media treated with Tithonia diversifolia though there was no significant difference (P< 0.05). The findings showed
that the fungicides tested against Fusarium oxysporum were significant in inhibiting the fungal mycelial growth.
Ridomil was significantly superior to the plant extract. The negative control was effective thus producing zones of
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inhibition on the plate cultured with Fusarium oxysporum, however, Kigelia africana was more effective at a high
concentration whereas, Tithonia diversifolia was comparatively less effective compared to Kigelia africana. The
sporulation of the Fusarium oxysporum varied greatly with plant extract used at different concentrations. The
sporulation decreased linearly with an increase in concentrations and the type of plant extract. The effect of the plant
extracts and the negative control was statistically significant (p<0.05).
Table 3: Comparison for the best performer between the plant extract and the negative control
Treatment
Zone of inhibition
ridomil
22.78a
K3
15.56b
K2
13.30c
K1
12.07cd
T3
10.44cd
T2
9.63e
T1
7.93f
LSD
0.59
Mean
12.08
CV
8.05
a
Means followed by the same letter are not significantly different by two way ANOVA according to LSD test at 5%.
Ridomil was the negative control, (K3,K2,K1) was K. africana and (T1, T2, T3) was T. diversifolia.
DISCUSSION
Isolation of Fusarium oxysporum
The colony had a mass of white colour from the upper part of the plate. Cultural characteristics of the pink colour
also confirm that the isolate was Fusarium oxysporum, these findings were similar to those of Shobha and
Kumudini., (2012). The dark purple colour was observed on the under surface of the PDA plate. This finding is
consistent with that of El Kichaoui (2016) and Bedasa, (2018)
Antimicrobial Activities of the Plant Extract
Antimicrobial Activities of Tithonia diversifolia and Kigelia africana
The findings revealed that Tithonia diversifolia had the lowest antifungal activity. The study also revealed that as the
concentration of Tithonia diversifolia extract was increased, the tmean mycelia diameter decreased. This was
attributed to the various phytochemical constituents for instance; tagitinin C sesquiterpene and a guaianane that
contributed to antifungal activity, these phytochemical components of T. diversifolia are the ones that either have
direct inhibitory effects on pathogens, exhibiting bio fungicidal or bio fungistatic properties (Tagne et al., 2018).
However in the study, T. diversifolia showed the least zones of inhibition. This could be due to the variation on the
quantity of each of the phytochemicals. Enyiukwu et al., (2014) also reported a similar finding that the leaf extracts
of T. diversifoliais toxic to F. oxysporum spelaeidis showing a complete inhibition of mycelial growth and spore
germination. According to Enyiukwu et al., (2014), he did report similar findings that T. diversifolia plant extract
was very effective in inhibiting the growth and the sporulation of selected fungal pathogen causing leaf spot disease.
Tagne et al., (2018) also reported that the fungicidal spectrum of Tithonia diversifolia has been attributed by various
compounds such as stigmasterol and sitosterol. Spore yield among fungicides treatments was as a result of the
antimicrobial activities on the mycelia growth. He further reported that Tithonia diversifolia antimicrobial activity
was very high some fungal pathogens and the mycelia count was low compared to the other plates in which Tithonia
diversifolia was not used thus the fungus was able to sporulate on the plates actively.
The finding revealed that the crude extract of Kigelia africana resulted in a significant inhibition in radial mycelia
growth. The study revealed that as the concentration of Kigelia africana extract was increased, the mean mycelia
diameter decreased. This was attributed to the various phytochemical constituents for instance; kigelinone, ferulic
acid and iridoids that could be causing the zone of inhibition (Rahmatullah et al., 2010). These findings were similar
to the one reported by Rejeki & Addy, (2017) and Zofou et al., (2013) who reported the anti-fungal activity of
Kigelia africana against Fusarium oxysporum spcubense which is a pathogen that attacks bananas. Similar results
were also reported by Itonga, (2011) who reported that Kigelia africana extract was effective against eighteen
different fungi species.
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This study was similar to the one reported by Al-Mujammaa'e, (2008) in which he reported that Kigelia africana
extracts induce the disruption in fungal cell metabolism, increased permeability of fungal plasma membrane and
destruction of the conidial wall structure. The more the Kigelia africana extract is concentrated the higher the
inhibition level. The positive Control plates treated with fungus alone had the highest mycelial diameter (no zone of
inhibition) which confirms that Kigelia africana has antifungal compounds that inhibited Fusarium oxysporum
mycelial growth. According to Ibrahim et al., (2015), he also reported a similar finding that the antifungal activities
of acetone extract of Kigelia africana were effective against various fungal pathogen. Moreover, he reported that the
antimicrobial activity of the plant extract was due to the phytochemical constituents for instance tannins and other
polyphenols present in the extracts.
Comparison of the Best Performance between the Plant Extract and Negative Control.
Fungicides are an effective and straight method for fungal disease management because they are easily obtained in
the agro vet shops. The study revealed that the fungicide (ridomil) had the largest zone of inhibition. This could be a
result of the interaction of Metalaxyl and Mancozeb contained in Ridomil making it more effective. However, the
pesticide could be more effective but the consequences of debris of chemicals have caused problems to human
beings, livestock and the environment. In a study carried out by Kesavachandran et al., (2009), he did report that
about one million persons die due to the chronic diseases caused by pesticide poisoning. Although, the pesticide is a
source of employment to those who formulate and manufacture the chemical (Tornero & Hanke, 2016). It poses a
threat to their lives because they handle harmful solvents and chemicals during the manufacture of these chemicals.
Farmers are also at risk because they inhale the toxic substances during spraying and mixing of the pesticide.
The inhalation of the pesticides is likely to cause implications on human health. The pesticides disrupts the
endocrine system by antagonizing the production of the hormones from the endocrine glands, exposure of the
pesticides to different dose rate has implication to the immune system reproductive gametes and eventually resulting
into cancer. Similar findings were also recorded by Iyer & Makris, (2010) who reported that there was increased
death rate due to the destruction of the cardiovascular and respiratory diseases caused by pesticides in human beings.
He also reported that cancer cases and the rate of death cases had increased. He did observe gastrointestinal and the
lymphatic tissues upon exposure to pesticides were at risk of having mutation thus leading to cancer
This study was similar to the one reported by Amini & Sidovich, (2010) in which he reported that bromuconazole
and Prochloraz proved to be antimicrobial and were effective against the fungal Fusarium oxysporum in an in vitro
study done under the glasshouse conditions According to Yin et al., (2011), he also found similar findings that
different fungicide was more efficient against the control of various fungi and inhibited multiplication of the cells
(cell division) and mitosis in fungi. However, Singh et al., (2017) reported that the bromuconazole and Mancozeb
component of ridomil was found to be present in the pawpaw fruit. Ridomil was sprayed to the pawpaw to reduce
the postharvest losses. Due to the lack of awareness from the consumer and the famer, they are exposed to these
synthetics when they consume food crops that pesticides are used in the management of pest.
Previous research revealed the fungicides inhibitory property usually is a result of polymerization of β-tubulin in
microtubules reducing their proliferation and dynamic instability (Ding et al., 2016). Further, methylbenzimidazolecarbamate fungicides suppress the meeting of spindle microtubules owing to disturbed chromosomal
alignment and microtubule-kinetochore interactions at the metaphase plate causing chromosome loss and chromatid
loss, in pathogenic fungi (Lebeda et al., 2010). Difenoconazole fungicide exhibits antimicrobial activities against
different plant fungal pathogen for instance ascomycetes, basidiomycetes and deutromycetes(Kuck et
al.,2012).However this pesticide has caused more implications to the environment. In a study carried out by Close,
(2018) he reported that the difenoconazole fungicide that was used to control disease in grapes greatly polluted the
environment, in addition it also killed some insects, birds, fish and other non target non target organisms.
The plant extract had a variation in the zone of inhibition. The differences might be due to the difference in nature,
quality and quantity of the inhibitory substances present in the botanicals (Ceylan & Fung, 2004). It is evident from
results that the zones of inhibition of the Fusarium oxysporum pathogens by the plant extracts depend upon plant
species and extracts concentration. Veresoglou et al., (2013); Kumaran, (2003) did report comparable findings that
the fungal susceptibility toward a plant extract was due to plant species, the solvent used for extraction and extract
concentration, as well as the organism tested. The activity of plant extracts and essential oils as anti-sporulant agents
have been revealed against a large no of fungal diseases as reported by several other workers (Singh et al., 2017).
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CONCLUSION
There is a lot of implication of the pesticide to the flora, fauna and environment. Therefore adopting these plants
products could provide an alternative method of pest and disease control because they are environmentally friendly
and that do not affect livestock, human health, aquatic and the environment. The two plant extract when combined in
different ratios also slightly increased the antifungal activity when used against the test microorganism. Plant
extracts used as an antimicrobial agent are relatively economical, safe and non-hazardous and show antifungal
activity against a large no of fungal diseases. These plant extracts may provide an effective measure for the
management of Fusarium wilt of tomatoes that may form an integral part of integrated management and it also has
prospect as an alternative to reliance only on fungicides.
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ABTRACT
Tomato early and late blight diseases caused by Alternaria solani (Ellis & Martin) Sorauer and Phytophthora
infestans respectively hinder tomato production globally. Use of fungicides in management of blight diseases has
become a priority among farmers. However, indiscriminate or use of sub lethal doses negate disease management
efforts. Despites the knowledge of possible occurrence of fungicide insensitive phyto-pathogens, farmers has
continued using fungicides without periodic evaluation of their effectiveness. This study was carried out to evaluate
an in-vitro sensitivity of tomato leaf blight pathogens (Alternaria solani and Phytophthora infestans) against
selected fungicides mostly used by tomato farmers along River Ruguti in Tharaka Nithi County in Kenya.
Fungicides evaluated included, Mancozeb (640 g kg-1) + Metalaxyl (40 g kg-1), mancozeb 640 g/kg + metalaxyl 80
g/kg, Mancozeb, Propineb700 g/kg + Cymoxanil 60g/kg, Carbendazim and Triticonazole at different concentration
(25%, 50% and 75%). Poison food method was used for evaluation. Complete Randomise design was used for the
experiment. Per cent data on mycelia growth inhibition by various fungicides at different concentration were
analysed using General Linear Model (α=.05) and significant means separated using Least significant difference
(LSD) in Scientific Analysis System version 9.4. All the tested fungicides significantly (P≤ 0.05) inhibited the
mycelial growth of tested pathogen. However, among tested fungicides, Carbendazim (89.83%) and
Propineb700g/kg +Cymoxanil 60g/kg were superior over other fungicides with Carbendazim being the least.
Mycelia growth inhibition increased with an increase in fungicide concentration. Mycelia growth inhibition of
Alternaria solani was 81.78% as compared to Phytophthora infestans at 69.78%.
Keyword: In-vitro, fungicides sensitivity, Alternaria solani, Phytophthora infestans
INTRODUCTION
Tomato is attacked by fungal pathogen such as Phytopthora parasitica, Fusarium oxysporum spp. Lycopercisi,
Phytophothera infestans, Erysiphe spp, Alternaria altenata, Alternaria tomatophila and Alternaria solani. These
pathogens cause distinctive diseases such as buck eye rot, fusarium wilt, late blight, powdery mildew and early
blights. Upto 79% of tomatoes loses are due to leaf blight disesaes (Singh et al., 2017; Gulzar et al., 2018). Among
the foliar blight pathogen, early blight caused by Alternaria solani and Phytophothera infestans are associated with
tomato early and late blight across the globe (Mengesha, 2017;Chasti et al., 2018; Saima Farooq et al., 2019).
Alternaria solani though airborn is a soil inhibitory pathogen that may overwinter in plant debris sustaining
infection in the subsequent planting seasons. Other than leaves the pearly blight symptoms may be observed stem
and fruits (Roopa et al., 2014). Distinctive feature of the symptom is formation of blight with concentric rings that
appear brown to black usually appearing on mature lower leaves and progress to younger upper leaves. Infected
leaves turn pale yellow prior to withering and fruit falls (Biovision, 2019). Phytophothera infestans causes late
blight and attacks tomato at all growth stages (Biovision, 2019). It causes plant death arising from leaf and stem
necrosis (Biovision, 2019). Late blight symptoms include water-soaked lesion which maybe circular or irregular and
are near leaflet margins. Lesions may spread elsewhere on the leaves as disease progresses (Griffith et al., 1995).
Synthetic fungicide has gotten much use in management of fungal diseases due to ease of application and
availability to farmers (Akram et al., 2018; Vinay et al., 2020). Plant disease control begun in the mid nineteenth
century when inorganic active ingredients such as sulphur, lime and copper sulphate were used (Fernández-Ortuño
et al., 2010). Advancement of plant protection against fungal diseases has since led to developing varied fungicides.
Fungicides that range from protectants, systemic and eradicant are available for plant diseases (Bartlett et al., 2002,
Russell, 2005; Fernández-Ortuño et al., 2010). Example of protectant fungicide is mancozeb which is often used
either alone or in combination with metalaxyl or other fungicides. Metalaxy is an example of both systemic and
curative fungicide fungicide (Yang et al., 2019). Further, based on their modes of action, fungicides may be grouped
as site-specific or multisite those which are site non-specific (Yang et al., 2019). Site specific fungicides are
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considered highly active and often systemic requiring low dose application with better disease cotrol. On the other
side, multi-site fungicides double as pathogen preventive and as eradicant (Yang et al., 2019).
Though handy, pathogen may become insensitive to fungicides due to improper dose or frequency of fungicide
application (Namanda et al., 2003; Akram et al., 2018). According to Nyankanga et al. (2004), some farmers in
Kenya may only use fungicides upon development of symptoms which may lead to failure. Low sensitivity of A.
solani to different fungicides may result from formation of melanin response (Bell and Wheeler, 1986). It is
therefore necessary to periodically evaluate existing fungicides for their potency against pathogen and advice
farmers on appropriate fungiceds and concentrations. Other than development of resistance to fungicides, excessive
application of fungicides is a health hazard to both human, non-target beneficial organisms due to associated risk of
pollution (Masiello et al., 2019). Such reality calls for continual evaluation of fungicides for their in vitro and in
vivo efficancy. Continued evaluation of fungicides ensure continual use of fungicides at the right concentrations that
prevent development of resistant pathogen strains (Masiello et al., 2019).
The inhibitory effect of chemicals on fungus has been investigated by several researchers (Abada et al., 2008;
Gomaa, 2001; Patil et al., 2001). Esmeil (2005) tested two fungicides (Bifidan and Ivory M 72 WP) against early
blight disease using three different concentrations. The disease variably decreased by using the two fungicides at the
three different concentrations with an increased tomato yield. Bifidan fungicide applied at the concentration of
0.375ml/L gave higher yield of 1.2 Ton. Whereas the recommended dose of 0.5 ml/l Bifidan was efficient in
managing early blight, lower dose of the Ivory M 72 WP was effective (Esmeil, 2005).
Study by Akram et al. (2018) in Southern Punjab evaluated efficacies of different fungicides at different doses (25,
50, 75, 100 μg mL−1) against A. solani. The fungicide Bravo, Score, Camelot and Cabrio Top-not inhibited
mycelial growth at between 6-35% at 100μg mL−1 concentration. Where as Bravo and Score at 25 μg mL−1 did not
reduce mycelial, Dithane Z-78, Dithane M-45, Cobox, Heritage and Maxim at 100 μg mL−1 concentration
significantly reduced (56-85%) mycelial growth. In Parkistan, Hassan et al. (2014) reported higher inhibition (83 %)
with 400 ppm of Helonil followed by clipper (64.70%) at 500 ppm and Antracol (46.66%) at 1000 ppm. Ridomil
(7.74%) and Desomil (8.57%) with concentration of 300 ppm gave the least mycelia growth inhibition. Ghazanfar et
al. (2016) observed that Dithane® M-45 80 WP with percent inhibition of 89.83% was significantly effective.
Sarfraz et al. (2018) screened different systemic fungicides against A. solani at different concentrations where all
fungicides gave maximum inhibition at 15 ppm after 172 hrs. Ganie et al. (2013) evaluated five non-systemic
fungitoxicants and five systemic fungitoxicants at six concentrations each against Alternaria solani. Fungitoxicants
mancozeb 75 WP was most effective among non-systemic fungicides while hexaconazole 5 EC fungicides
performed better among systemic fungitoxicants (Ganie et al., 2013).
Patel (2012) screened fungicides and pesticides and reported propiconazol and tebuconazole systemic fungicides to
be effective in inhibiting the A. solani mycelia growth with 98.88 and 97.31 per cent growth inhibition respectively.
Copper oxychloride performed better among the non-systemic fungicides evaluated followed by mancozeb resulting
in per cent inhibition of 95.07 and 93.86 respectively. Roopa et al. (2014) carried an evaluation of twelve fungicides,
six bioagents and ten botanicals against Alternaria solani early blight pathogen of tomato. Contact fungicide
mancozeb @ 0.2%, systemic fungicide, hexaconazole @ 0.1 % and the combi fungicide Hexazconazole 4% + Zineb
68% @ 0.2% had the highest per cent inhibition (87.21% 88.88%, 88.88%) oh mycelial growth respectively.
Saad et al. (2014) assessed inhibition activity of some antioxidants (ascorbic, benzoic, citric, salicylic acids and
Bion 50 WG®), a biofungicide Plant guard® (Trichoderma harzianum) 30 x106 spores/ml and fungicides (Ridomil
gold MZ® 68%, Micronized soreil/Samark® 70% WP (Sulphur), Tridex® 80% and Vitavax 200® 75%) against
Alternaria solani and Fusarium solani in vitro experiment. Both Tridex® and Ridomil gold MZ® resulted in
maximum inhibition of A. solani at 100% of mycelial growth at concentration of 400 ppm as compared to other
tested fungicides. Regarding the IC50 of the tested fungicides, Tridex® exhibited the lowest IC50 value calculated by
63.6 ppm followed by Ridomil gold MZ® (92.4 ppm) which shows the superiority as a growth inhibitor of A. solani
as compared with the other fungicides.
Saima Farooq et al. (2019) assessed fungitoxic activity of different fungicides against Alternaria solani. All
fungicides assesses significantly (P≤0.0001) inhibited the mycelial growth at different concentrations compared to
control. Pyroclostrobin at 500 ppm gave higher percent (97.7%) inhibition of A. solani mycelial while Ridomil was
had least inhibition effect on mycelial growth (42.2%). The findings by Saima Farooq et al. (2019) contracdicts
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those of Karima and Sayeda (2007) with reference to Ridomil. Mahantesh et al. (2017) observed different inhibition
activity of different fungicides at 1000 ppm. Mphahlele (2017) tested sensitivity of A. solani isolates to
chlorothalonil, copper oxychloride and mancozeb commonly used fungicides in Limpopo. Even at the lower
concentrations, all fungicides tested reduced the mycelial growth of A. solani isolates. Copper oxychloride fungicide
however, exhibited better inhibition of mycelial growth. Fungicide evaluation by Yadav et al. (2018) reported
efficiency of hexaconazole in managing Alternaria solani in Bharsar. In related studies, Kodemelwar et al. (1973)
observed that copper based fungicides performed better in controling A. solani in vitro while. Lodha and Prasad
(1975) reported Dithane Z-78 to effectively control the growth of A. solani in vitro. Choulwar et al. (1989) noted
that Mancozeb (0.2%) effectively inhibited Alternaria solani mycelial growth.
METHODOLOGY
The fungus pathogen used in this study were isolated from infected tomato leaves collected from Tharaka region of
Tharaka Nithi County in Kenya. Tharaka Nithi County is located between longitudes 37 o 19’ and 37o 46’ East and
latitude 000 07’ and 000 26’ South. The county has two agro ecological zone namely upper and lower zones. Annual
rainfall of overage 717 mm is experienced in Tharaka Nithi County. Areas around Chuka and Chogoria which are on
high altitude rceives reliable rainfall unlike lower regions around Tharaka area characterized by poorly distributed
low rainfall that are unreliable. The temperatures range in Tharaka Nithi County is from 14 oC to 30oC in highlands
and 22oC to 36oC in lowlands. The soil pH in Tharaka Sub County ranges from acid pH 5 to alkaline pH 8. The soils
are dark grey-brown, clay and sandy clay loam topsoil which are imperfectly drained 9 (Ministry of Agriculture,
Livestock and Fisheries (MoALF., 2017)).
The study was conducted in a 3 x 5 factorial experimental laid out in Complete Randomized Design [CRD] with
factor A being six levels of Fungicides (Mancozeb (640 g kg-1) + Metalaxyl (40 g kg-1), mancozeb 640 g/kg +
metalaxyl 80 g/kg, Mancozeb, Propineb700 g/kg + Cymoxanil 60g/kg, Carbendazim and Triticonazole) and factor
B being days of fungicide concentration (25, 50 and 75).
Sample Collection and Media Preparation
Late and early blight symptomatic leaves were collected from tomato growing area along River Ruguti in Tharaka.
The area was ideal for sample collection based on long history of tomato farming along the river. Blight symptoms
were identified through physical examination of the leaves. Symptomatic leaves were randomly collected by
aseptically cutting, wrapping in labeled ziplock bags, samples were then placed in cool box and transported to
Chuka University for pathogen isolation.
Pathogen Isolation
The Phythopthora infestans and Alternaria solani pathogen were isolated on the potato dextrose agar prepared
following the manufacture procedure. The isolates were then purified on corn meal agar media. Media were
Autoclaved at the temperature of 121°C, 15psi for 15 minutes prior to cooling at 50°C in water bath. Contamination
of the media by the bacteria was prevented by in cooperating Antibiotic [25 mg/l] in all the media. Tomato leaves
with early blight symptom were cleaned under running tap water to remove dust particles. Thin sections (4 mm) of
diseased leaf were cut and places in 0.5% sodium hypochlorite solution for surface sterilization for 30 seconds.
Surface sterilized leave sections were then washed in a series of sterile distilled water to remove the disinfectant.
The pieces were dried using blotting paper in a petri dish placed on potato dextrose agar aseptically. Plates
inoculated with diseased leave sections were incubated at room temperature of 25°C for fourteen days. Fungal
colonies were sub cultured in Corn Meal Agar media for pure cultures. Pure cultures were used for the pathogenicity
test and evaluation of effect of different fungicides at different concentrations on mycelia growth.
Pathogenicity test
Fifteen tomato seedlings (Five seedlings each for Phythopthora infestans and Alternaria solani and for control
experiment) were used Pathogenicity test. Commando F1 tomato variety seedlings were used for the study since it is
grown from sample collection area. Five tomato seedlings were sprayed with 10 ml of a week old conidial
suspension adjusted to 5 × 106 conidia/mL of Phythopthora infestans and Alternaria solani and distilled water
respectively. Tomato seedlings were then covered with polythene bags for a day to favor pathogen establishment
and disease development. On the second day, inoculated tomato seedlings were transferred to the greenhouse and
observed for diseases symptoms after two weeks. Pathogen re-isolation was done on symptomatic leaves and culture
compared with the initial cultures.
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Pathogen selection for fungicide assay
The pathogen (Phythopthora infestans and Alternaria solani) used in fungicide assay study was selected from other
isolates based on their rapid growth rate.
Fungicide assay using poisoned food technique:
The efficacy of three fungicide treatments (Mancozeb, Mancozeb
(640 g kg-1) + Metalaxyl (40 g kg-1) and
mancozeb 640 g/kg + metalaxyl 80 g/kg) at three concentrations 25 (Being the recommended concentration), 50%
and 75% on the growth of A. solani and A. alternate using corn meal agar medium. Corn meal agar was prepared by
dissolving 17g of Corn Meal Agar in 250 ml of distilled water by boiling then topped up to 1000 ml. Sterilization of
the media was done at 121°C and at of 15psi for 15 minutes and media cooled to 50°C in water bath, ampicillin (25
mg/l) was added thereafter, individual fungicides at different concentrations were added to individual media
containers and dispensed in sterile plates. Using a sterile cork borer of 3 mm, pure cultures of A. solani and A.
alternate fungal isolates were aseptically picked and placed at the center of treated corn meal agar. Measurements of
mycelia growth (Diameter cm) was taken at the 3rd, 5th and 7th day of incubation in two directions at 90° and
subtracted from that of control plate. Percent inhibition (PI) values for each fungicide were calculated by the
formula below:
𝑎−𝑏
𝑥 100
𝑎
where a = mycelia diameter of control plates and b = mycelia diameter of fungicide treated plates.
Table 12: Details of fungicides used in the study
Active ingredient
Trade name
Manufacturer
Mancozeb (640 g kg-1) Ridomil gold
Syngenta East
+ Metalaxyl (40 g kg-1)
MZ68W
Africa limited
Chariot
Greenlife crop
Carbendazim
protection Africa
Mancozeb
Oshothane
Osho chemical
80WP
industries limited
Mancozeb 640 g/kg +
Victory 72WP
Amiran Kenya
Metalaxyl 80 g/kg
Limited
Propineb700g/kg
Milraz WP 76
Bayer Crop
Cymoxanil 60g/kg
Science
Triticonazole

TRINITY
GOLD® 452WP

Greenlife crop
protection africa
ltd

Chemical group
Dithiocarbamate
Acylamino acid
500g/l
800
mancozeb 640g
metalaxyl 809
Dithiocarbamate
700g/kg
Cymoxanil 60g/kg
Copper xychloride
Mancozeb
Cymoxanil

Mode of action
Disrupt cell functions.
Nucleic acid synthesis
blockage of nuclear
division
Disrupt cell functions.
Disrupt cell functions.
Nucleic acid

Demethylation
inhibitor

Hamel et al. (2011) and Zhou et al. (2016)
Statistical Analysis
Per cent inhibition data collected were analyzed using general linear model (GLM). Significant means were
compared using Fisher’s Least Significant Difference (LSD) test at p≤0.05.
RESULTS
Fungicides mycelia growth Inhibition effect on Phythopthora infestans and Alternaria solani
Phythopthora infestans and Alternaria solani growth inhibition by fungicides differed significantly (p < .05). Early
blight pathogen (Alternaria solani) was inhibited more (80.42%) as compared to late blight pathogen Phythopthora
infestans at 69.51% (Figure 1). The mean fungal mycelia growth inhibition was 74.96% with coefficient variation of
17.804% and least significance difference (LSD) of 2.779 at p<0.05.
Mycelia growth Inhibition effect of different fungicides
Mycelia growth per cent inhibition differed significantly (p < .05) with different fungicide. Mancozeb (640 g kg-1)
+ Metalaxyl (40 g kg-1) and Propineb700g/kg +Cymoxanil 60g/kg recorded higher per cent inhibition of mycelia
growth of 92.4% and 89.71% respectively. Carbendazim recorded lower per cent inhibition of 39.15% (Table 2)
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Figure 8: Error bar for in vitro percent mycelia inhibition of tomato leaf blight pathogens
Table 13: Overal mycelia growth inhibition per cent inhibition of different fungicides
Level of Fungicide
Fungal mycelia growth % inhibition
Rl
92.41a
Mlz
89.71a
Ohn
84.20b
Vty
84.02b
Trty
60.33c
Crt
39.15d
Mean
74.97
CV
17.80
LSD [p<0.05]
5.0542
Means followed by same letters in each column are not significantly different. Where Mlz = Propineb700g/kg
+Cymoxanil 60g/kg, Trty= Triticonazole, Vty= mancozeb 640 g/kg + metalaxyl 80 g/kg, Ohn= Mancozeb, Rl=
Mancozeb (640 g kg-1) +Metalaxyl (40 g kg-1), Crt= Carbendazim.

Per cent (%)
inhibition

Effect of fungicides rates on mycelia growth inhibition of Alternaria solani and phythopthora infestans
Different fungicides at different concentration differed significantly (p < .05) on their per cent inhibition effect of
mycelia growth of Alternaria solani and Phythopthora infestans. Inhibition of mycelia growth increased with an
increase in fungicide concentration. Lower inhibition of 71.78% was observed at the farmers recommended
concentration. However, there was no significant difference of per cent fungal mycelia inhibition at 50% and 75%
fungal concentration despite recording higher inhibition zones (Figure 2). In overall, fungal concentration had
74.97% mean per cent inhibition, a CV of 17.80 and least significance difference of 3.573.

Effect of fungicide concentration on fungal mycelia growth %
inhibition
76.36
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Figure 9: Error bar showing the effect of fungicide concentration on fungal mycelia growth % inhibition
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Individual fungicides at different concentrations differed significantly (p < .05) on mycelia growth inhibition. At the
concentration of 25%, 50% and 75% Mancozeb
(640 g kg-1) + Metalaxyl (40 g kg-1) and Propineb700g/kg
+Cymoxanil 60g/kg had higher per cent mycelia inhibition for both Alternaria solani and Phythopthora infestans
(Table 3). The per cent inhibition between Mancozeb (640 g kg-1) + Metalaxyl (40 g kg-1) and Propineb700g/kg +
Cymoxanil 60g/kg at 25%, 50% and 75% fungicide concentration respectively for individual pathogens were not
significantly different. Mancozeb (640 g kg-1) +Metalaxyl (40 g kg-1) had the highest per cent inhibition of 90.56%
and 89.63 at 50% and 75% fungicide concentrations respectively (Table 1). However, Propineb700g/kg +
Cymoxanil 60g/kg recorded higher per cent mycelia inhibition of 89.71 at 25% fungicide concentration.
Carbendazim had lowest mycelia growth per cent inhibition at all concentrations tested followed by Triticonazole
(Table 3).
Table 14: Effect of Different Fungicides on Growth of Alternaria solani and phythopthora infestans Mycelia
Mean colony diameter (cm) at different fungicide concentrations
Level of Fungicide
Late Blight
Early Blight
25%
50%
75%
25%
50%
75%
Rl
83.94ab
90.56a
89.63a
97.33 a
90.56a
98.59a
Mlz
89.71a
87.84a
87.74a
95.72 a
87.84a
95.69a
c
b
a
a
b
Ohn
69.27
74.08
83.72
88.89
74.08
96.65a
bc
b
a
a
b
Vty
69.73
70.70
72.62
87.38
70.70
98.14a
d
c
c
b
c
Trty
55.25
61.28
59.55
62.11
61.28
85.83b
e
d
c
c
d
Crt
38.44
45.80
31.88
34.03
45.80
31.88c
Mean
65.97
71.70
70.856
77.57
81.01
84.47
CV
15.76
10.82
20.17
15.4
12.94
8.77
LSD [p<0.05]
9.87
7.04
13.58
11.35
7.37
4.97
Means followed by same letters in each column are not significantly different. Where Mlz = Propineb700g/kg
+Cymoxanil 60g/kg, Trty= Triticonazole, Vty= mancozeb 640 g/kg + metalaxyl 80 g/kg, Ohn= Mancozeb , Ohn=
Mancozeb, Rl= Mancozeb (640 g kg-1) +Metalaxyl (40 g kg-1)

Per cent inhibition (%)

Effect of Incubation Period on Inhibition Activity of Different Fungicides
Number of incubation days had significant (p < .05) effect on inhibitions activity of different fungicides on fungal
mycelia growth. Fungal mycelia inhibition appeared to reduce with increase in incubation period. Higher mycelia
growth inhibition of 77.41% was observed on the 3 rd day while lower inhibition of 71.28% was observed on the 7 th
day (Figure 3). The mean per cent inhibition was 74.97% with coefficient variation of 17.803 and LSD of 3.588.
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Effect of incubation period on fungicide mycelia growth % inhibition
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76.95
71.28
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70
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Figure 10: Graph of error bar for the effect of incubation period on fungicide mycelia growth % inhibition
There was no significant difference on mycelia growth inhibition between Mancozeb (640 g kg-1) + Metalaxyl (40
g kg-1), Propineb700g/kg + Cymoxanil 60 g/kg, Mancozeb and mancozeb 640 g/kg + metalaxyl 80 g/kg. Mean
difference of Carbendazim and Triticonazole fungicides were significantly different across incubation days (Figure
2). The inhibition zone for Carbendazim reduced progressively from 3rd to 7th day of incubation. The inhibition
zone for Carbendazim on the 3rd day was 46.24%, 5th day 38.91% and on the 7th day was 31.47% (Figure 4).
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Figure 11: Effect of incubation period on inhibition activity of different fungicides. Where mlz= Propineb700g/kg
+Cymoxanil 60g/kg, Trty = Triticonazole, Vty= mancozeb 640 g/kg + metalaxyl 80 g/kg, Crt = Carbendazim
DISCUSSION
Effect of Different fungicides on Mycelial Growth of Alternaria solani Isolates
Fungicide resistance is considered crucial when it comes to limiting the efficacy and lifetime of fungicides (Stević et
al., 2017). Thus, timely evaluation and information on development and spread of resistant strains of pathogens is
necessary to ensure success in disease management strategy (Stević et al., 2017). In vitro evaluation of available
molecules in the market enables selection of most effective molecules against mycotoxigenic fungi (Masiello et al.,
2019). The study reveals that the two tomato leaf blight pathogens Alternaria solani and phythopthora infestans are
inhibited by the fungicides evaluated. However, the two blight pathogen differed significantly (p<0.05) on their
sensitivity to tested fungicides. Difference in response of A. solani and phythopthora infestans have also been
reported towards other chemicals (Mugao et al., 2020). Growth of Alternaria solani and P. infestans on media
amended with different fungicides at different concentrations differed significantly (p<0.05). Alternaria solani was
more sensitive to the fungicides tested than the P. infestans. The finding in this study with regard to Alternaria
solani and Phythopthora infestans response towards fungicides is supported by other work (Mugao et al., 2020)
In order of sensitivity, mycelia growth of Alternaria solani was highly inhibited by Mancozeb
(640 g kg-1) +
-1
Metalaxyl (40 g kg ) followed by Propineb700g/kg +Cymoxanil 60g/kg while Carbendazim had the lowest
mycelia per cent inhibition. The percent inhibition observed in this study for Mancozeb (640 g kg-1) +Metalaxyl
(40 g kg-1) against Phytopthora infestans were higher than those reported by Zhu et al. (2008) but differed to the
findings of Saima Farooq et al. (2019). Such conflicting results might be attributed to resistance development
towards fungicides in a pathogen population. Higher percent Alternaria solani mycelia inhibition by Mancozeb
(640 g kg-1) +Metalaxyl (40 g kg-1) in this study corresponds to those of Saad et al. (2014). Further, the finding
Phythopthora infestans here with reference to other fungicides which contain dimethomorph, cymoxanil, zoxamide
and mancozeb correlates to othert studies (Yadav and Dabbas, 2012; Rekanović et al., 2012). The Phythopthora
infestans and A. solani mycelia growth was highly inhinbited by Propineb700g/kg + Cymoxanil 60g/kg which
contain cymoxanil. Cymoxanil has equally been reported to be effective against Phythopthora infestans in other
related studies (Gouot, 1994). However, other studies have reported resistance of P. infestans towards fungicides
with Cymoxanil (Zhu et al., 2008). Per cent fungal mycelia inhibition effect of mancozeb 640 g/kg + metalaxyl 80
g/kg fungicide was equally higher for both the fungi tested. The performance of mancozeb 640 g/kg + metalaxyl 80
g/kg is due to its constituents. Mancozeb is a low-resistance-risk fungicide (Fungicide Resistance Action Committee
(FRAC, 2010)). Carbendazim had the lowest per cent mycelia inhibition. The performance of Carbendazim in this
study contradicts those of Kumar et al. (2017). Cabendazone (methyl-2-benzimidazole carbamate) is a
benzimidazoles and its effectiveness is due to blockage of nuclear division (Davidse, 1975; Howard, 1980; Zhou et
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al., 2016). Benzimidazoles disrupts the functions of microtubules build (αβ-tubulin derivative) leading to inhibition
of DNA synthesis in fungi (Davidse, 1975; Howard, 1980; Zhou et al., 2016). Benzimidazole has a numerous
biological activities that range from antihelminthic, anti-inflammatory, antiviral, antibacterial and antifungal
(Tunçbilek et al., 2009). The better performance of mancozeb 640 g/kg + metalaxyl 80 g/kg and Mancozeb (640 g
kg-1) +Metalaxyl (40 g kg-1) may be attributed to doifference in their ingradients concentrations (Hamel et al., 2011;
Zhou et al., 2016). Carbendazim which is constituted of Carbendazim had the lowest per cent mycelia inhibition.
Low per cent inhibition of carbendazim has also been reported by Vanitha et al. (2013). The result here
demonstrating that use of Carbendazim that is constituted with Carbendazim alone may not sufficiently offer
significant advantage in managing early blight in tomato due to its lower per cent mycelia growth inhibition.
Mycelial growth was significantly different within the three levels of each fungicides (p<0.05). The fungal mycelia
inhibition occurred at all the levels evaluated. The findings corroborates with earlier research finding (Ghazanfar et
al., 2016; Mphahlele, 2017). The per cent inhibition increased with increase in fungicide level. Effect of increasing
fungicide level on mycelia inhibition corresponds to other researchers (Vanitha et al., 2013; Ghazanfar et al., 2016;
Roy et al., 2019; Peerzada et al., 2020; Iqbal et al., 2020). Increase per cent mycelia inhibitions correlating to
increasing fungicide concentration indicate that lower doses may be sub lethal to the fungi. Thus, higher doses are
recommended in such situations. According to Majeed et al. (2017) quantitative resistance showing less sensitivity
to fungicides can be minimized by use of stronger dose of fungicides. Mycelia growth inhibition activity reduced
with increase in number of incubation. This finding corroborates to those of (Ghazanfar et al., 2016)
CONCLUSION AND RECOMMENDATION
The Fungicides screened in this study varied in their mycelia per cent inhibition against P. infestans and A. solani
isolates Mancozeb (640 g kg-1) + Metalaxyl (40 g kg-1) and Propineb700g/kg +Cymoxanil 60g/kg had better
inhibition effect while Carbendazim had the lowest effect. Increased fungicide concentration effectively inhibited
mycelia growth. Thus higher concentration of fungicide application is recommended in cases where there is low
efficacy of fungicides. Our study suggests that continuous monitoring of efficacy of fungicides against P. infestans
and A. solani both in the laboratory and field populations is necessary for different niches.
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ABSTRACT
The global challenges (climate change, soil and biodiversity degradation) are affecting sustainability of food and
agriculture systems, and livelihoods of millions of farmers by threating achievement of the right to adequate food
worldwide. Today, hunger remains an everyday challenge for humankind and about 815 million people are still
chronically undernourished. Sustainable Development Goal (SDG) 2 aims to end hunger and ensure access to
sufficient, safe and nutritious food by all people all year round. Achieving zero hunger by 2030 will require
applications of new and existing STI across the food system through an enhanced research and farmer
entrepreneurship culture. A number of technological innovations can play a role in addressing concerns related to
the four dimensions of food security (availability, access, and nutrition, stability) to increase the amount of food
produced. Research and farmer entrepreneurship will provide long lasting solutions for Kenya’s food security
through provision of quality seed for farmers, improving yields, creation of new value chains, markets and products
of crops and livestock produced. Responsible research and innovation (RR&I) helps to distinguish societal obstacles
which may hinder innovation implementation, as well as the values that innovation allows to help to bring about in
farming. Breakthroughs are needed in research and innovation (R&I) that foster changes in the entire food system,
targeting not only the food production chain, but also attainment of Sustainable Development Goals (SDGs). There
is need to develop innovations that enhance nutrition for sustainable and healthy diets, climate-smart and
environmentally sustainable food systems, circularity (recycling) and resource use efficiency of food systems, and
empowerment of communities. Farmers are the main actors in the achievement of food self-sufficiency through
entrepreneurship that is driven by their internal potential. Entrepreneurial farmers have creative and independent
thinking, innovative behavior and are willing to take risks for agribusiness development by gathering resources and
trying new ideas. Farmer entrepreneurship improves farm performance followed by increasing agricultural
production towards national food self-sufficiency.
Key words: Farmer, Research, Entrepreneurship, Innovations, Production, Food Sufficiency
INTRODUCTION
The World is facing many challenges that are affecting the sustainability of food and agriculture systems, and thus
the livelihoods of millions of family farmers worldwide. These challenges include natural resource depletion and
environmental degradation through desertification, drought, land degradation, water scarcity and loss of
biodiversity. These global challenges pose serious threats to achieving the right to adequate food to an ever
increasing world population; and in this time of climate change. There is need to increase Research and farmer
entrepreneurship on many crops and livestock to make their products more nutritious, productive and resilient in the
face of climate change to improve on food security and farm incomes. This requires government organizations,
universities, and Private Sector to together develop targeted interventions/ innovations to scale down the limitations
to increased productivity. Innovations form the central driving force which will transform food systems, lift family
farmers out of poverty and help the world to achieve food security and sustainable agriculture and the SDGs.
Research and farmer entrepreneurship will provide long lasting solutions for Kenya’s food security through
provision of quality seed for farmers, improving yields, creation of new value chains, markets and production of
varied products of crops and livestock. Agricultural innovation is the process whereby individuals or organizations
bring new or existing products, processes or ways of organization into use in a specific context in order to increase
effectiveness, competitiveness, resilience to shocks or environmental sustainability. This thereby contribute to food
security and nutrition, economic development or sustainable natural resource management. Farmers’ innovation
depend on the broader structure and dynamics of the agricultural innovation system they are embedded in (Kaneene
et al., 2015; Yoshida, 2017).
STATEMENT OF THE PROBLEM
The changing climate, a growing population and urbanization, and reduction in arable land per household devoted to
food production, changing consumption patterns, conflicts and land use changes are main problems facing the world
food security. Achieving zero hunger by 2030 will require applications of new and existing STI across the food
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system through an enhanced research and farmer entrepreneurship culture. A number of technological innovations
can play a role in addressing concerns related to food security to increase the amount of food produced (postharvest
management, high-nutrient staple crops, precision agriculture, index-based insurance and early warning systems)
RESEARCH AND FARMER ENTREPRENEURSHIP
Beyond food production agriculture affects environment and land management, economic development,
employment opportunities, social stability, and maintenance of cultural tradition and identity. To solve the grand
challenges related to food production and consumption, breakthroughs are needed in research and innovation (R&I)
that foster changes in the entire food system, targeting not only the food production chain, but also the social,
political, economic and environmental aspects related to it. There is need for Responsible research and innovation
(RRI) that include a variety of stakeholders to study on the value of an innovation to human and animal lives and the
environment, during the research and innovation process. Responsible Research and Innovation is a transparent,
interactive process by which societal actors and innovators become mutually responsive to each other with a view to
the (ethical) acceptability, sustainability and societal desirability of the innovation process and its marketable
products (allow a proper embedding of scientific and technological advances in society) [Von Schomberg, 2013].
Responsible research and innovation (RRI) helps to distinguish societal obstacles which may hinder innovation
implementation, as well as the values that innovation allows to help to bring about-valued and used broadly in
society (impact). Innovation in agriculture cuts across all dimensions of the production cycle along the entire value
chain – from production to the management of inputs and resources, to organization and market access. Innovation
is not just about technology, which may simply remain on the shelf but about social, economic,
institutional/organizational and policy processes- impact on society. Through RRI, the intended and unintended
impacts and consequences of research and innovation should be assessed and researchers and innovators should
reflect upon their research process, activities, and underlying assumptions (Schuijff and Dijkstra, 2020).
Breakthroughs are needed in research and innovation (R&I) that foster changes in the entire food system, targeting
not only the food production chain, but also attainment of Sustainable Development Goals (SDGs). The
breakthroughs should focus on the priorities to overcome environmental, societal and health challenges that are
related to food. These includes developing innovations to enhance Nutrition for sustainable and healthy diets,
Climate-smart and environmentally sustainable food systems, Circularity (recycling) and resource use efficiency of
food systems, and empowerment of communities. Integration of RRI practices within regional innovation policies
and practices as well as the adoption of RRI practices in research and innovation activities make a significant
contribution towards sustainable regional development (Thapa et al., 2019).
FARMER ENTREPRENEURSHIP AS A NEW APPROACH TO SUPPORT AGRICULTURE
DEVELOPMENT
Many efforts to reach sustainable food just focus on cultivation aspect. Strategy approach that involve farmer
internal potential, called entrepreneurship has not been used as a supporting policy (Farmer Entrepreneurship).
Farmers are the main actors to achieve food self-sufficiency and they can be motivated, driven, directed even
facilitated to implement developed technology packages. This approach takes farmers to have either internal
potential, independent attitude, vibrant and dare to try, great desire for achievement, proactiveness, creative, Risktaking (entrepreneurial spirit). Building farmers’ entrepreneurial capacity accelerate and scale agricultural
innovation processes and may reduce the persisting innovation gap among different farmers (Iza and Dentoni, 2020).
Entrepreneurial farmers have creative thinking and innovative behavior and willing to take risks for agribusiness
development (new alternative approach in improving farming performance).
They are able to transform opportunities into new ideas, are independent thinker, consider failure as study materials
(part of life). Entrepreneurial farmer is an important factor in determining the success of market-oriented agribusinesses. The application and practice of entrepreneurship in agriculture will generate a wide range of benefits
such as increased productivity, development of new agribusiness ventures that will lead to Job creations, innovations
in products and service delivery, and increases in wealth (Birwa et al., 2014). Agripreneurship can contribute to
social and economic development in the areas of reduction in poverty index, good nutrition and food security in the
economy (Uche and Familusi, 2018).
Entrepreneurs make efforts with a creative and innovative way of developing ideas, and gathering resources to find
opportunities and the improvement of living. The entrepreneurial potential can be seen from: (1) innovative
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capability, (2) Tolerance for ambiguity, (3) The desire to excel, (4) Ability of realistic planning, (5) goal-oriented
leadership, (6) objectivity, (7) personal responsibility, (8) Adaptability (Flexibility), (9) Ability as organizer and
administrator, and (10) a high commitment rate (survival). Farm entrepreneurship improve performance followed by
increasing agricultural production towards national food self-sufficiency. Some necessary skills the agripreneur must
be equipped with to be competitive and successful are as indicated in Table 1 (Tripathi and Agarwal, 2015).
Table 15: Skills for the agripreneur
Category
Professional skills
Management skills

Opportunity skills

Strategic skills

Cooperation and networking skills

Underlying skills
a. Plant and animal production skills
b. Technical skills
a. Financial management Skills
b. Human resource management skills
c. Customer management skills
d. General planning skills
a. Recognizing the business opportunities
b. Market and customer orientation
c. Awareness of threats
d. Innovation skills
e. Risk management skills
a. Skills to receive and make use of feedback
b. Reflection skills
c. Monitoring and evaluation skills
d. Conceptual skills
e. Goal setting skills
f. Strategic decision making skills
g. Strategic planning skills
h. Goal setting skills
a. Skill relating to cooperating with other farmers and companies.

According to Adeyemi (2017) some of the socio-economic and technological roles of agropreneurs in sustainable
food security and rural livelihood include:
 Transformation of traditional indigenous agriculture industry into a modern enterprise.
 Stabilization of rural communities through creation of strategic rural–urban economic turnaround
opportunities and sustainable jobs or employment creation.
 Marshalling the financial resources or mobilizing savings necessary for agricultural value chain
development
 Reduction of food import bill and saving of foreign exchange needed for development
 Bearing the ultimate risk of uncertainty associated with agricultural industry
 Provision of avenue for the dispersal and diversification of economic activities
 Utilization of local raw materials and human resources
 Wealth creation in the society through improved productivity and accruable income to participating actors
in the food and agricultural value chain
 Stemming the tide of out-migration (rural-urban drift), a pressing issue in rural Nigeria the agricultural base
of the country, through creation of jobs and wealth.
 Stimulation and adaptation of indigenous technology to modern agricultural system
 Adaptation of imported technology to local environment
 Development and adoption of appropriate technology to maximize output and sustain production system
RESEARCH IN AGRICULTURE DEVELOPMENT
Investment in agricultural research and extension is critical and essential for sustainable economic growth (GOK,
2019). Research helps improve, agricultural productivity, food security and nutrition, and raising incomes of men
and women smallholder farmers. Research promotes sustainable use of agricultural inputs and water , Reduce losses
through post-harvest technologies, Improve use and control over resources, Support youth agri-business
entrepreneurs and Diversify diets and reduce micronutrient deficiencies Research supports scientists and farmers to
test innovations that increase yields while being environmentally and economically sustainable which enhances
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efficiency of farming systems, adoption of climate-resilient agricultural practices, and sustainable use of inputs. Big
data and the Internet of things can be harnessed for a number of agricultural applications, including farmer decision
support, precision farming and insurance (United Nations, 2017). Data relating to meteorology and the Internet of
things are increasingly valuable as agricultural inputs, and through research a number of new initiatives focus on
sharing data to support agricultural productivity. Convergence of emerging technologies, such as synthetic biology,
artificial intelligence, genetic/tissue engineering, three-dimensional printing, drones and robotics, through research
may have profound impacts on the future of food production and food security.
COMPETENCES REQUIRED BY THE NEXT GENERATION RESEARCHERS
According to Feldmann-Jensen et al. (2017), European Union (2017), and Jones (2017) the next generation of
researchers should;
• Abide by Professional Ethics - Professional ethics delineate expected and appropriate conduct, principles,
and moral and ethical values that guide practice in the midst of both known and uncertain environments.
• Have communication’ competency that covers both the nature of the communication (e.g. multiperspective, inter-cultural) and the specific means (e.g. openness to dialogue, ability to open dialogue).
• Be ready for collaboration which enable multi-stakeholder processes, covering “what” (learning from
others, empathy, empathic leadership, etc.) and “with whom” (multiple stakeholders, involving unusual
suspects, inter and transdisciplinary, etc.).
• Have creativity- a key competence that is needed to devise innovative new ways of addressing problems.
• Empower for transformation and act as change agents’ which requires bringing together several
competences and characteristics such as resilience and adaptability, participatory ability, self-regulation and
other self-oriented competences.
• Have critical thinking. This helps the professionals identify, analyze and evaluate situations, ideas and
information in order to formulate responses to problems. The emergency management professional
employs critical thinking to identify and reduce disaster risk in the communities they serve.
• Embrace systems thinking in order to tackle complexity and analyze and devise solutions to wicked
problems.
• Have the concept of ‘transdisciplinarity and Interdisciplinary’ that facilitates addressing complex
challenges and facilitating a systemic way of addressing a problem.
• Have International Networking to expand the Open Science community
• Have reflexivity and awareness’ which is another self-oriented competence where one reflect his/her own
role in the community and society as well as the norms and values that motive this/her actions, and
evaluates those actions.
• Adopt continual learning which is about building adaptive capacity through an iterative exchange of new
information in relationship to prior understanding. The continual learning process allows ongoing
improvement, which is critical to achieving system stability, resilience, and thriving opportunities in the
midst of an uncertain and complex future.
• Employs Theory of Change as a tool to align researchers and practitioners in a common, and agreed upon,
plan for action. Theory of Change works to do this by making explicit the assumptions, actions, and
reactions expected in any program, initiative, and/or research endeavor.
• Understand variation is a key to customizing for different developmental needs, experiences, and settings.
Research for the next generation moves beyond averages to represent and act on variation.
• Finally, know ‘responsibility’ is the core concept of RRI in terms of both a sense of individual and shared
responsibility among diverse actors towards making trade-offs to advance towards R&I that address grand
challenges- Embrace outcomes
CONCLUSIONS AND PROSPECTS
There is need for government towards achieving the Big Four Agenda to prioritize research directions to develop
innovations that enable orphan crops increase their productivity under limiting conditions to bridge the gap on food
security and nutrition. There is an urgent need to increase investment in high-quality research that is directed to the
needs of smallholder farmers for increased food security. Talent-building efforts may include targeted training
(Problem solving and linked to industry)
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ABSTRACT
Coffea arabica varieties are characterized by a narrow genetic base, leading to their susceptibility to disease
including Coffee Berry Disease (CBD) and hindered development of molecular tools for improvement. CBD
epidemics destroys up to 100% of the crop on a susceptible variety when no control measure is applied. Resistance
to CBD is conferred by the dominant T and R genes in Hibrido De Timor (HDT) and Rume Sudan (RS)
respectively. The cultivar Batian has three phenotypically uniform crosses that may carry T, R or both genes. 27
families from the three crosses were evaluated for genome-wide variation and occurrence of Tand R genes. Genomic
DNA was extracted using standard protocols. Genome-wide single nucleotide polymorphism (SNP) markers were
obtained through genotyping by sequencing (GBS), which were used in the analysis of variation and occurrence of
the R gene. The variation was analyzed by Principal Component Analysis and hierarchical clustering. The
occurrence of the T gene was confirmed through agarose gel electrophoresis using Microsatellite primer, Sat 235
while the R gene was by marker sequence search within the GBS result files. The first two PCs accounted for 37%
of the total variation. Both the PCA and hierarchical clustering revealed that majority of the genotypes were closely
related to SL 28, while two genotypes, CR30EX809 and CR8EX155 were closely related to RS and HDT. All the
genotypes were confirmed to carry the T gene, where 17 were homozygous while 12 were heterozygous. Three
genotypes were confirmed to carry both T and R genes, therefore with broad-based resistance to CBD and with
relatively high diversity. The genotypes with broad-based resistance to CBD are recommended for multiplication,
use in breeding of varieties with multiple gene resistance and improvement of diversity in Arabica varieties.
Keywords: Genetic diversity, Genotyping by sequencing, T gene, R gene, SL 28.
INTRODUCTION
Coffee belongs to the family Rubiaceae and the genus Coffea with over 124 species that have been characterized
(Davies et al., 2011), with only two species, C. arabica L. and C. canephora P. that are of economic importance
(Setotaw et al., 2020). The C. arabica L. is an allotetraploid species (2n = 2x = 44) that exhibit a diploid-like
meiotic behavior (Lashermes and Combes 2018). The C. arabica is believed to have been formed as a result of
spontaneous hybridization between two diploid species, C. canephora and C. eugenioides (Lashermes et al., 1999,
Lashermes et al. 2011). The species is autogamous with about 10% out-crossing (Bikila et al., 2017).
On the other hand, C. canephora is diploid (2n = 2x = 22), highly diverse (Bertrand et al., 2003), with resistance to
common disease and thus a good source of genes for disease resistance (Ky et al., 2001). Next-generation
sequencing (NGS) technologies, such as genotyping-by-sequencing (GBS), provide markers that are widely used in
the genome-wide analysis (Spiniso-Castillo et al., 2020). The GBS approach is more informative than predesigned
single nucleotide polymorphism (SNP) arrays especially on wild germplasm as it is unbiased and provides
information on rare alleles (Pailles et al., 2017). nGenetic variation is controlled by segregation of multiple genes
where, the variances of individual loci are so small that they cannot be investigated individually and thus the need to
analyze sets of many loci (Bikila et al., 2017). The GBS based SNP markers were successfully utilized in the
determination of genetic variations in the Coffea genus by Garavito et al. (2016) and Spiniso-Castillo et al. (2020).
The coffee berry disease (CBD) caused by a fungal pathogen Colletotrichum kahawae (Waller and Bridge) (Waller
et al., 1993), is a key constraint in Arabica coffee production in Africa (Hindorf and Omondi, 2011). The CBD
epidemics can destroy up to 100% (Giddisa, 2016) of the developing berries, on a susceptible variety when no
control measure is applied (Gichuru et al., 2012). The control of CBD using intensive fungicide spray programs
increases the cost of production by up to 40% (Van der Vosen and Walyaro, 2009) and contributes to environmental
pollution (Gichuru et al., 2008), hence use of resistant for CBD management. Resistance to CBD is governed by
three genes in the varieties Rume Sudan (R genes), HDT (T gene) and K7 (k gene) where R and T are dominant
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while k is recessive (Van Der Vossen and Walyaro, 1980). The breeding program for resistance to CBD in Kenya
using conventional approaches, led to the introduction of genes for resistance to CBD to C. arabica coffee varieties
that are susceptible by crossing with donor varieties and backcrossing to standard varieties to restore desirable
attributes (Walyaro, 1983). However, this approach takes a long time to develop a coffee variety due to the long
juvenile nature of the Coffea genus (Moncada et al., 2016).
The low genetic diversity of C. arabica also hinders the identification and selection of superior genotypes using
traditional breeding methods (Sousa et al., 2017). To overcome this constraint, molecular markers have been used as
a supporting tool to accurately discriminate genotypes and accelerate coffee breeding programs (Sousa et al., 2017).
The DNA marker for the T gene was identified by Gichuru et al. (2008) and linked to Simple Sequence Repeats
(SSR) primer locus Sat 235, popularly designated as Ck-1. This marker was validated by Alkimim et al. (2017) who
confirmed that Sat 235 marker co-segregate with the T-gene. A recent study by Gimase et al. (2020a) identified the
putative DNA marker for the R gene using Single Nucleotide Polymorphism (SNP) markers.
The cultivar Batian is a pure line that was selected from a three-way and four-way crosses between resistance donor
parents and susceptible Arabica varieties, backcrossed to SL 28 (Omondi et al., 2001) and subjected to several
generations of selfing to fix the CBD resistant genes and desirable traits from SL 28 (Gichimu et al., 2014). The
cultivar comprises three crosses with several families i.e lines derived from plants selected from the same progeny
(Fehr, 1991). SL 28 is a Bourbon type single-tree selection that combines high yield, high quality, and drought
tolerance but highly susceptible to CBD (Walyaro, 1983). The main objective of this study was to evaluate the
genome-wide diversity within the families of the three Batian crosses and their resistance Donor parent HDT and
RS, and recurrent parent SL28 using GBS based SNP markers and identify genotypes within Batian with multiple
gene resistance to CBD conferred by the T and R genes.
MATERIALS AND METHODS
Area and Materials
This study was carried out at the Kenya Agricultural and Livestock Research Organization – Coffee Research
Institute (KALRO-CRI) in Ruiru, Kenya. The materials were 31 genotypes comprising of 27 families from the three
crosses of the cultivar Batian, SL 28, HDT, Rume Sudan and Robusta.
Sample collection, Genomic DNA extraction and Genotyping of SNP Markers
Fresh leaves were randomly picked from each of the 30 coffee genotypes (excluding Robusta, since GBS is speciesspecific) for DNA sample extraction. The LGC genomics plant sample collection kit (www.lgcgenomics.com) was
used in sample collection, where 6 disks were cut and placed in each strip of the 96 deep well sample plate, and sent
to
the
Integrated
Genotyping
Service
and
Support
(IGSS)
platform
(https://ordering.igssafrica.org/cgibin/order/login.pl) for DNA extraction and genotyping. Genomic DNA was
extracted using a standard cetyltrimethylammonium Bromide (CTAB) protocol of Doyle & Doyle (1978). The
quality and quantity of the DNA was evaluated by running it through 0.8% agarose gel electrophoresis and
concentration adjusted to 50 ηg/μl. The genomic DNA samples were sent to Diversity Arrays Technology (DArT)
Pty Ltd, in Canberra-Australia (http://www.diversityarrays.com) for sequencing and identification of SNP markers.
The GBS-SNP was performed following the standard protocol as described by Elshire et al. (2011).
Next-generation sequencing was carried out using the Hiseq2500 Illumina platform. The SNP calling was carried
out by the DArT-soft14 algorithm within the KDCompute pipeline developed by Diversity Arrays Technology
(https://kdcompute.seqart.net/kdcompute/plugins). identical sequences were collapsed into FASTQ call files that
were used in the secondary pipeline for DArT P/L’s proprietary SNPs calling algorithms (DArT-soft14) pipeline in
the processing of the sequence data (Barilli et al., 2018). Since the allotetraploid C. arabica open-access genome
assembly, with a reliable sorting of homoeologous sequences, is not yet available (Scalabrin et al., 2020), The
filtered sequence reads were aligned against the finer and publicly available diploid Coffea canephora genome
(http://coffee-genome.org/coffeacanephora) as a reference to find the SNP markers in C. arabica genome
(Sant’Anna et al., 2018) and to determine their corresponding genomic positions.
The SNP marker quality analysis and Evaluation of the Genome-Wide relations
The SNP loci with >30% missing data and rare SNPs with less than 5% minor allele frequencies (MAF) and
heterozygosity (Ho) above 90% were removed (Garot et al., 2018). The genetic relationships within the study
genotypes were determined using the Principal Component Analysis (PCA) and hierarchical clustering,

113

implemented within the clustering analysis and distance matrix plugins components respectively of the KDCompute
syste (https://kdcompute.seqart.net/kdcompute/plugins).
Genomic DNA extraction, amplification and electrophoresis using SSR primer locus Sat 235
A total of 31 genotypes (27 Batian families, five control) HDT, Robusta, Rume Sudan and susceptible cultivars
SL28 were analyzed. Healthy leaves were picked and genomic DNA extracted (Diniz et al., 2005), with minor
modifications in the extraction buffers. About 500 milligrams of fresh leaves were ground and transferred to 2 mL
Eppendorf tubes. After grinding, 1 mL extraction solution was added and the tubes shaken vigorously for 5 min and
immediately put in a 650C water bath for 40 min. After which the samples were centrifuged for 5 minutes at 13000
rpm and the supernatant transferred to a new tube, to which 1 mL CIA (chloroform: isoamyl 24:1) was added and
the tubes were shaken for 10 min and centrifuged for 5 min at 12000 rpm.
The supernatant was transferred to a tube and the same volume of frozen Isopropanol was added and maintained at 200C for 1 hour. The content was centrifuged at 1300 rpm for 5 min, the supernatant discarded and the pellet washed
with 70% ethanol. This step was repeated twice and after drying, the pellets were treated with 190 μL TE (TrisEDTA buffer plus RNAse 10 mg μL-1) for 30 min at 370C and 650C for 5 min. The DNA was then purified with the
addition of 100 μL TE, 100 μL water, 100 μL NaCl 5 M and 100 μL EDTA 0.5 M.
The samples were homogenized and incubated on ice for 30 min and centrifuged for 5 min at maximum speed and
isopropanol added. After drying, the pellet for each genotype was diluted in an appropriate amount of TE buffer as
per the amount of DNA quantified using a spectrophotometer and stored at 4°C. The extracted DNA quality was
determined by running the samples in 1% agarose gel alongside a lambda standard with a known concentration of
DNA fragments for comparison and quantification of the samples.
The Polymerase Chain Reaction (PCR) was carried out in total volume of 25 μL, containing 10ng/μL template of
genomic DNA, 0.4 μM of Sat 235 SSR primer, 75 μM dNTPs (each), 2.5 μM MgCl 2, PCR buffer 1x TBE [75 mM
Tris-HCl; 0.5 Na2 EDTA (pH 8.0)], 20 Mm, Boric acid and 1unit Taq DNA polymerase. Amplification was carried
out in a Eurogene thermocycler (TECHNE, UK). The amplification program was one cycle of initial denaturation at
940 C for 5 minutes followed by 35 cycles of 30 seconds at 94 0C (denaturation), 30 seconds at 550C for primer
annealing, and 1 minute and 30seconds at 72 0C for elongations with a final extension at 720C for 10 minutes. The
amplification products with SSR primer Sat 235 were electrophoresed in 2.3% (w/v) agarose gel with a 1x TBE
buffer system and then visualized in a UV light trans-illuminator after staining in 60% ethidium bromide solution.
Confirmation of the occurrence of multiple gene resistance to CBD conferred by of the T and R genes
The presence/absence of the T gene was confirmed by observation of the amplified fragment, based on the standard
HDT, Robusta, and SL28 while the genotypes carrying DNA marker for R genes were identified by searching the
SNP marker sequences within the GBS-based marker result files of the study genotypes.
RESULTS
The analysis of the SNP marker and Evaluation of the Genome-Wide relations
The GBS analysis generated 2280 good quality SNP markers (MAF>5% and Ho <90%), out of which 1575 were
aligned on the 11 Chromosomes based on the C. canephora reference genome and that were well distributed within
the genome (Figure 1). These are the markers that used in further analysis. The PCA results revealed that majority of
the Batian genotypes from the three crosses were grouped together and with SL28, apart from eight genotypes,
CR8EX149, 158, 419, 420, 423, 760 together with CR22EX759 and 639 that formed a distance group (Figure 2).
Two genotypes CR30EX809 and CR8EX155 were closer to RS (Figure 2). HDT didn’t show any relationship with
any of the genotypes in the study.
The first two PCs accounted for 37% of the total variation. Similar to the PCA, the hierarchical clustering analysis
(dendrogram) revealed a close relationship within all the Batian genotypes. Majority of the individual genotypes
within the three crosses clustered together (Figure 3). All genotypes in CR30 clustered together except one
(CR30EX809). Similarly, in CR8 two genotypes (CR8EX756 &761) deviated from the rest while CR22 formed two
sub-groups where one sub-group was clustered together with SL28 and two of the CR8 genotypes (CR8EX756
&761). The diversity index within the Batian and SL28 was 5% except for CR30EX809 that recorded about 10%
with RS and CR8EX155 with 15%. HDT had the highest index of more than 25%.
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The occurrence of the T (Ck-1) gene in Cultivar R11 and Batian
The amplification products revealed that all the 27 Batian families crosses evaluated carry the DNA fragment for the
T-gene (Ck-1) that is introgressed from the Coffea canephora genome (Plate 1), which was present in HDT and
Robusta but absent in SL28 and Rume Sudan. Out of the 27 Batian genotypes, 15 genotypes namely CR8-423, CR8760, CR8-149, CR8-155, CR8-419, CR22-109, CR22-108, CR22-350, CR22-635CR22-357, CR22-639, CR30-807,
CR30-813, CR30-244 and CR30-809 were homozygous for the Ck-1 gene while 12 genotypes CR8-136, CR8-154,
CR8-761, CR8-420, CR22-759, CR22-114, CR22-353,CR22-111, CR30-812, CR30, CR30-242, CR30-233 and
CR30-236 were heterozygous for the Ck-1 gene (Pate 1).
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Figure 1: The genome-wide distribution of GBS-based SNP markers

The occurrence of the R-gene within the Cultivar R11 and Batian
A total of 30 genotypes comprising of 27 Batian and three control coffee varieties (Rume Sudan, SL 28 and HDT)
were sequenced. The sequences search using the two SNP marker sequences (100025973|F|0-59:T>C-59:T>C and
100034991|F|0-44:C>T-44:C>T), that were significantly associated with CBD resistance through GWAS and QTL
mapping ( Gimase et al., 2020a&b), was carried out within the sample GBS result files. The search revealed the
occurrence of the SNP marker 100034991|F|0-44:C>T-44:C>T in a total of three genotypes (Table 1). The
genotypes were CR30-809, CR8-155 and CR8-136 (Table 1). Out of the three genotypes, two genotypes were
homozygous, CR30-809 and CR8-155 while CR8-136 was heterozygous for the R-gene marker. This marker was
also present in Rume Sudan but absent in SL28 and HDT, therefore polymorphic between the two parents of the
mapping genotypes. The SNP marker 100025973|F|0-59:T>C-59:T>C sequence was absent in all the study
genotypes. The three genotypes confirmed for the occurrence of the R-gene marker had also been confirmed to carry
the T-gene (Ck-1).
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Figure 2: Principal Components Analysis (PCA) plot of the Batian together with the CBD resistance donor
parents, HDT, RS the recurrent parent SL28
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Figure 3: The clustering dendrogram indicating the level of genome-wide variation with the study genotypes
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CR22EX50
CR8EX419

CR8EX155

CR8EX149
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CR22EX357

CR22EX635

CR22EX639
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CR8EX154

CR8EX760
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CR22EX108

CR22EX111

CR22EX109

CR22EX108

CR8EX155
CR8EX423

CR8EX149
CR22EX114

CR22EX353
CR8EX761

CR8EX760
CR22EX759
CR8EX136

CR8EX423
CR30EX242
CR22EX639

CR30EX813
CR30EX233

CR30EX244

CR30EX807
CR30EX812

CR30EX236

CR30EX236
CR30EX812
CR8EX154

CR22EX357

CR22EX759
CR30EX244
CR8EX761

CR22EX635

ROB
CR30EX813
ROB

CR22EX350

HDT
CR30EX809
HDT

Key: Rob – Robusta, CAT – Caturra, RS – Rume Sudan

Plate 1: Occurrence of T (Ck-1) gene fragment within the cultivar Batian Families, indicated by the arrow
Table 16: Occurrence of the R-gene marker within the cultivar R11 and Batian.
Genotype
CR30-809 CR8-136 SL 28
CR8-136
Rume Sudan
Marker(100034991|F|01
2
0
2
1
44:C>T-44:C>T)
Key: 1 – Homozygous, 2 – Heterozygous, 0 – Absent.

HDT
0

DISCUSSION
The genome-wide relationship within the study varieties
The genome-wide analysis revealed a narrow genetic base within C. arabica coffee varieties, Batian and SL 28 and
Rume Sudan, with a diversity index of between 5-10%. This is attributed to the fact that these varieties are derived
from a few individual collections and whose subsequent dispersal has progressively narrowed further their genetic
base (Baruah et al., 2003; Setotaw et al., 2013). The variety of HDT had a higher diversity index of about 25% with
one unique Batian genotype CR8EX155, >15%. The variety HDT is a natural interspecific cross between C. arabica
and C. canephora and usually shows a divergence from commercial cultivars in of the most agronomic traits
(Agwanda et al., 1997). The expressed diversity in HDT is due to the introgressed genes from the C. canephora
genome (Lashermes et al., 1999) and due to filial advancement from the original crosses, the existing progenies
contain less of the initial Coffea canephora genome, of between 5-29% (Gichuru, 2007).
The study revealed uniformity within individuals of the three crosses that make up the cultivar Batian and revealed
further that they are closely related to SL 28. The cultivar Batian was obtained from complex crosses between CBD
donor parents (HDT, Rume Sudan and K7) and susceptible varieties (SL 28, SL 34, Bourbon and Tanganyika
drought-resistant selections) and then backcrossed to SL28 and selfed to restore and fix genes for desirable attributes
of superior beverage quality (Gichimu et al., 2014). From this result, it's most likely that this attribute was
successfully restored as SL 28 was closely related to the individual genotypes of Batian.
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The occurrence of the T-gene (Ck-1) within C. arabica cultivar Batian
All the 27 Batian genotypes analyzed were confirmed for the occurrence of the T-gene. The cultivar Batian inherited
the T-gene from HDT (a spontaneous cross between C. canephora and C. arabica and Caturra, a C. arabica cultivar,
highly susceptible to CBD (Gichuru et al., 2008). The Ck-1 gene was confirmed by observation of the amplified
fragment using the SSR primer, Sat 235, that co-segregates with the gene. A study by Alkimim et al. (2017) using
three CBD resistance genotypes in Brazil revealed the occurrence of Ck-1, within the genotypes, where two
genotypes were homozygous while one was heterozygous and confirmed that Sat 235 marker co-segregates with the
gene. Similarly, a study by Mtenga (2016) reported the occurrence of Ck-1 in CBD resistant genotypes from
Tanzania and Ethiopia accessions. In the study, Sat 235 could not amplify the T-gene fragment in Rume Sudan since
the gene for resistance to CBD is this variety is in a different locus. This therefore confirmed further, the findings by
Mtenga (2016) as the Ck-1 gene was not amplified in Rume Sudan.
The occurrence of the R-gene within C. arabica cultivar Batian
Three genotypes were confirmed for the occurrence of the SNP 100034991|F|0-44:C>T-44:C>T. This, therefore,
confirmed that the SNP marker 100034991|F|0-44:C>T-44:C>T as a reproducible marker within C. arabica
genotypes carrying resistance gene inherited from Rume Sudan. The polymorphic occurrence of this locus in Rume
Sudan and SL 28 signifies its ability to discriminate variants in terms of resistance to CBD and its suitability for
MAS ((Rouet et al., 2019). The polymorphic genomic loci are used as genetic markers in the determination of the
co-segregation of genetic alleles with qualitative traits emanating from populations of crosses or naturally occurring
populations (Motazedi et al., 2019). The SNP marker 100034991|F|0-44:C>T-44:C>T was found to be linked to two
genes by Gimase et al. (2020b), a finding that is further supported by the inheritance study by Van Der Vossen et al.,
(1980) that reported that the occurrence of two alleles for R gene in Rume Sudan as R1R1.
CONCLUSION
The study confirmed the close relationship within the C. arabica coffee varieties as exhibited by a narrow genetic
base, with Batian as a very uniform cultivar and genetically very close to SL 28 and that introgression of C.
canephora genome in Arabica enhances genetic diversity as revealed by HDT. The study also revealed that all the
genotypes within CBD resistant variety Batian carries the T gene while three carries the R gene and therefore with
multiple gene resistance to CBD. The study further confirmed the codominant nature of the DNA marker for T gene
and R gene due to their ability to discriminate between homozygous and heterozygous variants within the resistant
genotypes.
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ABSTRACT
Dairy farming contributes about eight percent of National Gross Domestic Product with an annual milk production
of 3.43 billion litres. It supports the livelihood of approximately four million Kenyans through food provision,
income generation and employment. However, milk production per individual animal in Kenya, averaging six to
seven (6-7) litres/cow/day, is low compared to the world’s best at 10,133 litres/cow/year (28 litres/cow/day) mainly
due to factors including poor feeding. This means that Kenya produces an average of 20 litres of milk less per cow
per day compared to the world’s best. The objective of this study was to determine the effect of mineral mix and
concentrate feeds on milk revenue of smallholder dairy farmers in Kapseret Sub-county. The study was conducted
between the months of January-March, 2020. Primary data was collected using closed and open ended
questionnaires. Karl Pearson’s product moment correlation was used to show the strength of the relationship
between the variables. Multiple regression model was employed to assess the effect of supplementation on milk
revenue. Results were presented in tables, and descriptive statistics such as percentages and frequencies. The results
indicated a positive and statistically significant relationship between the variables (concentrate feeds and mineral
mix) and milk revenue at (r=0.414, p=0.000) and (r=0.302, p=0.000), respectively. The relationship between mineral
mix and concentrate feeds was positive and statistically significant (r=0.922, p=0.000). Subsequent feeding of
homemade or commercial concentrates such as dairy meal and mineral mix to dairy animals also influenced milk
revenue. The study concluded that mineral mix and concentrate feeds increased milk revenue of smallholder dairy
farmers in Kapseret Sub-county. The study recommended the use of mineral mix, commercial concentrates or
quality homemade concentrates in order to increase farmers’ milk revenue.
Keywords: Concentrates, Feeds, Milk revenue, Mineral mix, Smallholder Farmers, Supplementation.
INTRODUCTION
The world’s dairy sector is fast growing and is projected that milk production will increase by 177 million tonnes by
2025 (FAO, 2017). Global milk production in 2019 was estimated at 852 million tonnes, an increase of 1.4% from
2018 (FAO, 2020). However, world’s exports of dairy products are forecast to contract by four percent to 74 million
tonnes (in milk equivalent) in 2020, which would likely mark the sharpest year-on-year decline in three decades.
This is as a result of likely declines in imports mainly by China, Algeria, Saudi Arabia and United Arab Emirates
attributable to the Covid-19 pandemic which has resulted to economic slowdowns in countries (FAO, 2020).
Sub-Saharan Africa (SSA) produces approximately 3.5% of global milk output despite the fact that it accounts for
nearly 21% of milking cows globally (FAO, 2020). This indicates low milk yields per cow on the continent. The
average daily milk production in most dairy farms in Kenya is estimated to be averagely six to seven (6–7) litres per
cow per day; this is approximately 70% lower than the level of production of cows in the developed countries
(Muraya et al., 2018). This level of production in Kenya is low compared to world’s average best of 10,133 litres per
cow per year (28 litres per cow per day) (FAO, 2012). With improved management and better feeds and feeding
practices, the production potential could be much higher than the milk currently produced per cow per day in Kenya
(KDB, 2019). According to Uasin Gishu County Government reports (2018) milk production stands at 5.2 billion
litres and is projected that milk production will be at 7.9 billion litres by 2022 despite high expectation of a shortfall.
There is need, therefore, to find mitigations of solving the expected shortage.
Feed Supplementation
In Kenya, low quality and quantity of feeds is one of the constraining factors of milk production among smallholder
farmers despite the fact that they make up almost 80% of the dairy producers producing 56% of the total milk
(Odero, 2017). Most smallholder farmers in Kenya do not have information on feed conservation technologies
(Amuge, 2017). Generally, dairy animals in Kenya are underfed, resulting in low milk production (FAO,
2011).Components involved in dairy feeds for better production include dried and green forages, concentrates,
minerals, vitamins and by-products (Miller et al., 2017). Milk production in Kenya is mainly based on forage, with
very little use of concentrate or commercial feeds (Muriuki, 2003). According to Odero (2017) smallholder farmers
in Kenya on average owning one to four acres of land and one to five heads of cattle are largely reliant on forage and
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only use small quantities of concentrate to feed their cattle. Most households in Kenya fed their cows with nappier
grass supplemented by commercial concentrates (ILRI, 2018). In Kenya, dairy animal feeds account for between 60
to 80 percent of the production costs, depending on the intensity and method of production used by the farmer
(Njarui et al., 2016). Dairy farmers also store crop residues such as maize stalks for their livestock, however, the
storage methods are inappropriate to maintain the feed quality; hence, smallholder farmers experience seasonal
fluctuation of feed availability, resulting to milk production fluctuations (Njarui et al., 2011). In Central Kenya,
dairy farmers either purchase commercially produced concentrates or use homemade concentrates made using
purchased ingredients (Andreas et al., 2020). However, animal feeds access and cost is one of the main problem
facing cattle rearing in all agro ecological zones in Kenya (Ng’eno, 2017).
Adequate trace minerals supplementation and its absorption are required for various metabolic functions including
reproduction and growth, which affect farm productivity (Ojha et al., 2018). Milk producers in most developing
countries often do not feed adequate quantities of mineral mixture to their dairy cows due to non-availability, lack of
knowledge on the benefits of feeding mineral mixtures (Garg et al., 2013). The average proportions of concentrates
from maize germ/ban and mineral supplements in total diets in Kenya are higher on zero-grazing farms and semi
zero grazing farms than on free grazing farms (Andreas et al., 2020). The objective of the study, therefore, was to
determine the effect of feed supplementation on milk revenue of smallholder farmers in Kapseret sub-county.
METHODOLOGY
The study employed correlation research design. Correlation design enables the researcher to observe two variables
or more at the point in time and is useful for describing the relationship between the two or more variables (Ary et
al., 2018). The research design was appropriate since the study aimed at analysing the relationship between
variables. The assessment of the magnitude of the relationship was based on the coefficient of determination, pvalues and effect size of the coefficient.
Location of the Study
The study took place at Kapseret sub-county, located in Uasin Gishu County. The study was carried out between the
months of January-March, 2020. The county covers an area of 3,345.2 square kilometres and lies between longitude
340 50ʹ east and 350 37ʹ west and latitude 00 03ʹ south and 00 55ʹ north. The county borders Trans-Nzoia County to
the north, Elgeiyo Marakwet and Baringo counties to the east, Kericho County to the south, Nandi County to the
south west and Kakamega County to the west. According to the 2019 national census; Uasin Gishu County had a
population of approximately 1,163,186 people with a population density of 390/km 2. According to (KNBS) 2019
Kapseret sub-county has a population of 196,883. The county experiences high and reliable rainfall evenly
distributed throughout the year. The average rainfall ranges between 624.9mm to 1,560.4mm per year with two
distinct peaks in April and August. The area is a highland plateau with an altitude of 1,500-2,700 metres above sea
level with four major soil types; red loam, red clay, brown clay and brown loam soils. Generally these conditions are
favourable for livestock keeping, crop and fish farming. Uasin Gishu County consists of six sub-counties which act
as extension units where activities for livestock and crop production are planned and implemented (Uasin Gishu
County Integrated Development Plan 2018 -2022). Kapseret sub-county has five wards; Ngeria, Megun, Langas,
Simat and Kipkenyo. Kapseret sub-county is located to the south west of Eldoret town, and borders Kesses subcounty to the east and Turbo sub-county to the west. The sub-county borders Nandi County to the south.
Population, Sample Size and Sampling Procedure
The target population in this study was 4,226 smallholder dairy farmers in Kapseret sub-county. The sample size
was drawn from smallholder dairy farmers in the following wards; Ngeria, Megun, Simat, Kipkenyo and Langas.
The following formula by Morgan (1970) was used to calculate the sample size for the study,
𝑛=

𝑋 2 𝑁𝑝(1−𝑝)

𝑛=

𝑑 2 (𝑁−1)+𝑋 2 𝑝(1−𝑝)

1.962 𝑋4226𝑋0.8𝑋0.2
= 232
0.052 (4226 − 1) + 1.962 𝑋0.8𝑋0.2

where,
N= Total population,
n= Sample size,
X2= Table value of Chi-Square with one degree freedom and at 95% confidence interval, giving 1.96,
p = the proportion in the target population estimated to have characteristics being measured and
d = the degree of accuracy expressed as a proportion (0.05)
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Cluster sampling was used to select individual households proportionate to the population size in Kapseret subcounty. Smallholder dairy farmer respondents were chosen randomly from each cluster. The clusters included all the
wards in Kapseret sub-county; Ngeria, Megun, Langas, Simat and Kipkenyo.
Ward (Cluster)
Ngeria
Kipkenyo
Megun
Simat
Langas
Total

Number of Farmers
1015
1005
1011
733
462
4226

Sample Size
56
55
55
41
25
232

Data collection and Analysis
Primary data was collected using a structured questionnaire. The data was cleaned, coded before being analysed.
Quantitative data was analysed using Statistical Package for Social Sciences (SPSS) version 25 for both descriptive
and inferential statistics. In order to effectively analyse the primary quantitative data, descriptive statistics including
percentages and frequencies were generated. Multiple regression analysis was conducted to show the relationships
between the dependent and independent variables. Karl Pearson product moment correlation showed the strength of
the relationship between variables in the study. Values close to +1 indicate a high-degree of positive correlation, and
values close to -1 indicate a high degree of negative correlation. Values close to zero indicate poor correlation of
either kind, and 0 indicates no correlation at all. While correlation is useful in discovering relationship between
variables, it does not prove or disprove any cause-and-effect relationship (Michael Berthold, 2003).
Models
Multiple Regression Model
Regression analysis was conducted to show the strength of the relationship between dependent and independent
variables. Multiple regression analysis showed the relationship between dependent and independent variables.
Model Specification
The regression model was: Y = β0 + β1X1 + β2X2 + β3X3 + ε
where,
Y = Milk revenue
β0 = Constant Term , β1, β2 and β3 = Regression coefficients
X1= Free grazing only, X2= Concentrate feed, X3= Mineral mix,

ε = Error term

Ethical Consideration
Before data collection was embarked on, an introductory letter was obtained from the university introducing the
purpose of the study. A permit to carry out the study was also acquired from the National Council for Science,
Technology and Innovation (NACOSTI). All matters linked to the respondents were considered confidential.
RESULTS AND DISCUSSION
Response Rate
This research used questionnaires as the research tool for a total sample size of 232 farmers in Kapseret sub-county.
Out of the 232 farmers, a total of 220 questionnaires were returned and fit for the analysis, representing a return rate
of more than 90%. Nachmias, (1992) stated that 80 to 90% return rate is appropriate for a descriptive research.
Table 17: Response Rate
Respondents
Ngeria
Megun
Kipkenyo
Simat
Langas
Total

Sample
56
55
55
41
25
232

Returned
52
52
52
39
25
220
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Percentage
92.8
94.5
94.5
95.1
100.0
94.8%

Gender Distribution
The study sought to establish the gender composition of the smallholder dairy farmers in Kapseret sub-county. The
results were analysed and tabulated in Table 2 below.
Table 18: Distribution of Gender of Smallholder Dairy Farmers in Kapseret Sub-County
Frequency
Percentage
Male
152
69.1
Female
68
30.9
Total
220
100.0
Education Background of Smallholder Dairy Farmers in Kapseret Sub-County
The study sought to establish what levels of education were involved in the study among smallholder dairy farmers
in Kapseret sub-county. The respondents were requested to indicate the highest level of education they attained. The
researcher categorized levels of education into; primary, secondary and tertiary. Those who never pursued education
were also considered. From the findings, 96.4% of the respondents had attained at least basic education. Only 3.6%
of the respondents did not attend school at all.
Table 19: Education Level of the Respondents
Frequency
Tertiary
45
Secondary
61
Primary
106
None
8
Total
220

Percentage
20.5
27.7
48.2
3.6
100.0

Dairy Farming Importance
The study went further to determine the importance of dairy farming to the livelihoods of smallholder dairy farmers
in Kapseret sub-county compared to other sources of livelihood earnings. Using the linkert type questions, farmers
were asked to indicate the importance of dairy farming to their household income. The results are in Table 4.
Table 20: Dairy Farming Importance among Smallholder Dairy Farmers in Kapseret Sub-County
Frequency
Percentage
Very Important
176
80.0
Important
40
18.2
Not Important
4
1.8
Total
220
100.0
Majority of the respondents (98.2%) indicated that dairy farming played a key role in supporting their livelihoods in
terms of household income while only 1.8% underrated its importance. This meant that a high percentage of the
smallholder dairy farmers in Kapseret sub-county mainly depended on dairy farming as their main source of income
for sustaining their livelihoods. According to Uasin Gishu County Government reports (2018) several wards in
Kapseret sub-county, including Ngeria received milk cooling plants with capacity of 5000 litres of milk in October
2018 from the county government, indicating the importance of dairy farming in the location.
Milk Distribution by Farmers
The researcher sought to understand how smallholder dairy farmers in Kapseret sub-county distributed milk
produced in their farms. The computed descriptive statistics were as tabulated in table 5 below;
Table 21: Descriptive Statistics on Milk Distribution by Smallholder Dairy Farmers in Kapseret Sub-County
N
Mean
Std. Deviation
Amount of milk produced
220
9.67
5.179
Amount of milk sold
220
7.31
4.570
Amount of milk consumed
220
2.313
1.1131
Valid N (listwise)
220
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The results showed that the amount of milk sold by farmers was very high (MN=7.31 and SD=4.570) compared to
the amount of milk used by farmers for their home consumption (MN=2.313 and SD=1.113). This meant that dairy
farming played a significant role in determining the earnings for improving livelihoods of the smallholder farmers in
Kapseret sub-county. This was consistent with findings by Kurgat et al. (2019) that farmers carried out dairy
farming for commercial purposes which were a clear step towards improving productivity and marketing. Farmers
sold 79% of the milk, while 16% of the milk was for home consumption and 5% of the milk was given out. It was
also established that the relationship between milk volume and the prices were negative and statistically significant
(p=-0.108, r=0.000). This was similar with findings by Olwande et al. (2010) that the prices of milk did not
significantly influence the quantity of milk produced. The study established a positive and statistically significant
relationship (p=0.983, r=0.000) between amount of milk produced and the amount of milk sold. This indicated that
more milk was sold (supplied) in instances of increased production.
Feed Supplementation Effect on Milk Revenue
The study sought to establish the effect of cow supplementation on milk revenue of smallholder dairy farmers. The
computed descriptive statistics on the importance of free grazing only, concentrates supplementation, and mineral
mix supplements use towards increased milk revenue of smallholder farmers in Kapseret sub-county were as
illustrated in Table 6 below;
Table 6: Descriptive Statistics on Feed Supplements Effect on
Kapseret Sub-County
Statement on Animal Feeding
Importance of free grazing only in increased milk revenue
F
%
Importance of concentrate feeding in increased milk revenue
F
%
Importance of mineral mix in increased milk revenue
F
%
VI- Very Important
I- Important
NI- Not Important

Milk Revenue of Smallholder Farmers in
VI
79
35.9
150
67.9
145
65.6

I
40
18.2
22.0
10.1
24
11.0

NI
101
45.9
48.0
22.0
51
23.4

Totals
220
100
220
100
220
100

The findings deduced the importance of feed supplementation in dairy farming. Majority of the respondents
indicated that they preferred supplementing their dairy cows with concentrates which was clearly reflected by 67.9%
of the respondents who considered concentrate feeding as a very important practice. Additionally, 10.1% of the
respondents indicated it as important, making a total of 78% of the respondents who preferred the use of feed
supplements in attaining increased milk revenue. This was consistent with findings by Richards et al. (2015), that
supplementation of feeds to dairy cattle led to increased milk production among smallholder dairy farmers in Kenya.
The current results were also highly related to the findings by Richards (2017) that feeding dairy meal to a cow
before calving period was associated with milk production increase by approximately 1.4 kg/day during the first 60
days of lactation. Makau et al. (2020) also indicated that the mean milk production for cows increased by 0.8% per
cow per day with every kg increase in maize silage fed.
Majority of the farmers also showed the benefits of mineral mix with 65.6% of the respondents indicating that it had
a very important contribution towards increased milk revenue. Moreover, 11% of the respondents considered
mineral mix as important adding up to 76.6% of the respondents who agreed on the significance of mineral mix in
attaining increased milk revenue. This was consistent with findings by Richards et al. (2016), that daily mineral mix
use was positively correlated to daily milk production in Nyeri County, where every 100 grams of mineral fed was
associated with 0.82 kg higher milk production per day. Further, this was consistent with findings by Ojha et al.
(2018) that adequate trace minerals supplementation was required for various metabolic functions including
reproduction and growth, which affected dairy animals productivity in the long run.
In support to the need for feed supplementation, 45.9% of the respondents indicated that free grazing only was not of
importance in determining increased milk revenue. However, 35.9% of the respondents indicated that free grazing
only was very important in determining increased milk revenue while 18.2% of the respondents showed that free
grazing alone was important. This was further supported by 22% and 23.4% respondents who indicated that
concentrates and mineral mix were not important in determining increased milk revenue, respectively. This
supported the findings by Richards (2017) that smallholder dairy farmers literally lacked the knowledge and
resources on how to adequately provide better feeds for their cow(s), which ultimately limited the dairy cow
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productivity. Further, VanLeeuwen et al. (2012) in his study reported that the productivity of traditional dairy
crossbred cows remained low on many farms at approximately 5-10 kg/cow/day because of farmers’ lack of
knowledge resources like feeding, that favoured increased productivity in smallholder farming.
Table 7: Karl Person’s Correlation between Feed Supplements and Milk Revenue of Smallholder Dairy
Farmers in Kapseret Sub-County
Revenue
Free Grazing
Concentrates
Mineral Mix
Pearson Correlation
Revenue
Sig. (2-tailed)
N
220
Free
Pearson Correlation
0.272**
Grazing
Sig. (2-tailed)
0.001
N
220
220
Pearson Correlation
0.414**
Concentrates
Sig. (2-tailed)
0.000
N
220
220
Mineral Mix
Pearson Correlation
0.302**
0.922**
Sig. (2-tailed)
0.000
0.000
N
220
220
220
**. Correlation is significant at the 0.01 level (2-tailed)
The positive and statistically significant relationship (r=0.414, p=0.000) between concentrate feeding and milk
revenue was indicative that feed concentrates offered to cows affected milk revenue of the smallholder dairy farmers
in Kapseret sub-county. Kimenchu et al. (2014) in his study established a highly statistically significant relationship
(r=0.661, p=0.000) between the amount of concentrate fed and milk yield. This further meant that feeding animals
with concentrates, either homemade or commercial concentrates resulted to increased milk revenue.
The study also established a positive and statistically significant relationship (r=0.302, p=0.000) between the
mineral mix use and the milk revenue of smallholder dairy farmers in Kapseret sub-county. It also meant that
mineral mixes were very important in determining the level of milk revenue. Kashongwe et al. (2017) in his study
established a positive and statistically significant relationship (r=0.78, p=0.009) between milk yield and supplement
feeds in dairy animals in Kenya. The results indicated a statistically significant and positive correlation between
mineral mix and concentrates use (r=0.922, p=0.000). The concentrates included dairy meal and homemade
concentrates from maize talks while the minerals included commercial salts rich in calcium, phosphorus among
other components that improved production.
Regression Model Summary
Model
R
R Square
Adjusted R2
a
1
0.325
0.105
0.083
a Predictors: (Constant), Free grazing, mineral mix, concentrate feed
b Dependent Variable; Revenue

Std. Error
5083.26438

The regression model summary shows R value of 0.325 which indicated positive association between milk revenue
and feed supplementation in dairy farms. The R2 value of 0.105 meant that approximately 10.5% of the resultant
changes in milk revenue among smallholder farmers in Kapseret sub-county explained by feed supplementation.
One-Way ANOVA Summary for Free Grazing, Concentrates and Mineral Mix
Model
F
Sum of Squares
df
Mean Square
Regression
Residual

351906621.935
3332794937.698

3
214

Total

117302207.312
15573808.120

3684701559.633
217
a Predictors: (Constant), Free grazing, mineral mix, concentrate feed
b Dependent Variable: Revenue

127

7.532

Sig.
.000a

The multiple linear model significance was evaluated using ANOVA. Regression results indicated that the linear
association between milk revenue and feed supplementation has an F value of F=7.532 which is significant with p
value p=.000. This implies that the overall model is significant in forecasting the effect of milk revenue and feed
supplements at 5% level of significance.
Significance of the Regression of Milk Revenue on Concentrate feeds, Mineral Mix and Free Grazing
Unstandardized
Standardized
Model
Coefficients
Coefficients
t
Sig.
B
Std. Error
Beta
1
(Constant)
12.664
1020.828
5.400
0.000a
concentrate feed
3.658
836.377
0.046
0.273
0.010
mineral mix
7.806
822.581
0.120
0.711
0.009
free grazing
2.040
315.162
0.013
0.091
0.520
a Dependent Variable: Revenue
The regression coefficients results for the model revealed that the beta coefficient of the resulting regression model
were β0= 12.664, β1= 3.658, β2= 7.806 and β3= 2.040, respectively. Using the value of the coefficients from the
regression coefficient, the accepted regression equation took the form: Milk Revenue =
12.664+3.658X1+7.806X2+2.040 X3, where X1 was the concentrate feeds, X2 the mineral mix and X3 free grazing.
The study showed that all the independent variables had a positive relationship with the dependent variable. The
results stipulated that a unit change in concentrate feeds led to 3.658 changes in milk revenue while with a unit
change of mineral mix changed the milk revenue by 7.806. The findings further stipulated that for every unit change
in free grazing there was a 2.041 increase in milk revenue.
The findings showed that concentrates and mineral mix had a positive and significant effect on milk revenue of
smallholder farmers, P = 0.010 and 0.009, respectively. This implied that an increase in the concentrate feeds and
mineral mix had a major impact on milk revenue. Only free grazing alone was found to have a positive insignificant
effect on milk revenue of smallholder dairy farmers. However, the contribution of concentrate feeds in increased
milk revenue was low compared to that of mineral mix. This could be explained by the low nutritional value of
common homemade concentrates especially from maize stalks. Commercial dairy meals are mostly out of reach as
they are not affordable by most of the smallholder farmers in the study area.
CONCLUSION
The study concluded that dairy animal feed supplements were very essential in determining milk revenue of
smallholder dairy farmers. Commercial dairy meal, homemade concentrates and mineral mix were vital in achieving
increased milk revenue for smallholder dairy farmers in Kapseret sub-county and thus better incomes. Therefore,
more emphasis should be given to feed supplementation as it was found to have a significant effect on milk revenue.
RECOMMENDATIONS
i. The study recommended the use of commercial concentrates, homemade concentrates and mineral mix in
order to increase production for improved milk revenues. However, high nutritional value of homemade
concentrates needs to be met.
ii. There is need to utilize farm residues such as green or dry maize stalks and bean husks which are available in
the smallholder farms to make quality homemade concentrates of less cost. This will contribute towards
increased milk revenue.
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ABSTRACT
The importance of coffee production in the world economy cannot be ruled out due to its contribution in the
developing countries in areas such as creation of employment and rise in foreign exchange. Most of the coffee
producing countries in the world have come up with strategies to increase their quantity and improve the quality of
their produce. In Kenya, the government have also come with numerous policies to support coffee production at the
farm level but production of coffee in Kenya has since 1989 crop year been declining. There has been emergence of
other enterprises that are profitable than coffee production such as real estate and dairy sector in most of the coffeegrowing zones, but there are many farmers who have been determined to maintain coffee production. Despite the
efforts made by the government to maximise coffee production in terms of quality and quantity, production has
shown a downward trend, with some farmers completely doing away with production This study was aimed at
assessing the factors that affect optimization of coffee production in Chuka sub-County, Thaka-Nithi County.
Stratified random sampling was used to select a sample of 140 respondents from a population of 7,428 small-scale
coffee farmers from ten cooperatives in the sub-County. The findings of the study indicated that access to extension,
access to research and management of coffee cooperative were essential in coffee production with a mean agreement
of 58.33%. The research established that access to extension (5%) and management of cooperatives (5%) were
statistically significant while access to research at (5%) was statistically insignificant. Similarly, access to extension
services increased optimization by 91%, poor management of coffee cooperatives reduced production by 45.1%,
while access to research increased coffee production by 51%. Therefore, it is important to ensure farmers access
extension services, research and improve management of coffee cooperatives.
Keywords: Coffee, Small-scale, Management, Extension, Research, Optimization of production
INTRODUCTION
In most countries, coffee production is declining, with countries having a decline in production by 48,200 kg tons
per year (Wahyudi et al., 2020). However, the crop remains extremely important to about 80 countries in the tropics,
with about 125 million depending on coffee for their livelihoods in Africa, Asia, and Latin America. Coffee Arabica
and Robusta are the two most economically essential in Africa, Asia, and Latin America to produce coffee
beverages. Coffee genetic production is being lost rapidly due to numerous challenges such as land degradation
leading to reduced farm size, human pressure resulting in the conversion of more land for settlement previously on
agriculture, and low coffee prices resulting in the abandonment of coffee bushes. Similarly, the livelihood of many
countries growing coffee is affected by changing climate that leads to a higher incidence of drought, increased
incidence of disease, and pest and unpredictable rainfall patterns. The world has experienced changes in coffee
production economics in recent years with increased costs of inputs and declining international world prices. The
demand for specialty coffee is at an all-time high in the international market, and the farmers should concentrate on
improving the quality of the crop to meet the demand. The final quality and taste of coffee are determined by the
coffee varieties that are adapted to the different growing regions.
Nghiem et al. (2020) reported that coffee is among the most marketable trade agricultural product accounting for
export amounting to about 17.1 billion US dollars in 2015/2016. South American, Asian, and African countries are
the leading coffee producers in the world. Brazil, Colombia, Indonesia, and Vietnam are the leading coffee
producers globally, accounting for more than 30 percent. However, when people in Africa talk about coffee
production in the world, many think of Brazil, but Uganda and Ethiopia are also among the 10 top coffee producers.
Harrison et al. (2019) noted that these countries use coffee as an essential source of national income for the
government and the rural population. In addition, other countries in African countries producing coffee include
Tanzania, Cote d'Ivoire, Madagascar, and Kenya who export their coffee in raw, thereby fetching low prices. In
Kenya, coffee production provides a substantial income to farmers and foreign exchange to the government that is
essential to improving living standards through increased GDP, tax generation, and job creation. Miito & Banadda
2017) reported that only 2.5 percent of the coffee produced in the country is locally consumed despite the high
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tourist potential that should promote coffee value addition. According to Tadesse et al. (2020), coffee production
was ranked second after tea in 1989, but in recent years, the production has declined, and coffee yields are ranked
fourth after horticulture, tea, and tourism subsectors. However, coffee contributes to approximately 10 percent of the
total agricultural earning received exports and employs about 30 percent labor force. Kenya has high production and
quality potential, but the country is faced by low coffee yield due to lack of promotion for domestic consumption,
low prices, massive worldwide overproduction in the 1990s crisis, strict rules prohibiting trade, inaccessible credit
facilities, and uprooting of the coffee crop (CBK, 2017).
In Chuka, small-scale coffee production has come under numerous challenges associated with low productivity,
reduction in area planted, reduced productivity, and low farmers’ income. Tadesse et al. (2020) said cooperatives in
Chuka Sub-county collected about 88,000 kg of coffee, but only 11,000 kg were marketable due to the poor quality
of the cherry. The crop's poor performance has affected the economy of the farmers' area and income in the Chuka
Sub-county. Nevertheless, coffee production remains one of the significant agricultural products in the provision of
livelihoods for the farmers in Chuka Sub-county. There have been efforts by different key players to improve coffee
production and quality, though general production continues to decline, with the majority of farmers abandoning
production of the crop. The farmers who are abandoning coffee production have turned to other sectors such as
construction and building, dairy farming, and tea production. Deserting the coffee sector through uprooting and
abandoning will have severe consequences on the livelihood and economy of Chuka Sub-county. Different scholars
have researched factors such as cost of production and marketing interventions in the Chuka Sub-county, but limited
studies have focused on the institutional factors affecting the optimization of coffee production. This study assessed
the effect of lack of access to extension, lack research, and poor coffee cooperative management.
METHODOLOGY
Study Area
Chuka Sub-county in Tharaka Nithi County, Kenya, was the site of the study. The study was conducted in three
wards, namely, Karingani, Mugwe, and Magumoni, which covers a total area of 308 km2. Rithaa & Mugambi (2018)
stated that area comprises and multiplicity physical of topographical factors whose interaction results in average
climate conditions. The factors include altitude, prevailing winds, latitude, and vegetable cover. The annual rainfall
ranges between 1200 mm and 2200 mm, and the annual temperature range between 14 0C and 30 0C, which is
suitable for coffee production. The soils in Chuka Sub-county are influenced by volcanic soil around Mt Kenya,
which are well-weathered, deep, well-drained, and moderate to high fertility.
Research Design
A descriptive survey design was used by the study targeting small-scale coffee farmers in Chuka Sub-county.
Bergman Ärlebäck & Doerr (2020) reported that descriptive research gives a description of the present state of
affairs as they exist. The descriptive survey design used accommodated for collection of qualitative data.
Furthermore, the design was essential in giving an in-depth understanding of the research problem within a short
time without manipulating research parameters. The design was also appropriate in describing the characteristics of
the entire coffee farmers in Chuka Sub-county. The study used both secondary and primary data where secondary
data was obtained from journals, and primary data was collected through structured interviews and questionnaires.
The questionnaires were administered to the coffee farmers in different coffee cooperatives while structured
interviews were administered to different officials such as managers, treasurers, and secretaries of coffee
cooperatives and officials in the ministry of agriculture in Chuka Sub-county. The questionnaires sought to establish
whether the coffee farmers had access to extension, access to research, and how cooperatives were managed.
Sample Size and Sampling
The total population of coffee farmers in Chuka is 7,428. The study applied stratified random sampling to select a
153 coffee farmers, where each coffee cooperative was treated as a stratum. Simple random sampling was used to
select respondents from individual coffee cooperative (Rubate, Muiru, Kabuboni, Kiangondu Gitareni, Kirubia,
Magumoni, Mwangu, Thuita, and Ndagani,) in Chuka Sub-county as the farmers were mutually homogeneous.
The study applied Slovin’s formula to establish the sample size from the coffee farmers’ strata: n꞊ N÷[1+N(e)2]
Where; n꞊ sample size
N꞊ Population size,
e꞊ level of significance
n꞊ 7,428÷ [1+ 7,428(0.08)2] ꞊ 153
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Data Collection
The questionnaires and structured interview applied captured different institutional factors affecting coffee
production optimization in the study area. The institutional factors affecting optimal coffee production were
addressed in the questionnaire and the structured interviews. The questions in the questionnaire were divided into
three sections (A, B, and C). Section A covered question concerning access to extension; section B was questioned
about access to research, while section C was about coffee management, affecting coffee production optimization.
Data Analysis
Statistical Package for Social Science (SPSS) version 25 was used to analyze the data collected. Descriptive
statistics such as frequencies, percentages, and means were used to provide interpretation for analyzed data. The
study applied the logit model to analyze binary data.
n𝛺𝑦≤𝑚 (𝑥) = 𝜏𝑚 − 𝑥𝛽
where,
𝑝𝑟[𝑦≤𝑚Ix]
𝛺𝑦≤𝑚 (𝑥) =
.

1

𝑝𝑟[𝑦>𝑚Ix]

The logit model can take the following form:
𝑝(𝑦 = 1Ix) = p(y = 1I𝑋1 , 𝑋2 … … 𝑋𝑘 )
Where x denotes a full set of the explanatory variable
1,
if the coffee production is optimized
𝑦={
0,
if the coffee production is not optimized

2

The fitted probabilities can have the disadvantage of producing values that are less than zero or greater than one.
Limitation of variables was avoided by the introduction of a class of binary response models was formed as follows:
𝑝(𝑦 = 1Ix) = G(𝛽0 + 𝛽1 𝑥1 + ⋯ … . . 𝐵𝐾 𝑋𝐾 ) = 𝐺(𝛽0 +x𝛽)…3.4
Where; G is the logistic function taking on values strictly between zero and one: 0 < 𝐺(𝑧) < 1
exp(𝑧)
𝐺(𝑧) = [1+exp(𝑧)] = ʌ(𝑧)

3

𝑥𝛽 = 𝛽1 𝑋1 + ⋯ + 𝛽𝑘 𝑋𝑘

4

The percent correctly predicted measure of fit was computed to establish the goodness of fit of response. The
percent correctly predicted probability was computed as follows: for each i computed, it was estimated that the
probability that yi takes on the value one, 𝐺(𝛽0 + 𝑥𝑖 𝛽). If 𝐺(𝛽0 + 𝑥𝑖 𝛽)>0.5, the prediction of yi is unity, and if
𝐺(𝛽0 + 𝑥𝑖 𝛽) ≤ 0.5yi is predicted to be zero.
1if ŷ1 > 0.5
ŷ1 = {
0 if ŷ1 ≤ 0.5

5

RESULTS AND DISCUSSION
The study focused on establishing the quantity of coffee that the respondents produced in kilograms for the last two
crop years. The findings of this research indicated that the majority of the participants, at 50% produced between
300-399.9 Kg in the crop year 2016/2017, and 47.9% of the respondents produced between 200-299.9 Kg in crop
year 2017/2018. These findings indicate a decline in coffee production in 2018/2017 compared to 2016/2017 (Table
1). The effective flowering, the maturation, and the prevalence of diseases of coffee cherries is directly affected by
rainfall distribution. Hence, coffee production has a high relationship with the patterns of rainfall distribution.
The drought experienced during the 2017/2018 may have led to a reduction in coffee volumes. The study's findings
concur with Singh (2020), who reported low rainfall leads to stress in the coffee bush that is likely to lower the
production and result in small-sized coffee beans. Similarly, changes in rainfall patterns affect the productivity of
coffee, such that high rainfall affects flowering. The drought experienced in Chuka Sub-county in crop year
2017/2018 affected the overall coffee plant health leading to low production. The drought was also associated with
poor farming practices such as labor efficiency, picking when the cherries were ripe, and fertilization regimen.
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Table 22: Coffee Production in Crop year 2016/2017 and 2017/2018
2016/2017
2017/2018
Quantity (Kgs)
Frequency
Percentage
Frequency
1-99.9
7
5
12
100-199.9
15
10.7
17
200-299.9
40
28.6
67
300-399.9
70
50
40
400 and above
8
5.7
4
Total
140
100
140

Percentage
8.5
12.1
47.9
28.6
2.9
100

Access to Extension
The study aimed to determine the influence of access to extension among the respondents. The study sought to
establish whether the respondents were aware of any specialized extension officer in the study area, age, and
diseases affecting coffee plants and the plant clinic's attendance. The role of extension officers is significant in the
dissemination of information to farmers in any agricultural sector. The majority of the respondents at 90% indicated
that they were not aware of extension officers who had specialized in coffee production, as most of them had general
agricultural extension expertise while 10% were aware of the coffee specialist (Table 2). The respondents who were
aware of a specialist indicated that the Centre for Agriculture and Bioscience International (CABI) was essential in
providing coffee specialists. Also, the individual millers and the cooperatives provided extension services to the
farmers in attempts to increase their competitiveness in Chuka Sub-county. The findings agreed with those of Okeke
et al. (2020), who reported that few of the farmers were aware of extension officers who had a specialization in
particular crop management. This study's findings contradict Shemfe & Oladele (2018) and Davis et al. (2019), who
stated that farmers were aware of different extension officers who had a specialization in various sectors such as
coffee, tea, horticulture, and dairy sector.
Table 23: Awareness of the Existence of Coffee Specialist
Awareness of Existence
Frequency
Yes
14
Total
140
No
126
Attending Plant Clinic
Frequency
Yes
60
Total
140
No
80
Type of Disease
Frequency
Coffee Berry Disease
75
Coffee Leave Rust
42
Brown Eyespot
16
Elgon Dieback
7
Total
140

Percentage
10
100
90
Percentage
42.9
100
57.1
Percentage
53.6
30
11.4
5
100

The respondents were asked to specify the different diseases that were affecting the coffee, and 54% of the study
participants reported that coffee berry disease (CBD) affected most farmers (Table 2). This study also sought to
establish whether the respondents were attending plant clinics planned by the extension officers from Chuka Subcounty’s Ministry of Agriculture. The findings showed that most study participants at 57.1% were not attending
plant clinics to optimize coffee production against 42.9% who were attending (Table 2). This study's findings concur
with those of Shemfe & Oladele (2018), who reported that despite governments and other NGOs' efforts to introduce
training to farmers, including plant clinics, the majority of the respondents did not attend. Most of the farmers
established that the meetings were a waste of time as there were claims that some extension officers disseminated
misleading and incorrect information to farmers. It was noted that remoteness of extension and failure by coffee
farmers to attend plant clinics led to a high rate of disease invasion.
The study was to establish the importance of extension services to the coffee farmers. The respondents at 70%
(Mean agreement of 3.5) agreed that extension services positively impacted coffee optimization (Table 3). The
extension had a role of disseminating essential information to the coffee farmers.
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Table 24: Importance of Extension Visits in Optimization of Coffee production
Factor
N
Mean
Percentage
Agreement
Extension visits play a significant role
140
3.5
70
Total
3.5
70

Standard Deviation
1.0489

Access to Coffee Research
The study was to determine whether the respondents in Chuka Sub-county had access to research in order to
optimize their coffee production. The study determines awareness of research in the coffee sector, availability of
new coffee cultivars, budgetary coffee allocation, and any change in coffee varieties for the last five years. The
availability of research influences the availability of new coffee varieties that best adapt to the Chuka Sub-county
and which resistant to diseases and are of high production and optimal performance. The majority of the study
participants at 57.1%, reported that they were aware of research to improve coffee optimization in the area (Table 4).
This study's findings contradict Suhartono & Widiyanto (2020), who stated that most farmers are not involved in
agriculture research. Lack of access to agricultural research affects productivity as limits factors such as new
production techniques, new technology, and inputs to apply to improve agricultural production.
Table 25: Awareness of Research of Coffee Production and Budget for Research
Research Awareness in Area
Frequency
Percentage
Yes
80
57.1
No
60
42.9
Total
140
100
Awareness of Budgetary allocation
Yes
130
92.9
No
10
7.1
Total
140
100
The findings of the study agree with Nghiem et al. (2020), who reported that 58% of the respondents were aware of
research in different sectors as they play an essential role in active research. Well, a detailed agricultural research
system transforms agriculture to achieve sustainable income among the small-scale farmers. Lack of defined
priorities, low budgetary, and shortage of scientific and trained technical staff. The research sought to establish
whether the coffee farmers in Chuka Sub-county were aware of any funds allocated to coffee research in the area.
The results indicated that most of the study participants at 92.9%, were aware of the funds set aside for the
production and marketing processes against 7.1% (Table 4).
Coffee Cooperative Management
The study conducted was to establish the perception of coffee farmers on the coffee cooperatives' management in
attempts to optimize production. This was to be achieved through establishing whether cooperatives offered salary
advances, the mode of payment used by cooperatives, duration between the payments, and perception of how the
cooperatives were managed. The majority of the study participants at 69.8% averagely agreed that the cooperatives
were managed well (Table 5). Most of the respondents who indicated that they were well managed indicated that
they acted as major credit sources for different needs of the coffee farmers. The cooperative societies' ability to offer
credit to farmers resulted in a strategic alliance with the cooperative societies, which was essential in reducing
farmers' search for loans from financial institutions. This study's results concur with Cam (2018) and Maundu et al.
(2018) findings’ who reported that different farmers’ cooperatives were well managed and provided the farmers with
services such as extension, research, and credit services.
The findings of this research indicated that 48.6% of the respondents felt that the cooperatives were poorly managed.
The respondents who felt that one society was poorly managed opted to shift to another society located in a different
location, resulting in increased transportation cost, leading to the non-optimization of coffee production. This study's
findings agree with those of Balgah (2018), who stated that corruption and robbery of high-quality coffee make
farmers perceive cooperatives as poorly managed. On the other hand, the findings of this study contradicted with
Yen et al. (2020), who reported that the majority of the coffee cooperatives at 67.4%, were well managed, and they
are vital in reinvesting the fee charged from the members in a collective manner.
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Table 26: Mean Agreement on Management of the Cooperative Societies
Factors
Mean Agreement on Likert Percentage
scale of 1-5 points
Well managed
3.37
67.4
Averagely managed
3.49
69.8
Poorly managed
2.43
48.6
Total Mean
3.1
61.93

Std. Deviation
1.0617
1.0086
.9887

This study also established that the coffee farmers who felt that the cooperative society was not well managed and
owned over 1,500 coffee bushes could acquire permits for selling their coffee directly to millers from the Ministry of
Agriculture. The study also sought to establish whether the coffee cooperatives were offering payout advances to
farmers to meet their basic needs. The study observed that majority of research participants at 90% had access to
payout advances against 10% who reported otherwise (Table 6). The study's findings are in agreement with Matusse
(2020), who reported that the Kenyan government had promised to offer credit to farmers that were equivalent to the
annual earnings that would assist them in meeting their period financial needs.
Table 27: Provision of Payout Advance
Payout Advance Provision
Yes
No
Total

Frequencies
126
14
140

Percentage
90
10
100

The study also sought to establish the mode and duration of payment made by the cooperative societies to coffee
farmers. The findings of this study established that 90% of the coffee farmers were paid through the banks, while
10% received their payment from the cooperative societies on a cash basis (Table 6). The study participants were
asked to indicate the duration between which they had to wait for payment after delivering their produce to the
factory. The findings of this study indicated that the cooperatives were paying twice a year (Table 7).
Table 28: Mode of Payment and Duration by Cooperative Societies
Mode of Payment
Frequencies
Through the Bank
126
On Cash Basis
14
Total
140
Duration of Payment
N
Every Month
0
Twice a Year
140
Once a Year
0
Total
140

Percentage
90
10
100
Percentage
0
100
0
100

The findings of this study were in agreement with Vishwanatha & Eularie (2017), who reported that coffee
cooperatives pay their members twice as the crop is harvested twice in a year. The findings of this study were
against the findings of Okeke et al. (2020) who reported that the cooperatives were paying the members once in a
year. The study also sought to establish whether the coffee farmers were satisfied with the payment rate at which
they were paid twice a year. 90% of the respondents indicated that they were not satisfied with the payment rate in
which they had to wait twice a year (Table 7). On the other side, 10% of the respondents indicated that they were
satisfied with the payment rate as it enabled them to save their money.
Table 29: Satisfaction of Coffee Farmer on the mode of Payment
Satisfaction on Duration
Frequencies
Yes
14
No
126
Total
140

Percentage
10
90
100

The study was establish the plans in place by the farmers who were not satisfied with the duration and rate of
payment in made on their coffee could do with their coffee bush. The majority of the respondents at 50% reported
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that they had a plan of intercropping their bushes with various crops such as maize and bananas. 25% of the study
participants noted that they had a plan of uprooting their coffee bushes while 21.4% of the respondents reported that
they planned to reduce the piece of shamba allocated to coffee crop. Lastly, 3.6% of the respondents reported that
they had other plans like abandoning their coffee bushes (Table 9). The findings of this study concur with those of
Okeke et al. (2020) who noted that coffee farmers who are not satisfied with their farming venture opt for doing
away with such ventures. The results of the study contradicted the findings of Agesa et al. (2019) who noted that
67% of the farmers who takes a venture non-profitable goes for uprooting the coffee bush. The increased uprooting
and intercropping coffee have reduced the area used for coffee production in Chuka Sub-county with some farmers
opting for more profitable economic activities such as dairy, tea, bananas and rental houses.
Table 30: What Unsatisfied Farmers plan to do
Type of Cultivar
Frequency
Uproot the Coffee
35
Intercrop the Coffee
70
Reduce Area Under Coffee
30
Others
5
Total
140

Percentage
25
50
21.4
3.6
100

Mean Importance in a Scale of 1-5 of Extension, Research, and Cooperative Management
The study also determined the mean ranking of the essence of three institutional factors affecting coffee production
optimization. The study established that extension, research, and cooperative management were vital to improving
coffee production with a mean of 58.33%. However, the essence of the extension was ranked highest with a mean of
60.8%, research was ranked second with a mean score of 57.2%, while cooperative management was lowest with a
mean score of 57% (Table 10).
Table 31: Mean Importance in a Scale of 1-5 of Extension, Research, and Cooperative Management
Factors
Mean Importance on Likert scale of Percentage
Std.
1-5 points
Deviation
Extension
3.04
60.8
1.0617
Research
2.86
57.2
1.0086
Cooperative
2.85
57
.9887
Total Mean
3.04
58.33
The findings of the study concur with those of Agesa et al. (2019) who reported that farmers who had access to
extension services had improved management skills of their farms. Furthermore, the study's findings agreed with
Fackler & Weigt (2019) who reported that agricultural research was transformative and helped farmers achieve
sustainable income among farmers. The extension services are vital in the dissemination of information through
practices such as plant clinics. The extension programs provided are essential in the reduction of poverty, boost
productivity, increase farm revenue and minimize food insecurity.
Institutional Factors Affecting optimization of Coffee Production
The study applied the logit regression model with the assistance of SPSS version 25. The dependent variable
outcome was coded as "1" for high production (optimization of coffee production) and "0" for low coffee production
(low coffee optimization). The research reported that 111 respondents had low production against 29 respondents
with high production (Table 11). Table 11 gave a description of the baseline model describing the explanatory
variables. The overall percentage row at 79.3% demonstrated that the prediction approach was correct since it
exceeds 50% (Table 11). The study also establishes that the model used was statistically significant since p<.001
(Table 12). Therefore, the model can be applied since it has high predictive power (the application of the model is
better than just guessing). The Omnibus Tests of Model Coefficients were applied to determine the difference
between the model (with explanatory variable included) and the base baseline model. The model’s chi-square value
was 33.025, df=5, and p=0.000 (Table 13); therefore, the independent variable can significantly predict the
explained variable since p value=0.000<0.5. The model also sought to compare if there was a significant difference
in chi-square tests between -2LLs (Log-likelihoods) of the baseline and new model. The new model recorded a
reduced chi-square -2LL value from 154.001 to 139.816 from the comparison of the baseline model; thus, the
baseline model is an enhancement and describes more of the variance in the outcome.
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Table 32: The Dependent Variable Encoding of Outcomes
Observed
Predicted Coffee Yield
High
Low
Step 0
Coffee yield
High production
0
29
Low production
0
111
Overall Percentage

Percentage
Correct
0.0
100.0
79.3

Table 33:Variables in the Equation
B
SE.
Step 0
Constant
1.342
0.209

Exp(B)
3.828

Wald
41.424

Df
1

Sig.
0.000

Table 34:Omnibus Tests of Model Coefficients
Chi-square
Df
Sig.
Step 1
Step
33.025
5
0.000
Block
33.025
5
0.000
Model
33.025
5
0.000
Moreover, -2LL model value of 139.816 was used to compare the -2LL from the null model calculated in the
omnibus test of model coefficient, which indicates a decrease in the -2LL of the new model (with explanatory
variables). Hence, the new model is significantly fit as compared to the baseline model. The pseudo-R2 value
was also calculated to establish the variation in the outcome. The model explained the variation in the output
roughly by 33%, which means that the variables could be used since the figure was above the threshold of
20% (Table 14).
Table 35: Model Summary
Step
-2 Log likelihood
Cox & Snell R Square Nagelkerke R Square
1
139.816a
0.21
0.33
a. Estimation terminated at iteration number 4 because parameter estimates changed by less than .001.
Table 36: Hosmer and Lemeshow Test
Step
Chi-square
1
36.881

df
4

Sig.
0.795

Through the Hosmer & Lemeshow test of goodness, the model was a good fit for the collected data p
value=0.795which is > .05. The overall model was significant and fit, as indicated by the chi-square value (Table
15). The model indicated that access to extension service (5%), cooperative management (5%) was statistically
significant, while access to research (5%) was statistically insignificant (Table 16). The effects of the independent
variables used to estimate the logit regression were presented using coefficients and p-values signs of each
dependent variable. This study's findings were consistent with Verbeeck et al. (2020), and Shemfe & Oladele (2018)
reported that access to extension and cooperative management has a positive and significant impact on the yield of
coffee production. Both access to research and cooperative management affects the quality and quantity of coffee
yield without interference from other factors. The study implied that access to extension had a negative and
significant (p= 0.012) effect on coffee production optimization.
Aaccess to extension services increases coffee optimization by 91% (Table 16). The findings agreed with Amadi &
Raji (2020) who stated that extension services are essential in diffusion of knowledge. The information and
knowledge disseminated helps farmers understand various optimization technologies and techniques. Cooperative
coffee management had a negative and significant (p=0.002) effect on the optimization of coffee production. Poor
coffee cooperative societies management is likely to reduce optimization of coffee yields by 45.1 times. Cooperative
societies are charged with the role of managing most activities at the farm level. Similarly, cooperatives play a vital
role in offering extension services, farm inputs, and credits to farmers. Therefore, mismanagement of the coffee
cooperative societies will halt services such as the supply of inputs, credit offers, and marketing of the coffee yields.
The findings were in agreement with Nasr & Sewilam (2017), who reported that cooperatives societies are essential
in facilitating agricultural commodities' production and marketing. However, they contasted results of Harrison et al.
(2019), who noted that many successful farmers are not members of any cooperative society.

138

Table 37: Variables in the Equation
B
Access to extension (1)
Access of research (1)
a
Step 1
Cooperative Management
Constant

SE.
-0.100
-0.667
-0.372
1.061

Wald
0.714
0.449
0.431
0.845

Df
0.020
2.209
0.746
13.092

Sig.
1
1
1
1

Exp(B)
0.012
0.001
0.002
0.000

0.905
0.513
1.451
5.087

obs=140, Wald chi2 (5) = 42.12, Prob> chi2= 0.0000, Log pseudo likelihood=-139.82, and Pseudo R2 =0.33
a.
Variable(s) entered on step 1: visit of extension, Management of coffee cooperatives, Access to research.
The findings of this study indicated that access to research findings had positive and significant (p=0.001) on coffee
production. The farmers who had access to research were 51% more likely to increase their coffee optimization
(Table 16). The study noted that the farmers ere not in a position to use the research findings as most of them could
not read and interpret the different reports. Further, some of the research findings provided to farmers were not
adequate to the area as they were suited to different ecological zones. The findings of this research concur with
Warinda et al. (2019), who argued that research findings such different cultivars to be planted were suitable for the
specific area. The low education level in Chuka Sub-County is one factor that reduces access to research findings as
most of the information is presented in online or printed platforms. On the contrary, Fackler & Weigt (2019) stated
that most farmers had developed on-farm research that they conduct in groups to establish which varieties perform
well in their region.
CONCLUSION
There was a decline in coffee production from 2016/2017 to 2017/2018, which may be associated with a lack of
extension, lack of research, and poor coffee production management. The importance of extension services cannot
be underrated as it affects the quality and quantity of coffee to be produced. The availability, skills, and accessibility
of extension work is vital in disseminating crucial information to the farmers that assist in introducing good
agricultural practices. Similarly, the lack of research reduced the knowledge of varieties that would be planted to
optimize coffee production. The cooperatives' ability to offer coffee farmers with farm inputs and credit services
makes them essential in optimizing coffee production.
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ABSTRACT
Somatic embryo development involves accumulation of complex metabolites and storage reserves. It is not efficient
in coffee and is often limited by unknown endogenous factors. This study was conducted at the KALRO, Coffee
Research Institute, Ruiru-Kenya to optimize coffee plantlet regeneration protocols. The research was formulated to
identify and quantify endogenous sugars namely, glucose, fructose and sucrose associated with somatic
embryogenesis in Coffea arabica cultivar Ruiru 11. Third leaf pair of greenhouse-grown mother plants was used as
explants and were cultured in half-strength Murashige and Skoog (MS 1962) media. Green leaf discs cultures with
and without embryos and developed embryos were used to characterise these endogenous compounds. A completely
random design of three treatments replicated thrice and repeated across two seasons in 2016 -2017 was used.
Endogenous sucrose, fructose and glucose were extracted and analyzed at 2, 4, 6, 7 and 8 months after induction.
Fructose and glucose content in the leaf discs decreased from 2.5mg/g FW to 0.356mg/g FW and 1.79mg/g FW to
0.197mg/g FW respectively whereas the sucrose content increased from 0mg/g FW to 11.3mg/g FW. The fructose,
glucose and sucrose content in the embryos increased from 0.3mg/g to 2.7mg/g, 0.5mg/g FW to 2.05mg/g FW and
0mg/g to 62.15mg/g FW respectively. During the somatic embryogenesis induction, the endogenous fructose and
glucose decreased with the development of somatic embryos. The synthesis of endogenous sucrose increased as the
somatic embryos developed. Embryogenic competence of Coffea arabica is associated with rise of endogenous
sucrose, and a reduction of endogenous glucose and fructose. Endogenous sucrose may be used as potential
biomarker of coffee somatic embryogenesis.
Key words: Coffea arabica, somatic embryogenesis, endogenous sucrose, biomarker
INTRODUCTION
Coffee is one of the most important cash crops cultivated in the world and greatly boosts economic status of
countries that produce it (Campos et al., 2017). The main species grown, out of the 103 in the genus Coffea, are C.
arabica L., commonly referred to as "Arabica" coffee, and C. canephora Pierre ex Froehner generally referred to as
"Robusta" coffee (Davies et al., 2006). Coffea arabica contributes approximately 70% of the world's coffee because
it is known to have higher quality than C. canephora. Other coffea species, namely C. liberica, C. excelsa and C.
racemose, mainly grown in West Africa and Asia, contribute about 1%-2% of global coffee (Coste, 1992), and are
cultivated to satisfy local markets (Kumar et al., 2006).
Existing methods of propagating coffee include the use of seeds and vegetative plant parts (CRF, 2011). Coffee seed
propagation involves germination of certified seeds in sand beds of 5-7 cm depth at a spacing of 2.5 cm x 2.5 cm
and a depth of 1cm and covering the beds using 60 cm high polythene sheets. Multiplication of ‘Ruiru 11’ F1 hybrid
using seeds is challenging and labor-intensive because it requires artificial fertilization through emasculation and
pollination. Also, the viability of its seeds is short-lived unless under proper storage (Lubabali, 2015). Vegetative
propagation methods used in coffee include cuttage, graftage, top working and micro propagation (CRF, 2011).
Micropropagation is the regeneration of plants using plant parts or tissues such as leaves by subjecting to the right
stimulus, most often plant hormones (Yang and Zhang, 2010).
Micropropagation occurs through two developmentally and morphologically divergent processes: (a) somatic
embryogenesis (SE) and (b) organogenesis. In coffee, somatic embryogenesis is an alternative to cuttage and
graftage. It is mainly used for F1 hybrid propagation to avoid manual hybrid seed production and cuttings, which are
costly and difficult-to-root. The practical uses of somatic embryos include the mass propagation of plants of high
commercial value and more importantly their use in basic research and in plant breeding programs where
biotechnological tools are used. An efficient protocol for regenerating coffee seedlings through somatic
embryogenesis is important in ensuring adequate ‘Ruiru 11’ seedlings are continuously available to farmers.
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Increased production and expansion of coffee in Kenya is hindered by inadequate coffee seedlings of the improved
disease-resistant varieties. Despite considerable progress in the development of somatic embryogenesis protocols, its
efficiency in coffee seedling production is low, contributing to the failure to meet the demand for coffee seedlings
by farmers. The inability of explants to respond to in vitro manipulation is often associated with endogenous factors
that can be considered as major factors in determining the specificity of cellular responses. The secreted or
constitutive endogenous factors that affect embryogenic competence in ‘Ruiru 11’ tissues during somatic
embryogenesis have not been determined. Identifying and establishing the relationships of these substances would
help determine endogenous inhibitors and stimulators present during somatic embryogenesis.
MATERIALS AND METHODS
This research was conducted in laboratories and greenhouses of the Coffee Research Institute at Ruiru in Kenya.
Coffea arabica cultivar Ruiru 11 was used in this study. Third leaf pair explants were excised from 6month old
greenhouse-grown mother plants between March and April 2016. The explants were washed thoroughly under
running tap water followed by water containing Teepol detergent and finally sterile distilled water. The subsequent
sterilization steps took place under the laminar flow cabinet. The explants were dipped quickly (approximately 30
seconds) in 70% alcohol and rinsed 2-3 times in sterilized distilled water. The explants were further sterilized using
20% sodium hypochlorite for 20 minutes followed by rinsing thoroughly (4 times) in sterilized distilled water. The
basal culture media contained half-strength Murashige and Skoog (MS 1962) inorganic salts, supplemented with
vitamins, 30 g/l sucrose, 100 mg/l myo-inositol 100 mg/l cysteine, and 1 ml/l Thidiazuron. The pH of the media was
adjusted to 5.7 using 1 M NaOH or 1 M HCL and 3 g/l gelrite added before autoclaving for 15 minutes at 121 oC and
at 100 kPa. Culture media (25 ml) was poured into Magenta vessels (Sigma Chemical Co.) and 5 leaf discs (≈1 cm2)
cultured in each vessel to be maintained in the dark at 25 oC ± 2 and 70% humidity growth chamber.
After 2, 4, 6, 7 and 8 months of culture, treatments applied were green leaf discs with and without embryos and were
used to both identify and quantify endogenous sugars namely: sucrose, glucose, and fructose in the leaf discs,
developed embryos and medium. Fresh culture media and leaf explants excised from greenhouse-grown mother
plants were used as the controls. A completely random design was used consisting of three treatments replicated
thrice and repeated across two seasons in 2016-2017.
Sample Preparation, Extraction and Analysis of sucrose, fructose and glucose
Sucrose, fructose and glucose were extracted as described by Osborne and Voogt (1978) with modifications. Briefly,
Leaf discs and embryos were weighed into a round bottomed flask. Extraction was done for one hour in 100 ml of
96% ethanol (AR) under reflux. The extract was cooled, filtered and evaporated to dryness. Sucrose extract was
reconstituted to 2ml for the leaf and 5ml of embryo and media using mobile phase acetronitrile: distilled water at
80:20. Then the extract was filtered through a 0.45 µm micro-filter (Chromafil). About 50 microlitre of the
extract/sample was injected to Knuer HPLC system equipped with a Eurospher 100-5 NH2 column and a reflective
index detector. The mobile phase was 75% acetonitrile HPLC grade (SCHARLAU) and 25% distilled water at a
flow rate 1 ml/minute under ambient temperature. Sucrose, fructose and glucose were identified by comparing the
retention time with that of sucrose standard (Fischer Scientific) and concentration calculated in mg/g fresh weight
basis from peak areas using calibration equations.
Data analysis
The SAS 9.2 computer software was used to analyse data. Data values were transformed to square roots and then
subjected to analysis of variance (ANOVA) and significantly different means were separated using the least
significant difference test at α =0.05.
RESULTS
Analysis of variance showed that there were significant (P<0.05) differences in the fructose content of the samples
on a fresh weight basis (FW) with increase in duration of culture (Figure 1). Fructose content in green leaf discs with
embryos gradually decreased with time from 2.5mg/g FW to 0.356mg/g FW at 4 to 8 months of culture respectively.
Similarly, fructose content in green leaf discs without embryo reduced from 3.88mg/g FW to 0 except at 4 months
where the fructose content was 5.11mg/g FW. Fructose content in embryos increased from 0.34mg/g FW to
2.73mg/g FW (Figure 2). Significant (P<0.05) differences in glucose content were observed in green leaf discs with
embryos during induction of somatic embryos (Figure 1). Glucose content in green leaf discs with embryos
increased from 1.79mg/g FW at 2 months of culture to 3.15mg/g FW at 6 months then reduced to 1.48mg/g FW and
0.197mg/g FW at 7 and 8 months of culture respectively. There was an increase in glucose content in the 2 nd and 4th
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month after induction (1.28mg/g FW and 4.48mg/g FW respectively) in green leaf discs without embryos thereafter
the glucose content reduced to 2.84mg/g FW and 1.77mg/g FW at the 7 and 8 months of culture. Glucose content in
embryos increased from 0.52mg/g FW to 2.05mg/g FW at 8 months of culture (Figure 2).
Sucrose content in green leaf discs with embryos significantly (P<0.05) increased from 0.4mg/g FW to 2.04mg/g
FW at 4 and 6 months of culture then reduced to 1.25mg/g FW before increasing to 11.3mg/g FW at 8 months of
culture (Figure 1). On the other hand, the sucrose content in green leaf discs without embryos increased from
0.92mg/G FW at 2months of culture to 3.04mg/g FW at 4 months. There was a reduction in sucrose content at 6 and
7 months of culture (1.51mg/g FW and 1.57mg/g FW) and a rapid increase to 6.65mg/g FW at 8 months of culture.
The sucrose content in embryos increased from 3.02mg/g FW at 2 months of culture to 62.15mg/g FW (Figure 2).
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DISCUSSION
In this experiment, it was noted that total soluble sugars fructose and glucose in the explant tissues increased during
induction of somatic embryos then decreased as embryo development progressed. Generally, sucrose content in the
leaf discs increased with embryo development. At the end of induction process, higher fructose content than glucose
content was present in the leaf discs but there was a significant decrease in total soluble sugar content in the explants
tissues. The higher fructose content than glucose content in the leaf discs may be attributed to the fact that plant cells
would uptake the glucose preferentially which competitively inhibits the uptake of fructose. Dijkema et al., (1988)
reported that the preference of glucose over fructose by cells was caused by its ability to be catabolized directly
through glycolysis, whereas fructose has to be converted into glucose and sucrose before glycolysis.
Bartos et al. (2018) noted that after somatic embryogenesis induction stage, there was gradual decrease in contents
of compounds in the composition of cultivated tissues. These authors also observed that simultaneously with the
catabolism of monosaccharides, the synthesis of disaccharide sucrose was detected, which, based on the formation
of the torpedo embryo, comprised the most abundant soluble sugar in the tissues under development (Bartos et al.,
2018). The decrease in glucose content during the embryogenic process can probably be ascribed to its role in the
processes of embryo growth and development. These include being a source of carbon and energy, and a source for
starch synthesis and later for sucrose synthesis. Sugar catabolism that occurred at the end of somatic embryogenesis
induction probably due to intense embryogenic mass cell proliferation process (Pescador et al., 2008).
Iraqi and Tremblay (2001) postulated that an increase in hexoses without the concomitant activity of invertases is a
result of direct uptake of these sugars from the media and that this pool of hexoses resulting from direct uptake
cannot support the same embryo development as the pool of hexoses normally produced by sucrose cleavage via
invertases. This may explain why green leaf discs without embryos resulted in high fructose and glucose content
during embryo induction stage. Negative effect of the accumulation of 6 carbon sugars such as fructose and glucose
in embryo cells have been reported (Lipavska and Konrádova, 2004).
Higher sucrose content in mature coffee somatic embryos than glucose and fructose were observed in the present
study. Similar observations have been reported in somatic embryogenesis of avocado (Sanchez-Romero et al., 2002)
where initially the hexose/sucrose levels were high in small embryos measuring 7–8 mm long, but with further
development of up to 25 mm, a switch in the hexose/sucrose ratio took place due to a decrease in hexose levels and
an increase in sucrose level. The trend continued in the following developmental stages reaching the lowest
hexose/sucrose ratio in embryos measuring 38-40 mm long (Sanchez-Romero et al., 2002). Pescador et al. (2008)
also reported the amounts of glucose and fructose was conspicuously lower than sucrose during somatic
embryogenesis of Acca sellowiana. Glucose and fructose contents showed similar trends. Glucose is probably
preferentially used over fructose to meet metabolic demands (Treat et al., 1989). Low glucose content in embryos
observed was attributed to its utilization as a source for the synthesis of sucrose and starch that begin their
accumulation at this stage.
Iraqi and Tremblay (2001) postulated that the monosaccharides fructose and glucose and disaccharide sucrose are
usually associated with different regulating stages, during embryogenic development. Sucrose regulates cellular
differentiation and storage of reserve substances, while hexoses regulate growth and cellular metabolism (Weber et
al., 1997). Baud et al. (2002) emphasized that sugar mobilization during this growth stage since it provides cultures
with metabolic energy and carbon skeletons and also likely to act in the process’s biochemical signaling.
CONCLUSION
Embryogenic competence of Coffea arabica is associated with rise of endogenous sucrose, and a reduction of
endogenous glucose and fructose. It can be concluded that endogenous sucrose may be used as potential biomarkers
of coffee somatic embryogenesis.
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ABSTRACT
Poor agricultural practices are major contributors to climate change and environmental destruction. Precision
agriculture evolves and grows the potential and opportunities of the new field of unmanned aerial systems which
demonstrates how to mitigate the impacts of climate change and variability. There are several sectors the unmanned
aerial vehicles are being welcomed within the agricultural sector; they have shown to be of great value for crop yield
and biomass estimation. It takes little energy to run and operate and it can be from a green power source. Since the
clarion call is to move towards a more sustainable and eco-friendly lifestyle, industries, businesses and corporations
are no exceptions. Modern, exciting new technological innovations are also presented along with the sustainable
aspect of conventional agriculture with more precise agricultural practices. By increasing the precision and applying
inputs like artificial fertilizer and pesticides/herbicides at a correctly variable amount and time, a reduction of the
inputs and the environmental disruption should follow, which result in an increase in the profitability for the
farmers, and less environmental damages. Therefore, the objective of this paper is to review published research on
remote sensing technology in the agricultural sector, for soil moisture estimations and other unmanned aerial
systems (UAS) towards a more sustainable precision agriculture. The synergy between unmanned aerial vehicle
(UAV), soil moisture content estimation (SMC) and sustainability are main focus of this paper, as the possibilities
and opportunities this can open for us can be of significant advancement in profitability and precision agriculture.
Keywords: Climate change, Soil moisture content, Sustainable agriculture and unmanned aerial systems
INTRODUCTION
Precision agriculture
Since the beginning of agriculture, the big paradigm shifts are caused by newly developed techniques and tools to
cultivate arable land with. To mention a few, the hard plough and the
tractors have changed the way we cultivate our land (Chambers et al., 1990). We are constantly improving and
changing our methods of farming according to new studies and technologies. In the last two decades, we have seen
an exponential growth in these two fields. The rapid improvement with the increasing exploration of applied science
and the large-scale team-based research; the development of new tools in agriculture is happening rapidly. Precision
agricultural technology has and will still shape the way we are moving into this new paradigm of precision
agriculture. By improving the surveillance and application of inputs on the field, we are shifting from a traditional
conventional, uniformed treatment of each agricultural field to a tailor-made treatment for as small as possible areas.
Precision agriculture had its beginning in the middle of 1980´s with sensors for soil organic matter and is currently
developing exponentially. It has quickly evolved to include satellite, aerial and tractor mounted or handheld sensors.
It was not before the 1990s that precision agriculture became commercially available. Precision agriculture had
several milestones during its progression to where it is today. It began with farming by soil and has progressed to
site-specific crop management based on grid sampling and management zones. Later, there has been increasing
emphasis on real-time on-the-go monitoring with ground-based sensors. The accuracy of the images has become
greater which allows evaluation of soil and crop properties at a fine spatial resolution at the expense of increased
data storage and processing requirements. Precision agriculture tends to offer increased farm profitability by
improving the crop production ( Zhang et al., 2002), and through improved management of farm inputs leading to
less environmental pollution (Tian, 2002).The large amount of data and information that is being collected gives us
more accurate and precise application of the inputs on a farm. This leads yet again to improved crop productivity
and environmental quality (Harmon et al., 2005). There has also been a shift from spatial data analyses and
management alone to a spatial-temporal data analyses and management (Miao et al., 2009). The PA involves
several steps of information management, processing and analyzing of the data that is collected, technological
advances in computer processing, yield monitoring, field positioning as well as sensor design and remote sensing
(Mulla et al., 1997) Precision agriculture involves several different new technologies and spreads over many
management inputs for the farmers. Sensors and cameras can be mounted to any platform that can carry them such
as tractors, equipment’s and satellites, which are commonly used. Following the rapid development of technology;
cameras and sensors are getting smaller and lighter, with higher resolution. Along with these advancements, the
introduction and development of unmanned aerial vehicles give us the possibilities of combining these to an
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unmanned aerial system (Sánchez et al., 2014). This thesis will give an introduction to the field of precision
agriculture (PA) and surface soil monitoring methods. The sustainable aspect of this technology and the
opportunities for application will also be discussed. Also, the alternative use of UAS and potential advances will be
discussed which may help facilitate their use and attract farmers’ interest in their application within PA.
This review will outline the established methods of remote sensing technology with a UAV in the agricultural
sector. Different research areas and theories will be discussed and reviewed. Soil moisture estimation methods with
remote sensing is suggested that a successful application of UAS supported image capture could reduce the time
frame needed for agricultural practice adjustment and that the results of this remote sensing monitoring could exceed
those from traditional control treatments (Beeri and Peled, 2009). As artificial neural networks and more userfriendly software’s are becoming more and more popular, some are offering these services commercially like
Dronedeploy (Van Rees, 2015).nsing technologies will be examined. The sustainability in general around these
topics will also be described, to shine the light on a more sustainable farming practice. Also, the potential advances
and alternative uses of UAS will be discussed. As well as recommendations for further research and usage of the
UAS technology. My hypothesis is that these fields of agricultural technology have great potential for further
development and make precision agriculture more.
DISCUSSION
Unmanned aerial systems have in recent years been available to the environmental and agricultural application
(Laliberte and Rango, 2011). The advantages with a drone up in the air, it the shift of perspective it gives us. We
can by getting a birds-view look precisely down at the wanted objects, whether it is biomass or soil. Today there are
several different UAS and they can be grouped in fixed wing aircraft, helicopters, and the most recent one is
aquadrocopter with vertical take-off and landing (VTOL). The fixed wing aircraft usually have longer fly time and it
can cover more acres. However, they are less user-friendly. The development of aquadrocopter with attached
cameras in the last five years has been progressed a lot. The cameras can detect light waves, which are invisible to
the human eye. This enables researchers and scientists to explore the possibilities of these new spectra in agriculture.
There are several established methods of using UAS in the agricultural sector, such as finding potentially yieldlimiting problems in a timely fashion, reduction of time on scouting the crops, crop health image, integrated
Geographic Information System (GIS) mapping. Currently, the use of UAS is mostly to support some of the farm
operations where it is utilized. It is used across the world. In Japan, China and North America there are commercial
players who offer this technology. While in Europe, the UAS are mainly used for research purposes. There has been
an increase in the use of UAS technology around the world and it is becoming an important part of the agricultural
practice, whereas in Norway there is little or no use of this technology except some research projects. One project
that has contributed to the field of PA is on the mineralization patterns from NIR spectroscopy, by the Nordic Joint
Committee for Agricultural Research. They found that using NIR to predict the C and N in plants is a much less
laborious and cheaper analytical method compared to the traditional stepwise chemical digestion (SCD) or C/N
ratios (Bruun et al., 2005). There are some limitations that come along with the UAS application to agriculture. The
drone and sensors are sensitive to precipitation but on the other side, they can retrieve higher pixel quality and
operate under the clouds without the restrictions that satellites have.
Soil moisture
This thesis presents and reviews the established methods for estimating soil moisture
content. The development of new methodologies and analytic methods are increasing and improving in accuracy,
leads us towards a more detail knowledge based agriculture. SMC can provide us with valuable information on the
growing conditions. By knowing the SMC and the plants needs, we have the knowledge to apply more precisely
inputs, like minerals. The more we know, the better we can supplement the needs. SMC estimations are increasing
in accuracy as the development of sensors is enhancing. By generating an informative image about the soil moisture
content and other valuable factors for a grow bed, we can move towards a more tailored and detailed growing
managing practises. The importance of soil physical properties and the effect it has on the plants is well established,
but monitoring them has been expensive, time-consuming and laborious, until now. A remote sensing system today
is almost able to provide near-laboratory-quality information from every pixel in an image very quickly. The use of
machine learning approach for soil moisture estimation from remote sensing data was successfully demonstrated by
Ali et al., (2015). However, with only one input, the thermal imagery is proven to be the most relevant information
in surface soil moisture estimations (Hassan-Esfahani et al., 2015). The effect of precise knowledge about SMC in
an agricultural field, have demonstrated its improvements in irrigation fields and will increase doing so in other
areas of agriculture. This is contributing to a more detailed and informative base for agricultural practices, like,
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irrigation, artificial fertiliser, pest and herbicide application, which again leads to a more sustainable agriculture.
Some limitations to this are the gap between SMC and operational management. The acquired data need to be
transformed and processed for the next step, for this, the knowledge gaps between different technologies need to be
reduced. Further research should be focused on more detailed and precisely estimations of SMC from UAS
technology, and transforming this new knowledge to farm operation management decisions and applications.
UAV Technology
The UAS technology is modern and experiencing exponential growth in development and marked. The physical
parts such as the UAV and the payload (camera/sensors) are steadily becoming lighter and cheaper. This is not only
creating better aircraft's but also increasing the user market. Another essential part of the UAS technology is that
there is an exponential growth of possibilities as the data-driven methods for analyzing the data are explored. This
method is where most of the previous research in this field has been focused on. All the analyses, processes and
calculations that a UAS needs to operate are executed in the data driven models. The technology becomes more
sustainable and brings new areas of usage. However, the rate of users is still low. With the development and
improvements that we see today and the opportunities that this offer us, is, and can be life changing for many
people. This technology can save time and improve productivity on certain operations, like input management. An
open-source community sometimes develops UAS, this crowdsourcing and communal approach will continue to
develop in a highly efficient and low-cost manner. There are a few factors that will determine the widespread usage
like, the cost, user-friendly, flight abilities sensors technology, pixel resolution and more accurate and timeconsuming analyzing methods.
Sensors and cameras
The UAS have sensors and cameras that can capture images and other inputs, like temperature, depending on the
sensor and its purpose. Some sensors specifically look at certain areas of the electromagnetic spectrum, out of the
human eyes capability. The area of infrared light rays is widely used for different purposes, like measuring
temperature and biomass. The visible light that humans can detect is also used, and this is called the visible light
rays. An area that some believe holds a great potential is the ultraviolet light rays. This provides a large set of data
and a 3D-model, which can be hard to interpret. Combining the different specters and sensors have become more
and more common as better results and estimations are made, like Zhan, Dongjian, and Yongliang (2013)
demonstrated in their report. Sensors and cameras are becoming smaller and lighter, and this allows for more
stability in the air and longer flight time. The pixel size is also improving and an essential part of a precise reflection
of the reality. Sensors that are commonly used for agricultural purposes are capturing light in different areas like
Red/Green/Blue, near-infrared, red-edge, multispectral, thermal infrared.
Agricultural application of UAS
The established methods of using UAS for agricultural practices are diverse and they depend on the area and the
desired outcome. There are several different lightweight multi-spectral cameras that can be attached, for the
particular desired result. This gives the operator a wide range of aerial imagery to choose from. These images will be
analysed and processed for further use. The cost and availability of high-resolution satellite imagery often limits the
application in PA (Wu et al, 2007).
The research that has been published on PA for agricultural application is diverse and spreads across a variety of
agricultural production systems. Most areas of use can be put in these categories for an organized and structured
overview (Stark et al., 2015). The application of UAS in agriculture has had an exponential growth in the last years
and has focused on a broad range of endeavors (Adamchuk et al., 2004). The application of hyper resolution
vineyard mapping based on visible, multispectral and thermal images has been demonstrated (Turner et al.,, 2011).
Estimation of vegetation indices derivation, vegetation canopy mapping, soil and crop temperature, crop nitrogen
estimation among others have shown to be affordable, precise and feasible (Al-Ara et al., 2013). There are still few
problems that continue to challenge us such as the sensor capacity, platform reliability, and image processing and
final products dissemination. It is suggested that a successful application of UAS supported image capture could
reduce the time frame needed for agricultural practice adjustment and that the results of this remote sensing
monitoring could exceed those from traditional control treatments (Beeri and Peled, 2009).
As artificial neural networks and moreuser-friendly software’s are becoming more and more popular, some are
offering these services commercially like Dronedeploy (Van Rees, 2015). Even though the technology of UAV has
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been around for approximately thirty years, the development and opportunities are continually expanding. The result
of this is an exponential growth in the field of use for UAV. There are several different methods an unmanned aerial
vehicle system (Sánchez et al., 2014) can be implemented in the farm operations. The following section describes
the most shared and relevant methods that soil
Sustainability
Farming is and has always been an interaction between humankind and natural processes. We can tweak and turn
some of these processes to the likings of our desired direction. By doing this, we are also affecting the surrounding
and connected ecosystems, altering their natural state. Unfortunately, this has resulted in a negative and sometimes
directly destructive on the environment. As we depend on upon them, their downfall and destruction will eventually
bite us in the back. Therefore, it is important to have an agricultural practice that takes this into considerations and
preservation. Soil organisms are considerably affected by mineral fertilizers, organic amendments, microbial
inoculants, and pesticides (Bünemann et al., 2006).
Precise and accurate application of inputs could contribute to moderating unfavorable effects on the soil organisms.
Remote sensing technology is playing a key role through precision agriculture. The application of UAS in farm
operation is demonstrated by Zhang et al., (2014), the issues related to post-processing of images along with cost
and training to operate and analyze were still present. With reduced inputs in fields by more precise and variable
application of artificial fertilizers and pesticides, would boost the productivity and not at least the sustainability. For
this to take place, the gap between researchers, end-users, and different technological innovations need to diminish
the opportunities that recent technological innovations offers, was almost unimaginable a few years ago.
CONCLUSION
Soil moisture estimation methods are developing rapidly with great complexity. By building on previous research
and with newly innovations of technology, smarter and more accurate methods are created. Farmers and other
potential users should be more aware of the opportunities that UAS technology offers. It has been demonstrated that
estimating the soil moisture in an agricultural field can help with the input decisions of some farm operations. It can
also have a positive impact on the environment such as reduced fertilizer and pesticide runoff from agricultural
fields. More organized “toolbox” of inputs and user-friendlier approaches, would improve the user-friendliness and
attract more consumers. Networks of modern technology acquiring key information and collaborating with others
have great potential to improve the precision in precision farming. It is concluded from the above that technological
application like remote sensing holds a great potential for a more sustainable agriculture.
RECOMMENDATIONS
Further research is needed to acquire more knowledge about the web of agricultural life, and the implementation of
UAS towards a more sustainable agriculture.
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ABSTRACT
Neglect and under-utilization of legumes such as soybeans and bambara groundnuts are the reason for increased
food insufficiency in the Lake Victoria basin. Diversification of legumes into the cropping systems of Lake Victoria
basin ensures protein rich diets and improved soil fertility. This study was carried out to evaluate agronomic
characters of two soybean varieties and two bambara groundnut landraces cultivated on different soils of Lake
Victoria basin. Seeds of two bambara groundnut landraces; Kakamega Cream (KAKC) and Busia Brown (BUSB)
were collected from farmers in Kakamega and Busia counties, respectively in Kenya. Soil sampling was done at
selected farmers’ fields with no history of inoculation in Kisumu, Port Victoria, Kendu bay and Karungu within
Lake Victoria basin. Screen house experiment was performed in plastic pots with two plants of each cultivar.
Randomized Complete Block Design was used. Experiments data were organized into a matrix and subjected to
two- and three-way analysis of variance using Genstat 16th Edition and significant means separated using Least
Significant Difference at [LSD5%] and Dancun Multiple Range Test. Agronomic characters of BUSB and KAKC
landraces differed significant (p<0.05). Bambara groundnuts performed better in Port Victoria and Kendu bay soils
than Kisumu and Karungu. Agronomic performance of two soybean varieties SB19 and ‘Safari’ on soils from four
sites in Lake Victoria basin was significant (p<0.05). Soybeans yield in Port Victoria and Kendu bay soils was better
compared to Kisumu and Karungu soils. Agronomic performance of bambara groundnuts and soybeans were
influenced by soil type. Port Victoria and Kendu bay soils resulted in better growth compared to Kisumu and
Karungu soils. Landrace KAKC and SB19 had better agronomic performers and are recommended to farmer and
seed companies for certified seed production.
Keywords: Rhizobia, Nodulation, Effectiveness, Soybeans, Bambara Groundnut
1.0 Introduction
Population in Sub-Saharan Africa may double by 99% by the year 2050 (United Nations Department of Economic
and Social Affairs (UNDESA), 2019). Projected rise in population poses challenge of access to food, overall human
welfare and economic growth (Food and Agricultural Organization (FAO), 2017). Concerted efforts such as legume
diversification aimed sustainable food production in Africa are necessary to ameliorate vulnerability to risks of
insufficient food (FAO, 2017; Stagnari et al., 2017; Muoni et al., 2019). However, inadequate attention, neglect
and/or under-utilization crops such as soybeans and bambara groundnuts have intensified food insufficiency
(Oyeyinka et al. 2015; Mubaiwa et al., 2018). Production of legume crops has declined below potential yield in
regions that include Lake Victoria basin (Ojiem et al. 2001; Siddique et al., 2012). A soya bean grain has protein
(40%), carbohydrate (30%), digestible fiber (10%) and vitamins. It is also rich in minerals including Mg, K, Ca, Fe,
Cu, Zn, and anti-oxidants (Meghvansi et al., 2010). Production of soybean in Africa is low due to constrained such
as its incompatibility with rhizobia found in African soils (Mpepereki et al., 2000). Further, nodulation in soybean
vary with cultivars as some cultivars exclude or restrict nodulation by rhizobia that belong to certain sero-groups of
Bradyrhizobium spp. (van Berkum et al., 2002). However, improved cultivars with ability to freely nodulate with
different members of rhizobia under natural conditions or inoculation have been developed by breeding (Mpepereki
et al., 2000; Sanginga, 2003). Free natural nodulation allows these cultivars to form symbioses with native rhizobial
strains. Nonetheless, Okogun and Sanginga (2003) reported that such promiscuous nodulation does not meet the full
N demand for the cultivars necessitating inoculation. Currently, there is inconclusive information on the occurrence
of indigenous symbionts of soybeans in soils of parts of Lake Victoria basin.
Bambara grain has 20.6% protein, 56.5% carbohydrate, 6.3% fiber and 6.6% fat (Mazahib et al., 2013). Bambara
groundnut has gained prominence as an alternative dietary protein source with numerous agronomic advantages to
smallholder farmers (Azam-Ali et al., 2001; Mkandawire et al., 2007). However, bambara groundnuts have no
properly established seed systems and sound agronomic practices for adoption (Hillocks et al., 2012; Mubaiwa et
al., 2018; Feldman et al., 2019). Knowledge of Bambara groundnut with optimal agronomic traits for different soil
types remains scarce (Stagnari et al., 2017). Given the variation in physicochemical status of the soils of Lake
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Victoria basin (Jaetzold et al., 2007), selection of bambara groundnuts with suitable agronomic characters in
different soils is necessary towards improving its production.
2 Study Sites and Methods
The study was conducted through glasshouse and screen house pot experiments, laboratory analysis and on farm
trials. The screen-house pot experiments were carried out at Jaramogi Oginga Odinga University of Science and
Technology research garden. Soil samples used in pot experiments were collected from farmers’ fields in Port
Victoria in Busia County, Kisumu in Kisumu County, Kendu bay in Homabay County and Karungu in Migori
County in Kenya. A map of the sites is shown in Fig. 1 and site characteristics (Table 1). Chemical analysis of
collected soil samples was done at Kenya Agricultural and Livestock Research Organization (KALRO) Research
laboratories in Nairobi. Molecular analysis of rhizobial isolates was done at the Biosciences East and Central Africa
(BecA-ILRI Hub). The glasshouse experiment to evaluate symbiotic status of the isolates was done at Kenya
Forestry Research Institute’s headquarters at Muguga, Nairobi. Jaramogi Oginga Odinga University of Science and
Technology is in Bondo town, Siaya County along Bondo – Usenge road within the lower midland agro-ecological
zone characterized by high temperatures, low rainfall and high evaporation rates (Jaetzold et al., 2007). The
University lies between longitudes of 31032′0″E - 31057′0″W and latitudes of 0007′30″N - 0010′15″S of the equator
at an altitude of about 1440 m above sea level (World Agro-forestry Centre, 2003).
Table 1. Characteristics of soil of different sampling sites
Site

Site location

Kisumu
00 6′0N 34045′ 0E
Karungu
0051′ 0S 340 8′ 60E
Kendu bay
0022′ 0S 34038′ 60E
P. Victoria
00 6′ 0N 330 58′ 0E
Source: (Jaetzold et al., 2007)

Agro-climatic zones
Sub-humid lower midland
Semi-humid lower midland
Semi-humid lower midland
Sub-humid lower midland

Soil type
Clay loam
Clay loam
Sandy loam
Sandy loam

Fig. 12. A map showing four sites within Lake Victoria basin where soil samples used to trap rhizobia were
obtained.
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2.0 Agronomic Characterization of the two Legumes on Lake Victoria Soils
Seeds of two bambara groundnut landraces; Kakamega Cream (KAKC) and Busia Brown (BUSB) were collected
from farmers in Kakamega and Busia Counties in Kenya respectively. A prior survey was done to select the farmerpreferred landraces. Attributes considered during selection included early maturity, superior cooking quality and
taste. This was done to improve the exploitation of farmer held varieties with a view of future validation through
varietal testing programmes. The survey involved a questionnaire designed to establish the commonly cultivated and
farmer-preferred bambara groundnut varieties in Kisumu, Siaya, Busia, Vihiga and Kakamega counties. These sites
were selected following previous reports by Ambede et al. (2012) and Ngugi et al. (1995) that the counties were
engaged in bambara groundnut cultivation. Identification of the farmers who participated in the survey was done
randomly, but was guided by availability of the crop in the homestead and a history of cultivation. Seeds of two
soybean varieties (promiscuous SB19 and specific Safari) were selected for trials based on their host specificity or
promiscuity. Guidance on released soybean lines was obtained from Kenya Agricultural and Livestock Research
Organization (Kibos Centre) research officers in charge of legumes. In addition, a field survey was conducted to
determine farmer-preferred soybean lines in Lake Victoria basin. Certified clean seed materials of SB19 were
obtained from Tropical Soil Biology and Fertility Institute (TSBF), Maseno Centre. Variety ‘Safari’ is farmer-held
in Lake Victoria basin and was obtained from farmers in Kakamega County following the survey. Seed collection
was done randomly with the assistance of TSBF and KALRO extension officers, who also helped in varietal
identification. Figure 2 shows the morphology of the seeds of bambara groundnuts and soybeans used in this study.
Variety/Landrace
SB19 (Promiscous)

Size

Coat colour

Eye colour

Small

Cream

Brown

Large

Bronze

Brown

Large

Cream

Grey

Large

Brown

White

Safari (Specific)

Kakamega Cream (KAKC)

Busia Brown (BUSB)

Fig. 2. Morphology of soybean varieties and bambara groundnut landraces used in trapping rhizobia and evaluating
their symbiotic efficiency.
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2.1 Soil Sampling
Soil sampling was done at selected farmers’ fields with no history of inoculation in Kisumu, Port Victoria, Kendu
bay and Karungu within Lake Victoria basin. The site characteristics are listed in Table 6. At each sampling point, 4
kg of soil was collected from a depth of 5 - 20 cm using a shovel. To avoid cross contamination, the shovel was
sprayed in between sampling with 5% sodium hypochlorite solution in a wash bottle, rinsed with water three times
and dried using a sterile cloth. Within each site, four replicate samples were collected within an area of 10 m2 by
randomly sampling four corners. The soils were placed in brown paper bags and put in bucket containers away from
sunlight. Each soil sample was divided into two lots (1 kg and 3 kg) and used for soil chemical analysis and in
glasshouse experiments to trap resident rhizobia using soybeans and bambara groundnut plants respectively.
2.2 Chemical Analysis of Soil Samples
Soil samples used in chemical analysis were air dried, crushed using a wooden roller and passed through a 0.5 cm
mesh to remove any plant or grass fragment. Four hundred grams of the prepared soil samples in quadruplicates
were placed in brown paper bags, tightly sealed and submitted to KALRO’s National Agricultural Research
Laboratories in Nairobi for soil chemical analysis using the methods described below.
2.2.1Determination of Soil pH
Soil pH was determined using the CaCl2 method (Thomas, 1996). To a soil sample weighing 10 g, 25 ml of 0.01M
CaCl2 solution was added. The mixture was shaken for 30 minutes. Prior to taking the pH reading from a pH meter,
the electrode was thoroughly rinsed to free it of buffer solution. The suspension was stirred up and the electrode
immersed into the suspension making sure it did not touch the base of the beaker. When the pH reading was stable,
the displayed value was recorded (McNeal, 1982).
2.2.2 Determination of Soil Organic Carbon
A modified Walkley-Black dry combustion method was used to determine the percentage of organic carbon in the
soil samples (Anderson and Ingram, 1983). About 15 g sucrose was dried at 105 oC for 2 hr and 11.87 g of this were
dissolved in water. The solution was made up to 100 ml in a volumetric flask, to make a 50 mg C ml -1 solution. Two
and half to 25 ml of the solution were pipetted into labelled 100 ml volumetric flasks, at 7.5 ml intervals, and made
to the mark with deionized water. Two milliliters of each of these working standards were pipetted into labelled 150
ml conical flask and dried at 105 oC in an oven. One gram of air-dried soil sample was weighed into a 150 ml flask
to which 10 ml of 1N K2Cr2O7 was added and the contents were gently swirled until the sample was completely wet.
This was followed by the addition of 20 ml of concentrated H 2SO4 with further swirling to ensure through mixing of
the solution in a fume cupboard. After cooling the solution, 50 ml of 0.4 % BaCl 2 was added. The solution was left
to stand over-night and the absorbance of the samples and the standards were read at 600 nm on UV visible
spectrophotometer (Spectronic-20-Bausch and Lamb).
2.2.3 Determination of Exchangeable Cations
Total exchangeable cations were determined following extraction using 1M acidified ammonium acetate (Lindsay
and Norvell, 1978). Air-dried soil samples weighing 10 g were put in 150 ml plastic containers to which 40 ml of
ammonium acetate were added. The containers were tightly closed and put on a reciprocating shaker (Stuart Flask
model) for 1 hr. The solution was then filtered through a Whatman number 125 filter paper into 250 ml flasks. The
remaining soil was washed using ammonium acetate making the volume in the collecting flask to about 90 ml. Fresh
ammonium acetate was used to raise the mark to 100 ml. After leaching the bases, potassium (K) and sodium (Na)
emission were read on a flame spectrophotometer with the filter set on either K or Na while magnesium (Mg),
manganese (Mn) and calcium (Ca) absorption were read on an atomic absorption spectrophotometer (AAS) model
SpectrAA50 using the respective lamps (Thomas, 1982). The resultant values were converted into percentage millieqivalents (meq %) per 10g using a conversion table.
2.3.4 Determination of Available Phosphorus
Soil available P was measured using the Olsen method (Olsen et al., 1954). An air-dried soil sample weighing 2.5 g
was placed into a 250 ml polythene shaking bottle followed by addition of Olsen’s extracting solution (0.5 M
NaHCO3 at pH 8.5). The mixture was put on a shaker for 30 minutes and the suspension filtered through Whatman
No. 42. Five mililiters of 0.8 M boric acid and 10 ml of ascorbic acid reagent were added and allowed to stand for 1
hr. The P content was determined colorimetrically from a phosphorus molybdate complex formed by addition of
acidified ammonium molybdate (Okalebo et al., 2002).
2.2.5 Determination of Total Nitrogen
Total soil N was determined using the semi-Kjeldhal method (Anderson and Ingram, 1983). Soil samples were
digested using a digestion solution made up of selenium powder (being the catalysts), lithium sulphate and
concentrated sulphuric acid. An air-dried soil sample weighing 0.5 g (0.1 g for ground plant material) was weighed
into a digestion tube followed by addition of 4.4 ml of the digested samples. The resultant mixture was placed on a
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digester at 360oC for 2 hr. Three reagent blanks were included to each batch of the samples. The solution was
allowed to cool and 25 ml of distilled water added. A further 75 ml of distilled water was added and the solution was
allowed to settle. Standards were prepared by oven drying 7 g of ammonium sulphate [(NH4)2SO4] at 105oC for 2
hrs. About 4.714 g of dry ammonium sulphate was dissolved in 1000 ml of deionized water (1000 mg N/litre) and
50 ml of the solution was pipetted into a 500 ml volumetric flask. Two and a half milliliters of the digested blank
was added to each flask before marking it, to the mark with distilled water. To 0.1 ml of the sample or standard
solution, 5 ml of reagent N1 (34 g sodium salicylate, 25 g sodium citrate and 0.12 g sodium nitroprusside dissolved
1000 ml de-ionized water) was added. After 15 minutes, 5 ml of reagent N 2 (30 g NaOH, 750 ml water and 10 ml
sodium hypochlorite in 240 ml de-ionized water) was added. The solution was mixed well and left for colour
development. Total N in the sample was determined calorimetrically from the clear solution against a set of
standards at an absorbance of 655 nm.
2.3 Screen-house Experiments
The soil samples were used to evaluate agronomic performance of soybean and bambara groundnut cultivars
through a screen-house experiment. Plastic pots (20 cm diameter and 25 cm height) were filled with soil samples
and watered until adequately wet. Four seeds of each cultivar were planted on each pot but were later thinned to two.
The set-up was arranged in Randomized Complete Block Design (RCBD) with four soil types, two soybean varieties
or two bambara groundnut landraces each replicated four times. Watering was done twice a day in the morning and
evening. The data collected were; Emergence days after sowing (EDAS), days to first flowering (DFF), days after
sowing (DAS), leaf number (LNo 14, 54 and 70DAS), number of nodules per plant (NodP 21 and 54DAS), plant
height (PHT, cm, 14, 54 and 70DAS), days to maturity (DTM), number of seeds per pod (SPD), number of pods per
plant (NoPd) and weight of 100 seeds (WHS, g).
3.0 RESULTS
3.1 Soil Analysis
Differences in chemical properties of soil samples from the four study sites were as shown in Table 2. Soil samples
from Kendu bay and Port Victoria were near neutral with pH ranging from 6.26 – 6.30, unlike Karungu and Kisumu
which had acidic soils of pH ranging from 4.10 - 4.11. There was no major difference in the total soil N with the
values ranging between 0.14 to 0.17 % for all the four sites. Available P levels varied with soils from Kendu bay and
Port Victoria having high values ranging between 19.5 – 23.00 ppm while soils from Kisumu and Karungu had
lower values ranging from 5 to 10 ppm. Other soil chemical factors varied as follows: Mg (7.60 – 7.85 meq % for
Kendu bay and Port Victoria and 2.52 – 2.76 meq % for Kisumu and Karungu); K (0.19 – 0.20 meq % for Kisumu
and Karungu and 0.56 – 0.62 meq % for Kendu bay and Port Victoria); Ca (3.50 – 3.95 meq % for Kendu bay and
Port Victoria and 1.37 – 2.48 meq % for Kisumu and Karungu) and Na (0.7 meq % for Kendu bay and Karungu and
0.2 - 0.26 meq % for Kisumu and Karungu).
Table 2. Chemical composition of soils from the four study sites
N
Org. C
P͊
K
Ca
Mg
Mn
Cu
Site
pH
(%)
(%)
(ppm) (meq%) (meq%) (meq%) (meq%) (ppm)
Kendu Bay
6.26 0.17
1.66
23.00
0.62
3.50
7.60
0.84
1.19
Port Victoria 6.30 0.15
1.51
19.50
0.56
3.95
7.85
0.61
1.04
Kisumu
4.10 0.15
1.44
10.00
0.20
2.48
2.52
0.59
1.09
Karungu
4.11 0.14
1.29
5.00
0.19
1.37
2.76
0.67
1.06
NOTE: Each value is the mean of a quadraplicate soil analysis per site. P͊ - Available P

Fe
(ppm)
14.50
15.98
14.80
18.07

Zn
Na
(ppm) (meq%)
6.23
0.26
8.46
0.25
8.91
0.07
6.00
0.07

3.2 Effect of Soil Type on Agronomic Performance of the two Legumes Bambara Groundnuts
Significant (p<0.05) differences were observed between landraces BUSB and KAKC in the agronomic characters
analyzed in screen-house pot experiments using the four soil types as shown on Table 3. The results showed that Port
Victoria and Kendu bay soils were more suitable for cultivation of bambara groundnuts than Kisumu and Karungu. The
fastest duration to seedling emergence was observed in Port Victoria and Kendu bay soils by both landrace KAKC and
BUSB which took an average of 7 and 8 days respectively (p<0.05). Landrace BUSB took significantly longer
duration of 11.56 and 11.92 days to seedling emergence in Kisumu and Karungu soils respectively (p<0.05). Plants
grown in Port Victoria soils took the shortest days to form the first flower with landrace KAKC taking 44.22 days,
followed by the same landrace in Kendu bay soils taking 51.37 days and landrace BUSB which lasted 51.67 days to
form the first flowers in Port Victoria soils (p<0.05). The longest duration to form the first flower occurred in landrace
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BUSB which lasted 67.74 days in Kisumu soils while landrace KAKC took 63.67 days in the same soils (p<0.05).
Average values of 8 cm in plant height 14 DAS were observed in both landrace KAKC and BUSB in soils of Port
Victoria, significantly differing from the plant height of 4 cm observed in Kisumu soils (p<0.05). Landrace KAKC had
the greatest plant height 54 DAS of 18.41 cm occurring in Port Victoria soils, followed by the same landrace in
Kisumu soils which were slightly below 18 cm in height (p<0.05). Kendu bay and Port Victoria soils had above 26 cm
high plants for landrace KAKC 70 DAS which was much higher than the 22 cm observed in Kisumu soils.
The lowest mean number of leaves per plant 14 DAS occurred in Kisumu soils with both landraces having an
average of 4 leaves/plant, while the greatest number of leaves (8 per plant) were observed in landrace KAKC
planted in Port Victoria soils (p<0.05). When mean leaf number per plant was obtained 54 DAS, landrace KAKC
outperformed BUSB in all the soils which obtained the highest number of 33.17 leaves/plant in Port Victoria soils
compared to 28.84 for landrace BUSB in the same soil while the least mean number of leaves 54DAS were obtained
from Kisumu soils which gave 19.59 leaves per plant (p<0.05).
Very few nodules were recovered from plants of both landraces at 21DAS with a maximum of 3 nodules obtained
from landrace KAKC grown in Kendu bay soils, but this increased to a maximum of 12 nodules 54DAS from
landrace BUSB. In all the soils, landrace BUSB produced an average of less than 2 nodule per plant 21DAS since
several pots did not form any nodules. Variation was observed in duration to maturity with the fastest days attained
by landrace KAKC lasting 137 days in Port Victoria and Kendu bay soils different from landrace BUSB which gave
the slowest response of 160 days (p<0.05).
3.3 Effect of Soil Type on Agronomic Performance of the Soybeans
Results of agronomic performance of two soybean varieties SB19 and ‘Safari’ on soils from four sites in Lake Victoria
basin are listed on Table 4. The effect of soil type on duration of seedling emergence varied significantly (p<0.05)
between the two varieties although there was no significant (p>0.001) var×site interaction for this variable. The
shortest duration to seedling emergence of 3.48 days was observed on Variety SB19 on Port Victoria soils, followed
by the same variety on Kendu bay soils at 3.69 days. Variety ‘Safari’ took longer duration for seedling emergence in
Kisumu and Karungu soils at averages of 5 and 6 days respectively (p<0.05). A significant (p<0.05) var×site
interaction effect was observed on plant height 14 DAS with values of 8.37, 9.34, 9.63 and 10.78 cm for Variety
‘Safari’ in Kisumu, Port Victoria, Kendu bay and Karungu soils respectively which differed significantly with 11.65,
12.14, 13.11 and 12.93 cm for Variety SB19 (p<0.05).
Variety ‘Safari’ had the greatest plant height of 28.86 cm at 35DAS in Port Victoria soils significantly (p<0.05)
although it was overtaken by SB19 which attained the greatest plant height of 49.53 cm at 54DAS in Port Victoria
soils; no significant (p>0.001) var×site interactions were observed for this variable. The greatest number of leaves per
plant 14DAS, 35DAS and 54DAS of 14.47, 24.65 and 28.46 respectively occurred in Variety SB19 grown in Port
Victoria soils (p<0.05) while the least number of 7.36, 14.12, and 18.87 cm were found on Variety ‘Safari’ grown in
Kendu bay and Karungu soils respectively. There occurred a highly significant (p<0.001) interaction between variety
and site of soil sampling for all the plant height factors evaluated. The number of nodules at 21DAS on each plant
was quite low, with SB19 giving the highest value of 2 in Port Victoria soils (p<0.05) compared to 1.67 from both
Kisumu and Kendu bay soils.
Variety ‘Safari’ did not form any nodules in all the soils except Kisumu soils where some protuberances occurred in
the roots and were recorded as nodules although the number was negligible. A similar trend occurred on nodule
number per plant 54DAS in which 15.86, 11.09, and 9.74 nodules obtained from Kisumu, Karungu, Port Victoria and
Kendu bay soils respectively for SB19. Highly significant (p<0.001) var×site interactions were observed for nodules
21DAS and 54DAS. There was a significant difference in the number of seeds per pod in which a range of 2.43 –
2.79 seeds from SB19 were obtained in all the soils while a range of 1.8 – 2.74 occurred for ‘Safari’ in all the soils.
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Table 3: Agronomic performance of two bambara groundnut landraces grown in four soils of Lake Victoria basin
EDAS
DFF
LNo14DAS
LNo54DAS
Ph14DAS (cm)
Site
P. Victoria
Karungu
Kisumu
K. bay
Mean
LSD5%
CV%

KAKC
7.36b
9.32a
9.38a

BUSB
7.32c
11.56a
11.92a

8.57b
8.28b
8.66
9.77
0.522*
11.7

KAKC
44.22d
57.23a
63.67a

BUSB
51.62c
61.72a
67.74a

51.37c 54.76b
54.12
58.96
0.750*
2.8

KAKC
8.40a
6.51c
4.40d

BUSB
7.68a
5.75b
3.86c

8.22b
7.58a
6.88
6.22
0.099*
3.2

KAKC
33.17a
26.17c
21.41d

BUSB
28.84a
24.74c
19.59c

28.51b 27.34b
27.32
25.13
0.434*
3.5

KAKC
6.37a
5.54b
5.27c

BUSB
6.21a
5.73b
5.29b

5.45b
4.08c
5.66
5.23
0.078*
2.1

Ph54DAS (cm)
KAKC
18.41a
15.56c
15.17c

BUSB
17.27a
14.59c
14.50c

17.62b 16.72b
16.69
15.77
0.0925*
1.2

Ph70DAS (cm)
Nod21DAS
Nod54DAS
DTM (g)
S/Pd
WHS (g)
KAKC BUSB KAKC BUSB KAKC BUSB KAKC BUSB KAKC BUSB KAKC BUSB
2.00b
0.67a
6.89bc
4.02d 135.22d 144.56c
1.44a
1.02b
41.22a 38.57a
P. Victoria 26.43a 25.54a
c
c
d
b
c
c
b
b
b
b
23.72
22.83
0.56
0.11
5.90
8.86
142.44 149.56
1.00
1.11
36.23c 34.58c
Karungu
d
d
c
b
d
b
a
a
b
b
22.41
20.43
1.56
0.22
5.51
10.61 145.44 159.22
1.10
1.11
31.92d 30.80d
Kisumu
b
b
a
a
a
a
c
c
a
a
25.73
24.54
3.44
0.67
8.10
12.31 137.44 144.56
1.39
1.22
37.82b 37.87b
K. bay
Mean
24.57
23.34
1.89
0.42
6.60
8.95
140.14 149.48
1.23
1.12
36.80
35.46
0.188*
0.468*
1.158*
0.878*
0.164*
0.434*
LSD5%
1.7
8.6
6.5
1.3
2.9
2.6
CV%
NOTE: Means followed by the same letter in a column are not significantly different (* - Significant at p≤0.05)
EDAS – Emergence days after sowing; DFF – Days to first flower; LNo14DAS – Leaf number 14 days after sowing; LNo54DAS - Leaf number 54 days
after sowing; Ph14DAS – Plant height 14 days after sowing; Ph54DAS – Plant height 54 days after sowing; PH70DS – Plant height 70 days after sowing;
Nod21DAS – Nodule number 21 days after sowing; Nod54DAS – Nodule number 54 days after sowing; DTM – Days to maturity; S/Pd – Seeds per pod;
WHS –Weight of 100 seeds, KAKC – Kakamega Cream landrace; BUSB – Busia Brown landrace.
Site
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Table 4. Agronomic performance of two soybean varieties grown in four soils of Lake Victoria basin
EDAS
Site

Ph14DAS (cm)

Ph35DAS (cm)

SAF

SB19

SAF

SB19

b

a

c

d

4.46

8.37

11.65

SAF
26.84

Ph54DAS (cm)

SB19
b

27.61

b

SAF
36.33

LNo14DAP

SB19
b

39.73

SAF

b

10.32

LNo35DAS

SB19
b

12.95

SAF

b

19.24

SB19
b

22.57b

Kisumu

5.19

P. Victoria

4.01c

3.48c

9.34b

12.41c

28.86a

32.36a

45.66a

49.53a

12.09a

14.47a

21.41a

24.65a

K. bay

4.15c

3.69b

9.63b

13.11a

23.82d

26.44c

32.60d

34.76d

8.01c

10.12d

14.12d

17.99d

Karungu

5.5a

3.80b

10.78a

12.93bc

24.42c

26.87c

33.71c

35.87c

7.36d

10.62c

15.61c

19.02c

Mean

4.46

3.86

9.53

12.53

25.99

28.32

37.07

39.97

9.51

12.04

17.59

21.06

LSD5%

0.165*

0.555*

0.539*

0.464*

0.412*

0.553*

CV%

6.0

7.6

3.0

3.3

5.7

4.3

LNo54DAS
Site

SAF

Kisumu

DFF

SB19

SAF

22.41c

24.79c

a

b

Nod54DAS

S/Pd

SB19

SAF

SB19

SAF

SB19

SAF

SB19

42.54c

39.07c

0.67a

1.67a

0.67a

15.86a

1.80b

2.70c

d

d

a

a

a

a

2.91a

26.48

K. bay

18.87d

21.40d

46.73b

43.91b

0.00a

1.78a

0.00a

9.74b

1.61c

2.43d

Karungu

25.82ab

30.00a

52.21a

54.67a

0.00a

1.67a

0.00a

11.09b

2.60a

2.77bc

Mean

23.39

26.16

45.07

43.59

0.17

1.78

0.17

11.61

2.18

2.7

0.721*

38.81

36.71

0.00

0.750*

2.00

0.708*

0.00

9.74

b

P. Victoria

LSD5%

28.46

Nod21DAS

1.129*

2.74

0.142*

CV%
4.4
2.5
10.8
5.4
8.7
NOTE: Means followed by the same letter in a column are not significantly different (* - Significant at p≤0.05)
EDAS – Emergence days after sowing; DFF – Days to first flower; LNo14DAS – Leaf number 14 days after sowing; LNo54DAS - Leaf number 54 days after
sowing; PH14DAS – Plant height 14 days after sowing; PH35DAS – Plant height 35 days after sowing; PH54DAS – Plant height 54 days after sowing; PH70DAS
– Plant height 70 days after sowing; Nod21DAS – Nodule number 21 days after sowing; Nod54DAS – Nodule number 54 days after sowing; S/Pd – Seeds per pod;
KAKC – Kakamega Cream landrace; BUSB – Busia Brown landrace.
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4.0 DISCUSSION
4.1 Agronomic Performance of Bambara Groundnuts on Four Soil Types
The soil type used in cultivation of the two bambara groundnut landraces (KAKC and BUSB) and the plant genotype
had a significant effect (p<0.05) on their agronomic performance under screen house conditions. The sandy loam soils
from Port Victoria and Kendu bay were more suitable for cultivation of bambara groundnuts than the clay loam soils
of Kisumu and Karungu. Port Victoria and Kendu bay resulted in faster seedling emergence, shorter days to first
flower, more leaves per plant and higher shoot and root dry weights. Good growth in sandy loam soil may be
attributed to adequate aeration, water drainage high water holding capacity that ensure suitable soil pH (Mojid et al.,
2009). Port Victoria and Kendu bay soils were moderately acidic with pH 6.1-6.3 compared to the clay loam Kisumu
and Karungu soils which were more acidic (pH 4.10 – 4.11). Higher soil pH increases mineralizable of C and N by
breaking the bond organic between constituents and clays making N available for plant (Curtin and Jalil, 1998). Soil
pH that range from 6 to 8 strongly affects fertilizers’ N nitrification rates (Kyveryga et al., 2004). Other than Soil pH
effect on soil nutrition, it affects microbial ecophysical indices such as rhizobia (Blagodatskaya and Anderson,
1998). Soil acidity hinders availability of bases such as Ca and Mg and other nutrients such as Mo and P which may
secondarily influence growth and yield of legumes (Swanevelder, 1998; Miller, 2016; Neina, 2019). Where soil is
acidic, liming has been recommended to improve production of bambara groundnuts (Crops For the Future Research
Centre, 2012; Wijanarko and Taufiq, 2016). Findings corroborate those of Linnemann, (1990), Swanevelder (1998),
Berchie et al. (2010) that bambara groundnut plants prefer less acidic soils of approximately pH 6.0.
Kisumu and Karungu soils had lower available P values (5-10 ppm) compared to Port Victoria and Karungu soils (2123 ppm), which may have resulted in better growth and development in the latter soil. Soil amendments were not
done in this work and thus, low available P status of the Kisumu and Karungu soils must have had a negative impact
on the overall growth performance. Hence, mechanisms for improving available P levels in the soil is necessary,
although P-based fertilizers are expensive and inaccessible to most rural farmers in the region (Ojiem et al., 2006).
On the other hand, some studies have alluded to challenges of direct application of P-based inorganic fertilizers to the
soil since not all of it is usually available to the plants (Okalebo et al., 2002). This offers the alternative of soil
amendments with the cheaper and more accessible rock phosphate. Rock phosphate has an added advantage of
dissolving slowly increasing plant uptake and utilization (Waigwa et al., 2003).
Soil exchangeable cations showed high variability with Kisumu and Karungu soils having lower values of K, Ca, Mg,
Mn and Na than Port Victoria and Kendu bay soils. In particular, high Na concentrations have been shown to
influence soil salinity. Studies by Ambede et al., (2012) on two bambara groundnut landraces under glass house
conditions found very high sensitivity to NaCl salinity, in which high concentrations significantly decreased
percentage germination and subsequent growth factors. In this study, higher Na concentrations of Port Victoria and
Kendu bay soils (0.26 – 0.23 meq %) had a positive effect on plant growth, indicating the tolerance of the landraces to
this range of Na concentrations. Landrace KAKC performed better than landrace BUSB in most of the growth factors
evaluated. This may be attributed to inherent genetic differences between the landraces. These findings confirmed a
preliminary survey conducted amongst bambara growing farmers during seed sourcing, that landrace KAKC is
arguably better in terms of yield enhancing traits. In addition, growth variations attributable to inherent genetic effects
correspond to previous studies. Similar genetic effects on bambara plant growth were observed in number of pods per
plant (Ntundu et. al., 2006; Adeniji et al., 2008), duration to first flower and plant height (Ouedraogo et al., 2008),
duration to maturity (Berchei et al., 2010), number of nodules per plant and dry matter yield (Adeniji et al., 2008;
Mohale et al., 2013). Landrace BUSB took longer days to seedling emergence compared to landrace KAKC. This
resulted in a longer vegetative period linked to lower growth factors observed. Landrace BUSB has a brown and thick
seed coat compared to KAKC which has a thin and cream seed coat and this may have affected seedling emergence
and consequently plant development. Further investigations on the effect of genetic variations on agro-morphological
factors of bambara groundnuts in Lake Victoria soils is necessary. This may provide useful information to extension
officers and breeding programmes for higher quality genotypes to farmers in the Lake Victoria basin.
4.2 Agronomic Performance of Soybeans on Four Soil Types
Agronomic performance of soybean varieties ‘Safari’ and SB19 differed remarkably on the four soil types. Variety
SB19 exhibited faster growth and early maturing tendencies in all the four soil types tested. Variety SB19 is a fast
maturing soybean line which was recommended to farmers in Lake Victoria basin following an up-scaling study by
KALRO (Mahasi et al., 2011). As was observed in bambara groundnuts, variations in soil type had a significant
influence on growth performance of the two varieties; with Port Victoria and Kendu bay soils having better yield
compared to Kisumu and Karungu soils. This may be attributed to differences in soil pH, available P and

161

exchangeable cations (similar to bambara groundnut tests) and may have resulted due to growth differences in the
soybean varieties. Soil pH has been associated with plant intake of molybdenum which has a direct influence in
legume nodulation (Somesegaran and Hoben, 1985). Molybdenum concentration was not analysed in the soil samples
used in this study but a report by Motsara and Roy, (2008) indicates that plants grown at pH values above 6.4 access
the mineral more easily than plants grown in highly acidic soils (below pH 5.5). Molybdenum is also critical for
nodule formation and nitrogen fixation (Somesegaran and Hoben, 1985). It is therefore plausible to infer that the more
acidic Kisumu and Karungu soils inhibited intake of this mineral element resulting in the low number of nodules
observed and may have had a negative effect in overall plant growth.
Differences in agronomic performance between Variety SB19 and ‘Safari’ may be attributed to chemical of soils on
which they were cultivated. However, growth variation due to genetic/varietal differences was evidenced by better
growth of Variety SB19. It showed early maturing tendencies resulting in better seedling emergence, faster duration
to flower formation, earlier pod setting and faster maturity. Variety SB19 was previously reported to be an early
maturing variety by Waswa et al., (2013) and Mahasi et al. (2011). It was recommended as a suitable soybean line for
cultivation in Lake Victoria basin since the region experiences erratic rainfall which may insufficient for slow
growing varieties. Variety SB19 had high mean nodule numbers in nearly all the soils, most of which were effective.
This was unlike Variety ‘Safari’ which produced two nodules in Kisumu soils. Being specific, the variety may have
secluded many rhizobial groups, which led to low nodulation that may have slowed its growth. Soil chemical analysis
revealed low levels of N in all soils (0.14-0.17%) as was shown by the soil analysis. Effectively nodulated legume
plants use both N-fixed due to symbiosis and soil N for its growth and metabolism (Unkovich et al., 2008). At the
same time, since symbiotic N-fixation is directly dependent on translocation of carbohydrates from the leaves, the rate
of fixation is fully synchronized with the rate of plant growth (Sessitch et al., 2002). However, nonnodulated/ineffectively nodulated plants are completely dependent on soil N for its growth (Giller, 2001) and this may
explain the slow growth observed in Variety ‘Safari’.
CONCLUSIONS
Agronomic performance of bambara groundnuts and soybeans was influenced by the soil type with Port Victoria and
Kendu bay soils resulting in better growth compared to Kisumu and Karungu soils. Soil chemical properties and
inherent varietal differences between the legumes significantly influenced plant growth and distribution of rhizobial
isolates obtained from each site. Although sensitive to low P and pH, bambara groundnuts and soybeans are likely to
perform well in the region with proper soil amendments.
RECOMMENDATIONS
Soybeans and bambara groundnuts require soils of high P and near neutral pH for optimum agronomic performance.
Guidelines on soil amendments through liming and use of rock phosphate as a P-source may lead to improved
production of the two legumes in Lake Victoria basin. Landrace KAKC and SB19 were found to have better
agronomic performers and are recommended to farmers and seed companies for certified seed production.
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ABSTRACT
Emergence of multi-purpose pumpkin (Cucurbita moschata Duchesne) as an African indigenous vegetable is
attracting great attention. This is due to its adaptation to a wide range of climates and high-yielding potential. Suboptimal pre- and post-harvest factors have greatly contributed to low returns to farmers and consumers through poor
yields and high post-harvest loss of pumpkins. There is therefore need to determine the optimal pre- and postharvest inputs which will provide nutritious pumpkin fruits to producers and consumers. Determination of the effect
of nitrogen fertilizer, mulch and gibberellic acid on the fruit size, flesh thickness and firmness of multipurpose
pumpkin would contribute to solving these challenges. A field experiment was thus set up at the Chuka University
farm in two seasons between January 2019 and July 2020. It was arranged in split-plots in randomized complete
block design replicated three times. Nitrogen (0, 50, 100 and 150 kg/ha CAN, mulch (zero, black-painted and
unpainted rice straws) and gibberellic acid (0, 40 and 80 mg/L GA3) were assigned to main, split and sub-plots,
respectively. Data values were recorded fortnightly from the fourth week after emergence. Data values were
subjected to analysis of variance using the SAS software and means separated using the least significant difference
test at P=0.05. Effect of N was significant on fruit size (0.013) during the second season, flesh thickness during the
first and second seasons (0.002and 0.040) and fruit firmness of 0.02 upper and 0.009 lower during the second
season. The 150 kg/ha CAN and black-painted mulch resulted in higher fruit size of 2172 cm2 and 2199 cm2 and
flesh thickness of 3.387 cm and 3.856 cm, respectively. The effect of GA3 on fruit size, flesh thickness and firmness
was insignificant during both seasons. These results show that 150kg/ha CAN and black-painted mulch would give
the best fruit quality, while GA3 may not necessarily result in beneficial returns.
Keywords: AIVs, Fruit size, Rind thickness, Fruit firmness, Fruit set, Plant growth regulators
INTRODUCTION
Pumpkins are important horticultural crops worldwide. It is a fruit-vegetable belonging to the Cucurbitaceae family
together with gourds, melons and squashes. In Kenya, pumpkin production increased from 599 ha in 2015 to 681 ha
in 2016, with a volume increase from 3580 metric tonnes to 4017 metric tonnes respectively (Horticulture Validated
Report, 2015-16). In Kenya, pumpkin is regarded as a traditional vegetable that is grown in the high potential areas
and the arid and semi-arid lands (Karanja et al., 2014). FAO (2005) reported that pumpkin has immense economic
potential for use both as a food and as an industrial crop. Pumpkin is famous for its edible seeds, fruit and greens
(Matsui et al., 1998). Fertilizer affects the productivity of crops (Oloyede et al., 2013). Poor fruit setting, low crop
yield and low nutritional quality result from inadequate levels of the primary nutrients namely: Nitrogen,
Phosphorus and Potassium (Martinetti & Paganini, 2006; Liu et al., 2010). Application of N, P and K has been
reported to increase the growth and productivity of pumpkin and crops generally (Johannes et al., 2003). Nitrogen
(N) is by far the most critical plant growth element, yet soil testing for N is usually not practical due to its mobility
in the soil. The use of chemical fertilizers as a supplemental source of nutrients has been on the increase in pumpkin
production but they are not applied in balanced proportions by most farmers. Further, NPK fertilizer has been found
to increase the leaf area, stem diameter, number of leaves and nutrient contents (N, P, K, Ca, Na and Mg) in the soil
in pumpkin production (Okonwu & Mensah, 2012).
Mulches and particularly the clear form have been reported to enhance germination of direct-seeded pumpkins since
they increase soil temperatures. The higher soil temperatures associated with mulches should also accelerate
establishment of transplants and promote subsequent crop development thereby increasing yields and promoting
crop maturity at harvest (Waterer, 2000). The exposed soil is exceptionally susceptible to the destructive effects of
heavy rainfall, which causes the soil structure to break apart and intensifies the elimination of nutrients making
mulching very necessary (Bucki & Siwek, 2019). Mulches of organic origin typically enter into a relationship with
the soil, increasing the activity of the enzymes which break down plant residues (Sas-Paszt et al., 2014). Organic
mulches with a high carbon to nitrogen ratio (such as sawdust) may cause temporary soil impoverishment in
nitrogen due to the activity of microorganisms (Fang et al., 2007).
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Yamaguch and Kamiya (2000) said GA3 hormone plays an essential role in many aspects of plant growth and
development of pumpkins such as seed germination, stem elongation and flower development. Gibberellic acid
(GA3) is an important PGR that affects plant growth and development by inducing metabolic activities and
regulating nitrogen utilization (Sure et al., 2012). It also plays a significant role in seed germination, endosperm
mobilization, stem elongation, leaf expansion, reducing the maturation time and increasing flower and fruit set and
their composition (Roy & Nasiruddin, 2011). GA3 delays senescence, improves growth and development of
chloroplasts and intensifies photosynthetic efficiency which could lead to increased yield (Yuan & Xu, 2001).
MATERIALS AND METHODS
Site and Experiment
The experiment was conducted at Chuka University Ndagani research farm. The farm lies at 00 19' S, 370 38’ E and
1535 m above sea level. The average annual temperature is 19.5 oC (from 12.2 ºC and 23.2 ºC). The area experiences
two rainy seasons with the long rainy season occurring in March through June and the short rainy season from
October to December. The average annual rainfall is 1200 mm annually (http://en.climate-data.org). The soils are
humic Nitisols, deep, strongly weathered, well drained tropical soils with a clayey subsurface horizon made of
angular, blocky structural elements that easily crumble into polyhedricipeds with shiny faces. The soil has a high
cation exchange capacity (Koskey et al, 2017).
A three factor split-split block experiment embedded in a randomized complete block design (RCBD) with three
replications was used. Individual plots in a block measured 2m x 2m separated from each other by 1 m. The three
factors were four nitrogen rates, three mulch types and three gibberellic acid (GA) rates. Nitrogen occupied the main
plot; mulch the split plots and gibberellic acid the subplots. The four nitrogen rates were 0, 50, 100 and 150 kg/ha.
Nitrogen in CAN was applied in two split equal dosages for each rate, at three weeks post-emergence and at the
beginning of flowering. Single fertilizers were used. The mulch factor included no mulch, black-painted rice straw
and unpainted rice straw. Rice straw was in close proximity to experimental site and quantities required are easy to
get. The black-painted dry rice straw and unpainted dry rice straw was placed on the respective split plots after land
preparation. Painting of the rice straw was done by dipping them in a 200 L drum containing the black paint solution
and afterwards spread out to air dry. The ingredients of the paint were noted based on the paint that was used. The
mulch was uniformly spread to achieve 20 cm thickness. Planting holes were marked and opened during sowing.
Gibberellic acid rates were 0 ppm, 40 ppm and 80 ppm. Gibberellic acid was dissolved in 50ml alcohol then the
volume was made up to one liter stock solution by adding distilled water. The required concentration of spray
solution was then prepared from stock solution by diluting with distilled water. A few drops of acceptable
commercial sticker was added to solutions to facilitate the uptake of the GA. The gibberellic acid solution was
sprayed to the plants using a knapsack sprayer. Stock solution of lower rate was sprayed first followed by next
higher rate. It was done once during the fourth week after emergence. To avoid drift, spraying was done in a calm
day and wind direction observed.
Soil analysis was done before plant establishment. It was done at the KALRO National laboratories Kabete. Testing
was done to establish the nutrient contents which informed the effects of nitrogen applied in the experiment. The soil
was sampled using a zigzag sampling design across the experimental field. A soil auger and plastic containers were
used. Two different composite samples were prepared, taken from 0-15 cm and 16-30 cm respectively. The soil pH,
total N, available P, K, Ca, Mg, organic carbon, and trace elements were assessed (Chang & Laird, 2002).
Data Collection
Data was collected for two seasons (long and short rain seasons). Fruits with dry fruit stalk and hard skin were
harvested from each experimental unit, counted, their size, (length and diameter was measured using a tape measure
then translated using a ruler) and weight measured. Three fruits were randomly selected per treatment for flesh
thickness data which was measured using a Vernier caliper. Fruit firmness was determined through a flesh
penetration test which was carried out at room temperature. A penetrometer was used to give direct readings of fruit
toughness in kilogram-force.
Data Analysis
Data values were subjected to analysis of variance to determine effects of the treatments using the SAS software
version 9.3. Means separation was performed using the least significant difference (LSD) test at α = 0.05.
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RESULTS
Effects of Nitrogen Fertilizer on Fruit Size, Flesh Thickness, Upper and Lower fruit Firmness
Nitrogen had no significant effect (P>0.05) on fruit size during S1 but was significant during S2 (P<0.05) (Table 1).
Application of 150kg N/ha produced the larger fruit sizes of 2172 mm2 and 2199 mm2 respectively during S1 and S2
respectively. In both seasons, the fruit size increased with increase in N fertilizer up to 150kg N/ha. Non-application
of N produced the lowest fruit sizes of 1513 mm2 and 1643 mm2 at S1 and S2 respectively.
Nitrogen fertilizer had significant effect on the flesh thickness in both seasons (P<0.05). Application of 150kg N/ha
produced the highest flesh thickness in both seasons (Table 1). Flesh thickness increased with increase in N fertilizer
up to 150kg N/ha during S1. Non-application of N produced flesh thickness of 3.752 cm during S2. N fertilizer had
no significant effect (P>0.05) on fruit firmness (upper and lower) during S1 but was significant during S2 (P<0.05)
(Table 1). Application of 100kg N/ha produced the highest fruit firmness (upper and lower) of 39.63 and 39.07,
38.58 and 38.03 respectively at S1 and S2 respectively. In both seasons, the lower fruit firmness increased with
increase in N fertilizer up to 100kg N/ha. This was also the case with upper fruit firmness during S2. Nonapplication of N produced the least fruit firmness of 37.27 and 35.42 at S1 and S2 respectively.
Table 1: Effects of nitrogen fertilizer on fruit size, flesh thickness, upper and lower firmness
Nitrogen
rate Fruit size (cm2)
Flesh thickness (cm) Upper Firmness
Lower Firmness
(kg/ha)
S1
S2
S1
S2
S1
S2
S1
S2
Control
1513
1643
2.677b
3.752
38.77
36.66
37.27
35.42
50
1870
1683
2.837b
3.519
38.69
37.24
37.46
36.24
100
2013
1976
3.191a
3.626
39.63
39.07
38.58
38.03
150
2172
2199
3.387a
3.856
39.31
38.76
38.24
37.76
P-value
0.119
0.013*
0.002*
0.04*
0.533
0.02*
0.116
0.009*
LSD 5%
563.8
308.3
0.259
0.221
1.717
0.908
1.243
1.332
*Means followed by the same letters or no letters within a column are not significantly different according to the
LSD Test at P = 0.05
Effects of Mulch on Fruit Size, Flesh Thickness, Upper and Lower Firmness
The effect of mulch on fruit size was not significant during S1 (P>0.05) but significant during S2 (P<0.05) (Table
2). Largest fruit sizes were produced when black-painted rice straws mulch was applied during both seasons at 1948
mm2 and 2016 mm2 for S1 and S2 respectively. The effect of mulch was insignificant during both seasons (P>0.05).
According to the results, when black-painted rice straws mulch was applied, edible fruit flesh thickness was higher
compared to the unpainted rice straws mulch or no mulch was applied. Results further showed that application of
mulch was only significant (P<0.05) on fruit upper firmness during S2. Fruit firmness was highest when blackpainted rice straws mulch was applied. However, the difference in firmness was negligible with the application of
unpainted rice straws mulch on both the lower and upper fruit firmness.
Table 2: Effects of mulch on fruit size, flesh thickness, upper and lower firmness
Mulch type
Fruit size
Flesh thickness
Upper Firmness
S1
S2
S1
S2
S1
S2
Control
1812
1726
3.053
3.522
38.55
36.82
BL
1948
2016
3.053
3.836
39.58
38.90
BR
1917
1884
2.963
3.706
39.16
38.08
Significance
0.496
0.001*
0.546
0.605
0.923
0.001*
LSD 5%
250
131.8
0.198
0.264
0.822
0.904
BL- black-painted rice straws mulch, BR- unpainted rice straws mulch

Lower Firmness
S1
S2
37.41
36.03
38.25
37.69
37.99
36.87
0.920
0.996
0.961
1.639

Effects of Gibberellic Acid on Fruit Size, Flesh Thickness, Upper and Lower Firmness
Gibberellic acid had no significant effect on fruit size, flesh thickness, upper and lower firmness during both seasons
(P>0.05). Application of 80 ppm produced the larger fruit sizes of 1935 mm2 and 1928 mm2 respectively at S1 and
S2 respectively. In S2, the fruit size increased with increase in GA3 up to 80 ppm. Results also showed that
application of 40 ppm of GA3 resulted to 3.102 cm and 3.744 cm of flesh thickness which was highest compared to
when 80 ppm was applied and when no GA3 was applied. In S2, both lower and upper fruit firmness increased with
increase in GA3 up to 80ppm. The effect of GA3 produced highest fruit firmness when GA3 of 80ppm was applied.
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Table 3: Effects of gibberellic acid on fruit size, flesh thickness, upper and lower firmness
Treatments
Fruit size
Flesh thickness
Upper Firmness
Lower Firmness
S1
S2
S1
S2
S1
S2
S1
S2
Control
1911
1825
2.929
3.614
38.99
37.56
37.89
36.82
40
1831
1872
3.102
3.744
38.90
37.89
37.78
36.66
80
1935
1928
3.038
3.706
39.41
38.36
37.99
37.11
Significance
0.717
0.188
0.240
0.312
0.200
0.396
0.152
0.706
LSD 5%
269.4
111.5
0.205
0.175
0.634
1.185
0.666
1.094
DISCUSSION
In this study, quality traits of the multi-purpose pumpkin were enhanced by N fertilizer, mulch and GA3 across both
seasons. The optimum N rate of fertilizer was 150kg N/ha, black painted mulch produced the highest fruit qualities
while GA3 did have significant effect on the fruit size, flesh thickness and fruit firmness of multipurpose pumpkins.
Fertilizers have been denoted as sources of plant nutrients that can be added to soil to supply its natural fertility
(Oloyede et al., 2013). They are intended to supply plant needs directly rather than indirectly through modification
of soil properties like the pH and structure.
When appropriate fertilizers are added in the soils, the result is dramatic improvement in both quantity and quality of
plant growth (Nahed & El-Aziz, 2007). According to Oluoch (2012), pumpkins tend to develop extensive root
systems that efficiently explore the soil for water and available nutrients and thus, timely and appropriate
applications of fertilizer can make a significant difference in the quality and quantity of fruit produced which the
findings of this study corroborated with. In this study, application of N fertilizers up to 150kg N/ha increased the
fruits size and flesh thickness. The present findings are in agreement with the results of Kazemi (2014) which
revealed an increase in fruits sizes of tomatoes using different combinations of fertilizers. This increment might be
interpreted that plants during flowering and fruit setting stages need a high amount of nutrients to perform the
biological operations like photosynthesis. However, application of N fertilizers beyond 100kg N/kg reduced fruit
firmness of the multi-purpose pumpkins. This shows that application of N fertilizer beyond 100kg N/kg makes the
pumpkin fruit softer and of inferior handling quality.
Results showed that black painted mulch positively affected fruit size, flesh thickness and fruit firmness of
multipurpose pumpkins. The results supports studies done by Lorenzo et al. (2001) and Ibarra-Jimenez et al. (2008)
on mulching using black polythene showed higher cucumber yields in comparison with yields from plants cultivated
in soil without mulching. Jodaugiene et al. (2010) denoted that as a result of the use of such mulches, increased
presence of worms and their greater mass was observed positively affecting the quality of crops. Results showed that
largest fruit sizes were obtained when 80ppm of GA3 was applied. The increase in fruit sizes might be attributed to
increased cell division and cell elongation induced by the application of GA3 as also observed by Shah et al. (2006)
& Roy & Nasiruddin (2011). Application of GA3 beyond 40 ppm reduced fruit flesh thickness. Upper and lower
firmness were also highest when 80ppm of GA3 was applied. This could be attributed to the fact that GA3 promotes
DNA, RNA and protein synthesis resulting in increased biomass as denoted by Khan and Samiullah (2003).
CONCLUSIONS
Whatever happens during growth and development of fruits will have a bearing on the fruit size, flesh thickness and
fruit firmness. The studies on quality parameters like firmness and flesh thickness are not common. The main
findings achieved and conclusions arrived at are:
 Nitrogen influenced multi-purpose pumpkin fruit quality traits such as fruit size, flesh thickness and fruit
firmness. N rate of 150 kg/ha significantly increased the traits and it is recommended for use by the farmers.
 Mulch also significantly affected positively fruit size and fruit firmness of multi-purpose pumpkin. Black
painted rice straws produced higher quality traits compared to unpainted rice straws and therefore suitable for
use by the farmers.
 Gibberellic acid did not significantly affect fruit size, flesh thickness and fruit firmness of multi-purpose
pumpkin and therefore, the study recommends its use by the farmers for other traits other than quality traits.
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ABSTRACT
Banana farmers in most parts of the country have not embraced uptake of banana value addition despite its accrued
economic benefits and emphasis by stakeholders. A study was done in Chuka Sub-County, Tharaka Nithi County to
identify the socio-economic factors affecting uptake of banana value addition by farmers. The study was based on
diffusion theory and value-added concept to establish the relationship between farming experience, group
membership, access to credit and uptake of banana value addition. It was noted that only 31.9% of farmers uptake
banana value addition and there were no banana value addition technologies identified with 35.6% and 64.4% of
those who uptake doing banana ripening for sale and bulk packaging respectively. The results (P=0.05) showed that
group membership (p=0.019) and access to credit (p=0.004) had a positive and significant effect on the uptake of
banana value addition by farmers at varying levels. It was observed that farming experience had a positive effect on
the uptake, but was statistically insignificant. The study recommended that; farmers should be encouraged to form
cooperatives on value addition and the government and other stakeholders in conjunction with financial institutions
need to streamline policies to enhance farmers access credit for effective farming among others
Keywords: Banana, Value addition technologies, Uptake, Group membership, Credit access
INTRODUCTION
Banana’s scientific name is Musa Paradaisica and it’s a tropical plant grown in approximately 130 countries globally
with India ranking as first in production as it contributes 15% of the total global yield Dhake et al. (2019) and about
70 million people in Africa depend on it for their economic livelihood (Voora et al., 2020). Most consumers use
banana for food although green unripe bananas have been used for medicinal purposes in India and China. The
popularity of processed banana products is growing across the world with products such as flour, wine and spirit
among them. Farmers in the rural areas of America who value add their agricultural products stated that their
revenues doubled through converting waste materials from agriculture produce to finished marketable products
(Bucheli, 2005). Bananas are widely and can be variedly processed into different food products, beverages (soft and
alcoholic), feeds, Crafts, snacks, industrial spirits, and medicines.
According to Muthee et al. (2019), socio-economic factors like lack of proper processing channels may have an
impact on banana production level and in turn the rate of value addition uptake. For example, between 2002 and
2006, Costa Rica, who is not a major banana producing country, started exporting value-added banana products to
thirty-eight countries in the world. As a result, out of value addition, Costa Rica generated a revenue of over 700
million dollars from the banana bi-products (Tarrés et al., 2017). A study done by Minten et al. (2020), suggests that
if farmers uptake new technologies or value addition techniques like drying and processing their products it will not
only improve the quality but also minimize post-harvest losses whilst increasing their income. Banana, which is
mostly used for home consumption while the surplus being sold in markets, the best way for disposing of the banana
surplus would be through value addition, thereby addressing the growing demand for by-products from banana such
as peelings which are used to make livestock feed. For example, apart from the local consumption, banana cultivated
in Uganda contributes to farmers’ earnings not only through sale of fresh banana fruits but also value-added
products like wines, flour, cakes and chips (Kikulwe & Asindu, 2020).
Kisii region in Kenya is the major banana producing area nationally where some farmers who are underway
performing value addition to reduce the losses and upsurge of the commercial significance of banana than when it is
sold while raw. With the value addition uptake, farmers have started producing hypertension medicine, flour, bread,
crisps, among others. This has had an economic impact on the resident of Kisii. With this in mind, it is worth saying
that banana farmers in Chuka can adopt value addition to cause a greater impact on a banana instead of the historic
banana business the society has been practicing (Obaga & Mwaura, 2018). Banana value addition in Kisii is taking
a stronger ground with farmers and scholars citing its positive economic impact. In Kisii a bunch of bananas will go
for around Ksh 300 which has a slight difference to Chuka where it retails at Ksh 150-350 per bunch depending on
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the weight however, a group of farmers who opted to do banana crisps, the same bunch would make them up to Ksh
1,680 which is a huge difference from selling the raw bunch (Obaga & Mwaura, 2018).
There is need for farmers to adopt simple value addition technologies to improve on marketability of banana.
Mokhtarian & Tavakolipour (2019), stated that undertaking a drying procedure is among the key operations that are
important and extensively experienced since they involve substantial savings in transportation, storage and
packaging. This is a simple process that can be adopted by farmers in Chuka Sub-County to facilitate local
processing of banana with the aim of minimizing postharvest losses and the increasing selling price of banana to the
farmers. Nonetheless, whereas they can recognize such difficulties as meager prices, absence of carriage and high
post-harvest losses, they are often not knowledgeable to recognize possible resolutions for improving agribusiness.
Gathee (1989) reported that farmers lack technical knowledge on how to handle spoilable of produce in the fruit
industry. Value addition of bananas therefore can be one aspect if exploited that can help mitigate poor living
standards, enhance quality of products at the market and access better paying markets.
Statement of the Problem
Modernization of agriculture and value addition has been identified by Kenya’s vision 2030 as a major contributor
to economic development, through production of quality products. Banana production is popular in Kenya whereby
tons of the harvest are consumed locally as either cooked or in ripened form. However, there is a variety of banana
value added products that can be derived and also a variety of banana value addition techniques. For example, wine,
flour, jam, crisp, juice and the plant itself has many products which have more economic benefits. In Kenya, few
counties have taken up banana value addition and majority are still reluctant towards venturing into the activity,
despite its accrued advantages and availability of processing technologies and knowledge. In Chuka Sub-County
banana forms one of the major fruits produced since its grown by almost every household although most of it is sold
in raw form and only a handful of individuals engage in its value addition while there still lacks home industries to
process the product. Therefore, this study sought to identify the socio-economic and production factors affecting
uptake of banana value addition by farmers in Chuka Sub-County, Tharaka Nithi County, Kenya.
General Objective
This study identified the socio-economic factors affecting uptake of banana value addition in Chuka Sub-County.
Specific Objectives
To identify the banana value addition technologies available to farmers in Chuka Sub-County.
To identify the socio-economic factors affecting uptake of banana value addition by farmers in Chuka Sub-County.

Conceptual framework
Independent variable

Intervening variable

Value addition technologies
 Technology in use
 Technology known

Dependent variable

Government policies
Up take of Value Addition
i.
Uptake
Sells in bulk, raw or ripened form, and
or process the bananas into other forms
ii.
Do not Uptake
Consumes all the banana produce and
or sells it in raw form

Socio-economic factors
 Group membership
 Farming experience
 Access to credit

Figure 13: Conceptual Framework
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METHODOLOGY
Study Area
Chuka Sub-County is one of the 6 sub-counties comprising Tharaka Nithi County and it lies to the East of Mt.
Kenya bordering Embu East sub-county to the South, Muthambi sub-county to the North West and Igamba
Ng’ombe sub-county to the East. In addition, it has a total area of 316 Km2 in which 65% is arable land and 35%
comprises of forest reserves, urban centers/markets and steep/rocky areas. The Sub County has a population of
83,824 persons, which comprises 40,836 males and 42,988 females. In total Chuka Sub-County has 22,423
households with a density of 1,915 persons/ km2 (2009 census statistics). Administratively, the district has three (3)
wards namely Karingani, Magumoni and Mugwe, 11 locations and 27 sub-locations (TNCG, 2018)
Research Design
This study used a mixed method implementation research design was used. The design is suitable in collecting both
qualitative and quantitative data and using several research instruments (Palinkas et al., 2015). The design was
useful in providing in-depth information on the socio-economic and production factors affecting uptake of banana
value addition in Chuka Sub-County.
Target Population
The total household population of Chuka Sub-County is estimated to be 22,423 households by 2009 Kenya census
data Statistics (2010), and nearly all households practice banana farming. For the purposes of this study an
approximate of 90% households in Chuka Sub-County was assumed to be practicing banana farming. Therefore, the
target population of this study was 20,180 households.
Sample Size and Sampling Procedure
A sample of banana farmers was drawn from 20,180 households using the following Slovin’s formula adopted from
Cochran (1963)
n꞊N÷ [1+N (e) ²]
Where; n꞊ sample size
N꞊ Population size,
n꞊ 20,180÷ [1+ 20,180(0.08) ²] ꞊ 156

e꞊ level of significance

A sample size of 156 respondents was derived from a household population of 20, 180 in Chuka Sub-County.
Random purposeful sampling technique was used to select the respondents because the purposeful sample size was
large and there were no official household statistics for each ward therefore it was difficult to come up with a
representative stratum. In addition, random purposeful sampling only engages respondents who are willing and can
assist in providing the required information. The respondents who uptake value addition was few and scattered
therefore snowballing technique was applied to ensure that, while randomly selecting the respondents both who
uptake and do not uptake value addition were equally included. Key informants were selected through snowball
sampling which relies on opinions from key resourceful people Palinkas et al. (2015), and in this case opinion of the
SCAO Chuka on possible key informants was sought. The respondents were guided through the questionnaire and
those who did not understand English, the research assistant offered help accordingly. The engaged informants were;
SCAO Chuka and ASDSP.
Pilot Study
This pre-testing was done to test validity and reliability of the research in Imenti South Sub-County which provided
an identical environment to the study area. A total of 24 households which represents 15% of the total sample size
was engaged in order to give the strengths and weaknesses of the questionnaire to allow for improvements be made
during actual data collection.
Validity
Validity is the degree to which the research instrument correctly measures the concepts under study and covers the
intended areas (Pallant, 2011). Validity was done to check whether the questionnaire has covered all areas of interest
by involving experts. The guidance of supervisor and other research experts was sought too.
Reliability
Reliability measures the degree to which a research instrument is free from errors and produces stable and consistent
results (Chakrabartty, 2013). Cronbach’s Alpha which requires that for the research questions to have internal
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consistency and be declared reliable they should generate an α≥.70 (Bolarinwa, 2015) was used. One-time data from
the pilot study were subjected to a reliability test in SPSS using the Cronbach’s Alpha to prove the dependability of
data collected. The seven items had a Cronbach Alpha value α=.785 (Table 1) which shows the data is reliable.
Data Analysis
The analysis of data was done using version 25 of SPSS altogether with the descriptive statistics. Tables were
generated from SPSS and explained accordingly.
Binary logistic regression
This research used the binary logistic regression model to analyze the socio-economic and production factors
influencing uptake of banana value addition. The model was especially applied due to the fact that research studies
like Ntshangase et al. (2018) and Ullah et al. (2018) dealing with adoption of appropriate technologies for
agriculture by farmers also used it. The model is more useful and appropriate for studies that are of binary nature. In
this case, a farmer would either be an up taker or not an up taker of banana value addition. This study has a
dependent variable represented by a farmer who uptake or not uptake (a farmer who uptakes value addition was
designated 1 while the farmer who does not uptake was designated (0). The model predicts the logit of the
dependent variable (uptake of banana value addition) from the independent variable(s). The likelihood of the farmer
to uptake banana value addition was predicted by odds (Y=1) to the probability that Y≠1:
Odd Y =

P(Y=1)
(1-P(Y=1) βThis can be expanded as;

Logit(Y)= α + {β₁X₁ + {β₂X₂ + …. + {βₙXₙ+ ℯ
Where;
Y= dependent variable (Uptake) with 1 = up takers and 0= not up takers; α =intercept; β₁…. βₙ = coefficients of the
independent variables; X₁…. Xₙ
= the independent variables; P(ᵖ)- probability of up taking banana value addition; 1-p= probability that a farmer does
not up take banana value addition; and 1n= natural log.
With the independent variables of this model (X₁= group membership, X₂= farming experience, X₃= access to credit
and so on), logistic regression for uptake in the research study is expected to take the following form:
Logit (uptake) = 1n (p/1-p) = α+ β₁ group membership+β₂ farming exp+β₃ credit acc+β₄prod+β₅farm size+ β₆ variety
Note: If P is 0.8 for Y=1/x then the odd ratio in favor of up taking value addition is 4 compared to 0.25 of not up
taking value addition given the independent variables.
RESEARCH FINDINGS AND DISCUSSION
Uptake of Banana Value Addition
In this study the defining characteristics of those who uptake banana value addition was based on earnings from
value added products, processing and other simple techniques like ripening. Out of the 141 banana farmers only
31.9% were engaging in banana value addition while 68.1% of the farmers did not uptake (Table 1). The low levels
of banana value addition uptake have also been witnessed in other counties like Kiambu where only 6% of banana
farmers engage in its value addition (Ntale et al. 2013). The low uptake has been witnessed in other parts of the
world and in many developing countries; for instance, in Asia as Berno (2011) puts it, the economic benefits of
value addition have not been fully optimized and the sector is still green for many opportunities. The low
optimization of the sector could have been attributed to inadequate knowhow of appropriate value-adding
technologies, poor infrastructural facilities and the absence of consistent policies that will support such ventures and
initiatives in agribusiness especially in the rural areas. However, considering the effects beyond uptake and no
uptake of banana value addition, checking the role that other variables play, Nwachukwu (2017), concluded that
farmers will not just uptake a technology or value addition technique because it is available to them; even if it is
available and approved, there are some personal traits, socio-economic factors among other that may influence the
decision to uptake or not to uptake value addition.
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Table 38: Uptake of Banana Value Addition
Value addition
Frequency
No uptake
96
Uptake
45
Total
141

Percent
68.1
31.9
100.0

Socio-economic Information about Banana Farmers
The findings of this study showed that 3.5% of farmers had engaged in banana production for the last two years or
less, 9.9% have engaged in banana farming in the last 3-5 years while 86.5% of the farmers have engaged in the
banana farming for more than five years (Table 2). This outcome suggests that a majority of the farmers in Chuka
Sub-County have the knowledge and experience in banana farming. Farming experience has a positive relationship
to uptake of banana value addition (ᵝ=0.749) although the variable is not statistically significant р=0.194 at 5%
(Table 5). This was also proven by studies of Rezvanfar et al. (2009) and Arellanes & Lee (2003) who did not find a
statistically significant relationship between uptake of value addition and farming experience. This can probably be
due to the fact that farmers know how was not technologically updated. Also, a farmer may have engaged in banana
farming for many years but actually lack the experience needed because they did it through a traditionally inherited
practices which may not apply in this technologically advanced era with easy flow of information.
Table 39: Number of Years in Banana Farming
Duration of banana farming
Less than 2 years
3-5 years
More than 5 years
Total

Frequency
5
14
122
141

Percent
3.5
9.9
86.5
100,0

Farming experience may also require education from class and extension officers and thus given the fact that Chuka
Sub-County had limited extension services and people with low levels of education, then the variable could be
justified to be statistically insignificant to uptake of banana value addition. There is a 39% chance in uptake of value
addition due to experience or increased number of years in farming. Usually, this is attributed to the confidence level
a farmer has with the product having grown it for many years. Years of experience in the business of banana farming
raises the confidence level in banana value addition uptake. Usually, farmers who engage in banana farming for
many years had practical knowledge which resulted in a large-scale production system (Pereira & Maraschin, 2015).
Practically, the mean number of years a farmer has been in banana farming may not necessarily be the reason
banana value addition uptake is undertaken. It would be very unfair to wholly allude that that the number of years a
farmer has been in business causes a rise in the propensity to engage in value addition. A study done in Pakistan
found no statistical significance and relationship of farming experience with uptake of new techniques and it was
mainly attributed to farmers’ perception about the technique (Aldosari et al. (2019). However, in Chuka Sub-County
the results on perception contradict the study as 71.6% of farmers perceive banana value addition to be of economic
importance based on what they have heard and the simple techniques they practice (Table 3).
An attributing factor to the concern may be because most farmers are uneducated and naive to take the new
technology on banana value addition (Atkins et al., 2019). Most of these farmers with low levels of education only
engage in banana farming business but not in value addition. The business of banana farming faces mismanagement
due to education level, which is directly proportional to the management of skills (Shilomboleni & De Plaen, 2019).
Even though a farmer my engage in banana farming for more years, they may be having limiting factors such as
low-level education or lack of any formal business training (Pappu et al. 2015). Research shows that most farmers
who have been in practice for many years are from the rural areas doing subsistence farming hence low production,
which does not invoke value addition (Pereira & Maraschin, 2015). Research conducted in the Philippines indicated
that with many years in faming actually brought experience but people who are of age tend to be rigid in dropping
traditional practices and uptake new techniques and value addition technologies (Tarrés et al., 2017). Also, value
addition is considered labor-intensive and risky, which makes experienced and older farmers unable to uptake or shy
away from the practice (Sharma et al. 2017).
Nevertheless, statistics show that farmers who have been in banana farming practice for many years have a higher
chance of access to technical information on value addition than young farmers. On the other hand, age has been
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found to have no relationship with value addition. There is a negative effect on technological uptake with an
experience level of a farmer (Pereira & Maraschin, 2015). Instead, when a farmer is educated or receiving a series of
training, the likelihood of uptake of value addition is raised. For example, in Bangladesh education system in rural
areas was expanded for the banana value addition to be practiced to the full extent. This step was taken to address
the issue that farmers had many years of experience in banana farming but they were reluctant to uptake value
addition (Sondarva et al. 2019).
Table 40: Importance of Banana Value Addition
Frequency
No
40
Yes
101
Total
141

Percent
28.4
71.6
100.0

The findings of the study showed that a higher percentage of banana farmers in the Sub-County live under low
income every month. This variable captures the income that a farmer earns from the economic activities they
engage in to earn a living. It was observed that 39% earn less than Ksh 5,000 a month, 34.8% earn between Ksh
5,000 and Ksh 5,001 to Ksh 15,000, 17.7% earn between Ksh 15,001 to 30,000 and finally only 8.5% earn more
than 30,000 (Table 4). This could probably be attributed to the fact that most of them have no formal employment
hence only engage in casual work and small businesses.
Table 41: Farmers' Earnings
Income in Ksh
Below 5000
5001-15000
15001-30000
Above 30000
Total

Frequency
55
49
25
12
141

Percent
39.0
34.8
17.7
8.5
100.0

Value addition is heavily determined by the income or earning available to farmers. Most farmers are in the lowincome category, which is the primary factor causing the inability to uptake value addition practice. Guma et al.
(2018) notes that worldwide, most farmers are practicing subsistence farming, which does not earn them sufficient
earnings that can support value addition. Insufficient income results in low levels of value addition, which has
caused a great stagnation of rural earnings. Usually, most of the low earning farmers are in rural areas, which are
dominated by men, which has hindered women from engaging in income-generating activities (Sondarva et al.
2019). This is also demonstrated in the findings with the highest number represented as 39% being the people in the
low-income category (Table 4). Farmer's income being a social-economic issue affecting uptake of banana value
addition, has a lot of impact to value addition decisions (Jideani, 2019). For example, in low-income countries such
as the Philippines, Uganda, and the Caribbean, among others, the majority of women engaged in some form of
economic activities are either separated from their husbands or single through death or divorce (Jideani, 2019).
Farmers in Chuka Sub-County earn between Ksh 150 and Ksh 350 per bunch or Ksh 12 to Ksh 15 per kilogram of
the same bananas. The earnings are low and in Kisii County the same was noted where farmers would earn Ksh 300
for a bunch of 40-50 kilograms but after processing into crisp the same bunch would earn the farmer(s) Ksh 33 per
kilogram (Obaga & Mwaura, 2018). This therefore indicated that the ridge between farmers’ low income and high
income lies in value addition. Indeed, opportunities exist in rural areas, but the disposable income per household is
insufficient to cause banana value addition. Banana value addition is a practical reality that is achievable by
diversifying income-generating activities, among other contributors (Hettiarachi et al., 2017). On the contrary,
farmer's earnings are not the real issue inhibiting banana value addition uptake. Research shows that farmers in the
category of low income have the opportunity of ensuring there are viability and economic success in value addition
by pulling their resources together as a collective action (Sharma et al., 2017).
Group membership was statistically significant (5%) whereby p=.019 (Table 5). Group membership positively
affects uptake of banana value addition and as per the odds ratio a farmer who belongs to a group or cooperative has
a 1.917 chance to uptake value addition compared to the one who do not belong to any farming group. These
findings are in line with studies by (Sebatta et al., 2014) which found that belonging to a farmer’s group has a
significant influence in the extent to which farmers participate in banana value addition. In Kenya, farmers who
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enroll into groups after a training is still low and this was especially observed from the cooperatives created to
market horticultural produce (Bekele et al., 2013). Although there is limited literature on the operations and
workability of farmer groups in the country there is need for emphasis to be put on farmers to work in groups as it
enhances their capacity in terms of production, networking, mobilization of resources and quick dissemination and
similation of information.
Table 42: Estimates of Binary Logistic Model
Variables
Coefficients
SE
Df

Group membership
Credit access
Farming
experience

0.651
0.827
0.749

0.400
0.410
0.714

Constant
-3.122
1.380
*Means statistically significant at 1% and 5%

Sig

Odds
ratio

VIF

1
1
1

0.019
0.004
0.194

1.917
2.287
2.114

1.035
1.048
1.047

1

0.000

0.044

95% C.I. for
odds ratio
(lower)
0.875
1.023
0.522

95% C.I. for
odds
ratio
(upper)
4.201
5.110
8.568

During the study, farmers were asked whether they belong to a farmer group. The findings showed that 59.6% of the
farmers do not belong to any farmers group while 40.6% belong to a group (Table 6). The farmers during the study
were not restricted to only choose banana groups but they were only to give a yes or no answer as long as it was an
agriculturally related group. Through an aspect of knowledge spill over (Winters, 2013), stated that by individuals
interacting among others they end up sharing skills and knowhow either intentionally or unintentionally. Typically,
when a group of farmers engages or belong to a cooperative, the tendency of value addition increases (Bekele et al.
2013). 59.6% of farmers do not belong to any cooperative (Table 6), which reduces the likelihood of engaging in
value addition practice. On the other hand, 40.4% of farmers who are in cooperatives are few. Usually, the concept
of value addition is a demanding activity that may require pulling together farmers' resources (Tibolla et al., 2019).
Even though farmers play a critical role in the production, the more significant role is represented by the
cooperatives, especially in processing and marketing farmers produce. When farmers are not in a cooperative, there
is a limited value addition to banana, which reduces the net returns a farmer receives (Paroda, 2019).
Table 43: Membership of a Farmer to a Cooperative
Frequency
No
84
Yes
57
Total
141

Percent
59.6
40.4
100.0

When farmers are in cooperatives, they are helped to penetrate through the market with a competitive price and best
producing practices such as value addition practices, which increases their income, thus improving their socialeconomic status (Ali et al., 2020). Cooperative can mobilize farmers into Savings and Credit Cooperatives Societies
(SACCOs) which leads to pulling farmer's resources together, hence causing multiplier benefits due to further
processing and quality and value by-products and products (Sebeko, 2015). Failure to engage in cooperatives,
farmers are unable to participate in value addition because of the inexistence of the basis of building capacity in
banana product value addition (Pappu et al., 2015). Since value addition involves technology transfer, farmers who
are not in cooperatives have low chance of accessing techniques such as of processing their bananas, especially in
rural areas where there is the mass production of bananas. Cooperative farmers have the advantage of technological
transfer from the cooperative as a subsidy or incentive to improve the production chain (Ali et al., 2020).
Credit access was statistically significant (5%) whereby the p value=.044; accessibility to credit by farmers has a
positive relationship with uptake of banana value addition and a farmer who access credit is 2.287 more likely to
uptake banana value addition compared to the one who does not (Table 5). Financial muscle is key to a new or an
existing agri-business venture as it plays part in operationalizing and sustaining such. A farmer who is assured of
financial support and especially one with considerate guidelines is much likely to undertake a value addition venture
or uptake a technology since he has the ability to purchase the required resources to operate. Even though the issue
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of profitability and return on investment of the agri-business will play a critical role in up taking a value addition
business, with assurance from experts the farmer may most likely decide to risk (Kibaara & Nyoro, 2008).
Farmers were asked on whether they get access to credit facilities to assist them in agricultural production. The
results showed that 53.9% of the farmers do access credit while 46.1% have never accessed credit of any form from
the banking and credit facilities (Table 7). However, these responses only show whether one acquired credit with no
specifications of whether the farmer accessed for farming purpose or other businesses. In Kenya, lending institutions
have mushroomed with mobile lending apps being the latest to join the market. Therefore, there is availability of
credit and the issue of accessibility or no accessibility can be tied to policies guiding the lending. Credit is widely
recognized to be an effective and intermediating avenue of a way that is necessary for greater uptake of modern
technologies, the subsequent increase in farm income and efficiencies (Meijer et al., 2015). These contributors of
credit are value addition strategies with which farmers some have adopted, and others have failed to adapt
(Vigneswaran et al., 2015). It was observed that 53.9% of farmers can access credit in Kenyan banks (Table 7).
Likewise, Florence & Nathan (2020), presents research whose data shows that commercial banks have been at the
forefront in lending to the agricultural sector consistently across the globe.
Table 44: Accessibility to Credit
Access to credit
No
Yes
Total

Frequency
65
76
141

Percent
46.1
53.9
100.0

Karienye et al. (2020) attest that access to financial assistance will have a positive impact in the application of new
techniques like in banana processing because a farmer will be empowered to purchase the necessary technology.
However, it is still challenging to achieve value addition because the process involves an interactive procedure
between different actors with diverse interests, perspectives and positions, which leads to intended and unintended
results. As such, a successful value addition process has been argued to involve clear evidence that the outcomes
would be beneficial to the farmer. In a perspective put forward by Martey et al. (2019) credit may be available and
accessible but still it may not achieve the purpose it was acquired for. Nevertheless, with increasing credit access,
farmers can engage in value addition because the banks are on the frontline in educating farmers, especially those in
rural areas, on how they can economically increase the value of their produce (Gebre et al., 2020). Evidence shows
that banks have raised the confidence level in the predicted outcomes of the usefulness of the loaned amount by
training farmers on the best practices of managing their farm inputs and value addition chain. Access to credit is
with numerous benefits as formal credit markets are offering supporting products for farmers who are adopting
value addition (Osabohien et al., 2020).
Farmers were asked on the purpose of credit they obtain from financial institutions. The findings showed that out of
the 78 banana farmers who took credit only 22 farmers at 15.6% used it for agricultural purposes, while 56 farmers
at 39.7% used the loan for other purposes and mostly for business purposes (Table 8). The 44.7% (67 farmers) are
those who have never taken any form of credit from the financial institutions citing high collaterals required by the
bank compared to a contrary of being loaned by a close friend or relative without or with low collateral (Although
its availability is not always guaranteed). This evidently shows that farmers in Chuka Sub-County may probably be
not having faith in the return or profitability of the value addition of bananas. This may be attributed to low
extension services to guide farmers on how to successfully venture into banana agribusiness or also farmers having a
poor perception of the venture. However, as stated the diffusion theory (Rodgers, 2003), a technology or innovation
has stages and there are those early adopters who usually comprises of the opinion leaders and they later on help in
the spread of the innovation to others.
Table 45: Access to Credit for Farming
Credit use
Frequency
No
56
Yes
22
Total
78
Missing System
63
Total
141

Percent
39.7
15.6
55.3
44.7
100.0
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Most of the farmers who have access to credit focus on loans for other most productive purposes, such as trading,
operating small businesses, among others and these was also noted in Pradesh where 64% of farmers used the loan
for other purposes (Narain, 2019). This is the reason only 15.6% of farmers who access credit use it for farming
purposes and 39.7% for those who use the loan for other purposes like expanding their personal businesses (Table
8). However, the use of credit for these other purposes help farmers diversify their sources of income (Moahid &
Maharjan, 2020). Farmers argue that to be able to use the credit for the rightful purpose successfully, they need to
have at least two income-generating activities those which are non-farming activities; otherwise, they would not pay
the loan as expected. This action affects the farmer's uptake to value addition (Hettiarachchi et al., 2017). For
example, 39.7% of farmers who have access to credit but do not use it for farming purposes, allude that investing the
loans in off-farm income especially in “side hustle businesses” sources lead to a gradual livelihood improvement
such as improved household assets, better food security and increased income.
Agricultural credit, for production and value addition practice, may have the capacity of enhancing income to
farmers who utilize it 100%, thus defining the role of credit in the farming sector (Gebre et al., 2020). Credit access
also expands the economies of scale, which increases production form and resource availability. When agricultural
credit is fully used according to the intended purpose it becomes an integral part of the process which modernizes
and commercializes the rural economy (Sondarva et al., 2019). The rural households have been characterized with a
traditional practice of consuming more of informal credit (especially form family and friends) to formal credit
(Nguyen et al., 2020). This may be attributed to ease of accessibility, lack of strict rules and flexibility in changing
the initial intended purpose of the loan. However, such loans have low limits and lack of expertise guidance
compared to formal credit and farmers need to be encouraged to seek formal credit where they will meet experts and
can also be guided on how to use it based on their plans.
CONCLUSION
The study sought to analyze the socio-economic factors affecting uptake of banana value addition in Chuka SubCounty. The study concluded that no access to credit and farmers not belonging to cooperative groups affected the
uptake of banana value addition in the area.
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ABSTRACT
Horticultural produce can be retained on the farm or marketed through local fresh markets; local processed markets,
fresh export markets, or processed export markets. Kenya has ecological conditions which favor a wide range of
horticultural products which has or is being developed and produced to meet various demand in order to satisfy
quantity and quality levels of consumers. Their marketing structure depends on where horticultural produce is
developed or produced and point of use. Given such a diversified demand structure, there is need to outlay
marketing channels that produce need to follow since product supply has to move along distinct marketing channels
for it to reach respective target groups. In this research primary data was obtained through field survey using
questionnaires and interviews by stratified random sampling method in horticultural markets. Secondary data
obtained from varied sources (FPEAK, HCDA and MOA reports) was looked at, compared and analyzed to come up
with marketing channels for various horticultural produce putting into account that several systems are operating
simultaneously. Analysis of data was done by descriptive and qualitative method in the study. Results showed
farmers pass and dispose off their horticultural produce through various market outlets including; modern channels
like supermarkets, online trading portal and exports as well as traditional channels including rural and urban
wholesale or retail markets. It was concluded that there are varied marketing channels for horticulture producers and
marketers use at their disposal to enhance horticultural product flow.
Keywords: Horticulture, Market, Produce, Structure
INTRODUCTION
The horticulture is a compound for numerous fresh farm products broadly classified as fruits, vegetables and cut
flowers (MOA, 2019). It is the largest sub-sector of agriculture in Kenya, contributing 33% of the Agricultural GDP
and 1.45% to the national GDP and is the second biggest foreign exchange earner for the country after tourism,
generating approximately KES 90 billion in 2016 (AFA, 2017). It is the fastest growing industry within agricultural
sector, recording an average growth of 15% to 20% per annum (MOA, 2018). It contributes positively to wealth
creation, poverty alleviation and gender equity especially in rural areas (GOK, 2016). The industry continues to
contribute to Kenyan economy through generation of income, creation of employment opportunities for rural people
and foreign exchange earnings, in addition to providing raw materials to agro-processing industry (KNBS, 2017).
The sub sector employs approximately 4.5 million people countrywide directly in production, processing and
marketing (World Bank, 2016), while another 3.5 million people benefit indirectly through trade and other activities
(MOA, 2017). Kenya’s horticulture industry is made up of five commodities: vegetables, accounting for 44.6% of
total value of produce; flowers (20.3%), fruits (29.6%), nuts, medicinal and aromatic plants (MAPs) at 5.8%. Small
scale farmers most them with land below 10 acres produce a majority of these crops contributing about 50-60% of
total horticultural production (MOA, 2018).
The main horticultural crops exports are: flowers, vegetables and fruits; with European Union (EU) being major
destination accounting for over 80% of total exports (FPEAK, 2018). About 95% of horticultural production goes to
domestic market and 5% to export market (HCDA, 2018). The main cut flowers exported include; Roses,
Carnations, Statice, Alstroemeria and a variety of summer flowers (FCK, 2018). Under vegetables category are
French beans, snow and snap peas, Asian vegetables e.g. Karella, Chilies, Aubergines and Okra dominate export list
(EPC, 2018). Others are mangoes, avocadoes, passion fruit, which are important export fruits. Some fruits and
vegetables go to local processing plants including tomatoes, cabbages, bananas, citrus, pawpaw and carrots
(FPEAK, 2017). Some horticultural produce ends up in local supermarkets and vendors/kiosk for local consumption
(HCDA, 2017). All these horticultural produce follow several marketing channels, which this research is trying to
outlay, to arrive at consumers and serve additional functions like: encouraging production above subsistence level,
giving small producers access to market economy (Tschirley and Ayieko, 2008); creating potential for activities to
be built in as services into final product, thus giving consumers more satisfaction and producers, processors and
traders higher returns (Muendo and Tschirley, 2004).
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There is need to outlay channels for produce marketing as channels differ from produce to produce due to different
stages of produce development and consumption (Dijkstra, 1996; ASDS, 2010) necessitating research on individual
crop’s outlet. Horticultural crops show very distinct features, depending on objectives of producers or expectations
of consumers (MAOK, 2014). This has led to a very interesting marketing structure for horticulture (MOA, 2010;
Dijkstra, 1997), from which some general conclusions may be drawn such as: High rates of population growth
combined with higher rates of urbanization caused large increases in local demand compared with previous years
(Mitullah, et al., 2016; HCD, 2018); present real income level shows a high elasticity of demand (World Bank,
2016); HCDA, 2011); increases in income are utilized for equal increases on percentage basis of expenditure for
horticultural product (Umar Farook, (2011); ILO, (2013); relatively large number of European expatriates and
citizens of Asian origin supported production of specific types of fruits and vegetables not always consumed in
African households (FPEAK, 2018) and strong demands from external markets in Europe, Middle East and parts of
Africa have provided incentives large-scale producers to concentrate on export markets (USAID, (2015) and using
air freight capacity presently available (HCD, 2018). Such diversified demand necessitated research to outlay
traditional and modern marketing channels that horticultural produce follow as product supply move along distinct
marketing channels to reach respective target groups and consumers in Kenya.
Analytical framework
The descriptive analytical framework was used to come up with what was happening in marketing of horticultural
produce in horticulture sector in Kenya. It included administering survey questionnaires, market visit, interviews,
and reports that simply provide marketing channels of produce in horticulture sector. Methods employed in
descriptive analytics were observations, case studies, and surveys. The descriptive model was used because it makes
it simpler to quantify relationships in data in a way that enabled user to classify data into channels which produce
are passed from producer to end user in horticulture sector.
Research model
Traditional ways of produce sales
Market channels

Modern ways of produce sales
Horticulture sales intervention:

Independent factors
Dependent factor
H1: There is a positive association between traditional ways of produce sales and market channels
H2: There is a positive association between modern ways of produce sales and market channels
H3: There is a positive association between horticulture sales intervention and market channels
Research methodology and data analysis
Market visit and survey was done to collect data with questionnaires being administered and interviews made on a
sampled 100 horticulture vendors and sellers in 5 markets of Eldoret-Uasin Gishu, Kitale-Trans Nzoia, KibuyeKisumu, Wakulima-Nairobi and Soko mjinga-Nyeri and 5 HCDA and 5 MOA officers in the five counties of
horticultural produce. A stratified random sampling method was used in data collection. The study relied on primary
data (survey questionnaires and interviews) and secondary data from various sources (HCDA and MOA reports) and
earlier studies. Data grouped as per research questions and analysis done by descriptive and qualitative method,
discussed and conclusion recommendation made.
Overall objective of the study
To outline traditional and modern marketing channels for horticultural produce in Kenya, with specific objectives to
look at modern marketing channels for horticultural produce in Kenya, to look at traditional marketing channels for
horticultural produce in Kenya and to outline individual horticultural produce marketing channels in Kenya.
FINDINGS AND DISCUSSIONS
Modern marketing channels for horticultural produce in Kenya
Supermarket marketing channel
Results show supermarket as one of modern marketing channels of horticultural produce. They have attempted to
expand their participation in horticultural sales over the past few years, but their market share remains quite low.
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Findings indicate three major supermarket chains being, Uchumi Tuskys and Nakumatt, each carry upwards of 80
horticultural products in produce section of their Nairobi stores, including fresh whole produce from Kenya,
imported produce and prepared vegetables ready for cooking. Each had ambitious expansion plans; with Uchumi
planning to reach 50 stores from 30 stores it had, concurring with research by Weatherspoon et al, (2003) earlier that
supermarket channels is gaining foot print for horticulture produce sales in Africa. However, the plans appeared not
stable due to financial difficulties facing them. These largest supermarkets relied on brokers and secondarily on
direct procurement with an assortment of contracted commercial farmers and some organized small and mediumsized farmers. It was estimated that the supermarket share of the Fresh Fruits and Vegetables (FFV) market in
Nairobi was below 10% and concurs with report by Fresh Produce Exporters Association of Kenya (FPEAK, 2018).
Though so, supermarkets in Kenya is receiving considerable attention over the past few years as findings showed
they are spreading quickly in urban areas and are modernizing their product procurement systems, differentiating
them from those used by traditional retailers and wholesalers. This is in agreement with other research findings by
Neven and Reardon (2004) that showed that supermarkets were growing at an annual rate of 18% and had a 20%
share of urban food market overall, although only an extremely incipient 4% of the FFV market. Findings indicate
supermarket chains in Kenya have recently begun to modernize their procurement systems by centralizing
procurement over the country into distribution center, (away from store-by-store sourcing), by selecting sets of
preferred supplier-farmers and specialized wholesalers dedicated to sourcing from those farmers as well as
wholesale markets and instituting incipient and basic private standards of quality. When supermarkets first started
selling FFV in a significant way, they procured from whatever source was available, hence sourcing only 30% direct
and the rest from traditional brokers. Over the past few years, the chains have begun shifting toward sourcing
directly from farmers. The “supermarket-channel farmers” universe is farmers who are listed as direct suppliers of
FFV to leading supermarket chains. These chains now market 90% of FFV sold through supermarkets in Kenya.
The supermarket suppliers appear to be an emerging “domestic elite” in horticulture production, between small
traditional farmers producing for local fragment spot markets and larger export farmers producing for a very
demanding foreign (supermarket) market. They are thus in an intermediate position. This is especially interesting
because literature point to farmer-leaders or innovators, somewhat better capitalized than the average but not
extremely distant in capacity, that forges the way in product diversification, market development and technology
modernization. Supermarkets pay highest wholesale prices in market, of 10-20% higher than traditional retailers, but
other benefits of selling to supermarkets are even more important to farmers than higher price. While 34% of
supermarket-channel farmers say that higher price is key reason for selling to supermarkets, 46% say that ease of
selling to supermarkets is key attraction i.e., lower transaction costs and market risks. The combination of higher net
incomes, lower transaction costs and greater transaction stability in supermarket channel has created a strong growth
dynamic concurring with research by Neven and Reardon, (2004) that average farmed acreage of supermarketchannel farmers increased by 104% over 1999-2004, compared to by only 10% for traditional-channel farmers.
Online trading portals e.g. Fruit commerce marketing channel
Another modern marketing channel for horticultural produce is internet-based trading portals which offer fresh
produce traders opportunity to source products “without intermediaries” and was launched in 2011. The portals, e.g.
FruitCommerce.com, is backed by Italian fresh produce company Agrifruit and the country’s Cesena based trade
event Macfrut, and aims to bring FFV buyers and suppliers together in a single, online market place. It is a virtual
market that allows sales prices between buyer and seller to be agreed upon in real-time. They offer service to
operators in the sector, such as retailers, cooperative and cooperative consortiums, producer organizations,
importers, exporters, wholesales of all sizes and growers. The sites are available in five languages (English, French,
German, Italian and Spanish) and offer a range of product information including price, volume, quality,
characteristics and any eventual complains. Payments are made using a credit card and after product have been
received and approved by the buyer. A commission is paid to the site once a transaction is completed and
registration is free of charge at fruitcommerce.com site.
Findings show other online trading portals are Google Product Search, NexTag and Shopping.com, which use
comparison shopping engines (CSEs) and are becoming more prevalent as these sites make online shoppers’ lives
easier. These engines allow consumers to shop, compare products, features and pricing, consumer and expert ratings
and store locations all from one centralized place. Ultimately, they can be a dream come true for shoppers as they
enable them to find right produce, from right merchant, at right price.
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Producer - Formal exports marketing channel of fresh horticultural commodities
The other modern marketing channel is formal exports. Exporting is the marketing of goods produced in one
country into another. A distinction has to be drawn between passive and aggressive exporting. A passive exporter
awaits orders or comes across them by chance; an aggressive exporter develops marketing strategies which provide
a broad and clear picture of what the firm intends to do in the foreign market. From the research, exporting methods
include direct or indirect export. In direct exporting the organization may use an agent, distributor, or overseas
subsidiary, or act via a Government agency. Exporters can also be growers and in low season both these and other
exporters may send produce to food processors which is also exported (figure 1). Export markets are of minor
importance to FFV supermarket-channel growers, as only 15% also sell to export markets. This differs by product:
involved in higher value, lower volume items such as French beans or avocado tend to also export, while farmers
selling lower value and heavier products, such as banana, tomato and kale, are selling all into domestic market.
Producer

Middleman
Processor

Wholesale market food distribution

Exporter
Importer

Figure 1. The export marketing channel for Kenyan horticultural products
Producer – wholesales marketing channel
Findings indicate wholesale as main marketing channel for Kenyan horticultural produce. Wholesalers as a group
were divided into collecting wholesalers and distributing wholesalers. The former specialized in collecting produce
from farmers. They travelled long distances to purchase commodities in spot markets from producing areas and
towns in Kenya. To facilitate operation, collecting wholesalers employed purchasing agents who worked in the
production areas on their behalf. Purchasing agents reduced costs by identifying produce for sale, carrying out
negotiations, accumulating, assembling and carrying produce to nearby earth road for ease of collection concurring
with earlier research by Dijkstra, (1996) that purchasing agents’ streamlined procurement process of horticultural
produce. Once enough produce were obtained, collecting wholesalers transported the commodities to the main
cities/towns Lorries with a minimum of seven tons. These professional collecting wholesalers sold primarily in
urban wholesale markets. For example, this research outlaid that oranges were fetched from Kitale and sold in
Mombasa, Nairobi and Kisumu concurring with MOA, (2017) indicating e.g. onions were obtained from Marigat
and sold in Mombasa, Kisumu and Nairobi along water melons. Other crops like coconuts were transported back by
same wholesalers from Mombasa and sold in Nairobi and Kisumu after off-loading horticultural produce to save on
expenditure costs and increase returns. Bananas sold in Nairobi market were obtained from Kisii and Meru.
Collecting wholesalers operated in such a way as to allow distributing wholesalers to focus entirely on their urban
clientele concurring with reports by MOA, (2018); HCD, (2018) that this is important in large urban centers such as
Nairobi, Mombasa, and Kisumu where wholesale and retail markets were operational six days a week. For such
distributing wholesalers, being absent, resulted in lost revenue and poor customer relations concurring with earlier
research by Dijkstra, (1997) that urban clientele that these distributing wholesalers serve were highly diverse.
Findings from this research show wholesalers targets included: traders in traditional open-air retail markets, green
grocers serving middle-class clientele in roadside kiosks, high-end green grocers mostly in established retail centers,
supermarkets, and hotels. The other targets also included “traditional-channel farmers” universe which were farmers
who sold produce to traditional wholesalers but not directly to supermarkets.
Producer - Brokers horticultural marketing channels
Results from this research outlaid brokers as one other horticultural marketing channel. Brokers were found in both
traditional and modern marketing channels. It was evident that brokers obtain some of their produce in wholesale
markets and producers though detail is lacking on the volumes and specific commodities that they tend to procure in
this manner. The large supermarket chains were found to have been trying and targeting to phase out brokers over
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time as they developed their “preferred grower” programs. Brokers supplied a broad range of high and low margin
FFV to large supermarkets, restaurants and other institutional buyers. Their competences were highly skilled with
extensive network of buyers, all with cell phones, across a broad range of agro-ecological zones. They sourced
horticultural produce of different types from far and near and of best quality; they efficiently procured a range of
products at different margins from multiple sources; they shifted products from local to export markets depending
on opportunities and price; and more seemingly they responded to opportunities for new FFV products through a
flexible network of farm suppliers they have developed. From this research, the domestic FFV market was highly
competitive with an increasing number of new entrants frequently, placing pressures on margins and source of profit
for brokers. To counter negative effects on profits, Brokers used strategy of sourcing and supplying a broad range of
products both high volume and low margin e.g. onions, cabbages and low volume and high margin e.g. sukumawiki, collard greens, spring onions, broccoli, etc.
The case of Kenyan brokers is instructive because it illustrates how a broker with core competencies in extensive
marketing has integrated an intensive strategy into their business model to offset the instability of supply in order to
lower their cost and stabilize their supply to a growing number of institutional buyers. This concurs with research
done by Muendo and Tschirley, (2004) indicating brokers developed a network of out-growers in order to satisfy
clients with a diverse mix of quality product on a consistent basis to mitigate profit loss due to competition. Their
strategy ideally was to identify lead farmers and have them specialize in one specific product such as broccoli,
sukuma-wiki and Chinese onions e.g. spring onions concurring with report by Tschirley and Ayieko, (2008) that
brokers use specialization of product by using lead farmers to ensure increased quantities and quality over time. In
this strategy, Brokers had contracts with up to four farmers per product to spreads risks in case of failure by one
farmer. The brokers provided a package of services that were embedded in the supply contract e.g. market
information on what to grow, seeds, technical know-how like crop rotation and cash advance to cover purchased
inputs. They also adjusted level of upfront service in relation to farmer risk and in turn expect better price from the
farmer concurring with Sandika, (2011) indicating effective middlemen or brokers know how to make money even
when margins are small by putting in appropriate strategies to cushion profits. The other method was that Broker
chose to incorporate a strategy of backward integration into farm services, like providing a more stable flow and
diverse range of FFV to clients. For instance, at times they by-passed local assembly markets for low volume and
high margin product by procuring directly from farmers whom they supplied farm services in return for supply
agreements concurring with research by Rozhan, et al., (2013) that backward linked marketers to the farm have
competitive advantage of quickly responding to changes in customer preferences through their own supply network.
Traditional marketing channels for horticultural produce in Kenya
Producer – urban wholesale marketing channel
Findings show urban wholesale as one of traditional marketing channel and played a dominant role in horticultural
FFV marketing. It supplied horticultural products for open-air retail markets, kiosks, and small stores. They were
un-attractive to buyers concerned with assuring high quality and food safety. Most of produce for this market e.g.
banana and tomato were imports from the region estimated at 7-8% share of Kenyan market concurring with reports
by MOA, (2019) indicating oranges imports from Tanzania were up to 20% and onion up to 10% with almost no
Kenya exports of same produce to regional markets. Finding also outlaid that there was ongoing construction of 10
wholesale markets in major towns at Nairobi, Mombasa, Kisumu, Eldoret, Nakuru, Embu and Nyeri, Karatina. Its
aim is to construct fully equipped integrated mega producer wholesale markets and encouraged large scale producer
groups around major towns to use these facilities concurring with HCD, (2017) that construction of markets in major
town on-going at cost Ksh. 5 billion and expected to be completed by 2023. These will provide an avenue for
product consolidation, infrastructure for easier market access, improved facilities, and revamped supply chain from
small scale producers to retail markets.
Producer – Retail marketing channel in Kenya
Retail market was the other traditional channel of disposing of horticultural products. It was served by public
wholesale markets and dominated the market share. They served local consumers directly for daily horticultural
purchases. The retail sector has been expanding substantially in numbers and concurred with HCDA, (2011)
indicating retail markets being a fast growing channel assisting Kenya’s economy growth through produce sales.
The vibrant retail market sector supplied most horticultural produce though most business was conducted informally
in open air markets, as AFA (2017) reports indicate most produce disposed off through retail method countrywide.
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Changes were occurring in retail marketing channel for FFV. The most noted was the rise of stores in small and
large supermarkets retailing horticultural produce. These stores accounted for a small share of FFV marketing.
Rapid replacement of traditional ‘dukas’ with smaller supermarkets selling little FFV was on-going with preference
of using part of their limited cold storage space besides e.g. dairy products like milk and yogurt, meat and poultry
products. The more dynamic part of the FFV retail market was the proliferation of FFV kiosks. Some of these kiosks
were larger, with more substantial structures located outside small supermarkets or at service stations. Some of
horticultural produce was being retailed at mobile stands or on spread out marts or on vehicles parked along
roadside. This retail marketing channel sourced their product from municipal wholesale markets.
The municipal markets were also experiencing change, reflecting a rising and diversified demand for FFV, as well
as congestion driven shift of demand away from the large, central markets toward the community based council
markets. This concurred with research and reports by ASDS, (2010); GOK, (2016); KNBS, (2017), FCK, (2018)
predicting future continued population growth and urbanization enhancing and supporting further growth in both
kiosk-based shopping for FFV and flowers as well as shopping at the council municipal markets. It is envisaged
smaller supermarkets bringing FFV into a capital and electricity intensive cold-storage structure, in a bid to replace
the kiosks out front. This shift is likely to occur due a rapidly growing income environment concurring research by
Perera, et al., (2006). The findings showed supermarkets were becoming more competitive in retail marketing of
higher value FFV though market share was still small supporting research by Ghezan, et al., (2002) and Chen, et al.,
(2005) that the concept of extensive and intensive sourcing strategies was being used in retail marketing for
development of FFV markets.
Group marketing channels
Floriculture marketing channels
Findings showed presence of group marketing channel for specific horticultural produce occasioned by horticultural
produce distinct features, objectives of producers, or expectations of consumers. Differing channels in groups was
due to different stages of produce development and consumption for e.g. Floriculture, Vegetable and Fruits.
One such group marketing channel was floriculture with cultivation area in Kenya being in Nakuru and centered
within Lake Naivasha. High pressure on available resources and infrastructure in Naivasha region was curtailing
possible expansion of area under cultivation concurring with HCD, (2017) reasons of flower farms exiting area. The
finds also agree with research by FCK, (2018) reason being easier access of resources in other parts of Kenya e.g.
Mt. Elgon, Kinangop, Kitale, Eldoret, Kericho, Limuru, Kiambu, Athi River, Thika and Mt. Kenya region.
Kenya supplied over 35% of cut flowers and ornamentals to world largest market where the EU consumed 50% of
the world flowers concurring with FPEAK, (2018) on same. The major destinations for these flowers were The
Netherlands (65%), UK (23%), Germany, France and other EU countries sharing balance being in agreement with
MOA, (2017) indicating EU as main floriculture destination. With market diversification USA, Japan and Middle
East had come up recently as additional market destinations for Kenyan flowers agreeing with MOA, (2018) on
emerging flower destination. The large–scale flowers producers were vertically integrated and deliver directly to the
mass retail chain in UK, France, Netherlands, and Germany in a contract basis (EPC, 2018). The larger growers had
their own infrastructure and trucks to secure conditioned post–harvest handling and transportation up to air
freighting, as well as breeding and propagation units as envisaged by this research. Handing and transport by air was
by organized freight forwarding all aggregated horticultural produce. For export, large scale producers had their own
logistic infrastructure for individual produce directly to supermarkets and other mass retail outlets.
The flower farms with less than 20 ha under cultivation had more ad hoc marketing channel arrangements and relied
more on the Dutch auction system for their marketing and sales. Some of them had ventured to grow summer
flowers in diversification. These were particularly important as fillers used for export of bouquets. Sometimes
brokers aggregated the flowers for transport to the European market. Although Kenya exported some carnations,
Chrysanthemums and other cut flowers, the bulk of exports were cut roses. The total export volume of cut flowers
from Kenya was more than 93 million kg in 2019 representing more than 33% of total EU flowers imports
concurring with EPC, (2018), and MOA, (2019) on same.
Kenya exports went mainly to the Netherlands and United Kingdom, with a small portion being exported directly to
Germany and Japan. The export value of Kenyan cut flowers increased in the period 2012 – 2016 by an average of
21% per year, while average export value of other countries increased by only 9% p.a. in the same period. Also in
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the year 2017- 2018 the export volumes of Kenya flowers continued to grow agreeing with FCK, (2018). The
impressive growth and development of the Kenyan floriculture export trade has come to a standstill in the past
year as a result of world economic downturn affirmed same by EPC, (2018). The global economic crisis starting in
2018 has had a negative impact on the consumer demand for flowers, particular in the new growth markets of
Central Europe, USA and Russia and the UK. In some markets the devolution of the currency, most notably the
British pound and US dollar further reduced the export incomes concurring with MOA, (2019).
Vegetable marketing channels in Kenya
Findings outlaid Vegetable market as another group marketing channel used to dispose-off vegetables from main
regions of Central Rift valley and Eastern though varying amounts were produced across other areas. Results
showed majority of vegetables were produced by smallholder producers with most being consumed locally
concurring with MOA, (2018) on same. In Kenya vegetables production for export took place in four different
production systems namely: Background integration, where exporter had its own production; Product segmentation,
where products requiring full traceability were grown on own farms and products who had less demanding
requirements were sourced from contracted small holders; Modified extension, where there was combination of own
production and out grower/smallholder production; and lastly, Higher intensity out grower system, where most of
vegetables were procured from out growers or smallholders.
The large portion of Kenyan vegetable exports went to the UK market with The Netherlands and France being the
other main importers. In addition to a growing export market, demand for indigenous leafy vegetables in Kenya was
increasing rapidly, both at urban and rural markets being in agreement with HCD, (2018) on same. Nearly all
Kenyan main chain supermarkets like Uchumi, Nakumatt, Tuskys, and others like Ukwala and Naivas were stocking
these greens, alongside commonly consumed vegetables such as leaf cabbages, known in Kenya as ‘sukuma wiki’.
While cabbages were produced in large quantities, supply of indigenous leafy vegetable was inadequate concurring
with MOA, (2017) indicating low volumes especially during dry season. The marketing channels for vegetables had
many links and were divided in to two; fresh produce and processed.
Findings showed small holders’ productions were purchased by brokers and agents, and then sold to exporters or
from them to the importers and wholesalers, until finally arriving at the retailers, and sometimes from them to
restaurant and caterers. The local market was diversified, ranging from rural markets to retail markets and
supermarkets to restaurants and hotels. Up to half of Kenyan exporters were part-time exporters who went in and out
of the market according to the market situation concurring with FPEAK, (2018) of them only being present at
market peaks for temperate vegetables such as the European winter months.
These exporters had no structures in place in the sense that they do not have farms of their own, nor do they have
permanent trading facilities like Lorries and cold stores, but rent transport vehicles and space in cold stores when
they needed them. While the number of these exporters was large, the amount they exported was very small between
2 – 10%. Up to 90% of exports were done by year-round exporters. Most of these had their own farms and
supplemented export volume by buying from other farmers either large or small scale commercial farmers or small
holders. The main traders at regional market were wholesalers who collected vegetables and sold primarily in urban
wholesale market. The domestic end-market in Kenya was divided into five different types, each supplying different
client group and included: Fresh rural market, Fresh urban market, processed produces market, Fresh greengrocers
or kiosk, and Supermarkets aimed at an increasing group of middle and high income urban consumer.
The most commonly produced and exported vegetables in Kenya were snow peas, sugar snap peas, French green
beans, mange touts and baby vegetables (carrots and baby corn). The vegetables seed market in Kenya was very
diverse agreeing with EPC, (2018) that up to 100% of seed and planting materials was being imported into Kenya
for some crops. Findings showed that majority of growers make use of local suppliers and importers who were
specialized in bulk product. A small section of export vegetable growers, make use of quality seeds. These seeds
were imported by local companies or were obtained from local branches of seed companies concurring with HCD,
(2017) indicating vegetable seed were imported from the US, Great Britain, Japan and South Africa as none was
produced in the country.
Fruit marketing channels in Kenya
Findings showed other group marketing channel was for fruits mainly available in markets such as: mango, bananas,
melons, avocado, pineapples, passion fruits, papaya and citrus, others in low volumes were pears, apples and plums.
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Avocado was the leading exported fruit to European supermarkets during the winter period when other producing
countries had limited supplies. The bulk of the fruits was sold either as fresh produce or processed products on the
local or regional market. Of the total Kenya fruit production only 1% was exported while 99% was consumed
locally concurring with MOA, (2019). Despite the low volume, fruit exports accounted for 35% of total value of
Kenya fruit market supporting EPC, (2018) and AFA, (2017) indicating fruits sale had major significance to Kenya
fruit producers and exporters economy. Europe was the most popular fruit export market followed by Middle East.
Avocado sales accounted for more than 50% of export value in Kenyan fruit sector. In European market, Kenyan
avocado exporters competed with South Africa, Mexico, Israel and the United States. Kenya’s competitive niche in
Europe was its ability to supply avocados during winter, when imports from South Africa and other suppliers were
not widely available. The following (figure 2) is a summary of the various fruit marketing channels in Kenya.
Urban market

Export markets

Rural market
Processors/packing
grading stations

International
exporters

Wholesaler
Groups
Integration Estate farm with
own grading, packing and
sorting facilities

Local middle
men/brokers
Small scale growers

Medium/large scale growers

Figure 2. The Fruit marketing channels in Kenya
Results showed avocados were sea freighted to Europe contributing to Kenya’s competitiveness. Furthermore,
passion fruit and mango were other important fruits exported to Europe and Middle East in significant quantities.
These fruits were mainly produced by small farmers spread across Nyanza, Eastern and Central regions. The fruit
marketing channel included many small scale farmers who depended on local middle men or brokers to sell their
fruits. In rare cases fruit growers were organized in marketing groups. More often fruit growers acted as individuals,
the predominant marketing channel arrangement being the local fruit sector. The demand for fresh fruit from the
processing industry was ever increasing as development of horticulture industry increased. For example there was
ever increasing demand at regional and domestic market for passion fruit juice and concentrate production agreeing
with EPC, (2018) indicating regional market e.g. Uganda had significant fruit processing capacity and required
purple passion fruit for juice production and Kenya had proved to be an important source of the product.
Findings outlaid few challenges befalling fruit marketing channel and include: lack of market information and
transparency; Smallholder fruit producer’s heavily dependence on local middlemen thereby monopolizing their
market access; Transaction cost and post-harvest losses in segment high; lack of knowledge on post–harvest
handing; poor transport facilities and limited (conditioned) storage capacity at wholesale and retail level. Other
challenges were restricted access to the higher value export markets for smallholder produce due to lack of
compliance of traceability rule and absence of pesticide residue checks.
Individual (few selected) horticultural marketing channels
Passion fruit marketing channels in Kenya
Results show passion fruit disposal as falling under individual marketing channel. Many small scale farmers
depended on local middle men or brokers to sell their fruits. In rare cases fruit growers were organized into
marketing groups. More often fruit growers acted as individuals, which was predominant marketing arrangement in
Kenyan fruit sector. The following (figure 3) is summary of passion fruit marketing channels in Kenya.
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Figure 3. The Passion fruit marketing channels
Findings showed an increasing demand for fresh passion fruit from the processing industry. The medium and large
scale farmers export their passion fruits directly. Some farmers sold their produce directly to supermarkets or to
processors. Passion fruit was ranked third biggest exported fruit from Kenya taking up 7% of total volume exported
yearly. The biggest passion fruit market was Holland taking up 29% of volume exported with United Kingdom and
Belgium taking up 20% and 21% respectively of the total volume exported.
Findings outlaid some challenges facing marketing of this crop. Marketing difficulty of passion fruit was the small
quantities involved, which made sales firms reluctant to handle the product not only from the point of view of the
initial quantity but also the possibility of repeat orders being unavailable. Kenyan passion fruit growers at times had
many reasons to smile as they occasionally received highest price with a kilogram going for more than Ksh 200 in
some areas. This was fuelled by increased demand for the fruit, not just locally but regionally as well. In fact, the
local and regional demand of fresh fruit for processing was unmet. This has had a ripple effect concurring with
FPEAK, (2018) indicating new growers encouraged by such market potentially ventured into production with
commercial nurseries flourishing and striving to fulfill the new demand for quality passion fruit seedlings.
Bananas marketing channels in Kenya
The other individual marketing channel was for bananas, a popular fruit with most markets in Kenya. Their
production was scattered all over the sampled area markets though only a very small proportion of it was exported
with big portion being consumed locally. Local cultivars in Kenya included Muraru, Kiganda and Sukari among
others and were eaten as dessert or cooked. Improved cultivars available included Apple, Gross Michel, Kampala,
Dwarf Cavendish, Giant Cavendish Williams, Grand Nain, Variety, Poyo and Lacatan.
Tall varieties were Poyo and Lacatan, while medium varieties included Valery, Paz and Williams. The
recommended banana varieties for export in Kenya were Apple (Sweet Banana), Giant Cavendish, Lacatan, Sabaki,
Valert, Red Banana (all dessert type), and Uganda Green (cooking type). Bananas for export market were usually
cut into hands and end carefully trimmed with a specially curved knife, wrapped with a soft paper and packed in
fiberboard cartons. Hands with small fingers were place in the centre of box and ensured the fruits were not
protruding from the packed box to avoid bruises on transport.
Findings showed banana Export market in Kenya was increasing over the years concurring with EPC, (2018)
indicating same trend though world quarterly system was slowing the rate. Importing counties included Holland,
U.K and Germany. In marketing channels of this produce, farmers’ bananas was either purchased by brokers and
agents, or sold to the exporters, from them to the importers and wholesalers, until finally arriving at the retailers, and
sometimes to restaurant and caterers. The local market was diversified, ranging from rural markets to retail markets
and supermarkets to restaurants and hotels. Figure 4 summarizes banana marketing channels in Kenya. The demand
for bananas has been increasingly as Kenyans become aware of health benefits of the products and was being
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consumed in fruit form or as juice. Fingers were considered mature for harvest when they were ¾ round (75%
maturity). Bananas were harvested green at varying stages of maturity depending on market requirement.
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Figure 4. The Bananas marketing channels in Kenya

Tomato marketing channels
Most of the regions in Kenya produce tomatoes which were marketed in local markets through various marketing
channels. The produce marketed in the urban markets of Nairobi, Kisumu, Eldoret, Kitale and Nyeri were sourced
from Kirinyaga district (Mitunguu area and Isiolo region), Nyeri district, Nakuru district (Bahati and Kabazi region)
and Taita Taveta district. To be sold, tomatoes had to meet various market requirements e.g. for export, processing
or local consumption and included being fresh, consistent, clean, whole, free of external humidity, free of insect
damages, no severe deformations, free of foreign matters and free of rotting due to fungi and bacteria.
The tomatoes ended up in local supermarkets, vendors/kiosk, while some went to local processing plants through
various marketing channels like brokers, hawkers, retailers and agents for processors. The tomatoes were usually
graded to meet market demands. Take for example in the first grade, usually for export, tomatoes need be of good
quality free of open cracks. Acceptable were slight defects of forms and development, discoloration, slight skin
defects and light bruises. Maturity level was between green and ripe. Second grade category included those that
could not be classified in the first category, but displayed the minimum characteristics. They had be firm with no
unhealed cracks. The tomato marketing channel in Kenya was very complicated in that it included many brokers at
farm and at market, hawkers, processors and farmers themselves who depend on local middle men or brokers to sell
their produce. The below figure 5, is summary of various tomato marketing channels in Kenya.
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Figure 5. The Tomato marketing channels in Kenya
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Mango marketing channels in Kenya
The other individual marketing channel is for mango fruits. Findings showed mango availability in markets
increased steadily over the past decade concurring with MOA, (2019) attributing it to improved yields of up to 10
tons per hectare. Two types of mango fruits found in markets included the local and the exotic or improved varieties.
The latter were from grafted local mangoes and most were grown for the export market. Most local varieties were
high in fibre content, commonly referred to as “stringy”, concurring with Kameri, (2012) that such characteristic
made them unpopular for fresh consumption. The local varieties available in the market included Ngowe, Dodo,
Boribo and Batawi. The exotic varieties were Apple, Kent, Keit, Tommy Atkins, Van Dyke, Haden, Sensation,
Sabre, Sabine, Pafin, Maya, Kenston and Gesine. Most of the mangoes produced were consumed within the same
production area agreeing with Serem, (2010) indicating sales in urban markets.
Findings showed two main market destinations for fresh mangoes, the local and export markets. Exports of fresh
mangoes comprised a small proportion of national production concurring with Steve, (2010) that total mango export
was slightly above 1 percent of total production. Most of the mangoes were bought from farms by middlemen who
transported them either to local markets or sold them to exporting companies. The exotic varieties fetched better
farm gate prices, ranging from Kenya shillings 5 to 20 per piece, depending on the size, quality, season, buyer and
the destination market. Only high quality fruits of exotic varieties were sold in the export markets. Some of the
mango export companies bought mangoes directly from farms and packaged them for export. The export market
offered better prices than the local market. In cases where exporting companies bought directly from the farms,
producers sold at better prices than when they sold their products to middlemen. The prices offered also depended
on the mango season. The export market was served by a few large private sector farms concurring with HCD,
(2018) and MOA, (2018) indicating presence of about 22 mango exporters in Kenya. Independent smallholders
produced the bulk of the mangoes for domestic markets. The brokers assembled the mangoes from producers and
then supplied the main open markets. Once consignments were delivered, wholesalers bought and sold them to
retailers who then sold to consumers in kiosks, other retail markets, green groceries and roadside markets.
Findings indicate Processors often acquired mangoes directly from producers. At the high end of the market were
three main supermarkets of Nakumatt, Uchumi and Tuskys which sold high quality mangoes to the upper income
consumers. This outlet, however, only accounted for less than 5 percent of the mango distributed in Kenya. The
open market accounted for 56 percent in urban centres and more than 70 percent in rural areas, while kiosks
accounted for 36 percent of mango sales. Mango processing in Kenya has not expanded and only a negligible share
of total production was being processed. The local juice and jam makers imported mangoes in form of concentrates
mainly from Mauritius, Egypt and South Africa concurring with Musinga et al., (2012) indicating local mango
production was of low quality. Ninety-five percent of mango produced in Kenya was made up of indigenous
varieties. These, as already mentioned, were rich in fibre, and of little market value and were either consumed within
the households or sold at very low prices in the village markets or kiosk/roadside stalls. Producers sold mangoes
using various channels like from farmer to broker or supermarket or main market, retailers, or green grocers. The
following (figure 6) is summary of various mango marketing channels in Kenya.
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Figure 6. The Mango marketing channels in Kenya
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CONCLUSION
Marketing channels of horticultural produce in Kenya is diverse and is dependent on various factors including
produce itself, destination, distinct features, and objectives of the producers or the expectations of consumers. The
market outlets include; modern channels like supermarkets, online trading portal and exports as well as traditional
channels including rural and urban wholesale or retail markets. It was concluded that there are varied marketing
channels for horticulture producers and marketers use at their disposal to enhance horticultural product flow.
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ABSTRACT
This research adds to knowledge of extension education by revealing the quality of climate-smart agricultural (CSA)
advice offered by private and public extension sectors. The study was aimed at addressing the paucity of empirical
data that exists relating the quality of CSA advice. Using a semi-structured questionnaire, the descriptive
correlational study gathered data from a systematic sample of 109 farmers. Data were analyzed using Pearson’s
correlation and ANOVA tests. There was a moderate positive correlation between extension effectiveness and
adoption of CSA, r = 0.37, p = < 0.01. There were significant differences between public, private, and both sectors
in relation to the quality of information disseminated, F (2) = 12.98, p = < 0.01.The quality of private sector’s advice
(36.24 ± 10.94) was significantly lower than that of public sector (45.27 ± 6.92, p = 0.01) and both sectors (47.98 ±
10.07, p = < 0.01). The quality of CSA advice was generally fair, even though collaborative effort between public
and private would yield better quality advice. Heightened dissemination of CSA practices would improve the
adoption of the practices among farmers. There is need to design and implement intricate CSA programs involving
both sectors of extension to improve the adoption levels of the practices in Mbeere North.
Keywords: adoption, climate-smart agriculture, Extension advice, effectiveness, quality
INTRODUCTION
The climatic changes currently being experienced in the globe have resulted in reduced livestock and crop yields
thus threatening farmers livelihoods especially in rural areas (World Bank Group, 2015; Oduniyi & Tekana, 2019).
The climate risks are expected to increase in the coming decade especially in less developed countries. Globally,
more than a billion farmers are facing the climate related risks and hazards (Nagargade, Tyagi, & Sigh, 2016). It is
estimated that between 5 to 170 million people will be food insecure by 2080 in Africa as a result of climate change
(Rosegrant, Ewing, Yohe, Burton, & Huq, 2008). To mitigate the climate risks such as heat stress, flooding and
drought, climate smart agriculture (CSA) was developed. CSA has the potential to improve productivity, resilience
of farming systems, and mitigate climate change (MoALF, 2017; Netherlands Enterprise Agency, 2019). CSA
encompasses verified practices such as mulching, intercropping, minimum tillage, crop rotation, integrated croplivestock management, agroforestry, improved grazing and improved water, management (Jirata, Grey, & Kilawe,
2016; World Bank & CIAT, 2015). CSA also encompasses practices such as improved weather forecasting, earlywarning systems and climate-risk insurance. Technologies such as remote sensing, global positioning systems, and
cloud sensing have been incorporated in CSA farming systems (Adamides, 2020).
It is projected that between 140 and 300 billion US dollars annually are needed in less developed countries to adopt
CSA by 2030 (UNEP, 2016). Although significant amount of resources have been secured to promote the
dissemination and application of CSA, many of smallholders lack adequate skills and knowledge (Jirata, Grey, &
Kilawe, 2016). The effects of widespread application of the practices have not been investigated (De-Pinto, et al.,
2020). Sustained incorporation of CSA into national agriculture and food security programs is a necessity in
realizing greater resilience to climate change in Africa, Asia, and Latin America. Safe access and control of land,
water and natural resources will be critical for improved utilization of CSA practices (USAID, 2016). Kenya has not
realized the benefits of CSA due to low adoption rates resulting from poor policies formulation and implementation,
worsened by duplication of roles and inefficiencies among institutions mandated to enforce the policies. However, a
variety of initiatives involving the diffusion and adoption of CSA are largely ongoing (World Bank, 2012). Effective
CSA drives requires sufficient mechanisms for creating, documenting, and diffusing knowledge through the use of
effective procedures and institutional engagements. Climate information and policies are very essential to address
the impacts of climate variability (Jirata, Grey, & Kilawe, 2016). Opportunities to increase adaptation and mitigation
to climate change go beyond cultivation to postharvest handling, value chains and the larger agri-food system that
connects farmers with consumers. The adoption of CSA farming practices can be enhanced through innovative
county extension delivery systems and public-private service providers’ partnerships (USAID, 2016). This
comprises the institutions and players engaged in offering extension and associated services.
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Awareness creation on climate change adaptation and mitigation is crucial and should encompass structures of
information sharing through field visits and demonstrations (Wambugu, Franzel, & Rioux, 2014). Notwithstanding
the recognized significance of CSA by local and international institutions and the continued initiatives in the
system’s awareness creation, the dissemination and uptake of the CSA innovations and practices is still largely an
ongoing, challenging process (Sala, Rossi, & David, 2016). Even though literature on adoption and impact of CSA
is growing (Abegunde, Sibanda, & Obi, 2020; Kurgat, et al., 2020; Issahaku, & Abdulai, 2020), researchers have
largely neglected to focus on the effectiveness of extension and quality of information disseminated by different
sectors. Provision of extension services particularly by private sector has also been skewed towards high potential
region (Muyanga & Jayne, 2008). Mbeere North being a semi-arid region may have been underprivileged. A gap
that this research was set out to address.
METHODOLOGY
Participants
A descriptive correlational survey was conducted in Mbeere North Sub-county involving a population of 2,047
farmers (MOA, 2010). The design was deemed suitable since the study was aimed at drawing a connection between
culture and effective dissemination of climate-smart practices (Fraenkel, Wallen, & Hyun, 2015). The study utilized
a sample of 127 farmers selected through systematic random sampling. Fraenkel et al., (2015) observed that a
sample of 100 is adequate for a survey research. Of the 127 farmers, sixty six were female (n = 66, 52%) while sixty
one were male (n = 61, 48%). The participants farm sizes ranged from 0.25 to 15 acres (M = 3.89, SD = 2.79).
Data Collection
The research was conducted with the assistance of four enumerators selected from the study area. Data collection
involved a peer reviewed semi-structured questionnaire that had been distributed to the farmers in the farms. A pilot
study was conducted in Embu North Sub-county involving 30 smallholder farmers where 12 were male and 18 were
female prior to actual data collection. The Cronbanch’ alpha values study variables were; quality of CSA
information (M = 4.37, α =.72), extension effectiveness (M = 2.42, α =.72), and adoption of climate-smart practices
(M = 3.89, α = .69).
Table 46. Cronbach’s Alpha Values for Information Quality, Extension Effectiveness, and Adoption of
Practices and Cultural Elements (N = 30)
Variable
No. of Items
M
Cronbach’s alpha (α)
Quality of CSA informationa
4
4.37
.72
Extension effectivenessb
6
2.42
.72
Adoption of climate-smart practicesc
13
3.89
.69
Note. a = 1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = excellent; b = 1 = not effective, 2 = slightly effective, 3 =
moderate, 4 = effective, 5 = very effective; c 1 = Not at all, 2 = rarely, 3 = sometimes, 4 = occasionally, 5 = always
Data Analysis
Pearson’s correlation test was performed to determine the correlation between effective dissemination and adoption
of CSA. A one way Analysis of Variance (ANOVA) was utilized to find out if private, public and both sectors
differed based upon the quality of CSA advice. The assumptions of normality and homogeneity of variances were
checked before the analysis. The values of skewness (-0.29) and kurtosis (-1.15) were within the acceptable levels
indicating that data were normally distributed (George & Mallery, 2010). Levene’s test showed that the variances of
the three groups; private, public, and both did not differ significantly F (2,112) = 2.15, p = 0.12, hence, homogeneity
of variance assumption had been met (Levene, 1960). The hypotheses of the study were tested at 95% level of
significance or 0.05 alpha level apriori.
RESULTS
The study involved 115 farmers where 59 (51.3%) were male and 54 (47.0%) were female. This implied that most
of the households were headed by male farmers. A majority of the farmers were smallholder farmers with farm sizes
ranging from 0.25 to 15 acres (M = 4.22 acres, SD = 2.91). Very few farmers (n = 24, 20.9%) had received CSA
advice in the sub-county as a result of few contacts (M = 2.60, SD = 4.89) with the extension staff. This may have
resulted from the inefficiencies and inadequacy of county extension staff. However, most of the farmers (n = 68,
59.1%) were receiving advice on general agricultural production from both private and public sector extension staff
(Muyanga & Jayne, 2008).
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Effectiveness of Extension Services
Many of the farmers stated that information disseminated was easy to apply (M = 4.16, SD = 1.00, materials
provided were written in simple language (M = 4.06, SD = 1.09), and extensionists utilized local languages (M =
4.03, SD = 1.14). Nonetheless, extension service providers were moderately effective in the dissemination of CSA
information. The information provided was generally moderately met the farmers’ needs (M = 3.99, SD = 1.15),
offered at the right season (M = 3.81, SD = 1.09), up to date (M = 3.80, SD = 1.07), resulted in CSA practices
adoption (M = 3.77, SD =1.34), and timely manner (M = 3.73, SD =1.17). The deficiency in effectiveness may have
been brought about by inadequate extension resources resulting in few farmer-extension staff contacts as reported by
Odhong’, Wilkes, & Dijk, (2018). Many of the farmers received information from mass media such as television and
radio programs that did not necessary target the needs and may not have been adequate to drive adoption.
Table 47. Descriptive Statistics for Effectiveness of Extension (N =115)
Statement
M
SD
The practices disseminated are easy to apply
4.16
1.00
The materials provided are written in simple language
4.06
1.09
Extension providers utilize local languages to ease understanding of diffused information
4.03
1.14
The information provided meets the needs of the farmers
3.99
1.15
CSA information is provided at the right season
3.81
1.09
The information provided is up to date
3.80
1.07
Most farmers have reported increased crop yields as a result of CSA practices adoption
3.77
1.34
CSA information is provision is done in a timely manner
3.73
1.17
Access to CSA information is easy
3.68
1.18
The CSA information diffused by extension providers is adequate
3.65
1.30
On-farm and field demonstrations are organized to ease the understanding of most practices
3.57
1.32
There is a constant interaction between farmers and extension agents on CSA
3.36
1.33
Note. a = 1 = not effective, 2 = slightly effective, 3 = moderately effective, 4 = effective, 5 = very effective
Adoption of Climate-Smart Practices
Soil and water, cropping, and livestock management practices scores were computed by summating Likert-type
items under each category as presented in Table 3. Among the three categories of CSA practices, soil and water
management practices (n =112, M = 28.11, SD = 5.52), were frequently adopted as compared to cropping (N = 115,
M = 21.17, SD = 4.54), and livestock management (n =114, M = 10.91, SD = 2.45). This stemmed from the terrain
of the area that is prone to soil erosion and the need to harvest water to supplement the little piped water supply.
Table 48. Descriptive Statistics for Adoption of Climate-Smart Practices (N =115)
Practice
Cropping management practices (N = 115, M = 21.17, SD = 4.54)
Timely planting
Intercropping to maximize space
Use of legumes in crop rotation
Use of drought resistant crop varieties
Use of disease resistant varieties
Livestock management practices (n =114, M = 10.91, SD = 2.45)
Use of organic manure
Diversified animal breeds
Use of improved livestock breeds
Soil and water management practices (n =112, M = 28.11, SD = 5.52)
Use of cover crops
Use of terraces
Use of mulching
Diversification of water sources e.g. rainwater harvesting
Contour farming
Agroforestry
Water saving irrigation methods
Minimum tillage
Note. a = 1 = not at all, 2 = rarely, 3 = sometimes, 4 = often, 5 = always
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M

SD

4.43
4.30
4.30
4.15
3.99

.87
1.18
.98
1.37
1.45

4.30
3.65
2.96

1.12
1.19
1.34

4.35
4.26
3.66
3.38
3.29
3.23
3.11
2.70

1.02
1.07
1.29
1.43
1.29
1.28
1.35
1.40

Extension Effectiveness and Adoption of Climate-Smart Practices
Extension effectiveness, quality of advice, and adoption of CSA practices were assessed through summated scores
of Likert-type items. The scale for extension effectiveness was comprised of 12 items hence the scores ranged from
1-60. Table 4 presents the correlation between extension effectiveness, quality of CSA advice, and adoption of CSA
practices. Quality of advice involved four items worthy 20 points and adoption of CSA practices had 16 items with a
total 80 points. There was a moderate positive correlation between extension effectiveness and adoption of CSA, r =
0.38, p = < 0.01. This implied that as the level of extension effectiveness increases, the adoption of CSA practices
also increases. The correlation between quality of advice and adoption of CSA was positive and substantial, r =
0.57, p = < 0.01 (Davis, 1971). This meant that the adoption of practices would increase with improved quality of
advice. Quality of advice was positively and moderately related to extension effectiveness, r = 0.40, p = < 0.01. This
showed that improved extension effectiveness would enrich the quality of CSA advice.
Table 49. Pearson Correlation Statistics for Adoption of CSA by Quality and Effective Dissemination (N =115)
Variables
1
2
3
1. Effective disseminationa
.40**
.38**
b
2. Quality of Climate smart information
.57**
c
3. Adoption of climate-smart practices
Note. a = scale = 1- 60, b = 1- 20, c = 1- 80
Quality of Extension Advice
Table 2 presents the quality of CSA advice offered to farmers in Mbeere North. Among the quality elements,
relevance (M = 3.85, SD = 1.10) and accuracy (M = 3.78, SD = 1.06) emerged top. However, the quality of advice
was observed to be fair. This may have been contributed by extension staff in-competencies, advise that is not
packaged to meet the needs of the farmers, easy to understand and inaccurate. Many of the county extension agents
were not from the area thus had difficulties communicating with the local farmers especially those with no formal
education. The failure of the agents to make regular follow ups to ensure that farmers adopted the practices
appropriately may have compromised the quality of the advice.
Table 50. Descriptive Statistics for Quality of CSA Advise (n = 98)
Quality elementsa
M
Relevance
3.85
Accuracy
3.78
Depth of coverage
3.60
Ease to understand
3.60
Note a = 1 = very poor, 2 = poor, 3 = fair, 4 = good, 5 = excellent

SD
1.10
1.06
1.03
1.16

Objective two sought to determine if private, public, and both sectors differed significantly based upon the quality of
CSA advice. A one way ANOVA test was conducted to determine if the quality of climate-smart practices
disseminated to farmers was dependent upon the extension provider. The extension provider groups included public,
private, and a combination of private and public extensionists. As presented in Table 3, public sector extension (M =
45.27, SD = 6.92) was found to provide better quality advise compared to the private sector (M = 39.20, SD = 9.23).
However, a joint effort by the private and public sector extension bore a better quality advise than the individual
sectors (M = 48.04 , SD = 10.07). This may have resulted from the diverse aspects of agricultural information and
experiences that emerges from the various sources (Mamun-ur-Rashid & Qijie, 2016).
Table 51. Descriptive Statistics for the Quality of Climate-Smart Informationa Disseminated By Private and
Public Extension Agents (N = 115)
Group of farmers
n
M
SD
Public extension
22
45.27
6.92
Private extension
25
39.20
9.23
Both sectors
68
48.04
10.07
Note. a = 1-60
There were significant differences between public, private, and both sectors in relation to the quality of information
disseminated, F (2) = 12.98, p = < 0.01. As reported in Table 4, the quality of private sector’s advice (36.24 ± 10.94)
was significantly lower than that of public sector (45.27 ± 6.92, p = 0.01) and both sectors (47.98 ± 10.07, p = <
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0.01). This may have resulted from the fact that the main role of public extensionists is to advise farmers while the
private sector particularly the agrochemical companies are principally involved in marketing agrochemicals
(Muyanga & Jayne, 2008). The narrow scope of advice packages of the private sector extensionists may also have
contributed. Nonetheless, the quality of private sector extension has been observed to be better than that of public
extension (Ayansina, Oyenyinka, & Ayinde, 2015). The main agrochemical companies working in the area included
Amiran, Osho, and Bayer. The agrochemical extensionists organize occasional field days and demonstrations for
diffusing agricultural information. Among the private sector extensionists, agrochemical retailers (agro-vets) were
the main agents of CSA information diffusion. Other private extension institutions included community based
organizations (CBOs) and non- governmental organizations (NGOs).
Table 52. Analysis of Variance for Quality of Climate-smart Information Scores by Private and Public
Extension (N =115)
Source
SS
df
MS
F
p
Between Groups
1432.56
2
716.28
8.14
.000
Within Groups
9851.23
112
87.96
Total
11283.79
114
Note. a = 1-60
CONCLUSIONS AND IMPLICATIONS
CSA advice in Mbeere North was being offered by public and private sector extensionists. The quality of CSA
advice offered by private and public sector extension was fair although very few farmers had access to it. However,
the quality of public extensionists’ advice was better than that of private sector. Collaborative efforts involving both
private and public sectors resulted in a better quality CSA advice although public sector’s advice was of better
quality. The limited access to extension advice particularly that offered by public extension staff may be attributed
to advice packages that were not focused to farmers’ needs, lack of adequate staff, staff inefficiencies, limited
transport facilities, and language barrier. These factors may have comprised the quality of extension. The adoption
of CSA practices was found to be good as most farmers depended on indigenous knowledge accumulated over
years. Soil and water management practices were primarily utilized by a majority of farmers to manage perennial
soil erosion that were largely contributed by the topography of the area. Most of the farmers practiced agroforestry
and mixed farming systems to minimize the risks associated with erratic rainfall patterns as agriculture is majorly
rainfed. It also emerged that extension effectiveness is a basic necessity to improved adoption of CSA practices.
There is need to design and implement intricate CSA programs involving both sectors of extension to improve the
adoption levels of the practices in Mbeere North. County Government of Embu could as well boost the adoption of
CSA by facilitating extension workers through provision of alternative means of transport like bicycles and
motorbikes that requires minimal operational costs. Increasing the number of extension staff by hiring frontline
extension workers and close supervision to ensure efficient service delivery are also core to advance CSA adoption.
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ABSTRACT
The COVID-19 pandemic outbreak has presented a threat to the global health sector, with many governments,
healthcare, and waste management sectors being caught unprepared and unaware. With the outbreak of the
infectious COVID -19 disease, many resources have been allocated to hospitals to help prevent the disease spread,
leaving other crucial sectors such a waste management department with fewer resources to finance their waste
management activities. The changes in quantity and composition of the wastes reaching the municipal waste stream
have far-reaching effects on the waste collectors' health and the waste scavengers due to contamination by the
COVID-19 virus. The households' failure to separate contaminated wastes and store the waste in safe containers for
more than 72 hours can also facilitate disease spread. Despite the challenges posed by the pandemic, the waste
management sector will have to experience some opportunities in the aftermath of the disease. Therefore, the study
aimed to assess the COVID-19 pandemic's effects on waste composition and municipal capacity Ol-Kalou municipal
council. Purposive sampling was used to select a sample of three officials in the waste management department in
the Ol-Kalou municipal council. Primary data was collected through carrying out a waste composition analysis to
determine the proportion of covid-19 related wastes in three Ol-Kalou town market curbsides, while data on
municipal capacity was collected through an interview to waste management officials. The study's findings indicated
that the proportion of covid-19 related wastes comprises 1.05%, a high number, plastics 19.24%, metals 11.86%,
glass 5.84%, papers 4.12%, food wastes 46.05%, 3.09% leather, 1.19% Rubber and others 7.56%. Similarly, the
results of the interview indicated that the municipal council could not sustainably handle the waste amid the
pandemic due to decreased budget allocations, a limited number of workers, lack of worker training to manage
contaminated wastes, and limited vehicles to transport cover large areas per day. The study recommended that waste
management sectors require additional budget allocations to finance their activities, develop disaster waste
management plans, and create public awareness of the importance of waste separation.
Keywords: COVID-19 related wastes, Disaster Waste Management Plan, and Resources Allocation.
INTRODUCTION
Every pandemic outbreak or a disaster in the environment bring in challenges and opportunities (Kulkarni &
Anantharama, 2020). The COVID-19 outbreak has caused global emergency with many countries battling to contain
the spread of the disease among the citizens. As countries around the world continue to fight and minimize the
COVID-19 spread, one hidden challenge that the pandemic poses is the waste disposal. In response to containing
the COVID-19 spread, many healthcare facilities and home-based nursing centres are now generating additional
volumes of medical wastes that are contaminated and infectious than usual (Naughton, 2020). The new COVID-19
related wastes that are now produced in healthcare facilities, households and market places in large quantities
include the single use plastics, gloves, masks, contaminated fabrics, packaging containers, that are likely to be
infected with the virus. Both the developed and the developing countries across the world have adhered to use of
protective measures to minimize contracting of the disease through the use of masks with nearly all citizens making
them a basic requirement. However, the increased use of the disposable masks and gloves by the citizens and the
physicians have erupted a new crisis in the environment where theses wastes are poorly disposed in the streets and
dumpsites without disinfecting and sterilizing them (Yu et al., 2020).
Solid waste management remains a big challenge with developing countries facing many inadequacies such as poor
collection methods, waste handling and safe disposals. The changes in quantity of wastes generated, density and
proportions of wastes generated by households during the COVID-19 outbreak that is characterized by limited waste
sorting and segregation increases the burden to municipal waste management systems Given the size of population
infected and inadequate resources to control and treat waste in municipal councils, there is high possibility of people
becoming infected indirectly after coming into contact with the contaminated wastes. One major challenge that the
COVID-19 outbreak poses to municipal waste collectors is the safe handling and disposal of the potentially infected
materials from households nursing COVID-19 patients on home based care as well as the contaminated wastes from
markets and healthcare. Given that COVID-19 transmissions results from direct contact with infected surfaces and
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survival time for the virus outside the hosts being 72 hours many waste collectors without proper trainings and
protective wears are likely to get infected leaving municipal councils with less personnel to handle the wastes .
According to Clemens & Heinemann (2020), various urban centres have experienced drastic changes in the sources
and volumes of solid waste generation due to the effects of lockdown by the ministry of health’s trying to contain
the COVID-19 disease spread. Notably, country such as China where the COVID-19 outbreak was first discovered
recorded a high volume of medical waste within a span of three months as a result of lockdown with Hubei province
showing a sharp increase in the medical waste of over 370.00% (Yu et al., 2020). The poor disposal of used masks,
gloves and protective equipment’s have steadily become eyesore in many roadsides alongside the plastics wastes.
Similarly, UK has also faced enormous impacts of the COVID -19 lockdown and other restrictive measures on
waste management (You et al., 2020). With the enforcement of lockdowns throughout UK, many households spent
about £ 1.9 billion worth of groceries that were panic-bought and stockpiled and are likely to be disposed in the
waste bins. Almost all household waste recycling centres and charity shops in UK got closed up on the onset of the
pandemic, increasing the likelihood of these recyclable waste being sent to landfill or getting incinerated which
result to negative environmental impacts (Kulkarni & Anantharama, 2020).
The increased disposal of the COVID-19 related wastes fall in a category of medical waste which are now filling the
dumpsites thus exposing thousands of waste collectors and waste scavengers at risk. Sadeghian (2020) reported that
the corona virus is spread by the tiny droplets from infected person’s coughs, sneezes or speaks which survives for
up to 72 hours. While touching the contaminated surfaces by the COVID-19 virus is not thought to be the main way
the disease is being spread, it does pose a risk in East African countries where the households, waste scavengers and
business operators cannot access disinfectants, waste management services and lack of adequate sanitary
equipment’s (Nakkazi, 2020). In the sub-Saharan African countries, environmentally sound management of
household, hazardous, construction and medical wastes is the key challenge during the normal times.
Many developing countries grapple with the large quantities of municipal waste which is quite expensive comprising
nearly 20 percent of the municipal budgets which is always inadequate (Hettiarachchi et al., 2018). Waste
management is a costly and a complex operation that many developing countries have not been able to meet as the
sector compete for funding’s with other priorities such as safe and clean water for drinking, health, hunger,
education and poverty reduction. To exacerbate the problem, during a pandemic outbreak such as the COVID-19
disease, waste management challenges get magnified because of the increased generation of medical wastes that are
highly infectious as well as the consumer wastes (Ranjan et al., 2020) .While the health facilities are equipped to
dispose and get rid of their waste, the home based care for patients suffering from covid-19 and other diseases as a
result of hospital getting full to capacity have resulted to increased medical waste disposal in households. Many
households are ignorant or not aware of proper handling and disposing of the contaminated medical wastes
especially for the COVID-19 related wastes.
In Kenya, waste management is an expensive operation with waste generation rates surpassing sustainable collection
and management of the wastes at municipal levels (Wanza Mutua, 2019). The municipal authorities are
characterized by limited capacity and resources to hire adequate waste workers, vehicles and utilization of the best
available technology (BAT) and best environmental practices (BEP). Despite having recyclable masks in the market,
many Kenyans are opting the single-use disposable masks which are much cheaper increasing the possibility of
dumping after use in the environment worsening the situation by poor disposal and waste management habits. The
tonnage of waste has surged with the addition of disposable mask, gloves, sanitizers containers and plastics used in
packaging these products which is likely to overwhelm the waste collectors (Sarkodie & Owusu, 2020). As the
COVID-19 pandemic continue to spread and negative impact upon the Kenyan economy, human and environment
intensify on a daily basis, the government as well as the municipal waste management systems will have to treat
waste management as an essential and urgent public service to prevent the unforeseen knock-on effects on both
human and environmental health.
The current waste management systems in Ol-kalou municipal council will have to evolve to become resilient to the
impacts of the unplanned extreme pandemics and disasters events to create a more successful circular economy. The
Ol-kalou municipal council is characterized by limited capacity for planning a result of low budget allocations
which makes the waste management a complicated operation with the town struggling to address the challenge
holistically. The impacts of poor waste management are dire falling proportionally to the poor residents who in most
case often get unserved by the municipal council due to failure of paying fees for facilitating waste collection
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services (Henry et al., 2006). Understanding how much waste is generated, types of wastes and the capacity of the
local authority to manage waste effectively will help the local government to design new systems that has adequate
municipal workers, number of vehicles, safety handling of the infected wastes, establish efficient routes, track
progress, set targets for diversion of waste as well as adapt waste generation patterns change. With the data collected
from this research, the Ol-kalou municipal council will realistically allocate adequate resources for managing wastes
effectively, training the waste collectors as well as households to handle COVID-19 related wastes in a safer manner
through assessing relevant technologies and consider strategic partners for efficient service provision.
METHODOLOGY
Study area
The study was carried out in Ol-kalou municipal council, in Nyandarua County, Kenya between the months of JuneJuly 2020. Ol-kalou town pans between 00 14’59” S- 00 17’ 59” S, and 360 20’59” E- 360 24’0” E. Ol-kalou
township covers an area of 371 km2 consisting of urban, peri-urban and rural areas. The Ol-kalou town is the largest
wholesale agricultural products market in Ol-kalou sub-county. The town is located at the center of various wards
making it a trading point for farmers, buyers, sellers for farm products and other products. Nyandarua County being
an agriculturally based region, the Ol-kalou town therefore attracts many sellers in the market thus generating high
wastes volumes from the farm products. The population during market day is approximately 2,355 persons who
come to trade and buy the products from Ol-kalou market.
Research Deign
The study applied a descriptive research. The descriptive research design was effective in the study which involved
observing and describing the behavior of various research variables used in the study without influencing their states
in any way. The descriptive research design help determine, reporting of the variables as they exist in the study area
and presentation of the outcomes in form of tables, frequency distributions, figures, percentages and average scores.
The unit of analysis was the municipal waste management and the waste collectors was the respondents. Random
sampling technique was used to select the respondents in the study. The municipal waste service providers in Olkalou municipal council were selected to participate in the survey to determine the challenges and opportunities that
the municipal council has faced due the COVID-19 outbreak.
Research Instruments
Data on municipal capacity was collected using structured interviews. During waste composition analysis, heavy
duty gloves, gumboots, facial mask, dust coats were used to protect the researcher from coming into contact with
contaminated wastes while sorting and separation of wastes. Shovel was also used to thoroughly mix the wastes
while a weighing balance was used to measure the weights of the various waste type in the curbsides. Plastics sacks
were then used to pack sort waste for measuring and data recorded in a weight recording sheet.
Sample Size and Sampling
The target population of this study comprised of the six municipal council officials and waste collectors in the
department of waste management in Ol-Kalou municipality. A total population of 2,355 comprising of traders and
buyers during the market day will be used to determine the mass of wastes generated as well as calculating the waste
composition in the market place. The population was obtained from the Ol-kalou town council data base. A
purposive sampling technique was used to select the respondents from the municipal authority as the population was
mutually homogenous and they held ready information on waste management. Ol-kalou municipal council was
selected to provide information on municipal capacity in handling solid waste management during the ongoing
COVID-19 outbreak because they are responsible for waste collection, transportation and safe disposal of waste in
Ol-kalou town. Three curbsides were also selected purposively in three different locations in Ol-kalou Town where
waste composition analysis was carried out. The three skip containers have different quantities and waste
composition despite their wastes being collected and disposed in a common dumpsite.
Data Collection
Both primary and secondary data sources were used. The municipal capacity of Ol-kalou municipal council in terms
of available trained waste collectors, waste transporting vehicles, number of skips provided in market place and
dumping sites was collected through interviewing waste collectors. Municipal solid waste composition was collected
using a waste composition recording worksheet. Various types of Solid waste were subjected to physical analysis
through sorting based on categories, separated, weighed with a weighing balance and their respective weights
expressed as % of the total weight. The percentage (%) weight of the different waste types were then recorded in a
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waste composition recording sheet. Average weight of various solid wastes categories was carried for every two
market days in the evening for a period of three weeks in the month of June 2020 to observe the changes in waste
proportions in the three market curbsides. Secondary data was obtained from the limited literatures on MSW
managements during infectious diseases outbreak, scientific research papers, journals and government publications.
Model specification
The variation in waste composition generated in a given region is inevitable. According to Azadi and karimi-Jashni
(2016), waste generated in a given period of time has been useful in estimating the waste quantities in many
municipalities. Waste composition analysis helps yield the trend in waste generation on a given population. A
reliable estimate can only be achieved by selecting an unbiased model for long-term forecast as the characteristics of
the solid waste generation keeps on changing over time due to socioeconomic characteristics of a population.
However, getting accurate prediction of the waste composition and generation rates is highly affected by the changes
in income, inadequate data, environmental factors such as diseases outbreaks and other economic activities.
Despite the challenges experienced in waste composition and generation analysis, time series or factors models such
as regression models have been statistically proven to provide effective prediction of waste generation rates.
Although the time series or factor models are widely used, Oribe- Garcia et al. (2015) reported that the models are
not 100% effective in prediction as they are prone to being influenced by the predictor variables thus providing
inaccurate predictions. Although regression model can be influenced by the predictor variables, the model variables
has the capability to resist certain changes such as population dynamics and socio-economic changes. The model
tends to be effective in analyzing effects of the changes brought about by the predictor variables, account for the
experienced changes as well as establishing the relationship that occurs between the outcome and the predictor
variables. The study applied a simple linear regression model technique to help forecast the composition of waste to
be generated during the Covid-19 pandemic using the model shown below:
Y= β0 + β1 X+ ε
Eqn 1
Where, Y is the predicted value of the dependent variable (y) for any independent variable (X), Β0 is the Y intercept,
Β1 is the regression coefficient, X is the independent variable and ε is the estimated error.
The model will be re-expressed as follows;
Y= β0 + β1 X Inc+ β2 Xedc + β3X Pop size + ε
Eqn 2
The quantities of contaminated Covid-19 waste disposed in the three town skips will be calculated as follows;
Wday = (Wmrkt + W H/H) / Npop
Where, Wday is the waste generation rates
Wmrkt is the total waste produced in the Ol-kalou Town during market day
W H/H is the total waste generated by urban households in Ol-kalou Town and
Npop is the total number of traders during the market day
Data Analysis
The data collected from interviewing the waste service providers was first checked for its consistency, accuracy, and
level of completeness and then coded. The Coded data was then analyzed using the statistical package for Social
Science (SPSS.version 25). Descriptive statistics and correlation matrix were used in the data analysis. The
variations in waste composition of the waste generated in three curbsides was measured using the model of goodness
of fit using the t-statistics and R-square. The cross-tabulation tables generated after the analysis was to enable the
comparison and percentile relationship between the income levels and the population size of the town.
RESULTS AND DISCUSSIONS
Quantification of waste in Ol-kalou Marketplace
The average waste generated in Ol-kalou marketplace in three consecutive weeks formed a representative sample of
the waste composition generated in market place per market day. The study findings indicated that the average waste
generation rate in Ol-kalou market is 0.247 Kg per person per day.
The average waste per capita generated in the marketplace per week is 0.494 kg which is approximately 23.73kg per
person in one year. The study found that the total wastes approximates to 55.88 tonnes of solid waste collected by
the Ol-kalou municipal council annually.

203

Waste composition analysis
The composition and generation rate of wastes in the Ol-kalou market during the Covid-19 period have continue to
change over time. The solid wastes disposed in the skip containers in the Ol-kalou market can be categorized into
nine main categories: covid-19 related wastes comprise of 1.05%, a high number, plastics 19.24%, metals 11.86%,
glass 5.84%, papers 4.12%, food wastes 46.05%, 3.09% leather, 1.19% Rubber and others 7.56%. The results from
sampling and analysis of the composition and mass of wastes disposed in the three skips in the Ol-kalou market are
indicated in the Figure 1 below.
Skip
container

Waste category

Total
waste Total
waste
disposed before collected
during
market day (Fri)
market day (Sat)
Covid related wastes
0.9
1.1
Skip
19
21
container A Plastics
Metals
10
12
Glass
5
7
Papers
3
5
Food wastes
38
44
Leather
2
4
Rubber
1
1.3
Others
7
9
Totals
85.9
104.4
Average
0.036
0.044
Covid –related wastes
1.1
1.0
Skip
11
21
container B Plastics
Metals
13
12
Glass
7
6
Papers
3
5
Food wastes
40
46
Leather
2
4
Rubber
1
1.6
Others
6
9
Totals
84.1
105.6
Average
0.036
0.045
Covid –related wastes
0.9
1.1
Skip
19
21
container C Plastics
Metals
8
14
Glass
5
4
Papers
3
5
Food wastes
48
52
Leather
2
4
Rubber
1
1
Others
4
9
Totals
90.9
111.1
0.039
Average
0.047
Totals
260.9
321.1
Figure 1: Waste composition and mass of wastes generated in Ol-kalou Town

Total wastes
generated in
marketplace
2.0
40
22
12
8
82
6
2.3
16
190.3
2.1
32
25
13
8
86
6
2.6
15
189.7
2.0
40
22
9
8
100
6
2
13
202

Wday (kg/d)

139
6.4
10.8
21.8
33.9
3.4
39.3
114.8
16.8
0.081
132.4
8
9.5
20.2
33.9
3.3
39.3
101.5
17.9
0.081
139
6.4
10.8
29.1
33.9
2.8
39.3
132
20.6
0.087
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Municipal Waste Management Capacity
The results of the interview of the three municipal waste management authority workers (two top management
officers and one waste collector) indicated that the municipal council does not have adequate capacity to provide
effective waste management in the township. The main factors cited to impede effective an efficient waste collection
in Ol-kalou township results from financial constraints.
The financial constraints are said to result from low budget allocations from the county government and failure to
remit and evade waste management services fees by the town residents. Inadequate finances in the municipal council
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has posed a challenge of hiring enough waste management services providers, offering trainings on safety measures
to the waste collectors, purchasing of safety garments and vehicles, and repairing of the available infrastructures.
Despite the challenges posed by the Covid-19 pandemic, the waste management service provider’s reported that
they have tried their level best to offer waste management services to all areas in the township. The municipal
council has managed to control and avoid waste heaps in town through increasing vehicles trips to collection sites
and training their workers on effective methods of handling the suspected contaminated wastes in the residential
and, market areas.
Opportunities in Aftermath of Covid-19 Pandemic
The Covid-19 pandemic outbreak in the world has brought both positive and negative impacts in the environment.
Despite the negative impacts associated with the Covid-19 outbreak such as high death rates and financial
depletions, many countries have learnt that waste management is as crucial as other sectors such as health in
prevention of secondary transmissions that results from coming into contact with contaminated wastes. Many
households have learnt in a hard way the importance of waste separation and safe disposal of wastes to avoid
diseases spread.
Similarly, the Municipal councils have learnt the importance of prior training of waste collectors about safety
measures in handling contaminated wastes. The pandemic outbreak is a mind opening experience to many
governments especially on lower income countries to give priority in waste management through allocating
adequate finances to the waste management systems. One positive impact that has been brought about by the Covid19 pandemic outbreak is the establishment of safe disposal points, new dumpsites allocated which are highly
monitored and awareness creation to the households on importance of waste separation and disposals in their areas.
CONCLUSION
Waste management is a crucial activity that needs to be given a higher priority irrespective of whether there is a
pandemic or not. Market wastes in many urban centers in Kenya are experiencing high waste generations that is
mixed of variety of waste categories due to lack of waste separations. Lack of prior sustainable waste management
strategies poses a challenge to waste management systems during a disaster occurrence due to lack of capacity to
handle the wastes exacerbated by inadequate finances and infrastructures required to provide the services. The
developing countries are far behind in attaining the sustainable waste management strategies which becomes
worsened by the pandemics due to increased loads of wastes which is beyond the waste management systems to
handle with the limited resources they have.
RECOMMENDATIONS
A clean environment free from wastes is very human desire. For many countries especially the developing and lower
income earning countries to achieve a level of sustainable waste management, restructuring the waste management
systems is crucial. Municipal waste management authorities need to be allocated higher budget to finance their
services and waste collection fees be automated to ensure the finances are channeled to the right paths for effective
use of financing waste management’s activities.
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ABSTRACT
Genetic and phenotypic parameters for lamb growth traits for the Dorper sheep were estimated from data obtained
from the Sheep and Goats Station in Naivasha, Kenya. Traits considered were body weights at birth (BW0, kg), at 1
month (BW1, kg), at 2 months (BW2, kg), at weaning (WW, kg), at 6 months (BW6, kg), at 9 months (BW9, kg)
and at yearling (YW, kg), average daily gain from birth to 6 months (ADG0–6, gm) and from 6 months to 1 year
(ADG6–12, gm). Direct heritability estimates were, 0.18, 0.36, 0.32, 0.28, 0.21, 0.14, 0.29, 0.12 and 0.30 for BW0,
BW1, BW2, WW, BW6, BW9, YW, ADG0–6 and ADG6–12, respectively. The corresponding maternal genetic
heritability estimates for body weights up to 9 months were 0.16, 0.10, 0.10, 0.19, 0.21 and 0.18. Direct maternal
genetic correlations were negative and high ranging between −0.47 to −0.94. Negative genetic correlations were
observed for ADG0–6 and ADG6–12, BW2 and ADG6–12, WW and ADG6–12 and BW6 and ADG6–12.
Phenotypic correlations ranged from 0.15 to 0.96. Maternal effects are important in the growth performance of the
Dorper sheep though a negative correlation exists between direct and maternal genetic effects. The current study has
provided important information on the extent of additive genetic variation in the existing flocks that could now be
used in determining the merit of breeding rams and ewes for sale to the commercial flocks. The estimates provided
would form the basis of designing breeding schemes for the Dorper sheep in Kenya.
Keywords: Annual trends; Dorper sheep; (Co)variance components; Genetic parameters; Growth traits
INTRODUCTION
The Dorper sheep breed, first introduced in Kenya in 1952, is widely adopted within pastoral/extensive and
smallholder production systems due to its desirable growth potential and good mothering ability (Kiriro 1994;
Kosgey et al. 2008). It is popularly crossbreed with the local Red Maasai breed for improved growth and
reproductive efficiency (Kiriro 1994). In recognition of its productive potential, the Government of Kenya in
collaboration with Food and Agriculture Organisation/United Nations Development Programme (FAO/UNDP)
initiated a project in 1970 for genetic improvement of the Dorper and the Red Maasai sheep (Kiriro 1994). This
programme involved both within breed selection and crossbreeding with the aim of combining the desirable
attributes in the two breeds.
Continued genetic improvement of the Dorper sheep would be achieved through efficient management and
enhancement of the program. The initial step in implementing a knowledge based genetic improvement program is
accurate estimation of genetic and phenotypic parameters. Genetic parameters for growth traits of Dorper sheep
using data from the Sheep and Goat Station (SGS) - Naivasha have previously been presented (Inyangala et al. 1992;
Kiriro 1994). In those studies, it was assumed that there was no relationship between the dams and that the sires
were mated randomly to the dams.
However, with regard to the mating structure at the station, sires were usually assigned to particular dams.
Furthermore, maternal effects were not effectively accounted for in the evaluation of growth traits in those studies, a
fact that has been acknowledged to result in overestimation of genetic parameters (Maniatis and Pollot 2002;
Zamani and Mohammadi 2008). The objective of the current study was to estimate (co)variance components,
genetic and phenotypic and parameters for the Dorper sheep breed under semi-arid conditions in Kenya.
Implications of the study to future sheep breeding programmes are also discussed.
MATERIALS AND METHODS
Data sources, flock management, selection and breeding
Data on growth performances of purebred Dorper sheep were obtained from the SGS-Naivasha- a government farm.
The station is located approximately 100 km North West of Nairobi at an altitude of 1,829–2,330 m above sea level
in agro-ecological zone IV classified as semi-arid (Kiriro 1994). The vegetation consists mainly of Kikuyu grass
(Pennisetum clandestinum) with scattered trees of Acacia species. The average rainfall is 680 mm per annum.
Rainfall distribution is bimodal with a peak in April and November. The average minimum and maximum
temperatures are 8°C and 26°C, respectively. The relative humidity varies from 60% to 75%.
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The Station maintains two farms, Ol’Magogo and Top Farm, which are approximately 20 km apart. Animals were
grazed on natural pastures during the day in both farms. Selection of parents for the next generation was based on
weight of the animals and their physical conformity to breed type. Ewes were mated in April–May and October–
November seasons to lamb in August–September and February–March seasons, respectively. Ewes were first joined
to rams depending on their weight and the youngest age at first mating was 18 months. Lambs ran with the dams up
to 3 months when they are weaned. Nursing dams were not supplemented with concentrates but all animals were
provided with mineral licks and water ad libitum. All animals are routinely weighed at birth, months 1, 2, 3, 6, 9 and
12. Disease and parasite management was mainly prophylactic through regular dipping, drenching and vaccinations
against notifiable diseases. Sick animals were usually treated.
Description of traits, data characteristics and analyses
Data were extracted from available growth performance records stored at the SGS. Growth traits considered were
body weights at birth (BW0, kg), at 1 month (BW1, kg), at 2 months (BW2, kg), at weaning (WW, kg), at 6 months,
(BW6, kg), at 9 months (BW9, kg) and at yearling (YW, kg), pre-weaning daily gain from birth to 6 months
(ADG0–6, kg/day) and post-weaning average daily gain from 6 months to yearling (ADG6–12, kg/day; Table 1).
Table 53. Data structure, levels of significance for the various fixed effects, summary statistics and structure
of the models used in the final analyses for pre- and post-weaning growth traits
Trait
Trait
Pre-weaning
Post-weaning
BW0
BW1 BW2 WW
ADG0-6 BW6 BW9
YW
ADG6-12
(kg)
(kg)
(kg)
(kg)
(g/day)
(kg)
(kg)
(kg)
(g/day)
No. of records
2,602 2,120 2,287 2,084
1,782
1,838 1,557
1,477
1,368
Overall mean
3.76
10.64 14.54 19.38
110.88
24.33 29.86
36.64
65.16
SD
0.74
2.71
3.94
4.74
31.45
5.74
6.26
7.49
26.83
No. of sires
56
56
55
54
50
50
54
54
51
No. of dams
1,164 1,031 1,075 1,003
943
953
790
761
742
Sex
F ***
*
***
*
***
***
***
***
***
Flock
F ns
*
***
***
***
***
***
***
ns
Birth type
F ***
***
***
***
***
***
***
***
*
Dam parity
F ***
***
***
***
ns
**
**
***
***
Year of birth
F ***
***
***
***
***
***
***
***
***
Weighing age
C ***
***
***
***
***
***
Maternal environment
R √
√
√
√
√
Direct additive genetic
A √
√
√
√
√
√
√
√
Maternal genetic
A √
√
√
√
√
√
Direct-maternal effects
A √
√
√
√
√
√
Traits: BW0 birth weight, BW1 month 1 weight, BW2 month 2 weight, WW weaning weight, BW6 month 6 weight, BW9 month
nine weight, YW yearly weight, ADG0–6 average daily gain 0–6 months, ADG6–12 average daily gain 6–12 months; type of
factors: F fixed factor, C linear covariate, A random factor with relationship matrix, R random factor with identity matrix, ns not
significant, √ fitted *P<0.05, **P<0.01, ***P<0.001

Data were edited for consistency of pedigree information and dates, discarding those with anomalies. Preliminary
analyses to determine the significant fixed effects influencing growth performance were conducted using PROC
GLM procedures of SAS (SAS 1998). Covariance components and genetic parameters for individual traits were
estimated using various animal models based on restricted maximum likelihood procedures. All analyses were
performed using MTDFREML computer programme (Boldman et al. 1995). Various univariate models with differed
in the combinations of direct additive, maternal genetic and maternal environmental effects were implemented for
each trait to determine the most parsimonious model to describe the data. The structures of the models used for the
various traits in the final analyses are shown in Table 1.
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The general mixed model fitted in this case was:
𝑦 = 𝑋𝑏 + 𝑍1 𝑎 + 𝑍2 𝑚 + 𝑍3 𝑐 + 𝜀 𝑤𝑖𝑡ℎ 𝑐𝑜𝑣(𝑎, 𝑚) ≠ 0
1
where y is a vector of observations on the specific trait of the animal; b, a, m and c the vectors of fixed effects
including covariables, direct additive genetic effects, maternal additive genetic effects and maternal permanent
environmental effects, respectively; X, Z1, Z2 and Z3 are the corresponding incidence matrices relating the fixed and
random effects to y; and ɛ a vector of residuals. Total heritability (h2T) was estimated by summing all the genetic
2
𝜎2
𝜎 2 + 0.5𝜎𝑚
+ 1.5𝜎𝑎𝑚
effects expressed as a proportion of the phenotypic variance ( 𝑡𝑜𝑡𝑎𝑙−𝑎𝑑𝑑𝑖𝑡𝑖𝑣𝑒⁄ 2) i.e. ( 𝑎
⁄ 2).
𝜎𝑃
𝜎𝑃
Estimates at least two times higher than their corresponding standard errors were assumed to be significantly
different from zero. Random effects were assumed to follow a normal distribution with mean zero and the general
(co)variance structure:
𝐼𝜎𝑐2
0
0
𝑐
0
0
𝐴𝜎𝑎2 𝐴𝜎𝑎𝑚 0
𝑎
𝑣𝑎𝑟 [ ] =
2
2
𝑚
0
0 𝐴𝜎𝑎𝑚 𝐴𝜎𝑚
𝑒
[
0
0
0
𝐼𝜎𝜀2 ]
where I and A represent the identity and additive genetic relationship matrices respectively. A bivariate animal
model was used to estimate the genetic and phenotypic correlations between traits.
RESULTS
Estimates of (co)variance components and genetic parameters
Table 2 presents estimates of (co)variance components and genetic parameters for pre- and post-weaning traits from
the univariate analyses. Direct heritability estimates were low to moderate. Pre-weaning direct genetic heritability
(ℎ𝑎2 ) estimates were, 0.18, 0.36, 0.32, 0.28 and 0.12 for BW0, BW1, BW2, WW and ADG0–6, respectively. Postweaning ℎ𝑎2 estimates were 0.21, 0.14, 0.29 and 0.30 for BW6, BW9, YW and ADG6–12, respectively. Total
heritability (ℎ2𝑇 ) was moderate to low. WW, BW6 and BW9 had low ℎ2𝑇 at 0.05, 0.04 and 0.07, respectively.
Maternal effects were significant for pre-weaning performance. WW had the highest maternal genetic heritability.
Maternal genetic variance was not significant for YW, ADG0–6 and ADG6–12. Maternal environmental variances
2
were significant for pre-weaning traits with maternal heritability (ℎ𝑚
)h2m estimated at, 0.12, 0.09, 0.05 and 0.03 for
BW1, BW2, WW and ADG0–6, respectively. Moderate to high negative correlations between direct and maternal
genetic variances were observed. Estimates for ram were −0.47, −0.67, −0.76, −0.94, −0.88 and −0.70 for BW0,
BW1, BW2, WW, BW6 and BW9, respectively. Table 3 presents genetic and phenotypic correlations from bivariate
analyses. Low to high genetic and phenotypic correlations were observed. Genetic and phenotypic correlations
ranged from 0.15 to 0.95 and −0.04 to 0.94, respectively. Negative genetic correlations were observed for ADG0–6
and ADG6–12, BW2 and ADG6–12, WW and ADG6–12 and, BW6 and ADG6–12.
DISCUSSION
Pre-weaning traits
This study presents estimate of variance components and genetic parameters using various models. There were
significant maternal genetic and maternal environmental effects on pre-weaning growth performance. Various
studies have reported the influence of these effects in early growth of lambs (e.g. Abegaz et al. 2002; Maniatis and
Pollot 2002; Zamani and Mohammadi 2008). Failure to account for maternal effects has been shown to result in
overestimation of direct heritability (Maniatis and Pollot 2002). Estimates of direct genetic heritability for BW0 in
this study compare favourably with estimates from other studies (e.g. Neser et al. 2000; Vatankhah and Talebi
2008a). Rashidi et al. (2008) reported very low direct heritability estimate for BW0 of 0.04. Higher direct
heritability estimates than in the present study have been reported for various sheep breeds (e.g. Al-Shorepy 2001;
Abegaz et al. 2002; Gizaw et al. 2007; Vatankhah and Talebi 2008b). The differences among reported estimates are
an indication of the genetic diversity of populations. Besides, variations in data structure and choice of models to fit
the data would also be a potential source of varying estimates between this study and what has been reported in the
literature for tropical sheep breeds. Estimates of heritability for pre-weaning growth performance are scarce in
literature. Notter (1998) reported a direct heritability of 0.16 and 0.14, and 0.07 and 0.08 for 30 and 60-day body
weight for the Suffolk and Polypay sheep breeds, respectively. Neser et al. (2000) reported a direct heritability of
0.27 for Dorper sheep for 42 day body weight.
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Table 54. Estimates of (co)variance components and genetic parameters for the pre- and post-weaning growth traits from the univariate
Component
Traita
Pre-weaning
Post-weaning
BW0 (kg)
BW1 (kg)
BW2 (kg)
WW (kg)
ADG0-6
BW6 (kg)
BW9 (kg)
YW (kg)
ADG6-12
(g/day)
(g/day)
2
σa
0.07
2.24
3.80
5.04
70.12
4.97
4.29
12.43
173.70
σ2m
0.06
0.63
1.20
3.57
4.78
5.40
σ2c
0.74
1.01
0.99
20.45
σam
-0.03
-0.79
-0.79
-3.98
-4.29
-3.35
σ2e
0.29
3.40
7.37
12.70
517.21
17.71
23.76
29.72
400.48
2
σp
0.40
3.40
11.76
18.33
607.88
23.16
30.10
42.16
574.18
h2a ± SE
0.18 ± 0.01
0.36 ± 0.03
0.32 ± 0.03
0.28 ± 0.05
0.12 ± 0.05
0.21 ± 0.05
0.14 ± 0.05
0.29 ± 0.09
0.30 ± 0.09
2
h m ± SE
0.16 ± 0.01
0.10 ± 0.02
0.10 ± 0.02
0.19 ± 0.04
0.21 ± 0.05
0.18 ± 0.06
2
c ± SE
0.12 + 0.02
0.09 ± 0.02
0.05 ± 0.02
0.03 ± 0.01
ram
-0.47
-0.67
-0.76
-0.94
-0.88
-0.70
2
hT
0.21
0.40
0.27
0.05
0.12
0.04
0.07
0.29
0.30
e2 ± SE
0.74 ± 0.01
0.55 ± 0.04
0.63 ± 0.05
0.69 ± 0.07
0.85 ± 0.10
0.76 ± 0.10
0.79 ± 0.12
0.71 ± 0.14
0.70 ± 0.13
2
2
2
2
σ a direct additive variance, σ m maternal additive variance, σ c maternal permanent environmental variance, σam direct-maternal genetic covariance, σ e residual
variance, σ2p phenotypic variance, h2a direct genetic heritability, h2m maternal genetic heritability, c2 ratio of maternal permanent environmental effect, ram directmaternal genetic correlation, h2T total heritability, e2 ration of residual effect
a
See Table 1 for description of the traits
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Table 55. Estimates of genetic and phenotypic correlations between growth traitsa from bivariate analyses
Correlationsb
ADG0-6
BW0
BW1
BW2
WW
BW6
BW9
YW
ADG6-12
ADG0-6
0.19
0.47
0.60
0.71
0.94
0.73
0.66
-0.02
BW0
0.29
0.50
0.45
0.37
0.35
0.28
0.25
0.06
BW1
0.42
0.80
0.79
0.62
0.55
0.49
0.43
0.07
BW2
0.63
0.57
0.92
0.76
0.65
0.59
0.52
-0.03
WW
0.70
0.41
0.67
0.88
0.78
0.64
0.52
-0.04
BW6
0.90
0.56
0.56
0.56
0.90
0.80
0.69
-0.01
BW9
0.83
0.29
0.61
0.79
0.79
0.95
0.83
0.08
YW
0.55
0.15
0.64
0.81
0.57
0.65
0.86
0.67
ADG6-12
0.20
0.16
0.28
0.28
0.15
0.25
0.17
0.85
a
See Table 1 for description of traits
b
Genetic correlations below the diagonal, phenotypic correlations above the diagonal
Maniatis and Pollot (2002) estimated a direct heritability of 0.14 for 8 weeks weight from a model that included
maternal effects and a covariance between direct and maternal genetic effects. Comparatively, higher direct
heritability estimates of 0.36 and 0.32 for BW1 and BW2, respectively, were reported in the present study.
Heritability estimates for WW obtained in this study are comparable to what has been reported for various tropical
sheep breeds fitting models that accounted for maternal effects (e.g. Abegaz et al. 2002; Gizaw et al. 2007;
Vatankhah and Talebi 2008a, b; Zamani and Mohammadi 2008). Estimates of correlations between direct and
maternal genetic effects were moderate to high and consistently negative for pre-weaning traits (Table 2).
Negative direct-maternal genetic correlations are common in the literature (e.g. Abegaz et al. 2002; Rashidi et al.
2008). High and negative genetic correlations were expected due to the small data size and data structure. The effect
of data size and structure on the estimation of covariance between direct and maternal effects is well documented
(Meyer 1997; Maniatis and Pollot 2003). The seemingly high estimate of direct-maternal correlation reported in this
study should therefore be treated with caution. This estimate should be re-calculated once sufficient data is available
from the ongoing recording at the SGS as well as data from other flocks participating in the recording scheme.
Post-weaning traits
Maternal genetic variances were significant for BW6 and BW9 but maternal environmental effects were found to be
insignificant in this study for the post-weaning traits. Importance of maternal effects to growth performance has
been reported to decline with age, with observed post-weaning maternal effects as a ‘carry-over’ of maternal
influence until weaning (Maniatis and Pollot 2002). Heritability estimates for post-weaning traits reported in the
present study are within the range of estimates reported in the literature (e.g. Abegaz et al. 2002; Vatankhah and
Talebi 2008a). Moderate direct genetic heritability estimates for post-weaning growth traits for this population imply
that it is possible to select for these traits for improved growth performance and high sale weights. However, this
could be challenged by the fact that antagonism between direct and maternal genetic effects would complicate
selection based on maternal genetic variation.
Genetic and phenotypic correlations
The genetic correlations from bivariate analyses between traits considered in this study ranged from 0.15 to 0.95,
while phenotypic correlations ranged from −0.04 to 0.94 (Table 3). The value for the genetic correlation between
BW0 and WW of 0.41 was comparable with that reported by Abegaz et al. (2002) but lower than other estimates in
the literature (Gizaw et al. 2007; Rashidi et al. 2008). The high and positive genetic and phenotypic correlations
between BW1 and BW2, BW2 and WW, WW and BW6 and BW9 and YW indicate that selection for one trait will
result in the improvement of the other trait. Lacks of resources and resistance to labour-intensive innovations have
been highlighted as some of the reasons for suboptimal data recording in the tropics (Kosgey et al. 2006). Minimal
recording would reduce the expenses incurred, and may result in better and more accurate records. High and positive
correlations between traits mean that only one of the traits can be recorded and selection on it will result in similar
changes in the other trait.
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ABSTRACT
Pumpkin (Cucurbita moschata Duchesne) acts as a dependable source of food, providing families producing it with
various diets and contribution to household food security. Unravelling effects of nitrogen, mulch and gibberellic acid
(GA3) on seed, fruit weight and number of multipurpose pumpkin would help maximize economic and medicinal
value of pumpkin. Subsequently, an experiment arranged in split-plots in randomized complete block design and
replicated three times was conducted at Chuka University in two seasons from January 2019 and July 2020. The
main plots were assigned to nitrogen (0, 50, 100 and 150 kg N/ha CAN), split plots to mulch (no mulch, blackpainted and unpainted rice straws), while sub-plots to GA3 (0, 40 and 80 mg/L). Each nitrogen rate was applied in
equal doses at three weeks seedling post-emergence and at the beginning of flowering. The black-painted and
unpainted rice straws were placed on plots after land preparation. The GA3 solution was sprayed using a knapsack
sprayer, starting with 40 mg/L followed by 80 mg/L. Data collection was done fortnightly from the fourth week after
emergence and data values subjected to analysis of variance using the SAS software and means separated using least
significant difference at P=0.05. Nitrogen effect was significant on the number of seeds in both seasons. The 150kg
N/ha CAN during the first and the second season had the highest number of fruits (3.70≈9250 and 5.63≈14,075
fruits/ha), total fruit weight (11.28≈28,200 kg/ha and 17.61≈44,025 kg/ha) and number of seeds (603.9≈1,509,750
and 575.7≈1,439,250 seeds/ha) respectively. Black painted mulch produced significantly higher total weight and
number of fruits during the first season compared to the unpainted and no mulch. It also gave better results in all the
treatments. Effect of GA3 was insignificant during both seasons. The results show that 150kg N/ha and blackpainted mulch would give yields of economic value to farmers. Use of GA 3 may not result in increased number of
seeds, total weight and number of pumpkin fruits.
Keywords: AIVs, Fruit weight, Fruit set, Plant growth regulators, Pumpkin seeds
INTRODUCTION
Pumpkin (Cucurbita moschata Duchesne) acts as a dependable source of food, providing families producing it with
various diets and contributes to household food security. Pumpkins’ leaves, fruits and seeds are of importance to the
consumers. The nutritional value of pumpkin fruits is high, but varies depending on the species and cultivars. The
flesh of pumpkins fruits is tasty and valuable vegetable containing a lot of biologically active materials and
distinguished for dietary qualities (Jukneviciene et al., 2013). Pumpkins contain a lot of mineral materials, vitamins,
particularly vitamin A provitamin β-carotene, ascorbic acid, vitamins B1, B2, B6, and E. They are rich in
carbohydrates, particularly in starch and sugars. Amount of sugars in pumpkins strongly depends on climatic
conditions; average amount is 5–6%. Pumpkins have low calorific value; their calorific value fluctuates from 15 to
39 kcal (Murkovic et al., 2004).
The nutritional value of pumpkin seeds is based on high protein content (25-51%) and high percentage of oil that
ranging from 40-60%, up to 60.8% (Abdel-Rahman, 2006). The oil contains the fatty acids, 25-35.9% oleic and
40.4-55.6% linoleic acid, stearic and palmitic acids typically ranging from 5.2-7.5% and 6.2-12.4%, respectively
(Applequist et al., 2006). The grains of pumpkin contain medicinal raw materials that are used for production of
pharmaceutical products like peponen and pepostrin used in overcoming prostatic hypertrophy and urinary tract
irritation (Sedghi et al., 2008). The seeds have shown good results in the therapy of minor disorders of the prostate
gland and the urinary bladder (Pericin et al., 2008). Nitrogen is the most commonly required fertilizer during
pumpkins production although phosphorous is needed to promote good seedling vigor, maximum production and
high fruit quality (Mahfouz & Sharaf-eldin, 2007). Nitrogen is commonly applied in two side-dressings, the first at
the 2-4 leaf stage and the second when vines start to develop runners. The goal is to grow plants with a large canopy
of leaves, maintaining healthy leaves as long as possible. This can be done by maintaining adequate levels of
fertilizer taking care not to over-fertilize the crop with nitrogen (Efthimiadou et al., 2010). Excessive N favors
vegetative over reproductive growth and can inhibit fruit set. The nitrogen level must be low enough by the time of
flowering so that the plant will form fewer new leaves after fruit begin to grow to allow more sugars to go to the
fruit, rather than to developing leaves and vines (Min-gang, 2008).
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Mulches and particularly the clear form have been reported to enhance germination of direct-seeded pumpkins since
they increase soil temperatures (Fang et al., 2007). Mulching is one of the ways used to better domesticate soil and
to increase crop yield. It has been found to reduce the evaporation of moisture, regulate soil temperature, improve
soil structure and increase organic matter stocks and improves plant nutrition (Wyenandt et al., 2008; Splawski,
2012). Fang et al. (2007) reported that as a result of mulching with grass over 55% of the available nitrogen was
released to the soil during the first 4 months of application during pumpkins production. According to Yamaguch
and Kamiya (2000), gibberellin (GA) hormone plays an essential role in many aspects of plant growth and
development of pumpkins such as seed germination, stem elongation and flower development. Gibberellic acid
(GA3) is an important PGR that affects plant growth and development by inducing metabolic activities and
regulating nitrogen utilization (Sure et al., 2012). It also plays a significant role in seed germination, endosperm
mobilization, stem elongation, leaf expansion, reducing the maturation time and increasing flower and fruit set and
their composition (Roy & Nasiruddin, 2011). GA3 delays senescence, improves growth and development of
chloroplasts and intensifies photosynthetic efficiency which could lead to increased yield (Yuan & Xu, 2001). The
objective of this study was to determine the effect of N fertilizer, mulch and GA 3 on the number of fruits, total fruit
weight and the number of seeds of multi-purpose pumpkins.
MATERIALS AND METHODS
Site and Experiment
The experiment was conducted at Chuka University Ndagani research farm. The farm lies at 00 19' S, 370 38’ E and
1535 m above sea level. The average annual temperature is 19.5 oC (from 12.2 ºC and 23.2 ºC). The area
experiences two rainy seasons with the long rainy season occurring in March through June and the short rainy
season from October to December. The average annual rainfall is 1200 mm annually (http://en.climate-data.org).
The soils are humic Nitisols, deep, strongly weathered, well drained tropical soils with a clayey subsurface horizon
made of angular, blocky structural elements that easily crumble into polyhedricipeds with shiny faces. The soil has
a high cation exchange capacity (Koskey et al., 2017). A three factor split-split block experiment embedded in a
randomized complete block design (RCBD) with three replications was used. Individual plots in a block measured
2m x 2m separated from each other by 1 m. The three factors were four nitrogen rates, three mulch types and three
gibberellic acid (GA) rates.
Nitrogen occupied the main plot; mulch the split plots and gibberellic acid the subplots. The four nitrogen rates were
0, 50, 100 and 150 kg/ha. Nitrogen in CAN was applied in two split equal dosages for each rate, at three weeks postemergence and at the beginning of flowering. Single fertilizers were used. The mulch included no mulch, blackpainted rice straw and unpainted rice straw. Rice straw was easily available in a close proximity to experimental site
and quantities required are easy to get. The black-painted dry rice straw and unpainted dry rice straw was placed on
the respective split plots after land preparation. Painting of the rice straw was done by dipping them in a 200 L drum
containing the black paint solution and afterwards spread out to air dry. The ingredients of the paint were noted
based on the paint that was used. The mulch was uniformly spread to achieve 20 cm thickness. Planting holes were
marked and opened during sowing. Gibberellic acid rates were 0, 40 and 80 ppm. Gibberellic acid was dissolved in
50 ml alcohol and made up to one liter stock solution by adding distilled water. The required concentration of spray
solution was then prepared from stock solution by diluting with distilled water. A few drops of commercial sticker
was added to facilitate uptake. The gibberellic acid solution was sprayed to the plants with a knapsack sprayer.
Stock solution of lower rate was sprayed first followed by next higher rate. It was done once during the fourth week
after emergence. To avoid chemical drift, spraying was done during a calm morning following wind direction. Soil
analysis was done before plant establishment. It was done at the KALRO National Laboratories Kabete. It was done
to establish the nutrient contents which informed the effects of nitrogen applied in the experiment. The soil was
sampled using a zigzag sampling design across the experimental field. A soil auger and plastic containers were used.
Two different composite samples were prepared, taken from 0-15 cm and 16-30 cm respectively. The soil pH, total
N, available P, K, Ca, Mg, organic carbon, and trace elements were assessed (Chang & Laird, 2002).
Data Collection and Analysis
Data was collected for two seasons (long and short rain seasons). Fruits with dry fruit stalk and hard skin were
harvested from each experimental unit, counted and weight measured. Three fruits randomly selected per treatment
were used to take data on the number of seeds. Seeds were counted and the number per treatment recorded. Data
values were subjected to analysis of variance to determine effects of the treatments using the SAS software version
9.3. Means separation was performed using the least significant difference (LSD) test at α = 0.05.
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RESULTS
Effects of Nitrogen Fertilizer on Number of Fruits, Total Fruit Weight and Number of Seeds
Nitrogen fertilizer had no significant effect (P>0.05) on the number of fruits during both seasons (Table 1).
Application of 150kg N/ha produced the highest number of fruits with 3.70 and 5.63 respectively during S1 and S2
respectively. In both seasons, the number of fruits increased with increase in N fertilizer up to 150kg N/ha. There
was a 24.7% to 36.7% increase in the number of fruits during S2 compared to S1. The control treatment had the
lowest number of fruits with 3.07 and 4.11 during S1 and S2 respectively. Nitrogen fertilizer had significant effect
on the total weight during S1 (P<0.05) but insignificant during S2 (P>0.05). Application of 150 kg N/ha produced
the highest total weight in both seasons; (11.28 ≈28,200 kg/ha and 17.61≈44,025 kg/ha respectively (Table 1). Total
weight increased with increase in N fertilizer up to 150 kg N/ha during both seasons. The increase in the total weight
ranged from 53.1% to 58.1% in S2 compared to S1. At the control treatment, the total weight was 5.12 kg and 12.21
kg. N fertilizer had significant effect (P<0.05) on the number of seeds during S1 and S2. Application of 150 kg N/ha
produced the highest number of seeds of 603.9 during S1. The number of seeds increased with increase in N
fertilizer up to 150 kg N/ha during S1.
Table 1: Effects of nitrogen fertilizer on number of fruits, total weight and number of seeds
Nitrogen
rate Number of fruits
Total fruit weight (kg)
Number of seeds
(kg/ha)
S1
S2
S1
S2
S1
S2
Control
3.07
4.11
12.21
480.3
5.12
464.8
50
3.37
4.48
13.42
466.8
6.30
540.4
100
3.40
5.37
16.81
571.3
7.56
579.2
150
3.70
5.63
17.61
575.7
11.28
603.9
P-value
0.908
0.408
0.013*
0.296
0.009*
0.004*
LSD 5%
2.118
2.237
3.744
7.243
66.1
54.25

Effects of Mulch on Number of Fruits, Total Weight and Number of Seeds
Mulch had significant effect on the number of fruits and total weight during S1 (P<0.05) but the effect was
insignificant during S2 (P>0.05). Results further showed that the effect of mulch was insignificant on the number of
seeds during both seasons (P>0.05). Highest number of fruits was produced when black-painted rice straws mulch
was applied during both seasons at 4.53 and 5.17 for S1 and S2 respectively. According to the results, when blackpainted rice straws mulch was applied, total fruit weight was higher compared to when unpainted rice straws mulch
or no mulch was applied. The same was the case in seeds that were 570 and 547.4 in S1 and S2 respectively.
Table 2: Effects of mulch on number of fruits, total weight and number of seeds
Mulch type
Number of fruits
Total fruit weight (kg)
S1
S2
S1
S2
Control
2.36
4.58
13.41
5.43
BL
4.53
5.17
16.37
8.81
BR
3.25
4.94
15.27
8.44
P-value
0.004*
0.601
0.044*
0.25
LSD 5%
1.161
1.217
2.837
3.635

Number of seeds
S1
S2
502.5
536
547.4
570
520.7
534
0.313
0.621
54.5
47.12

Effects of Gibberellic Acid on Number of Fruits, Total Weight and Number of Seeds
Gibberellic acid had no significant effect on the number of fruits, total fruit weight and the number of seeds during
both seasons (P>0.05). Application of 80 ppm produced highest number of fruits of 3.56 during S1. However,
control treatment had 5.58 fruits during S2 which was higher compared to when 40 ppm and 80 ppm were applied.
In S1, the number of fruits increased with increase in GA3 up to 80 ppm. Results also showed that application of 80
ppm of GA3 resulted to 7.61 kg total weight which was highest compared to when 40 ppm was applied and the
control treatment. In S2, total weight was highest in the control treatment. The number of seeds was also high in the
control treatment and when 80 ppm of GA3 was applied during S1 and S2 respectively.
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Table 3: Effects of gibberellic acid on number of fruits, total weight and number of seeds
GA3 (mg/L)
Number of fruits
Total fruit weight (kg)
Number of seeds
S1
S2
S1
S2
S1
S2
Control
3.14
5.58
16.53
518.4
7.54
561
40
3.44
4.53
13.68
516.2
7.53
524
80
3.56
4.58
14.83
536.0
7.61
556
P-value
0.804
0.082
0.997
0.252
0.313
0.498
LSD 5%
1.310
1.040
2.356
3.428
52.1
36.62
DISCUSSION
Results in this study showed that the number of fruits, total weight of the fruits and the number of seeds were
enhanced by N fertilizer across the sampling periods. This increase might be due to the fact that plants during
flowering and fruit setting stages need a high amount of N and other nutrients to perform the biological activities.
The dependence of fruit weight on fertility and season in Cucurbits had earlier been reported by (Oloyede &
Adebooye, 2005). The optimum N fertilizer rate in this study was 150 kg/ha where the number of fruits, total weight
of the fruits and the number of seeds were higher than all other N rates and the effect was insignificant on the
number of fruits. The results differ from those of Martinetti & Paganini (2006) who found out that the number of
fruits and fruit total weight of pumpkin decreased in Lithuania due to increased fertilizer rates.
Ramakrishna et al. (2006) denoted that evaporation from the soil accounts for 25-50% of the total quantity of water
used. In this study, using black-painted rice straws mulch produced positive effect on number of fruits, total fruit
weight and the number of seeds as compared to unpainted rice straws mulch or no mulch. The results agree with
those of Mahadeen (2014) who found out that fruit number and weight of okra and squash increased using back
plastic mulch. Number of fruits and total fruit weight are products of vegetative growth improvement which might
be explained in view that mulches improve moisture conservation and availability, which ultimately leads to
improve plant growth as reported by Ban et al. (2009) and Mamkagh (2009). Earlier researchers indicated that
improvement in yield parameters resulting from increased vegetative growth as a result of using mulches might be
due to the enhancement in photosynthesis and other metabolic activities (Bhatt et al., 2011; Parmar et al., 2013).
Results further showed that application of GA3 from 40 ppm to 80 ppm resulted to increase in the number of fruits,
total fruit weight and the number of seeds. GA3 has been found to promote growth and elongation of cells which
would explain the increase in the yield parameters evaluated. The present findings are in agreement with the results
of Kazemi (2014) and Majumdar (2013), which revealed an increase in fruit weight and number of fruits per plant of
tomato and cabbage using different combinations of GA3.
CONCLUSIONS AND RECOMMENDATIONS
The results of this study exhibited the significant effect of N fertilizer and mulching on the total weight and number
of seeds. The use of GA3 produced insignificant effect. Application of 150kg N/ha produced the best results on all
the yield parameters evaluated and therefore the study recommends the use of 150kg N/ha by the famers for them to
have high yields of multi-purpose pumpkins. Further, it is recommended to use black painted rice straws mulch as
soil mulching to enhance yield of multi-purpose pumpkins. Gibberellic acid had no significant effect on the number
of fruits, total fruit weight and the number of seeds. However, use of 80 ppm produced higher yields compared to 40
ppm. In some instances, the control treatment produced better results compared to when GA3 was applied and
therefore the study recommends caution by farmers if GA3 is to be used.
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ABSTRACT
Employee engagement has recently become a mechanism to improve organisational performance, yet there has been
inadequate understanding of the multidimensional measures adopted to measure engagement (Hester & Martins,
2020). Employee requirements go beyond the traditional perceived basic salary, and that has shifted the focus of
employers to strive to understand the true principle of the employee engagement practices. The concept has however
remained a difficult notion to understand, thereby generating great interest among Human Resource Management
scholars.. Yet, though scholars disagree with the criteria used to measure engagement, there is a general consensus
that employee engagement is related to organisational performance and has been known to offer firms the most
needed competitive advantage (Kang & Busser, 2018). The general objective of this study therefore is to do an indepth exploration of the concept of employee engagement, tracing its origin and development, explore its drivers
and ascertain the various dimensions that inform its measurements. Specifically, the study has three objectives; one,
to explore the meaning and evolution of employee engagement, two establish its drivers, and third asses the tools
used for measuring it. The methodology involves a structured review of literature including academic journals,
books and other relevant publications. Results indicate that the first conceptualization of employee engagement can
be traced from the work of Kahn (1990) who built up from the idea of ‘embracement’ by Goffman (1961) and is still
evolving. Five key instruments used to measure employee engagement are unearthed and a discussion of the
strengths and weakness of each offered. The main contribution of this study is that it has offered indicators that
organisations can use to determine whether or not employees are engaged in their work, knowledge that is necessary
to assist in decision making relating to human resource management.
Keywords: Employee engagement, performance, Engagement drivers, instruments, Engagement measures
INTRODUCTION
A well-functioning organization is the product of its healthy, committed and motivated employees, who can be
termed as ‘engaged employees’. Engagement takes place when employees are committed to their job (Hester &
Martins, 2020, & Cook, 2008). They are interested and indeed excited about what they do. Engagement involves
loyalty, faith and pride in the organization, a willingness to advocate for their organization and a sense of personal
responsibility. Reilly and Brown (2008) noted that in business environment the terms ‘job satisfaction’, ‘motivation’
and ‘commitment’ are generally being replaced by ‘engagement’ because it appears to have more descriptive force
and face validity. This is more so due to the focus of employee engagement as the alignment of the employee with
the organizational goals and a further desire of the employee to go beyond what is expected of their job. Employee
engagement thus reflects two essential elements, the willingness to contribute to organizational success and a
positive and energized employee who is at a motivational state (Eldor & Harpaz, 2015).
Organisations are realizing that employees are a strategic resource and their talent is key to organizational growth
and success. The Human Resources (HR) function has transitted from traditional ‘silent’ support position to become
a strategic business partner. Every organization knows the importance of engaging and motivating its people to
perform and this has gained prominence with time (Mohanty & Arunprasad, 2020). However, what is not widely
recognized is that employees want to be engaged in work where they feel that they are contributing in a positive way
to something larger than themselves. Over the years, one of the toughest challenges confronting organisational
leaders has been to ensure that when their employees check in everyday, they not only do it physically but also
mentally and emotionally. Any leadership would need to ensure that employees are truly engaged (madhura,
bedarkar, deepika Pandita, 2014). It is thus important to understand what employee engagement is comprised of and
how to measure the intensity of such engagement. The purpose of this study therefore is to explore the topic of
employee engagement by discussing the concept, its drivers, measurements scales and reporting guidelines. The
methodology to the study involves a review of secondary data in employee engagement and other related areas.
The Concept of Employee engagement
Employee engagement is a relatively new concept. Some organisations still hold the traditional school of thought by
Fredrick Taylor’s scientific management thoughts that employees are economic beings who work just for money.
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However this type of thinking is obsolete and defective since several non-financial rewards exist that affects
employee engagement. Such factors include career advancement, work autonomy, work environment, challenging
job, management support, the feeling of working for a reliable organisation, the feeling of working on important
assignments and the feeling of respect in work-life balance (Woodruffe, 2006). Most of the major organisations
provide tools for assessing the drivers that enhance employee engagement (Bakker & Schaufeli, 2008).
According to Sanchez (2007), employee engagement is defined as an outcome of how employees perceive their
work, leadership of their organizations, the recognition and rewards they receive, and the communication philosophy
of the organization. On the other hand, Cook (2008) defined employee engagement as the term that is personified by
the passion and energy employees have to give of their best to the organisation to serve the customer. It is all about
the willingness and ability of the employees to give sustained discretionary effort to help their organisation succeed.
Shaw (2005) defined employee engagement as intellectual and emotional commitment to an organisation.
A further definition to the concept of employee engagement is that of Robbins and Judge (2009), as an individual’s
involvement with, satisfaction with, and enthusiasm for the work he or she does. Engagement is all about the right
temperament and “can do” attitude to help the organisation succeed. It is something the employee has to provide.
Engaged employees feel that they are responsible for customer’s well-being and cares about the future of the
organisation (Chawla, 2019). Engagement can be classified by employee’s perception of how positively they think
and feel about the organisation and how actively they work to achieve the organisation’s goals (Cook, 2008).
In addition employee engagement has been viewed as the extent to which the employees thrive at work, are
committed to their employer, and are motivated to do their best, for the benefit of themselves and their organisation.
It is about creating an environment where employees are motivated to want to connect with their work and care
about doing a good job. It is a concept which places flexibility, change and continuous improvement at the heart of
what it means to be an employee and an employer in the modern society. Employee engagement is a positive feeling
about the job as well as being ready to put more effort to make sure that the given job is accomplished to the best of
the employee’s ability (Galpin et al, 2008). Karanges, Johnston, Beatson, and Lings (2015) defined engagement as
the extent in which employees are willing to commit both emotionally and rationally within their organization, how
long they are willing to stay as a result of that commitment, and how dedicated they are to their work.
Employee engagement has emerged as a critical driver of business in the modern economy. It virtually affects the
employee morale, productivity and reasons for employee retention. Organizations are using their engaged employees
as a tool of strategic competence (Kaur, Malhotra & Sharma, 2020). A highly engaged employee will consistently
exceed performance expectations and set new targets. There exists an increasing awareness that employee
engagement is pivotal to business performance where engaged employees are the backbone of good working
environment with people who are hardworking, ethical and accountable. (Levinson, 2007). With this growing
importance in mind it is important to understand evolution and development of concept of employee engagement.
Evolution of Employee engagement
The concept of employee engagement is entrenched in academic research, though it was considered largely as
practical consultancy issue till late 1990s. The first scholars in the area of employee engagement can be traced in
the work of Goffman (1961) who defined engagement as the spontaneous involvement in the role and a visible
investment of attention and muscular effort. Katz and Kahn (1966) acknowledged association with organizational
effectiveness and pointed out that as employees feel psychologically safe and their work is meaningful to them, they
are psychologically available and draw on their whole selves in an integrated and focused manner to enhance their
role performances. However, perhaps the origin of employee engagement can be traced to a seminal paper by Kahn
(1990) entitled personal engagement with work which argued that employees choose whether to invest themselves
fully and authentically in their role on the basis of their experiences within the working environment. Kahn (1990)
reported that employees feel more engaged to the work most of the time if they receive some benefits in the form of
external rewards and jobs that are focused more on the core job characteristics which will provide employees to
bring themselves more into the work or to become more engaged. Pegg (2009) agreed by emphasizing on the
effective delivery of the benefits to the employees to be most important to make a positive effect on an employee.
The social exchange theory has been accepted as the most and widely used theory in the employee engagement
research (Kazimoto, 2006). The theory provides a theoretical basis for explaining why employees opt to become
more engaged or less engaged in an organisation. The main principles of the theory are that employees make social
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decisions based on perceived costs and mutual benefits. Moreover, the theory proposes that there are obligations that
are made through interactions between various parties in a state of reciprocal interdependence. According to the
theory, employees are motivated to engage in their jobs when they believe there is a fair and balanced system of
exchange (Bwire, Ssekabuko, & Lwanga, 2014). The social exchange theory also argues that in the exchange rules,
both parties will have a reciprocal relationship that will result in the establishment of trust, loyalty and commitment.
According to the theory, the relationship between the parties grows over time, and this may mature into trust, loyalty
and mutual understanding (Saks,2006). The concept of employee engagement has continued to attract greater
attention from scholars in various disciplines. Employee engagement has been linked to other constructs like
organizational commitment, citizenship behavior and job involvement (Bedura Medaka 2014). As a result, a
universal and unanimous definition and measurement of employee engagement does not exist. This study reviewed
and presents the concept of employee engagement as it has evolved from various studies for better understanding.
.
Robinson et al (2004) defined employee engagement as a positive attitude of employees towards their organisation
and its values. Engaged employees are aware of business context and work to improve job and organizational
effectiveness. They equated employee engagement with job engagement which is a positive, fulfilling, work-related
state of mind that is characterized by vigour, dedication and absorption. Hewitt Associates (2004) defined
engagement as the state in which individuals are emotionally and intellectually committed to the organisation or
group, as measured by behaviours. This behavior can be measured in three dimensions. First, employees who are
engaged speak positively about the organisation both to the internal and external persons. Second, they are likely to
demonstrate an intense desire to be members of the organisation, and thirdly, they endevour to employ additional
effort and engage in behaviours that contribute to organisational success.
Fleming and Asplund (2007) of Gallup, in their book, titled ‘Human Sigma: Managing Employee-Customer
Encounter’ define employee engagement as the ability to capture the heads, hearts, and souls of employees to instill
an intrinsic desire and passion for excellence. They further point out that engaged employees want their organization
to succeed because they feel connected emotionally, socially, and even spiritually to its mission, vision, and purpose.
Newman and Harrison (2008) defined engagement as the simultaneous presence of three behaviours in employees,
namely, their performance in job, citizenship behaviour and involvement. Cook (2012) define engagement as how
positively the employee thinks about the organisation, feels about the organisation and is proactive in relation to
achieving organizational goals for customers, colleagues and other stakeholders. Farndale and Murrer (2015)
defined employee engagement as when employees harness themselves physically, cognitively, and emotionally
while completing daily tasks.
Macey and Schneider (2008) argued employee engagement is a multidimensional construct that has three distinct
facets: trait engagement, state engagement and behavioral engagement. Trait engagement refers to the inclination or
orientation to experience the world from a particular point, where some individuals poses certain characteristics that
enable them to be highly engaged. State engagement encompasses attitudinal constructs of involvement, satisfaction,
empowerment and organisational commitment. Behavioral engagement is an adaptive behaviour intended to serve
individual and organisational purposes whether to defend and protect the status quo in response to actual or
anticipated threats or to change and promote change in response to actual or anticipated events
Importance of Employee Engagement
Engaged employees are builders, when an employee is engaged within their organization, everyone benefits.
Employees use their talents, develop productive relationships, and multiply their effectiveness through those
relationships. They perform at consistently high levels. They drive innovation and move their organization forward
(Van Allen, 2013). Gallup report in the Harvard Business Review found that at any point in time about 30 percent of
any company’s employees are actively engaged while 20 percent are actively disengaged (Sanford, 2002). Other
studies by Bersin (2014) established that only 13% of worldwide employees are fully engaged at work. In addition,
twice as many are so disengaged that this negative behavior is spread to other employees (Bersin, 2014). Yet,
organizational productivity is determined by employees’ efforts and engagement (Hester & Martins, 2020). Negative
effects on productivity could be caused by negative interpersonal behaviors that lower employee engagement.
Moreland (2013) estimated a cost of $370 billion per year to the US economy due to disengaged employees. There
are many other examples of the benefits of employee engagement. For examples, in a study of almost 50,000
businesses that included roughly one and a half million employees in 34 countries globally, results indicated that
work organizations scoring in the top half of employee engagement have doubled success compared to those in the
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bottom half (Van Allen, 2013). Furthermore, the study showed that organisations with engaged employees have the
following benefits as opposed to those where employee engagement is down: 37% lower absenteeism, 25% lower
turnover, 28% less shrinkage, 48% fewer safety incidents, 41% fewer patient safety incidents, 41% fewer quality
incidents (defects), 10% higher customer metrics, 21% higher productivity, and 22% higher profitability (Van Allen
2013). Similarly, at Standard Chartered Bank it was found that branches with highly engaged employees produced
20% higher returns than branches with lower engagement scores. Further, Molson Coors Brewing Company
reported multi-million dollar safety savings through strengthening employee engagement (Singh, 2013).
Engagement is very important by considering the fact that disengagement of any employee leads to employees’ lack
of commitment to work and lack of motivation. It has been highlighted by the Corporate Leadership Council (2004)
that highly engaged employees perform 20% more than those employees with average engagement levels. In
addition to this, ISR (2003) also show that companies having higher levels of engagement noticed an increase of
3.74 percent in operating margin and 2.06 percent of increase in profits for one year period, whereas, companies
with lower levels of engagement noticed a fall of 2 percent and 1.38 percent in the respective groups. On the other
hand, Towers Perrin (2005) found that there is a 5 percent increase in operating margin with 7 percent increase in
employee engagement. Further, the Society for Human Resource Management (2014) reported that organizations
with highly engaged employees experience increased customer satisfaction, profits, and employee
Researchers have contended that organisations are unable to engage their employees and reap the related benefits
(Shuck, Adelson & Reio 2016, AON Hewitt 2015). On the other hand, employee engagement has a positive
significant correlation with individual and organisation performance. Yet studies show an alarming global low level
of employee engagement. Arguments have been put that the tools that are used to measure engagement are actually
the problem but not necessarily that engagement has been declining.(Mann & Harter, 2016, Kurmar & Dhanda,
2020). These scholars have blamed this to unreliable conceptualization of employee engagement. Scholars and
practitioners have developed numerous tools but some have not been subjected to academic peer review (Shrotryia
& Dhanda, 2019).Accordingly this study has tried to exonerate tools that have been empirically tested and passed
the validity test for measuring employee engagement.
Drivers of Employee Engagement
Literature in the area of employee engagement has linked engagement with concepts such as job satisfaction,
motivation, commitment and organisational citizenship. For example, Reilly and Brown (2008) noted that in
business environment the terms ‘job satisfaction’, ‘motivation’ and ‘commitment’ are generally being replaced by
‘engagement’ because it appears to have more descriptive force and face validity. This is more so due to the focus of
employee engagement as the alignment of the employee with the organizational goals and a further desire of the
employee to go beyond what is expected of their job. In particular, employee engagement is two-way; organisations
must work to engage the employee, who in turn has a choice about the level of engagement to offer the employer.
According to an IES Report by Robinson, Perryman, and Hayday (2004) the strongest driver of engagement is a
sense of feeling valued and involved. commitment and organisational citizenship. This makes intuitive sense, given
that the components of the ‘feeling valued and involved’ indicator relate to several aspects already identified as
relevant to engagement,:- involvement in decision-making, the extent to which employees feel able to voice their
ideas, and managers listen to these views, and value employees’ contributions ; the opportunities employees have to
develop their jobs and the extent to which the organisation is concerned for employees’ health and well-being.
(Robinson, D, Perryman, S & Hayday, S. (2004). The IES Report (2003) demonstrated the drivers of employee
engagement and the characteristics of an engaged employee as shown in Figure 1 and Figure 2 respectively:
Ketter (2008) provided some of the drivers of employee engagement as career growth, learning and development
opportunities; challenging work; receiving pay and benefits; being recognized; supportive management; respected
and valued. On the other hand, Vazirani (2007) identified drivers of employee engagement as career development,
opportunities for personal development, effective talent management, clarity of organisational values, respectful
treatment of employees, image, empowerment, equal opportunities, pay and benefits, performance appraisal, job
satisfaction, health and safety, proper communication, cooperation and family friendliness. Engagement literature
has outlined a close link between satisfied employees and engaged employees. Tuna, Ghazzawi, Yesiltas, Tuna and
Arsian (2016) concluded that unsatisfied employees show deviant workplace behavior and exit planning, which in
turn decrease service quality and job performance. Moreover employee job satisfaction has long been considered as
one of the key determinants of an organization’s success and growth (Prajogo & Cooper, 2017).
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Figure 1: Drivers of Employee Engagement

Figure 2: Characteristics of an engaged employee
Based on the studies by Clampitt (2005) employees well understand their role if they are better communicated to,
thus contributing to the success of an organisation. Employees should therefore be communicated to effectively
about the changes that are to be made in the organisation well in advance to avoid confusion. Employees feel that
their work needs to be recognised in the form of day to day informal recognition (Wellins et al., 2006). Besides,
appropriate recognition helps to build psychological contract where employer values their employees and employees
feel being valued. This increases commitment which in turn leads to enhanced work performance and reduced
employee turnover. Having career progression and being well informed are critical drivers of employee engagement.
Instruments for Measuring Employee Engagement
Kahn (1990), the first scholar to apply the concept of engagement to work, argued that employee engagement is
contingent on three psychological conditions in the workplace: Meaningfulness, psychological safety and
availability. Meaningfulness refers to the intrinsic employees attach to performance in the work role. It is influenced
by the tasks employees perform and the roles they fill. Safety pertains to the sense of whether one perceives freedom
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to be authentic in the work role. Its primary determinant is the perceived quality of interpersonal interaction
employees experience at work. Finally availability involves employee’s beliefs regarding whether they possess the
physical, cognitive and emotional resources needed to invest themselves fully in their work roles. It is determined by
individuals’ perceptions of the quantity and quality of available resources and the extent of involvement in activities
outside the work. These three conditions determine whether employees are engaged or not (Khan , 1990).
One of the most comprehensive instrument to measure employee engagement was the tool developed by Martins
and Nienaber (2015) which offered an employee engagement scale reflecting the broader level of engagement and
consisting of 6 dimensions. This measure was based on Khan (1990) definition of employee engagement. This
instrument is accompanied by a range of contextual validation studies (Gallant & Martins, 2018; Martins, 2016;
Martins & Nienaber, 2018). According to Purcell (2014), this instrument is superior to the previous ones as it is
more reliable and valid due to the its validated methodology in its development process. The 6 dimensions of
Martins and Nienaber (2015) instruments one; team orientation which views engagement at individual level
reflecting team members willingness to render support, be well organized and to take personal ownership of their
job responsibilities. Secondly, organisational satisfaction where engagement is occurs at individual level and
includes aspects such as a meaningful, enjoyable, inspiring job and general feeling of job satisfaction.
Thirdly, is effectiveness of managerial aspects, representing engagement at team level including dimensions such as
trust, support, feedback and performance evaluation. The fourth dimension of Martins and Nienaber (2015)
instrument is team commitment and places engagement at team or unit level and refers to cooperativeness in solving
of problems, the ability to adapt to change and doing more than is expected especially in terms of the quality of
service they renders to customers. The fifth dimension is organisational commitment representing engagement at
organisational level and involves commitment to the organisation, taking pride in the work that is being done for the
organisation, congruence between personal and organisational values and positivity about the organisation’s future.
Finally the instrument focuses on organisational strategy and implementation representing engagement at
organisational level, with a focus of whether employees are encouraged to develop new ideas and if initiative is
stimulated as well as whether employees are involved in implementing strategy
Secondly, the Gallup organisation, called the Gallup Workplace Audit (GWA) has been credited as one of the key
contributors in development of measures of employee engagement. GWA instrument items were developed from
studies of work motivation, satisfaction, groups’ effectiveness, and supervisory practices (Gallup, 2013). According
to Gallup, there are three types of employees in an organization; the engaged, not engaged and actively disengaged.
Engaged employees are the builders. They are eager to know the expectations from their role so that they can meet
and exceed them. Not engaged employees tend to concentrate on tasks rather than the goals and outcomes, thus
need others to drive them. The actively disengaged employees are consistently against virtually everything. They are
not just unhappy at work, they show their unhappiness openly.
The GWA defines engagement in terms of satisfaction and involvement and was designed to measure two categories
of survey items: those identifying issues under the control of the manager/supervisor and those measuring employee
attitudinal outcomes. Employees are required to rate their agreement with 12 statements addressing physical
resources, clear expectations, opportunity to use talent, caring colleagues, feedback and recognition, meaningful
tasks, opportunity to know new skills, commitment to quality, request for input, growth and development,
friendship, and progress discussions. The measure has been used within the academic literature (Bhatnagar, 2007).
Another measure that is popular in measuring engagement is the Utrecht Work Engagement Scale (UWES) which
was designed and validated by from Holland and Spain ( comprises of three subdivisions: vigor, absorption and
dedication (Schaufeli & Bakker, 2003; UWES; Schaufeli et al., 2002). According to UWES, there are 17 items with
three dimensions of employee engagement namely vigour (6 items), dedication (5 items) and absorption (6 six
items). The UWES is certified in several countries like China, Netherlands, Spain and South Africa. Saks (2006)
argued that employees vary in their level of engagement according to the resources they receive in the organisation.
Job engagement (individuals are psychologically present at their work roles and (organisational engagement
individuals are psychologically present by performing in a way that positively contributes to the organisational
growth and goal achievement. Saks (2016) developed an instrument which included 5 items to measure job
engagement (individuals cognitive presence as they perform their job) and 6 items to measure organisational
engagements (how the organisation makes the employees dedicated and energized).
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Other instruments to measure employee engagement include Price Waterhouse coppers (PWC) and Development
Dimensions International (DDI) tools. PWC introduced a 6 item survey to measure employee engagement informed
by their definition of the concept as the desire employees have towards acting and applying discretionary efforts to
achieve business efforts. Six characteristics of employee engagements namely;- advocacy, discretionary effort,
pride, commitment, achievement, and alignment are assessed. DDI developed a 20 item engagement survey
focusing on employee perception of alignment effort with strategy, empowerment, teamwork and collaboration, plan
development, support and recognition, satisfaction and loyalty (Wellins, Bernthal & Phelps, 2005).
The 16 item tool of Oldenburg Burnout Inventory by Demerouti, E., Mostert, K., Bakker, A.B. (2010) originally in
German but translated into English has been widely used to assess the level of engagement among employees. The
instrument includes two elements: ranging from tiredness to vigor and the other from pessimism to dedication.
(d=disengagement item, exhaustion item). These dimensions are related work of May et al (2004), who discovered
the determinants of three psychological employee engagement conditions as safety, meaningfulness and availability
and therefore developing an own measure which to include cognitive, emotional and physical engagement.
CONCLUSION
As has emerged from this study employee engagement is a concept that is defined differently by different authors
and new definitions are still emerging. There is enough evidence that higher levels of engagement are associated
with positive outcomes for employers and individuals, thus there is some merit in considering strategies and
approaches that would raise engagement levels. It is also evident from the study that employee engagement
measures are a mixture of items that represents among others, one of these four different areas: organisational
commitment, job satisfaction, job involvement and psychological empowerment. It can be noticed from the above
findings that some measures depend on how employee engagement is defined, some have similar measuring items
and some have totally complete measuring items. From the reviewed literature UWES and GWA have emerged as
the most widely used measuring tools in most of the research in the area of employee engagement.
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ABSTRACT
The Vision 2030 and Tourism County Promotion Master Plans were envisaged to provide a good starting point for
county tourism promotion however a number of challenges must be addressed to ensure competitiveness in the
sector. The purpose of this research study is to assess challenges facing tourism promotion in Kiambu county, the
specific objectives of the study were to find out the extent to which infrastructure and security affect tourism
promotion in Kiambu county. The study used descriptive research design; data was collected from primary sources
with the use of questionnaires. The study analyzed the data, using statistical package for social sciences (SPSS),
descriptive and inferential statistics such as frequencies, tables. Percentages and correlation tests were used in the
data analysis and summaries. Respondents were asked to respond to a set of statements on the likert scale where
5=strongly agreed, 4= agreed 3= neutral, 2= disagree, 1= strongly disagree. Most respondents had enough
knowledge to understand and respond to the questions, descriptive analysis was used to summarize data regarding
infrastructure and security and challenges on tourism promotion. It’s evident that majority of the respondents
strongly agreed that infrastructure, and security affect tourism promotion in Kiambu county. The researcher
conducted a Correlation analysis us to investigate the existence and nature of relationship between infrastructure and
security on tourism promotion. The study concludes that tourism promotion is strongly influenced by infrastructure
with 41.4% change followed by safety and respectively as indicated by a Pearson correlation coefficient of 0.653**
and 611** This relationship was found to be statistically significant as the significant value was 0.010 which is less
than 0.05 threshold. To achieve efficiency in the sector, efforts have to be undertaken to address impending
challenges responsible for the stunted growth of the country’s tourism sector. The researcher recommends for
further research on a wider scope for instance all counties in Kenya, while considering all challenges in the sector
since the study could not exhaust all the challenges affecting tourism product promotion.
Keywords: Product, Promotion, Tourism, Challenges, Kiambu County.
INTRODUCTION
World Tourism Organization (2018), indicates that tourism industry is one of the largest economic activities
globally. The people visiting other countries has risen significantly in the last 50 years. In 2010, 25 million tourists
visited other countries worldwide and is expected to hit 2.6 billion by 2020. On average tourism generates between
3-5% of the World's Gross Domestic product and employs over 201 million people globally (Gakunga, 2017).
According to Tosun and Jenkins, (2011) tourism promotion incorporates all elements with which the visitor to a
destination comes into contact with. This includes infrastructure like attractions and activities, lodging amenities and
facilities and serving personnel. Globally in developed and developing countries, most of the tourism promotion is a
function of central planning (Tosun and Jenkins, 2011), however, in Kenya according to the constitutional change
(2010), there is a shift to decentralize power to County governments.
Kenya being a great tourist attraction, has almost been exclusively centered on two geographical areas: The South
Coast beaches sand and a handful of game reserves and national parks in the country (Omondi, et al., 2010).
According to Magical Kenya (2017), Kenya is gifted with a unique blend of tourist attractions spread throughout the
country’s different regions although not all of these tourist attractions are adequately developed to the level that can
appeal to tourism market. Therefore, it calls for a deliberate initiative on the part of Kenyan tourism marketers and
stakeholders to integrate a tourism promotion model to address the disparities in tourism promotion (Magical Kenya,
2017). The diverse needs, level of maturity and vision of each region and need for support within the existing
regional administrative units, is significant as such units have established structures that would be necessary for the
success of tourism promotion initiatives (Jang and Cai, 2012). However, there is need for partnership between the
National and County governments in pursuit of sustainable tourism promotion in Kenya. According to the Ministry
of Tourism report (2017), tourism is Kenya’s third main foreign exchange earner, contributing 11% of the gross
domestic product (GDP). and accounting for 10% of the total workforce. Kenya’s tourism, greatly depends on its
wildlife and natural resources, which are threatened from global climate change. According to Mogaka and Barrow
(2017), the key tourist attractions are photo shooting, safaris and camping throughout the 19 national parks and
game reserves. In reference to World Tourism Organization (2018) it is a small number of tourists who comes to

226

Kenya as comparing like Rwanda among others, this is due to inefficiencies in managing tourism in national parks
and game reserves, shoddy airstrips and tourism sector being managed by opportunist and corrupt cartels (World
Tourism Organization, 2018). Kenya earned Kshs 27.5 billion (US $ 250 million) in the first quarter of 2015
representing an increase of 28 % up from 2010 when earnings stood at 24.7 billion shillings (The Kenya national
bureau of statistics, 2017).
According to Magical Kenya (2017), the promulgation of Kenya’s new constitution in 2010, tourism promotion
focus changed from National to the County governments. The Priority Tourism County Promotion Master Plans
(2013) envisaged starting point for County tourism promotion, in order to address challenges facing the growth of
Kenya’s tourism sector (Magical Kenya, 2017). Kiambu County website (2019), tourism sector has a multiplier
effect on the economy of the County and Kenya in general. The County is to improve tourism products,
infrastructures and services in order to inspire the demand for local and foreign market and in the end identifies key
attraction areas/sites like Mau Mau Caves, Paradise Lost and Agricultural farms among others. Kiambu County is
strategically located to Nairobi and excellent climate conditions has presented the county with immense
opportunities for tourism (Kiambu county website, 2019).
Statement of the Problem
According to Charley (2013) tourism services currently face rapid changes due to market globalization, competition
and new technologies. Moreover, tourism is the most affected by the current Covi19 pandemic. The long-term
success of tourism services in such a scenario depends on how to satisfy customers’ needs and desires, so that to
respond strategically to current challenges. Therefore, strategic marketing becomes a necessary practice to tourism
services firms (Charley,2013). According to the Ministry of Tourism report (2017) to ensure the competitiveness of
Kenya’s tourism sector, challenges must be addressed through the partnership between central and local
government, in order to identify weakness and high potential areas in addressing these challenges.
Various studies have been conducted both locally and internationally in tourism promotion. However, in Kenya due
to promotion, earnings from domestic tourism have formed an important component in addressing the financial
challenges the sector is experiencing. For instance, according to Omolo (2013), there is a significant relationship
between the low level of domestic tourism amongst middle level income employees and the attitude of the tourism
sector and overall tourism earnings. Although, Mwaniki (2014), conducted a case study on methods of marketing
tourism by travel agents in Kenya and found out that the use of old methods of marketing led to reduction in tourism
earnings, Similarly, Kandie (2013), studied the impact of tourism marketing both international and local giving
similar findings. Charley (2013), established that domestic tourism has improved marginally due to incentives, many
people are willing to travel for domestic tourism but are not aware of the tourist attractions around their environment
and facilities in their country, despite they are ready to travel for leisure. Despite, various studies have been
conducted in the areas of tourism promotion as the studies focused on the tourism growth more specifically
marketing strategies Omolo (2013), however, there’s no known study detailing the challenges facing the promotion
of tourism in Kiambu County. This study therefore, seeks to bridge this gap by assessing the challenges facing
tourism promotion in Kiambu County. It will be guided by the following question: “What are the challenges facing
tourism promotion in Kiambu County?
Objective
The general objective of this study is to assess challenges facing tourism promotion in Kiambu County. Specifically,
to establish the extent to which infrastructure and insecurity affects towards tourism promotion in Kiambu County.
LITERATURE REVIEW
Introduction
According to Andriotis (2014), the Resource-Based View (RBV) framework combines the internal and external
perspectives on policy. Like the frameworks of core competence and capabilities, organizations have very different
mix of physical and intangible assets and capabilities, which RBV calls assets. Competitive benefit is ultimately
accredited to the possession of a valuable assets. These assets/resources are largely defined to be physical, intangible
and organizational. RBV asserts that no two organizations have the same resources/assets since the two companies
have different set of experiences, acquired the unmatching assets and skills, or built the dissimilar organizational
culture. And unlike the core competencies and capabilities frameworks, though, the value of the broadly-defined
resources are determined in the interplay of market forces (Ryan, 2012).
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Collins and Montgomery (2015) offers a sequence of five tests for a valuable resource/asset: In imitability is how
hard is it for competitors to copy the asset/resource? A company cannot imitate if the resource is (2) physically
exceptional, (2) a value of path reliant on promotion activities, (3) causally vague and competitors find value to
imitate, or (4) an expensive asset venture for a limited market, ensuing in fiscal discouragement. Durability being
how quickly does the resource depreciate. Appropriability being who captures the value that the resource creates.
Substitutability being can a unique resource be trumped by a different resource and Competitive Superiority in
relation to competitors (Collins and Montgomery, 2015).
Therefore, is relevant to this study since, RBV asserts that firms should contemplate their industry structure and
dynamics when deciding which assets to invest in to address its impending challenges (Ryan, 2012). With
Companies and organizations in tourism sector with, it is easy to make the mistake of optimizing profits and letting
investment in resources take a back seat. Good strategy requires continual change of mind in the company's scope,
to make sure it's making the most out of its resources and avoid getting into markets where they not have a resource
advantage (Collins and Montgomery 2015). RBV informs about the risks and benefits of diversification strategies in
the tourism sector aimed at addressing the ever-present challenges and consequently enhance the tourist confidence.
Tourism promotion
The success of tourism promotional strategies is to increase the awareness of a product and destination in tourism
(Andriotis, 2014). A tourist destination needs a well-designed marketing plan for its long-standing success and
profitability of a destination. The finest tourism marketing plans is to inspire group attendance, spurs recurrence of
visits, create comprehensive information packages focusing on meeting spaces, catering options, hotel availability
entertainment and local activities. Market a destination to organizations, groups and businesses and other
stakeholders through website requests, direct mail campaigns and among others (Andriotis 2014). Barnett (2011)
states that offering promotions lure tourists to visit a destination by offering group discounts, free items, off-season
specials, and coupons to induce tourists to spend. Also, work with tourist cars, arts center and other attractions
destinations to offer package discounts by considering all-inclusive approach like bundle lodging, target families,
food savings packages and honeymooners (Barnett ,2011).
According to Ryan (2012) the connection between tourism and promotion of tourism becomes an application of the
advertising process to specific features of the tourism industry. Tourism being perishable as service its infrastructure
is fixed on time and space availability therefore, purchase decisions is a combination of several transport,
infrastructures, attractions and accommodation which are not owned by the same company. The tourist market is
also volatile, as it is affected by challenges occurring worldwide for example Covi19 and other health and national
economic issues (Barnett 2011).
Global Tourism promotion
According to Havitz (2013), global tourism represents one of the fastest and largest growing economic sectors in the
world, supporting the livelihoods of 1 in 11 people worldwide. According to Omolo (2013) tourism destinations
transforms nations socially, environmentally and economically leading to the prosperity, development and wellbeing of the economy. According to UNWTO (2017) African continent received 56 million international tourists in
2013 up from 26 million in 2012. While International tourism revenues improved by US$ 1 billion in 2016, reaching
US$ 36 billion and accounting to 7% of all exports in the Africa’s continent (UNWTO 2017).
Havitz (2013 contends that the tourism Infrastructure is exclusive because of its immateriality and ability to
transform over time. Tourists from developed countries are used to quality modern transport infrastructure that
allows for high quality service. These tourists choose to continue with the same luxuries as at home while traveling
(Cohen, 2017). In fact, Havitz (2013), using survey methodology, find that tourists prefer to travel to countries that
have the same infrastructures as in their home country.
Local Tourism promotion
According Magical Kenya (2017) the promulgation of Kenya’s the new constitution 2010, tourism promotion
shifted from National to Counties levels which gave county governments an opportunity to implement County
tourism promotion strategies of 2013 through the Priority Tourism County Promotion Master Plans (2013). To
achieve efficiency in the sector, address impending challenges responsible for the underdevelopment growth of the
country’s tourism sector (Magical Kenya, 2017). According to United Nations World Tourism Organization
(UNWTO) (2019), the management of tourism destinations is closely related to the policies that affect local
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promotion and the creation of value in a destination. That is why a sustainable tourism promotion policy ought to
obtain a balance between cultural values, environmental attractions and the economic results so that the promotion
of tourism can offer a sustainable destination. African countries should upgrade their infrastructure and improve
their human resource to attract more tourists (UNWTO, 2019). According to KNBS, (2015), during the five years
from 2013 to 2017, Kenya’s economy grew at an average annual rate of 5.3 percent, much better than the 2.3
percent recorded in the previous decade. Nevertheless, this development, current growth stages still fall short of the
sustained projected seven percent per annum desired to meet the Millennium Promotion objectives (KNBS,2015)
and this can be achieved among others if tourism sector is promoted effectively.
Challenges Facing Tourism promotion in Kiambu County
According to Kareithi (2013), there are many challenges affecting Kenya’s capability to optimize full potential in all
touristic attractions. Firstly, Kenya’s tourism promotion policy has been characterized by poor infrastructure,
insecurity, lack of a vision and overall promotion strategy, and poor implementation. Secondly, despite an
established history of being a leading destination in Africa, Kenya to date lacks a tourism master plan, a roadmap to
guide the promotion of the industry (Kareithi, 2013). Omolo (2013) asserts that the Kenya government first attempt
to guide the promotion of the tourism sector was the formulation of a Sessional Paper on the promotion of tourism in
Kenya which is merely executed. However, the study will address various challenges including poor infrastructure
and security among others.
Infrastructure and Tourism promotion
The basic raw materials for the tourism Infrastructure are a country’s natural climate, beauty, , history and the
people (Gunn 2012) and this will affect tourists broad experience from the time one leaves home to the time they
return. Tourism Infrastructure is seen as the sum total of a country’s tourism attractions, transport, accommodation
and entertainment which should result to a consumer’s satisfaction (Gunn 2012).The linking between infrastructure
and tourism is highlighted in numerous professional scholars, which emphasize, on the one hand, the special role of
tourism promotion in the infrastructure’s modernizing, and on the other hand the reverse direction, the generation of
multiplication effects of infrastructure promotion upon tourism (Kumar, 2010).
Omolo (2013) argued that the scarcity of roads, airports and hotels in Africa disadvantaged tourism prospects for
years and continues to reduce potential. however, in East Africa, tourist infrastructure is improving, from
inexpensive flight networks to cleaner hostels. This is enhanced by a new wave of optimism, diaspora
entrepreneurship, investor confidence and Chinese-funded connections. Financial infrastructure, such as ATMs,
reliable exchange rates, decent health clinics and safe overland transportation with reliable taxis and driver services
all contribute to a sense of reliability and predictability that tourists seek when exploring new lands (Omolo 2013).
According to Gunn (2012) the role of infrastructure, more precisely transport is a vital component of successful
tourism promotion which induces the creation of new attractions and the development of existing ones. It is
suggested that the transport system links between tourism generating and tourism-destination areas (Gunn 2012).
Prideaux (2010) suggested, public infrastructure is vital for aiding the establishment of high-class resorts in a
locality. If this public infrastructure is not available, the operators would have to incur massive capital and operating
costs of tourism promotion and thus reducing quality of services provided competitively.
Kenya’s devolution has created new opportunities for the emergence of county-level economic and development
initiatives, since, Kiambu County, is near to Nairobi County, it could fast track economic growth especially tourism
sector. According to Dhakal, (2012) tourism can kindle the upgrade of infrastructure such as hospitals and sewage
systems with Local inhabitants benefiting. Although, Poor road network in Kiambu county has led to small number
of tourist arrivals in the conservancy since they spend a lot of time to reach the destinations (Kareithi, 2013).
Security and Tourism promotion
Omondi (2013) explains that Security and tourism seem to have some shared goals. To start with, these two
encompass crossing of diverse nationwide borders of diverse countries, while they utilize travel and communication
technologies. The culmination result of insecurity is loss of live and destruction of infrastructure. Tourism sector
globe is affected by terrorist attacks like Mpeketon terrorist in 2014 in Kenya and radicalism (Omondi ,2013).
Ritchie (2010) asserts that tourist ‘s observations is a vital part in their choice to a given destination. Terrorism is
regarded as a risk to a destination and also to the visitor. The risks associated include: financial, functional, travel,
psychological situational and social risks, terrorism, health, and natural disasters. Research done on the effects of
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terrorism and tourism have revealed a direct link between these two. The terrorism disturbs foreign exchange of a
country especially those depending on tourism (Ritchie 2010).
According to Mogaka and Barrow (2017, tourist plan their travel on internal and external aspects. Internal include
previous travel involvement which enhances a tourist ‘s certainty about going to the destination. Risk awareness
levels, quantity of information accessible to the tourist and obtainability of alternate destinations play a vital role to
tourist ‘s decision to go to a place or not. According to Barrow (2017), terrorism is well thought-out, affecting
individual ‘s decision making process in, travelling, for example it is least likely to a visit a destination in the center
of a terrorist attack. Furthermore, terrorism changes the conduct of tourists each time they visit, for example by
doing away in dangerous destinations, retain a low profile and dress vague. This is particularly for individuals who
cannot evade such destinations as their visit is job related. Another response to terror risks in one terminus possibly
will mean circumventing that destination in total and as an alternative picking a different place. This opinion is
somewhat basic to perceive as tourists are well-thought-out to be rational people who evaluate benefits and costs,
since a dangerous destination is expected to attract higher costs than a safer one (Mogaka and Barrow (2017).
Security and Mungiki in Kiambu County
The Mungiki is an outlawed religious Kikuyu Kenyan sect (M&G Africa, 2016) which was banned in 2003 (M&G
Africa, 2016; PanARMENIAN.net, 2016). Other sources refer the outlawed group Mungiki as a pro-government
"gang" (The Washington Post, 28 Nov. 2017) or "militia" (Human Rights Watch, 2018) especially during election
times and can be hired by individuals/groups eg the post-election violence in Kenya in 2007 (Human Rights Watch,
2018: PanARMENIAN.net, 2016). By 2000s, the group was made up of around two million members (The New
York Times 22 June 2016).
According to Glazzard et al., (2018), the objective of the group includes: to defend rights and traditional culture of
disadvantaged members of Kikuyu people who were affected during post-Mau Mau conflict settlement,
redistribution of wealth and opportunities from elite Kikuyu in power, and survival through organized crime
(Glazzard et al. 2018). The operation of the group attacks members by using light arms and machetes but inflicting
brutal violence and willingness and also, mass rape and forcible circumcision to target victims both ethinic groups in
Kenya (Glazzard et al. 2018). The group collects at least Ksh 800,000 on a daily basis from Matatus' across the
country (M&G Africa, 2016) for their operations in Nairobi, Central Kenya and the Rift Valley region (Human
Rights Watch, 2018). For example, the group operating in Kirinyaga County are recruited from Thika and Ruiru
towns in Kiambu County (Daily Nation 9 Jan. 2017). In Nairobi they target also slum areas where different ethinic
groups are staying (The Star 14 Aug. 2017). According to Crisis Group (2008), Mungiki is extorting members of the
business community to pressure for funding and protection.
METHODOLOGY
Research design
The study adopted a descriptive research design. It involves formulating the objectives of the study, designing the
methods of data collection, selecting the sample, data collection and analyzing the results (Strauss and Corbin,
2014). According to Mugenda and Mugenda (2013), target population refers to the members of people, events or
objects the researcher wishes to generalize the results of the research. The target population was all the employees in
the County government of Kiambu, department of Tourism, site managers in the various sites, subordinates and
tourist as obtained from the Kiambu County website department of tourism (Table 1).
Table 1: Target population
Target population
Frequency
County staff
55
site managers
40
Hotel operators
35
Tourist
70
Total
210
Source: Kiambu County, department of Tourism (2020).

Percentages (%)
26
19
12
33
100

According to Yamane (2012), the sample size can be calculated using the following formula: n=N/2+Ne2
Where: n=desired sample size; N=population size; e=desired level of statistical precision (with +/-5 the precision is
0.05) \Confidence level at 8.73
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Using this formula, the sample size is calculated as follows: n=210/2+210(0.05)2 , n=75, the desired sample size
the procedure was that the stratified random sampling technique was used by selecting subjects in such a way that
the existing sub-groups in the population are more or less reproduced in the sample (Mugenda and Mugenda, 2013).
The researcher selected a sample size of 75 for this study (Table 2)
Table 56: Target population.
Target Staff
Population
County staff
55
site managers
40
Hotel operators
35
Tourist
70
Total
210
Source: Researchers Data (2020).

Sample Size
20
14
9
23
75

Percentages (%)
26
19
12
33
100

The Primary data was collected by use of questionnaires which contained closed-ended and open ended questions.
The questionnaires were dropped and picked later in order to get data from the target population. However, for data
Analysis, the filled questionnaires were inspected for completeness and edited. Descriptive statistics such as
frequency count, mean, calculation of percentages, and tabulation was used to summarize the raw data collected.
This was used to support the results of quantitative analysis in drawing conclusions and recommendations. The data
collected from this study was mainly presented using, tables, pie charts and bar graphs. The analysis was used by
use of SPSS.
RESULTS AND DISCUSSION
Working Experience in the Tourism Industry in Kiambu County
The participants were asked to indicate their working experience in the tourism sector in as shown in Figure 4.3.
The study established that majority (32.7%) of the participants had worked for between 5 to 10 years followed by
those who had worked for between 0 and 5 years (28.6%). Those who had worked for over 20 years were the least
(6%) and the this significantly differed with the participants interviewed (χ2=5.073, df = 1, p = 0.013). This implies
that majority of the participants had sufficient experience in the tourism industry and sufficient knowledge about the
county to effectively and sufficiently provide the information sought by the study.
Figure 4.3: Working Experience in the Tourism Industry

Work expirience(Years)
Above 20 years

6%

16-20 years

8.20%

11-15 years

24.50%

5-10 years

32.70%

0-5 years
0.00%

28.60%
5.00%

10.00%

15.00%

Source: Author (2020)
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20.00%

25.00%

30.00%

35.00%

Descriptive Analysis
Descriptive analysis was used to summarize data regarding Infrastructure and Security in tourism promotion.
Infrastructure
This section provides an analysis of extend to which Infrastructure affects tourism product promotion. In order to
determine the extent to which Infrastructure affects tourism product promotion. The participants were asked to
respond to a set of statements on a five-point likert scale. The first statement was on whether Financial
infrastructure, such as ATMs, decent health clinics, reliable exchange rates are available. As shown in Table 4.6, the
mean score for responses was 4.23 indicating that a majority of the participants were in agreement in their responses
to the statement. The standard deviation indicates that a majority of the responses did not vary from the mean by
more than 0.439. The second statement sought to determine Service infrastructure are not readily available. A mean
of 3.15 suggests that a majority of the participants were neutral with the statement. A standard deviation of indicates
that the responses did not vary from the mean score by more than 1.068.
Table 3: Effects of Infrastructure
Effects of Infrastructure
1. Financial infrastructure, such as ATMs, decent health clinics,
reliable exchange rates are available
2. Service infrastructure are not readily available
3. secure overland transportation with driver services and
reliable taxis all contribute to tourism promotion
4. The county has few Tourism resorts
5 The county has poor road network
Source: Author (2020)

n
48

Min
1

Max
5

Mean
4.23

Std. Deviation
.439

48
48

1
1

5
5

3.15
3.85

1.068
.689

48
48

1
1

5
5

3.85
2.95

1.345
1.303

The third statement determined whether secure overland transportation with driver services and reliable taxis all
contribute to tourism promotion. A mean score of 3.85 implies that majority of the respondents were in agreement
with the statement. The responses did not vary from the mean score by more than 0.689. The fourth statement
determined whether the county has few tourism resorts, majority of the participants were strongly in agreement with
a mean score of 3.85 and standard deviation of 1.345. The fifth statement determined whether the country has poor
road network, majority of the participants were neutral in with a mean score of 2.95 and standard deviation of 1.305.
This implies that the county road network is not as good as expected and should be improved (Table 3).
Security
This section provides the results on extend to which security influences tourism product promotion.
Table 4: Security and tourism product promotion.
Effect of Security
1.
Political stability greatly affects tourism promotion in
Kiambu county
2.
Tourist ‘s perceptions of risk play an important role in
their decision to visit certain destinations over others
3.
Destination risk influences tourism promotion
4.
Terror alters the behavior of tourists whenever they
visit risky destinations,
5
Riskier destination is likely to attract higher
costs than a safer one
Source: Author (2020)

N
48

Min
1

Max
5

Mean
4.38

Std. Deviation
.506

48

1

5

4.62

.576

48
48

1
1

5
5

3.77
4.69

.832
.480

48

1

5

4.22

0.964

From the findings in Table 4, the mean score was 4.38 implying the participants were in agreement on the statement
that Political stability greatly affects tourism promotion in Kiambu county. The standard deviation did not vary from
the means score by more than 0.506. A mean score of 4.62 and standard deviation of 0.576 indicates that the
participants were strongly in agreement with the statement that tourist ‘s perceptions of risk play an important role in
their decision to visit certain destinations over others.
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In addition, the third statement sought to find out whether destination risk influences tourism promotion. The mean
score of the responses was 3.77 and the standard deviation was 0.832 meaning that the participants were in
agreement with the statement. The fourth statement sought to establish whether terror alters the behavior of tourists
whenever they visit risky destinations. A mean score of 4.69 and standard deviation of 0.480 indicate that the
participants were strongly in agreement with the statement. The fifth statement sought to determine whether riskier
destinations are likely to attract higher costs than a safer one, the findings indicate a mean of 4.22 implying the
participants were strongly in agreement their responses to the statement. The standard deviation indicates that the
responses did not vary from the mean score by more than 0.964.
Inferential Statistics
Correlation Analysis: The researcher conducted a correlation analysis to investigate the existence and nature of
relationship between Infrastructure, Security and Tourism product promotion. This section presents correlational
analysis results conducted.
Table 5: Summary of the Findings

Tourism product
promotion

Pearson Correlation

Sig. (2-tailed)
N
Infrastructure
Pearson Correlation
Sig. (2-tailed)
N
Security
Pearson Correlation
Sig. (2-tailed)
N
Source: Researchers data (2020)

Tourism product
promotion
1

Infrastructure

Security

.653**

.611**

48
.653**
.010
48
.611**
.010
48

0.010
48
1
48
.42 2**
0.001
48

0.011
48
.422**
0.010
48
1
48

The correlation results indicate that there is a strong positive relationship between tourism product promotion and
infrastructure as indicated by a Pearson correlation coefficient of .653**, This relationship was found to be
statistically significant as the significant value was 0.010 which is less than 0.05. Moreover, a Pearson correlation
coefficient of .611** indicate a strong and positive relationship between Tourism product promotion and Security.
This relationship was found to be statistically significant as the significant value was 0.010 which is less than 0.05.
Regression Analysis
To establish the individual effect of independent on the dependent variable the study conducted a regression
analysis. The results are summarized in tables 6, 8 and 9. The coefficient table 6 shows the constants and
coefficients of the regression equation.
The constants and regression equation: Y = a +Bx1+Bx2+e
Where: Y= Dependent variable (CSET).
a= Constant.
B= Coefficient/Change.
X=Independent variable (Infrastructure and Security)
e=Error
Table 6: Coefficients
Coefficients
Model

Unstandardized Coefficients
B
Std. Error
1 (Constant)
0.176
.167
Infrastructure (X1)
.348
.077
Security (X2)
.414
.059
Source: Research data (2020)
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Standardized Coefficients
Beta
.251
.178

T

Sig.

-1.515
6.482
5.116

.019
.010
.010

From table 4.10, the study established the following regression equation.
Y= 0.176 + 0.348X1 + 0.414X2 +0.12948
Holding other factors constant then Tourism product promotion would be 0.176. A unit change in infrastructure
results to a 0.348-unit change in tourism product promotion, holding other factors constant. A unit change in
Security leads to a 0.414 change in tourism product promotion.
Table 4.2 also indicates that the all the predictors are statistically significant at α=0.05 since p values are less than
0.05(Infrastructure (p=0.01) and Security (p=0.01)
Model Summary
The model summary table 7 indicates an R2 of 0.677. This implies that 67.7% of the variations in the dependent
variable Y are explained by the variations in the independent variables X1 and X2. This means that they can be used
to predict tourism product promotion, and therefore a multiple regression model is an efficient predictor. The model
summary is presented in the table below.
Table 7: Model Summary
Model Summary
Model
R
R Square
1
.823a
.677
a. Predictors: (Constant), Infrastructure and Security
Source: Research data (2020)

Adjusted R Square
.901

Std. Error of the Estimate
.12948

ANOVA
The study further tested the significance of the model by use of Analysis of Variance (ANOVA) technique. The
findings are tabulated in table (Table 8), the ANOVA statistics, the review set up the relapse demonstrate had a
significance level of 0.2% which means that the information was perfect for making a conclusion on the populace
parameters as the estimation of significance level (p-value) was under 5%. The ANOVA table 8 reports an F test
value of 83.333 which is significant at p value 0.012<0.05. This is an indication that Infrastructure and Security have
a significant effect on tourism product promotion. The significance value was less than 0.05 indicating that the
model was significant.
Table 8: ANOVA Table
Model
Sum of Squares
Df
1
Regression
8.8496
4
Residual
15.9301
44
Total
24.7796
48
a. Dependent Variable: Tourism product promotion
b. Predictors: (Constant), Infrastructure and Security.
Source: Research data (2020).

Mean Square
2.9298
.0354

F
83.333

Sig.
.012b

DISCUSSION
Challenges Facing Tourism promotion in Kiambu County
The findings indicate that the study had a response rate of 64% which is considered a good response for a study. It
was evident that most respondents had sufficient knowledge to understand and respond to the questions. Majority of
the respondents strongly agreed that Infrastructure and Security influence tourist decision to consume a product. The
correlation results indicated that there is a positive relationship between tourism product promotion
and
infrastructure and security as indicated by a Pearson correlation coefficient Table 5. These relationships were found
to be statistically significant as the significant value was 0.010 which is less than 0.05 threshold. The study
established the following regression equation. Y= 0.176 + 0.348X1 + 0.414X2 + 0.12948. Holding other factors
constant then firm Tourism product promotion would be 0.076. A unit change in Infrastructure results to a 0.348unit change in Tourism product promotion, holding other factors constant. A unit change in Security leads to a 0.314
change in Tourism product promotion, a unit change in Security results in a 0.305unit change in Tourism product
promotion. Table 5 also indicates that all the predictors are statistically significant at α=0.05 since p values are less
than 0.05 (Infrastructure (p=0.01) and Security (p=0.01). The ANOVA table 4.5 reports an F test value of 83.333
which is significant at p value 0.012<0.05. This indicated that Infrastructure and Security have a significant effect on
Tourism product promotion. The significance value was less than 0.05 indicating that the model was significant.
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Infrastructure is an important feature of the tourism mix and whenever fees of tour destinations vary there is an
undesirable effect on need for tour Infrastructure and services leading to lower demand. To maintain competitive
advantage the tourism Infrastructure should be of a highest quality so that competitors or similar with its price being
acknowledged as attractive. Therefore, the information on tourist’s intuition of prices and quality plays a key role in
tourist buying behavior. Authors, like Gunn (2012) who concur with this study have cited the infrastructure base of a
location as the potential element of the attractiveness of a tourism destination.
Furthermore, Gunn (2012) denotes that tourism product is a complex experience that stems from a process where
tourists use multiple services during the course of their visit. Smith (2014) is among the first researchers to
acknowledge the role played by service infrastructure in creating a product experience. He explains that service
infrastructure is housed within the larger macro-environment or physical plant of the destination. Crouch and Ritchie
(2010) summarized the various factors that together make a tourist destination experience attractive. They
highlighted the importance the service
infrastructure layer, which includes transport services, in the tourist
destination experience.
This study concurs with the basic theory of RBV theory which suggests that consumers make decisions based on the
images they form of different brands. The consumer knows and identifies a certain brand by the image that exists in
his or her mind. It’s been uncovered that it is important to uncover the characteristics of tourism as Infrastructure
and security as they have an implication on the nature of tourism product promotion. Prideaux (2010) argued that if
the ability of tourists to travel to preferred destinations is inhibited by inefficiencies in the transport system such as
lengthy and uncomfortable journey, the likelihood that they will seek alternative destinations possibly will increase.
Security concerns, another crucial service quality dimension among local travelers. Since Security is one of people’s
intrinsic motivations, understanding tourists’ perceptions of crime is critical for destination seasonality. This study
agrees with George (2013), who examined tourist perceptions on Security while visiting Cape Town, a
representative of destinations with an unsafe image. It has been found that terrorism negatively affect tourism in
different parts of the world. Terrorism affects tourist activities and behavior more so international tourism, the
biggest effect resulting from this nexus occurs in the economic aspect. The indication is that terrorism affects
foreign exchange flows of a country especially for those countries whose tourism is a top export. In making
decisions as to whether to visit a place or not, safety becomes a key factor for tourists. In the planning of visiting a
destination considered risky, tourists experience fear of harmful consequences which easily leads them to annul their
travel plans or alter their destination.
CONCLUSION
The challenges facing tourism product promotion helps to identify what products and services on which situations
are consumed by individuals. The study concludes that Infrastructure is an impediment to tourism product
promotion in Kiambu county and Kenya at large as shown by the results is Pearson correlation coefficient of .653 **
Their relationships was found to be statistically significant as the significant value was 0.010 which is less than 0.05
threshold. With regard to Security, the study concludes that tourism product promotions in Kiambu county is
strongly inclined to Security as indicated by a Pearson correlation coefficient of .611 **. Security is a big threat to
tourism promotion with the resurgence of armed gangs who terrorize residents and visitors. This relationship was
found to be statistically significant as the significant value was 0.010 which is less than 0.05 threshold.
RECOMMENDATIONS
Infrastructural development is key to the promotion of tourism in Kiambu county because it is the most effective
way of reaching this target destination. The study recommends that the county government in conjunction with tour
firms should ensure accessibility, availability and affordability of infrastructure in and to the various tourist
destination sites. This infrastructure includes, good road networks to the sites, affordable social and recreational
facilities, Affordable hotels and hostels, Efficient technological infrastructure among others.
Destination and environmental security features are the most rated factors of destination security preferences.
Kiambu County being a hotspot of armed gangs and its proximity to Nairobi city should put in place adequate
security personnel and infrastructure to mitigate the effect it has on tourism and make it easy to promote a safe
tourist destination. Additionally, tourism companies and governmental institutions need to pay more attention to
destination security choices which are mainly influenced by external factors. And the researcher recommends firms
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to embark on educating consumers about destinations Security positively since it influences their perceptions of a
destination as a safe choice.
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ABSTRACT
Rural Tourism is regarded as a key economic activity and a conservation tool for rural tourism resources in many
developing countries. In Kenya, tourism is concentrated in urban and coastal regions while marginalizing rural
destinations with potentials for tourism product development. Failure to involve communities, lack of sectoral
coordination as well as in appropriate destination conservation approaches in rural areas such as Makueni impedes
tourism economic benefits. Developing an integrated rural tourism development plan is likely to enhance equity in
revenue sharing and future resources vitality for the marginalized local communities. This research aimed to
investigate the perceived effect of integrated rural tourism planning on communities’ Revenues and resources
vitality in Makueni County. The objective of the study is to determine the perceived effect of integrated rural
tourism planning on communities’ revenues and resources vitality in Makueni County. This study used descriptive
cross-sectional survey design. The target population size was 182,000 residents and a representative sample of 385
respondents. Purposive sampling was used to identify the study sites while stratified random sampling was used to
pick the respondents. Primary data was acquired through the use of questionnaires which were administered to the
host community and the tourism developers in the selected sub- Counties. Data was analyzed using SPSS software.
Categorical and logistic regression analysis was carried out for all the objectives and significant levels were sought
at p ≤ 0.05. The results indicated that Minimizing the misuse of resources (p = 0.01) and consensus on prioritizing
beneficiaries (p = 0.04) emerged as the most appropriate ways of achieving equity in revenues Sharing. Building
environmental awareness (p< 0.01), respecting local cultures (p< 0.01), niche marketing (p = 0.01) and
implementation of the code of conduct ( p< 0.01) were identified as the most appropriate conservation measures of
enhancing resources vitality in Makueni County . This indicates that integrated rural tourism planning has a positive
implication towards achievement of equity in revenues sharing and enhancement of resources vitality in the County.
The study recommends that integrated rural tourism planning should involve coordination of various sectors which
will enhance equal representation of all the stakeholders in planning and decision making process and hence
contribute to equity in revenue sharing. Destination managers ought to lay out emphasis on sustainable use of the
available rural tourism resources through building environmental awareness, respecting local cultures, creation of
appropriate, niche marketing and implementation of code of conduct in the protected areas of Makueni County.
INTRODUCTION
Rural tourism contributes to the increase in economic viability of marginalized areas, stimulates social regeneration
and improves the living conditions of rural communities (Milhailovic & Moric, 2012). It contributes to social
cultural benefits in various destinations of the world including America and Asia (Mabey, 2010). A study conducted
by Murray and Kline (2015) on rural tourism in North Carolina, USA established that rural tourism products are
gaining popularity among the developed nations. The study indicates that many factors contribute to rural tourism
product suitability. These include; connection with the community, the unique aspect of the product and satisfaction.
Sharpley et al. (2008) defines rural tourism as the visitation of people to rural areas and their participation in rural
way of life. McGehee et al. (2015) argues that rural tourism comes into existence when the rural products are the
key component of the product on offer. He argues that this form of tourism varies from one country to another with
various channels of rural tourism having been suggested. These include; interest in farms, nature, adventure, health,
education, arts, and heritage; and experiencing living history such as rural customs and local traditions.
Local communities must participate in making decisions for rural tourism development if their livelihood priorities
are to be reflected in the way rural tourism is developed (Chok & Macbeth, 2007). Hall (2008) indicates that many
destinations still suffer from social and economic consequences caused by failure to involve other sectors in
planning and monitoring of rural tourism development. Coordinating sectors and involving stakeholders in tourism
destination planning indicates levels of integration. Honeck (2008) for instance explains that rural tourism is
increasingly becoming an important economic sector in Tanzania. Spenceley (2008) observes that rural tourism has
proved continued and strong growth in areas of Tanzania which are characterized with high levels of widespread
poverty. Increased demand for rural tourism in Tanzania has been contributed by the availability of rural tourism
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resources both natural and cultural (Scheyvens, 2007). The main purposes developing rural tourism destination areas
as outlined by the IUCN (1994) is to enhance resources vitality in rural areas through : scientific research,
wilderness protection, preservation of species and genetic diversity, maintenance of environmental services,
protection of specific natural and cultural features, tourism and recreation, education, sustainable use of natural
resources and maintenance of cultural and traditional attributes . Designation of tourism resources in rural areas is
one of the most widely used and accepted means of biodiversity conservation throughout the world (Sekhar, 2003).
Rural Tourism development is associated with conservation areas especially national parks and cultural centers
which are mostly found in local settings (Butler & Boyd, 2000).
Spenceley (2008) observe that integrated rural tourism planning approach enhances conservation of the rural tourism
resources and improves the living standards of the host community through creation of equity in revenue sharing.
Tourism Revenue Sharing is a wide spread policy intervention in Africa and other regions where rural tourism is
practiced with revenues usually shared on a percentage basis (Schroeder, 2008). Archibald and Naughton (2016)
argue that tourism revenue sharing helps in meeting conservation cost and improving local community altitude
towards conservation. They explain that the structure and implementation of tourism revenue sharing policies has
contributed to failure in achieving equity in revenue sharing among the stakeholders especially in Uganda. Manyara
and Eleri (2009) conducted a study in Kenya to ascertain the economic viability of rural tourism development. They
reported that planning for development of rural tourism is important in developing nations. They also indicated that
involving community members in the rural tourism activities through empowerment increases their economic
benefits such as equity in revenues sharing as well as enhancing the vitality of tourism resources. However, the
success of integration of rural tourism planning on the rural tourism and benefits to communities may be niche
dependent. Therefore, this study purposed to examine the effect of integrated rural tourism planning of
communities’ revenue sharing and resources vitality in Makueni County
LITERATURE REVIEW
Integrated Rural Tourism Planning and Revenue sharing
Sharpley et al. (2008) defines rural tourism as the visitation of people to rural areas and their participation in rural
way of life. Developing rural areas through tourism involves developing rural tourism first (Haghsetan, Mahmoudi
& Maleki, 2011). This is attributed to the fact that rural tourism possesses strong social and economic potential for
growth of the rural areas. Viljoen and Tlabela (2007) observe that rural tourism is a way of involving the rural
population in ventures that call for local ownership and management of tourism facilities in a given destination in
order to increase participation by the rural communities in rural development initiatives. Holland, Burian and Dixey
(2003) also emphasize the importance of considering appropriate forms of rural tourism as an alternative channel for
improving the living standards of local community residing in rural areas. This is attributed to the steady increase of
touristic activities in the rural areas of most touristic countries. William (2016) observes that rural tourism is an
alternative development strategy in minimizing poverty among the local communities in marginalized areas. It is
evident from the literature that many countries have incorporated tourism activities with the aim of achieving
economic development in both urban and rural regions. However, this calls for a balancing act between rural
environment, rural population, natural products, the stakeholders in the industry and policy formulators and planners
(Briedenhann & Wickens, 2004; Hall & Page, 2002). Kenya Rural Development Strategy (KRDS) whose theme is
“sustainable livelihood for all” argue that rural development strategies and programs should emphasize on steady
growth, while preserving natural resources for present and future generations (Government of Kenya, 2002). Rural
development calls for appropriate objectives and strategies which focus on the rural communities and sustainable
utilization of the existing resources.
Hall (2008) indicates that many destinations still suffer from social and economic consequences caused by failure to
involve other sectors in planning and monitoring of rural tourism development. Coordinating sectors and involving
stakeholders in tourism destination planning indicates high levels of integration. Sectors are coordinated through
conducting joint meetings, community consultations and adoption of appropriate feedback mechanisms from the
stakeholders. Stakeholders are involved through decision making process, idea generation, investment in rural
tourism and evaluation of rural tourism programs. Important stakeholders include the local government, regional
tourism organizations, private sector and indigenous communities. Mc Kercher (2007) indicates that, rural tourism is
an industrial activity that is competing and requires the incorporation of several sectors to enable the local
communities benefit from it. Tourism Revenue Sharing (TRS) is a wide spread policy intervention in Africa and
other regions where rural tourism is practiced with revenues usually shared on a percentage basis (Schroeder, 2008).
Archabald and Naughton (2016) argue that tourism revenue sharing helps in meeting conservation cost and
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improving local communities’ altitude towards conservation. Revenue sharing programs take three different forms.
First, there are protected area outreach arrangements, where a percentage of park entrance fees is channeled to
communities (Archabald & Naughton-Treves, 2016). Second, there are initiatives that involve private companies
conducting commercial activities on community land and then sharing proceeds with the community (Ochieng,
2016). Third, there are partnerships, which involve private and public entities as well as communities in operating
tourism joint ventures. The accrued revenues are shared based on written agreements by all the stakeholders (van der
Duim, 2015). The income from rural tourism originates from various forms of induced, indirect and direct spending
by visitors (Mayer & Job, 2014). Rural tourism revenues are mostly dependent on visitation frequency, length of
stay and levels of spending for entrance or similar fees. Generating enough funds to share with local communities is
challenging for destination managers since it relies on significant visitation rates (Butzmann & Job, 2017).
Bowman (2011) indicates that development and implementation of rural tourism is a process that results to an
important dialogue and policy-making process on how to achieve sustainability in the rural tourism destinations.
Jenkins (1994) indicates that government plays a major role in the evolution and development of the rural tourism as
well as ensuring equal distribution of revenues accrued form rural tourism .He states that apart from being involved
in the formulation of rural tourism policy framework, development and initiation of the national tourism
development plan, government in many less developed countries has been actively engaged in rural tourism
entrepreneurial activities as regards to the operation and provision of tourism and hospitality facilities and services.
Akama (1997) observes that tourism sector is highly fragmented and may consist of many stakeholders who are
involved in the provision of diverse activities and services, which combine to form a tourism product and providing
a satisfactory visitor experience. He argues that sectoral coordination is a key facilitator and promoter of tourism
development. Dieke (2013) argues that, in most less developed countries where tourism has over the years evolved
and developed as a major economic sector, such as in Mexico, Jamaica, Bahamas, India, Indonesia, Egypt, Tunisia,
Morocco and Kenya, the socio-economic phenomenon has been achieved mainly through direct government support
which has contributed to equity in revenue sharing. Snyman, (2017) explains that sharing of revenues accrued from
rural tourism is vulnerable to corruption and therefore, good governance and involvement of all stakeholders in
planning and decision making process is crucial.
Ugandan experience shows that collectively shared revenues from rural tourism can reach a wide range of people
(Sandbrook & Adams, 2012). However, in Rwanda, membership of local community associations, which involved
membership fees determined eligibility for rural tourism revenue sharing, excluded socio-economically
disadvantaged residents (Munanura, Backman, Hallo, & Powell, 2016). Schnegg & Kiaka (2018) report from
Namibia that their communities retain only a small part of revenues from community-based tourism and relatively
few people are direct beneficiaries. Spenceley et al. (2017) observes that the key component in favorable rural
tourism revenue-sharing is to clearly communicate benefits or potential drawbacks to communities in order to foster
positive interactions. He also noted that local communities should be involved in planning and decision making
regarding the implementation and distribution of revenues accrued from rural tourism.
Integrated Rural Tourism Planning and Resources Vitality
Bulte et al. (2008) explain that conservation policies and tourism developers play a crucial role in developing
intervention measures to protect the rural tourism resources such as wildlife, culture of the local communities,
physical features and historical attractions. A widespread of tourism resources is in place with over 10% of its land
area currently gazetted as national parks, national reserves and forest reserves which are mostly located in rural
destinations (Kenya Wildlife Service, 2010). Odunga and Maingi (2011) argue that tourists’ attractions are the
backbone of tourism development in Kenya. Western et al. (2009) argue that sustainable tourism development and
management of the tourism resources is a major concern in Kenya. Rural Tourism is one of the most common uses
of wildlife and cultural resources in local areas that generate financial benefits and therefore, its significance is
increasingly being recognized worldwide (Buckley, 2000; Eagles, 2002; Holden, 2007). Vitality of rural tourism
resources reflects an increase in visitation number hence increasing range of tourism and recreational activities as
well as increasing commercial tour operations business in rural areas (Buckley, 2002). Rural tourism is increasingly
being used by many conservation area managers as a source of revenue to replace or supplement government
conservation funding (Balmford et al., 2009). Resources vitality need to balance biodiversity preservation goals with
the social and economic needs of local communities living in rural setting (Robinson, 1993). Enhancement of
resources vitality will offer potential compensation to local communities who bear most of the costs as a result of
resource use restrictions imposed due to the area’s protected status (Mayer, Muller, Woltering, Arnegger, & Job,
2010). Therefore, there is a need for integrated planning in the conservation and management of rural tourism
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resources to facilitate the maximization of local community benefits. Such benefits act as an incentive for local
support for conservation of the resources for their future availability. Akama (1997) explains that Close to 80% of
Kenya’s population reside in rural areas where wildlife resources exist and therefore there is need for integrated
planning which will ensure that these resources are available to benefit the present and future generation. Bruyere et
al. (2009) observe that recently, the KWS is attempting to address some of these historical barriers by
facilitating community-based conservation and local involvement.
Tourism is widely linked with other sectors of the economy and as a result it’s planning and development issues
cannot be resolved by one stakeholder. Therefore, multiple stakeholders should be involved in protected area
tourism planning and development processes. These should include individuals, groups and organizations with an
interest in rural tourism. Stakeholders who have interest in protected area tourism planning and development
include: communities within and around the protected area, tour operators, tourism-related business owners,
environmental organizations, protected area management agencies, visitors to protected areas and volunteers
working in the protected area (Brohman, 1996; Eagles, McCool, & Haynes, 2002). Effective management of the
relationship between conservations areas and the surrounding communities is therefore vital to ensure sustainability
and vitality of rural tourism resources (Scherl & Edwards, 2007). The sustainability and vitality of rural tourism
resources strongly depends on its ability to improve the livelihood of local communities and to enhance residents’
attitudes and behaviors toward conservation of the resources (Liu et al., 2012, p. 2). Community benefits from rural
tourism resources and support for conservation can be enhanced when citizens are actively involved in the tourism
planning and protected area management activities (Goodwin, 2000; Spenceley & Goodwin, 2007; Timothy, 1999;
Tosun & Jenkins, 1996; Tosun & Timothy, 2003).
Okazaki (2008) observes that many tourism studies also fail to identify levels of community participation in rural
tourism planning and as a result most participatory tourism development processes have remained unassessed in
terms of ascertaining their effectiveness. It is therefore necessary for planners to consider prevailing local, social,
cultural, economic and political conditions when engaging in any participatory planning process (Felix, G., Neil, C.
& Brent, and L. 2016). Participants in the rural tourism planning process need to have access to financial,
information, and human and material resources to facilitate their effective participation in the planning process
(Hall, 2008; Paul, 1987; Pearce, 1991; Rowe & Frewer, 2000; Tosun, 2000). Well-informed participants can
contribute to deliberations during the rural tourism planning process (Felix, G., Neil, C. & Brent, L. 2016).
Backman, 2013 observes that most local people that live around conservation areas in developing countries lack
basic understanding of issues associated with integrated rural tourism development. In this respect, public awareness
and education programmes for the local communities should be a prerequisite and an ongoing exercise for any rural
tourism planning process. This will ensure that the local communities are empowered with useful information to
facilitate their effective participation in the planning process.
Forms of Rural Tourism
Community based tourism; cultural and
heritage tourism; Adventure, nature
based and ecotourism

Rural Development Concerns
Poverty,
unemployment,
food
insecurity, inadequate infrastructure,
inadequate health and education
facility
Planning, product development,
Coordination, marketing

Integrating Result/Rural Development
Income;
Employment;
Food
availability, improved living standards;
Environmental conservation; Cultural
preservation; improved preservation;
improved infrastructure

Tourism Industry Stakeholders
Local community; Government;
Tourism and hospitality organizations
(e.g hotels, tour firms, restaurants,
resorts, tourism entrepreneurs)

Figure 1: Channels of Tourism Integration with Rural Development
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Structure of Integrated Development Plan on Rural Tourism
Communities cannot develop in isolation and the integrated development plan ensures that there is a single
coordinating framework for community development. Geyer (2010) defines the integrated development plan as a
process by which the planning efforts of different spheres of government and other institutions are coordinated at
local government level. There has been a need to integrate rural tourism with other economic activities such as
agriculture which exist in rural areas. The integrated development process is meant to enable decisions on matters
such as county budgets, land management, promotion of local economic development and institutional
transformation through consultative, strategic and systematic processes (Kavita, 2014). He explains that integrated
development plan creates a balance between social, economic and ecological pillars of sustainability by coordinating
programs of different sectors and spheres of government. This is illustrated in Figure 1
METHODOLOGY
Research Design
This study adopted descriptive cross –sectional survey design. This design facilitated in establishing and describing
the relationships among the key study variables (Kothari, 2004). It was cross sectional since it was conducted once
to pick out the parameters of a phenomenon at a specific time with an aim of accurately capturing the characteristics
of the population in relation to the research topic (Cooper & Schindler, 2003). The descriptive cross- sectional
survey enabled the capture of quantitative and qualitative characteristics to test for significant associations between
integrated rural tourism planning and enhancement equity in revenue sharing and future resources vitality in
Makueni County (Kothari, 2004). The research design had been used in previous studies by Munyoki (2007), Kinoti
(2012) and Njeru (2013).
Target Population
The estimated study population was 182,000 people from Makueni County. These included local communities and
tourism developers living within rural tourism promotion zones of Makueni County as indicated in Makueni County
Integrated Development plan of 2013-2017. The population included 50,299 people from Makindu Sub County,
80,236 people from Kibwezi east sub-county and 51, 465 people from Mukaa sub- County.
Sampling Procedure and Sample Size
Purposive sampling was used to select the study site, with high, moderate and low rural tourist attractions where by
Makindu, kibwezi East and Mukaa sub-counties were selected. Then a stratified random sampling was used to select
the respondents from the host community. The study involved the use of census in regard to tourism developers.
Sample size for the host communities was obtained according to Mugenda (2003), using the following formulae:
𝑛 = 𝑍2𝑝𝑞/𝑑2
Where: n = Required Sample Size when the population is >10,000
Z = standard normal deviate at the required confidence level. In this research z=1.96 at 95% confidence level
p = population proportion estimated with desired characteristic being measured. P is taken in this research as 0.5
q = 1-p
d = the level of significance set. In this research it is 0.05
1.962 × 0.5 × 0.5
𝑛=
0.052
𝑛=

3.8416 × 0.25
0.0025

𝑛=

0.9604
0.0025

𝑛 = 385
The required sample for the host community was 385. Using the number of tourism units in the three sub-Counties;
Makindu, Kibwezi East and Mukaa, the number of respondents from the host community were distributed
proportionately in the ratio of 6: 4: 3. This gave 178 respondents for Makindu, 118 for Kibwezi East and 89 for
Mukaa. Census done for tourism developers resulted to 65 respondents. The total number of respondents was
therefore 450 as indicated in Table 2.
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Table 1. Summary of Sampling and Sample Size
Sub- County
Number
of Respondents from the
Tourism units
Tourism developers
(A)
(B=A*1)
Makindu
30
30
Kibwezi East
20
20
Mukaa
15
15
Total
65
65

Respondents from the Host
Community
(C) = (385 to the ratio of 6:4:3)
178
118
89
385

Total number of
Respondents
(D)= (B+C)
208
138
104
450

Data Collection
Data was collected using self-administered questionnaires with closed-ended questions with a Likert scale. Primary
data was collected directly from local community members and tourism developers in the selected study sites.
Secondary data was collected from relevant books, journals, reports, articles and seminars papers.
Research Instruments
Two types of questionnaires were used in this research. These included; questionnaire for the host communities
(Appendix I) and for the tourism developers (Appendix II). Questionnaires established the respondent’s
demographic characteristics and perceived effect of integrated rural tourism planning on communities’ employment
levels, equity in revenues sharing and resources vitality in Makueni County.
Reliability of the Research Instrument
The reliability of the study was achieved through test –retest method. This was conducted through administration of
questionnaires with similar questions addressed to different categories of respondents. Different types of
questionnaires tested similar questions addressing the objectives of the study.
Validity of the Research Instruments
A pilot study prior to actual data collection was conducted to ensure validity of the research instruments.
Questionnaires were subjected to experts’ opinion. Face validity was enhanced by using headings that were linked to
the study topic and research objectives in the questionnaires. These headings were bolded and clearly written in all
questionnaires for the different target respondents identified by the researcher. Content validity was enhanced
through the researcher by ensuring that the literature reviewed and the questionnaires constructed fully represent the
domain of rural tourism development, local communities employment, equity in revenues sharing and future
resources economic vitality. Items in each questionnaire were designed to measure the construct of interest.
Data Analysis
Data was analysed using Statistical Package for Social Science (SPSS) Software. Descriptive analysis was used with
data being analysed using frequencies and means. Particularly, data on demographic characteristics of the
respondents was analysed by use of frequencies and percentages. This data was then presented in appropriate charts.
The responses on the rating of the roles of communities in rural tourism planning, types of employment,
developmental planning aspects, sectoral coordination factors, equity in revenue sharing and destination
conservation approaches was analysed by use of means and standard deviation and then presented in tables.
Response options for the roles of local communities in rural tourism planning, types of employment, developmental
planning aspects, sectoral coordination, equity in revenue sharing and destination conservation approaches was
given following a five point likert scale . The mean from the five point likert scale data was categorised and
weighted as per scale below
Table 2. Mean Interpretation Scale Guide
Responses
Scale Mean Range
5
4.5-5
4
3.5-4.49
3
2.5-3.49
2
1.5-2.49
1
1-1.49
Source: Researcher Constructed Table (2017)

Interpretation Guide (Mean)
Very high
High
Average
Low
Very low
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Inferential statistics was used to determine the relationships between variables. Categorical regression analysis was
carried out for all the objectives of the study to test the hypotheses and significant levels were sought at p ≤ 0.05.
Table 4 indicates the summary of data analysis technique and hypotheses test for the research objectives
RESULTS AND DISCUSSIONS
Demographic Characteristics of the Respondents
The host community and tourism developers, who represented the main respondents, were asked to indicate the subcounty of their residence on the questionnaire. 38% of the respondents resided in Makindu sub-county, 32% in
Kibwezi East sub-county while 30% resided in Mukaa sub-county. Female respondents represented 51% while the
male respondents constituted 49% of the sample. The age of the respondents varied (χ 2 = 1.10, df= 3, p =0 .00). 43%
of respondents were aged between 36-50, 10% had less than 20 years, 8 % aged above 50 years while 39%
constituted those between the ages of 20-35 years. The results in figure 2 indicated that 37% of the respondents have
an average income of above ksh 30000 per month, 33% earn between ksh 15001-30000/month while 30%
represented those who earn between ksh 0-15000/month.

40

37%

33%

30%

30
20
10
0
0-15000(Kshs)

15001-30000(Kshs)

Above 30,000
(Kshs)

Figure 2: Average Income of Host Community Respondents
The tourism developers characteristics differed among the respondents (χ2 = 8.73, df = 1, p =0 .00). 68% of the
tourism developers in Makueni County have an organizational length of operation of less than 10 years while 32%
of the tourism developers in the County have an organizational length of operation of between 10-20 years. The
results in figure 3 indicated that 62% of the tourism developers have the mandate of providing infrastructure, 15%
have the mandate of conducting tours, 14% have the mandate of providing travel information while 9% have the
mandate of Marketing tourism.

80
60
40
20
0

62%
14%

9%

Providing Provision of
infrasrtucture
travel
information

Marketing
tourism

Figure 3: Mandate in Kenyans’ Tourism Development
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15%
Conducting
tours

Perceived Effect of Integrated Rural Tourism Planning on Equity in Communities’ Revenue Sharing in
Makueni County
The respondents were asked to indicate on the questionnaire whether integrated rural tourism planning affects
communities’ revenues sharing. One of the aspect of integrated planning –sectoral coordination was considered.
Respondents thus cited the importance of sectoral coordination in rural tourism planning in Makueni County. 89%
of the respondents indicated that sectoral coordination is important in rural tourism planning while 11% of the
respondents indicated that it was not important.
The respondents were also asked to rate the elements of sectoral coordination which would be applied in rural
tourism planning. This was meant to determine the means through which sectoral coordination affects planning
outcomes. The rating was in the range of x̅ = 4.18 to x̅ = 4.64. The average rating on the elements of sectoral
coordination in rural tourism planning was x̅ = 4.34, s = 0.90. The highest rated element was community
consultations (x̅ = 4.64, s = 0.77), while the least rated element was feedback mechanisms (x̅ = 4.18, s = 1.03). Joint
meeting recorded a high rate with (x̅ = 4.18, s = 0.89). This is indicated on Table 3
Table 57. Mean Scores Rating of Sectoral Coordination Factors
Elements
N
Community consultations
Joint meetings
Feedback mechanisms
Average Mean

288
288
288
288

Mean

Std. Deviation

4.64
4.18
4.18
4.34

0.77
0.89
1.03
0.90

The respondents were asked to indicate whether the linkage of the various elements of sectoral coordination would
facilitate the attainment of equity in communities’ revenues. 91% of the respondents indicated that the linkage of the
various sectors in the County would enhance equity in revenue sharing while 9% of the respondents indicated that
it would not enhance revenues. The respondents were asked to rate the ways of achieving equity in communities’
revenue sharing in Makueni County. The rating was in the range of x̅ = 4.13 to x̅ = 4.17. The average rating on the
ways of achieving equity in communities’ revenue sharing was x̅ = 4.14, s = 1.02. The highest rated element was
minimizing the misuse of resources and giving back to the community (x̅ = 4.17, s = 1.05), while the least rated
element was the identification of the potential areas to be promoted (x̅ = 4.13, s = 0.98). Consensus on who should
be given the first priority in terms of benefits recorded a high rate (x̅ = 4.14, s = 1.02) .This is indicated on Table 4.
Table 4. Mean Scores Ratings on Ways of Achieving Equity in Revenue Sharing
Ways of Revenue Sharing
N
Mean
Minimizing Misuse of resources
Consensus on prioritizing beneficiaries
Identifying potential areas of promotion
Average Mean

263
263
263
263

Std. Deviation

4.17
4.14
4.13
4.14

1.05
1.02
0.98
1.02

The researcher conducted inferential analysis using categorical regression. This was done to determine the effect of
integrated rural tourism planning on equity in communities’ revenue sharing with significant levels sought at p≤
0.05. Results indicated that the model was statistically significant. (Adjusted R2=0.37, f= 42.87, p < 0.01). This
means that 37 % of the variance in creation of equity in communities’ revenue sharing can be explained by
integrated rural tourism factors. This is indicated in table 5 and 6 below
Table 5: Regression Model5
Multiple R
.61

R Square

Adjusted R Square

.38

.37

Dependent Variable: Equity in revenues sharing
Predictors: Community participation, Developmental planning, Sectoral coordination, Conservation approaches
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Table 6: Regression ANOVA5
Sum of Squares
Regression
Residual
Total

df

Mean Square

108.95
181.05
290.00

4
285
289

27.24
.64

F

Sig.
42.87

.00

Dependent Variable: Equity in revenues sharing
Predictors: Community participation, Developmental planning, Sectoral coordination Conservation approaches
Four independent variables were tested to determine their effect on the achievement of equity in communities’
revenue sharing, including community participation, developmental planning, sectoral coordination and destination
conservation approaches. Community participation (p=0.05), Developmental planning (p<0.01), Sectoral
coordination (p=0.01) and destination conservation approaches (p<0.01) were all significant (Table 7).
Table 7. Regression Coefficients Showing Perceived Effect of Integrated Rural Tourism Planning on Equity
in Communities’ Revenue Sharing
Standardized Coefficients
Df
F
Sig.
Beta
Std. Error
Community participation
0.10
Developmental planning
0.21
Sectoral coordination
0.18
Destination
Conservation
0.31
approaches
Dependent variable: Equity in Revenue Sharing

0.05
0.06
0.07
0.06

1
1
1
1

3.98
10.76
7.20
31.75

0.05*
0.00**
0.01**
0.00**

Logistic regression analysis was done to determine the significance level of the ways of achieving equity in revenue
sharing and also to determine the extend at which sectoral coordination affects revenues. The research findings
indicated that Minimizing the misuse of resources (p = 0.01), consensus on prioritizing beneficiaries (p = 0.04) were
significant. Identification of the potential areas of promotion (p = 0.60) was insignificant (Table 8).
The results are in agreement with Manyara and ELeri (2009) who observe that integrated planning that involves
community members in the rural tourism activities through empowerment increases their economic benefits through
creation of equity in revenue sharing. The research finding in Tables 7 and 8 rejected the null hypothesis, H02 that,
there is no statistically significant perceived effect of integrated rural tourism planning on equity in communities’
revenue sharing in Makueni County. These results also agrees with Hall (2008) who indicates that the achievement
of equity in revenue sharing can only be achieved through the involvement of various stakeholders in planning and
decision making process of rural tourism.
Table 8. Regression Coefficients showing the Significance Level of the Ways of Achieving Equity in
Communities’ Revenue Sharing
B
S.E.
Wald
df
Sig.
Exp(B)
Minimizing misuse of resources
0.97
Consensus on prioritizing beneficiaries
0.21
Identifying potential areas of promotion -0.41
Dependent Variable: Linkage of Various Sectors

0.01
0.01
0.62

0.03
3.25
0.43

1
1
1

0.01**
0.04*
0.51

0.39
0.59
0.97

The findings support the theory of inclusive rural tourism development by (Fernando, 2008). The theory explains
that inclusive rural development has three elements including the economic, social and political aspects that are
necessary for rural development programs. The inclusive approach to development has an economic dimension
which includes capacity and opportunity to participate in and benefit from the growth process. The social dimension
covers comprehensive social development. The political dimension includes capacity and opportunities to operate in
political process. The results suggested that sectoral coordination as a planning element is an important strategy of
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ensuring equity in revenues sharing. Coordination of sectors is achieved through consultations, conducting joint
meetings and enhancing feedback information related to their level of representation. This forms the political
dimension of inclusive rural tourism model. In Makueni, efforts have been made to coordinate the local
communities, destination managers and tour operators who act as the main tourism stakeholders.
Representation of all stakeholders in planning initiates dialogue that creates balances on revenues sharing. The
perceived recognition and equitable share of revenues from rural tourism business in Makueni represents the
economic dimension of inclusive rural tourism development .The revenues generated from rural tourism business in
Makueni County are used to develop social amenities such as schools and hospitals around the rural tourism
destination. The destination managers also encourage the sponsorship of needy children to attain their education in
the institutions of higher learning. All these have enhanced the improvement in the living standards of the local
communities living within the rural tourism destinations in the County. This forms the social dimension of inclusive
rural tourism development theory. Ideally, different opinions highlighted by different stakeholders in rural tourism
planning are expected to create a balance in revenues sharing.
Perceived Effect of Integrated Rural Tourism Planning on Resources Vitality in Makueni County
The respondents were asked to indicate on the questionnaire whether destination conservation approaches affected
future resources availability in Makueni County. 94% of the respondents cited that conservation would ensure
availability of rural tourism resources that would benefit the future generation while 6% of the respondents indicated
that destination conservation would not affect future availability of the rural tourism resources. Respondents were
asked to cite the most important element of integration as provided in the questionnaire. Results indicated that the
model was statistically significant. (Adjusted R2=0.45, f= 61.96, p < 0.01). This means that 45 % of the variance in
the achievement of resources vitality in the County can be explained by integrated rural tourism factors. This is
indicated in table 9 and 10. Results also indicated that destination conservation approaches (p < 0.01) emerged the
most significant among the four options provided. This is shown in Table 11. Categorical regression analysis was
also conducted to determine the significance level of the resources vitality. Resources vitality was indicated by
perceived future economic performance of the resources. Results indicated that creation of jobs (p < 0.01),
development of infrastructure (p < 0.01), creation of market for local goods (p = 0.02) and trickle down effects (p <
0.01) were significant. This is indicated in table 12.
Table 9: Regression Model Summary6
Multiple R

R Square

Adjusted R Square

.46

.45

.68

Dependent Variable: Economic impacts
Predictors: Community participation, Developmental planning, Sectoral coordination, Conservation approaches

Table 10: Regression ANOVA6
Sum of Squares
Regression
Residual
Total

136.55
161.45
298.00

df

Mean Square

F

Sig.

4
293
297

34.14
.55

61.96

.00

Dependent Variable: Economic impacts
Predictors: Community participation, Developmental planning, Sectoral coordination Conservation approaches
The respondents were asked to rate the conservation approaches that would be adopted in the conservation of rural
tourism resources in Makueni County. The rating was in the range of x̅ = 3.48 to x̅ = 4.39. The average rating on the
conservation approaches which would be adopted in the conservation of rural tourism resources was x̅ = 3.75, s
=1.14. The highest rated conservation approach was building environmental awareness (x̅ = 4.39, s = 0.92), while
the least rated conservation approach was implementation of code of conduct in the county rural tourism
destinations (x̅ = 3.48, s = 1.22). Respecting local cultures (x̅=3.80, s=0.99), creation of regulations (x̅ = 3.72, s =
1.08) and gazzeltment of protected areas (x̅ = 3.62, s = 1.48) generally recorded a high rate. Niche marketing (x̅ =
3.49, s = 1.17) recorded an average rate. This is indicated in the Table 13
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Table 11. Regression output showing integrated rural tourism factors that contribute to resources vitality
Standardized Coefficients
df
F
Sig.
Community participation
Developmental planning
Sectoral coordination
Destination Conservation approaches

Beta

Std. Error

0.06
0.05
0.08
0.59

0.05
0.06
0.06
0.05

1
1
1
1

1.70
0.76
1.73
136.17

0.19
0.39
0.19
0.00**

Dependent Variable: Resources Vitality
Table 12. Regression coefficients showing perceived economic performance of resources as a result of
conservation approaches adopted
Standardized Coefficients
Beta
Std. Error
Df
F
Sig.
Creation of jobs
0.17
Development of infrastructure
0.22
Creation of market for local goods
0.15
Trickle down effects
0.18
Dependent Variable: Destination Conservation Approaches

0.05
0.05
0.06
0.06

1
1
1
1

Table 13. Mean Scores Rating of Destination Management Strategies
Conservation Approaches
N
Mean
Building environmental awareness
Respecting local cultures
Regulations
Gazzeltment of protected areas
Niche marketing
Implementing Code of conduct
Average mean

305
305
305
305
305
305
305

12.60
17.09
5.96
11.18

0.00**
0.00**
0.02*
0.00**

Std. Deviation

4.39
3.80
3.72
3.62
3.49
3.48
3.75

0.92
0.99
1.08
1.48
1.17
1.22
1.14

Categorical regression analysis was conducted for the above destination management strategies. This was done to
determine which destination conservation approach was significant. Results indicated that building of environmental
awareness (p < 0.01), respecting of local culture (p < 0.01), niche marketing (p = 0.01) and implementation of the
code of conduct at the destination (p < 0.01) were significant. Adoption of strict regulations at the conservation areas
(p = 0.26) and Gazzeltment of the protected areas (p = 0.23) were insignificant. This is indicated in Table 14.
Table 14. Regression Coefficients Showing the Significance Levels of the above Destination Management
Strategies
Standardized Coefficients
Beta
Std. Error
Df
F
Sig.
Building environmental awareness
Respecting local culture
Regulations
Gazzeltment of protected areas
Niche marketing
Code of conduct
Dependent Variable: Resources vitality

0.25
0.24
0.06
0.06
0.18
0.24

0.04
0.05
0.06
0.05
0.06
0.06
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1
1
1
1
1
1

31.73
21.75
1.25
1.42
7.81
14.70

0.00**
0.00**
0.26
0.23
0.01**
0.00**

The results are in agreement with Akama (1997) who observes that integrated planning ensures that rural tourism
resources are available to benefit the present and future generation. The research finding on Table 15 and 17 rejected
the null hypothesis, H03 that, there is no statistically significant perceived effect of integrated rural tourism planning
on resources vitality in Makueni. The results of this objective suggested that destination conservation measures are
very essential in ensuring that the available rural tourism resources are able to meet the present and future financial
needs of the local communities. Conservation management strategies such as creating environmental awareness
through conducting of regular training programs for environmental education and implementation of code of
conduct at the rural tourism destinations are the key determinants in enhancing resources vitality in Makueni.
The future availability of resources would enable the local communities meet their future financial needs. This is
because the availability of the rural tourism resources in future would attract more tourists hence leading to creation
of more jobs, development of infrastructure, and creation of market for the local goods from the local communities
in the county and enhance trickle-down effect. The above perceived economic performance of resources would
therefore improve the welfare of the local communities hence minimizing the poverty levels of the local
communities in Makueni County.
Communities in Makueni participate in the promotion of rural tourism though preservation and respect of their
native cultures. The conservation on their culture hence promotes social stability by ensuring peaceful co-existence
among the local communities in the County. Ideally, National Environmental Management Authority (NEMA)
which is a government parastatal has played a key role in conservation of the rural tourism resources by educating
the county residents on the need to conserve the environment. Kenya Wildlife Service which is also a government
parastatal has helped in the conservation of tourism attractions especially wildlife species in the protected areas in
Makueni. The two parastatals have an implication on the future availability of rural tourism resources in Makueni.
CONCLUSIONS
The achievement of equity in communities’ revenue sharing in Makueni County is highly influenced by
minimization of the misuse of the available rural tourism resources, prioritizing on whom to be given the first
priority in terms of benefit sharing among the rural tourism stakeholders and identification of the potential areas to
be promoted as rural tourism zones in the county. Community consultations, development of joint meetings and
adoption of appropriate feedback mechanisms from the host community also influence the achievement equity in
communities’ revenue sharing.
The achievement of resources vitality is highly influenced by creation of environmental awareness to all rural
tourism stakeholders, respecting of the local culture of the host community and implementation of code of conduct
at the rural tourism destinations in Makueni County. Destination managers have the responsibility of conducting
several seminars and training programs for environmental education to the residents as a way of equipping them
with the knowledge on the need to conserve the environmental resources for their future benefit.
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ABSTRACT
The study sought to find out the intervening role of job tenure in the relationship between job security and job
stability of University catering employees in Nairobi City County, Kenya. The objective of the study was to
establish the relationship between job security and job stability of university catering employees. There has been an
outcry by the university hospitality staffs of being employees in terms of contract or casual employments with very
few staffs being employed on permanent terms and a very small number being employed on permanent and
pensionable terms of service. As a result, limited job security, low morale, low job embeddedness, little commitment
coupled with job instability. Therefore, the current study covered aspects of; job tenure, job security and job
stability. The study was descriptive covering a stratified sample of 189 respondents drawn from 300 employees.
Data was collected through self-administered questionnaires and an interview guide questions. The two tailed
Pearson product moment correlation was used and interpreted as follows; 0.010 to 0.041 implied, insignificant
relationships; 0.041 to 0.70 implied, a moderate relationship; while > 0.70 implied a significant positive relationship.
Meanwhile, negative value implied an inverse relationship. The results indicated that, a high response rate of
80.42% was obtained, thus high validity and reliability of data. There is a small definite positive relationship
between job security and job tenure of university catering employees as demonstrated by a p-value of 0.2. The
findings also showed that, there is a Moderate positive relationship between job security and job stability of
university catering employees. There is a slightly almost negligible relationship between job tenure and job stability
of university catering employees as demonstrated by the p-value of 0.2. The findings revealed that, Job security
accounts for 1.3% of the variation in job tenure of university catering employees. The findings also showed that, Job
security accounts for 0.1% of the variation in job stability of university catering employees. The results showed that,
Job tenure accounts for 1.3% of the variation in job stability of university catering employees. In conclusion, job
tenure plays a key intervening role in the Relationship between Job Security and Job Stability of University Catering
Employees. Therefore, University managements should focus on improving job tenures of university catering jobs.
This is to ensure their job security and job stability.
Keywords: Job Tenure, Job Security, Job Stability, university catering employees, employees attachment.
INTRODUCTION
Job tenure is the length of time an employee works for an employer (Kokemuller, 2018). Kokemuller et al., (2018)
revealed that, formal job tenures carry a virtual “employment for life” meaning. This is an indication on the role of
job tenure on employee’s job stability. According to the U.S Bureau of Labour statistics (2018), the median tenure
for American workers was 4.6 years as at 2012 compared to 3.5 years whish was recorded in the year 2000. The
statistics further revealed that, food preparation and service had the lowest job tenure while architecture had the
highest job tenure. Job security is the assurance that a workers employment will continue in the future and may be
influenced by among other factors; collective bargaining agreement, contract terms and provision of welfare
initiatives. According to a report by the Society of Human Resource Management (2012) job security is the number
two contributor of job satisfaction. This satisfaction, in most circumstances leads to job stability. According to
Burchell (2014), Job security is an employee’s perception that their job or an important feature of their job is secure.
It involves the likelihood of job loss or the extent employees are concerned about or worry about losing their jobs. A
tenured employee is someone who has worked for an organization for a number of years. Indeed Career Guide
(2020) said employees that have worked in an organization for over 5 years are considered as long-tenured, while
those that have worked for less than 5 years are short tenured. A report by the U.S Bureau of Labour statistics
(2018), said workers in service sector had lowest median of 2.9 years and among them were food service workers
who had lowest median of 1.9 years. This is clear that the job tenure of food services workers needs to be relooked
at in order to improve their job stability. This is because the median of 1.9 years and the fact that, it was the lowest
points out to little job security. University catering employees are a part of food service workers and therefore have
not been spared either, and as such, the current study focused on the intervening role of job tenure in the relationship
between job security and job stability of University catering employees in Nairobi City County, Kenya.
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Statement of the Problem
Workers in the service sector had the lowest median of 2.9 years and among them were food service workers who
had the lowest median of 1.9 years. Mugove and Munkazi (2018) noted Kenyan public universities are facing
turnover challenges with competitive firms both public and private. In comparing different sectors the U.S Bureau of
Labour statistics (2018) found out that, workers in leisure and hospitality had the lowest median tenure of 2.2 years.
Study Objectives
i.
The Intervening Role of Job Tenure in the Relationship between Job Security and Job Stability of
University Catering Employees in Nairobi City County, Kenya.
ii.
To establish the relationship between Job Security and Job Tenure of university catering employees in
Nairobi City County, Kenya
iii.
To determine the relationship between Job Tenure and Job Stability of university catering employees in
Nairobi City County, Kenya
iv.
To establish the relationship between Job Security and Job Stability of university catering employees in
Nairobi City County, Kenya
Null Hypothesis
H01: Job tenure has no intervening role in the relationship between Job Security and Job Stability of University
Catering Employees in Nairobi City County, Kenya.
H02: There is no relationship between Job Security and Job Tenure of university catering employees in Nairobi City
County, Kenya
H03: There is no relationship between Job Tenure and Job Stability of university catering employees in Nairobi City
County, Kenya
H04: There is no relationship between Job Security and Job Stability of university catering employees in Nairobi
City County, Kenya

Conceptual frame work

Independent variables

Job Security
 Satisfaction
 Fulfillment
 Safety
 Free of threat of job loss

Dependent variables

Intervening Variables




Job Tenure
Long tenured employees
Short tenured employees

2.1 Literature Review







Job Stability
Reduced separation
Increased attachment
Job security
Stability of job tenure
Job satisfaction

Job Tenure
Job tenure is the length of time an employee works for an employer (Kokemuller, 2018). Employee tenure is a
measure of how long wage and salary workers had been with their current employer at the time of the survey. Along
tenured employees is an employee who has worked in an organization for a period of 5 or more years while a short
tenured employee is the one who had worked for a period of less than 5 years. The U.S Bureau of Labour statistics
(2018) revealed that, the median job tenure for males was 4.3 years while that of females 4.0 years. Wage and
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salaried males had a median tenure of 30% while their female counterparts had a median tenure of 28%. This shows
that, the median job tenure for males is higher compared to that of females. Older employees recorded a higher
median tenure as compared to younger employees. For example, the median tenure of workers between ages of 55 to
64 was 10.1 years as compared to 2.8 years of employees aged between 25 to 34 years of age. The findings also
revealed that, younger workers were more likely than older workers to be short-tenured employees. Employers with
degree level of education recorded higher median job tenure as compared to those who had diploma and high school
level of education. The U.S bureau of statistics et al., (2008) showed that, the median tenure for men and women
with than a high school diploma was 4.7 years and 4.2 years respectively. In comparing the occupations, the findings
revealed that, workers in service occupations had the lowest median tenure of 2.9 years, and among employees
working in service occupations, food service workers had the lowest median tenure of 1.9 years.
Job Security
Job security has become indispensable in employee preference lists, particularly due to economic reasons (Adebayo
and Lucky, 2012). According to James (2012) job security is the assurance in an employee’s job continuity due to
the general economic conditions in the country. It is concerned with the chances of employees keeping their jobs in
order not to be unemployed (Simon, 2011). Jobs which are not backed by indefinite contractor cannot be guaranteed
for a reasonable period is deemed to lack job security. According to Adesubomi and Abolande (2018), security is a
great motivator that enables an individual to move on in life, it brings a sense of satisfaction and fulfillment and it is
achieved when an individual knows he/she is secured or safe in whatever endeavor he/she is involved in.
“When an individual is safe and secured then he can move on to achieve other things he desires (Abolade,
2013).Once an individual is assured of security especially of his job, and he sees it practically displayed, he
may be motivated to be the best he could be since nothing poses as a threat to him in this wise”
(Adesubomi et al., 2018)
Heydy and Toni (2017) said job security is probability of an employee to keep a job. The higher the probability of
keeping employment the higher the job security. On the other hand, “Job insecurity is the perception of a potential
threat to continuity in his/her current job” (Heaney, Israel, and House, 1994), in (Heydy and Toni (2017). Abolade
(2013) defined “job security to an employee is that his/her job is not threated and that the individual will be on the
job for as long as the individual wants with no feeling or reason whether objective or subjective that he/she might
lose the job”. According to Gholamreza and Hamdi (2011) study findings, there is a significant positive relationship
between job security and both job satisfaction and organizational commitment. A study by Adesubomi and
Abolande (2018) found out that, job insecurity negatively affect organization and induces employee’s turnover. In
the United States of America, job security is dependent on economic performance, if the economy is good; more
jobs are created leading to job security. In Britain, job security is very low, as it is cheaper to fire permanent
employees since employees are only entitled to a legal minimum of one week redundancy pay per year worked (one
and a half weeks for workers over 40) (Adebayo and Lucky, 2012). In other European countries, things are different
as employees have indefinite contracts which, whilst not guaranteeing job for life, makes it very difficult for an
employer to terminate an employee’s employment (Adebayo et al., 2012). In Africa, particularly in Nigeria things
are different due to economic slowdowns which have worsened the economy (Minai and Lucky, 2012).
Job Stability
According to mba School.com (2017) job stability is the duration one perceives to keep his/her current job without
external factors (Heydy and Toni, 2017). A report by Rinaldo and Elena ((2008) stated that, “unstable workers are
paid around 20% less than stable workers and that this gap has not significantly changed for the last 15 years”. The
report further indicated that, the hazard to get a stable job decreases by 9.7 %, thus supporting that, the patterns of
stabilization patterns have not changed over time and that the time required to get a stable job has decreased over
time. The problem is quite imminent in the hospitality sectors.
Link between Job Security and Job Tenure.
According to the findings of a study by U.S bureau of statistics et al., (2008), “during recessions or other periods of
declining job security, median tenure and the proportion of workers with long tenure could rise if less senior workers
are more likely to lose their jobs that are workers with long tenure”. According to Abolade (2013), “contract staff
and part-time employees, workers may not be certain that they will be in their employment for longer period as
many employers of labour now lay off their employees due to economic reasons and the inability of some workers to
keep pace with the dynamic changes that are going on in world of work”.
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Link between Job Security and Job Stability
According to a report by indeed Career Guide (2020), high employee’s turnover rates can make existing employees
and candidates looking for a new job feel uncertain. The study further revealed that, when employees stay with an
organization for many years, the organization is viewed as secured, which may attract candidates looking for job
stability. According to a report by Gangaram(2016) showed that, “ditching of employees from some establishments
indicates that, the establishments has grief’s though it’s speeded up by certain extensive characteristics but
examining on them can reduce turnover”. Satisfied workers contribute well and have a positive attitude towards
their job in an organization (Mugove and Mukanzi, 2018). According to Rinaldo and Elena (2008), “an unstable
worker may pay a short term price in order to get greater economic returns in the long run”. This is a clear
demonstration of how job insecurity affects jobs instability. A study by Gholamreza and Hamid (2011) found out
that, there is a significant relationship between employees’ job satisfaction and organizational commitment. In
Malaysia, job security is ranked as the most critical factor that tends to determine their choice of job and look stay in
a job (KPMG, 2010).
Link between Job Tenure and Job Stability
Long tenured employees are loyal and tend to indicate employees satisfaction (Indeed Career Guide, 2020). This is
an indication that, job tenure plays a pivotal role on job stability of employees. The report further enumerated the
benefits of tenure to include; job security and job stability, attraction and retention of talents among others. Tenure
employees tend to feel more stable in their careers and positions, resulting in increased motivation, productivity and
commitment to the organization. The study further revealed that, organizations with high number of tenured
employees can attract talent and encourage employee retention. According to U.S bureau of statistics et al., (2008),
“during periods of economic growth, the median tenure and the proportion of workers with long tenure could fall if
more job opportunities are available for new entrants to the workforce and experienced workers have more
opportunities to change employers and take better jobs”. A report by Gholamreza, et al.,( 2011) found out that,
organizational commitment and job satisfaction among permanent employees are higher than satisfaction and
commitment of contractual employees.
RESULTS AND DISCUSSIONS
Response rate
A high response rate of 80.42% was obtained, thus minimized the chances of obtaining biased statistics, making the
study findings valid and reliable.
Table 5: Response rate
Category
University
catering
employees
(Questionnaires)

Expected response
189

Actual response
152

Response rate
80.42%

Catering employees response rate was 80.42% as shown on Table 1 was adequate for analysis as it was above 50%
(Babbie, 2002) and further agreed to Brewer and Rojas (2012) that any response rate above 50% and above is
adequate for analysis. This is supported by Mugenda and Mugenda (1999) cited in (Keitany, 2014, p. 30), who
stated that, “a response rate of 70% and over is excellent” for analysis. The response concurs with that of a past
study by Ruby (2012) which recorded a response rate of higher than 80%. The implication of which is reliability
and adequacy of data for analysis.
Data analysis
Table 1 show that, majority 61.20% was female while the minority (38.80%) were females. Meanwhile majority
22.40% aged between 40-44 years while the minority 1.30% aged below20 years of age. Moreover, it exhibits that,
majority75.70% were married whereas the minority 0.70% were of the view that, the issue of marriage is not
applicable when we come to the issue of adequacies, awareness and job stability of university catering employees.
The findings also showed that majority of the respondents 38.80% held a Diploma level of education whereas the
minority 1.30% held a primary level of education. Table 1 showed that majority 29.60% of the respondents had an
experience of between 5-9 years while the minority 8.60% had an experience of more than 20 years of age.
Moreover, Table 1 showed that majority 77.60% were employed on permanent basis as compared to a minority
0.70% who were employed on probationary terms of service. Majority of the respondents 46.10% described
themselves as operatives while the minority 11.20% described themselves as support staffs.
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Table 58: Demographic Variables
N=152
Labeled Values
Male
Gender
Female
<20
Age
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
45-49 years
50-54 years
Single
Marital status
Divorced
Married
Window
Not Applicable
Primary School
Education
Secondary School
Certificate
Diploma
Undergraduate
Postgraduate
0-4 years
Experience
5-9 years
10-14 years
15-19 years
> 20 years
Casual
Employment
Probation
Permanent
Contract
Support
Description
Operational
Supervisory
Management

Count
59
93
2
9
15
26
33
34
15
18
30
3
115
3
1
2
6
38
59
34
13
36
45
40
18
13
10
1
118
23
17
70
40
25

Table 59: Descriptive statistics
N=152, Minimum=1
Range Mean Std.
Maximum=5
Error
Employees experience
4
2.52 0.10
(Job tenure)
I feel more attached to this
4
1.82 0.07
organization (Job Security)
I work with passion and
4
1.88 0.07
fulfillment (Job Stability)

Std.
Deviation
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Percentage
38.80%
61.20%
1.30%
5.90%
9.90%
17.10%
21.70%
22.40%
9.90%
11.80%
19.70%
2.00%
75.70%
2.00%
0.70%
1.30%
3.90%
25.00%
38.80%
22.40%
8.60%
23.70%
29.60%
26.30%
11.80%
8.60%
6.60%
0.70%
77.60%
15.10%
11.20%
46.10%
26.30%
16.40%

Variance Skewnes

Std. Kurtos Std.
Error is
Error

1.22

1.48

0.48

0.20 -0.63

0.39

0.89

0.79

1.41

0.20

2.45

0.39

0.85

0.72

1.10

0.20

1.66

0.39

Table 2 shows the results of descriptive statistics which were done and interpreted as shown on Table 3. The results
demonstrated there was an agreement of the study variables. The results indicated that, the highest level of
agreement was demonstrated with job stability represented by the statement, “I feel more attached to this
organization” while the lowest level of agreement is indicated with a mean of 2.52 “employees experience” which
represented “Job tenure”. The standard deviation of 1.22 on job tenure demonstrated that, there was a significance
variance, and that, there was no consensus between the study variables. Standard deviations of 0.89 and 0.85 showed
that, there was no significant variance, and that, there was consensus of responses. According to (Brotherton, 2012)
a standard deviation is used to measure dispersion within the dataset, and that, the smaller the standard deviation the
more clustered the values are around the mean. This means that, as far as the data set is concerned on job stability
and job security, there are more concentrated around the mean than those on the job tenure, since they recorded
smaller standard deviations compared to job tenure.
Table 60. Interpretation of Descriptive Statistics
Means
Std. Deviation
Interpretation
Strongly dis-Agreed
> 4.5
>1
3.5 - 4.5 Dis-Agreed
<1
2.5 - 3.5 Neutral
1
Agreed
1.8-2.5
0.5 -/and < 1
Strongly
Agreed
< 0.5
<1

Interpretation
Significant variance, No consensus
No significance variance in responses
Responses were further spread Out
Responses Moderately spread Out
Responses were concentrated around the mean

Table 61. Pearson Product Moment Correlation Results (Two-tailed): Job Security and Job Tenure.
Correlations
Job security
Job tenure
Job security
Pearson Correlation
1
0.1
Sig. (2-tailed)
0.2
N
152
152
Job Tenure
Pearson Correlation
0.1
1
Sig. (2-tailed)
0.2
N
152
152
Two tailed Pearson correlation was done to establish the relationship between job security and job tenure and the
results were interpreted using Table 5 adopted from past studies. The results on Table 4 showed that, there is a
definite positive relationship between job security and job tenure of university catering employees as demonstrated
by a p-value of 0.2.
Table 62 Interpretation of Two Tailed Pearson Correlation
P-Value ranges
Meaning/Interpretation
+/- 0.000 - +/- 0.20
Slightly almost negligible relationship
+/- 0.21 - +/- 0.40
Small but definite relationship
+/- 0.41 - +/- 0.70
Moderate relationship
+/- 0.71 - +/- 0.90
Strong/High relationship
+/- 0.91 - +/- 1.00
Very Strong Significant
+
Positive relationship
Negative relationship
Two tailed Pearson correlation was done to establish the relationship between Job Security and Job Stability, and the
results were interpreted using Table 5 adopted from past studies. The results on Table 4 showed that, there is a
Moderate positive relationship between job security and job stability of university catering employees.
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Table 63. Pearson Product Moment Correlation Results (Two-tailed): Job Security and Job Stability
Correlations
Job Security
Job Stability
Job Security
Pearson Correlation
1
0.03
Sig. (2-tailed)
0.7
N
152
152
Job Stability
Pearson Correlation
0.03
1
Sig. (2-tailed)
0.7
N
152
152
Table 64. Pearson Product Moment Correlation Results (Two-tailed): Job Tenure and Job Stability
Correlations
Job Stability
Job Tenure
Job Stability
Pearson Correlation
1
0.12
Sig. (2-tailed)
0.2
N
152
152
Job Tenure
Pearson Correlation
0.12
1
Sig. (2-tailed)
0.2
N
152
152
Two tailed Pearson correlation was done to establish the relationship between job tenure and job stability, and the
results were interpreted using Table 5 adopted from past studies. The results on Table 7 showed that, there is a
slightly almost negligible relationship between job tenure and job stability of university catering employees as
demonstrated by the p-value of 0.2.
Table 65. Regression results: Job Security and Job Tenure
Model
R
R2 Adjusted R2 Std. Error

Change Statistics

2

R Change F Change
1

0.114

0.013

0.006

0.884

0.013

1.965

Durbin Watson

df1

df2

1

150

Sig. F
0.163

2.064

a Predictors: (Constant), Job tenure
b Dependent Variable: Job security
Table 8 shows that, the values of multiple correlation coefficients between the predictor and the outcome R=0.114
while the measure of the variability in the outcome R2 = 1.3. This means that, the predictor (Job security) accounts
for 1.3% of the variation in job tenure of university catering employees. This is also the value in the R 2 change; this
is because past studies revealed that, the adjusted R2 is always equal or closes to R2 the case with the current study.
The Durbin-Watson statistic is 2.064 which are 2.1 to the nearest tens. According to Andyfield (2008), the closer to
2 the value is, the better, an indication that the assumptions of the study were met.
Table 66. Analysis of variance: Job Security and Job Tenure
Model
Sum of Squares
df
Mean Square
F
Sig.
1
Regression
1.54
1
1.54
1.97
0.16
Residual
117.31
150
0.78
Total
118.84
151
a Dependent Variable: Job Security
b Predictors: (Constant), Job tenure
The anova test on Table 9 showed that, F= 1.97 and the p-value is 0.16. The F value is > 1 as expected in normal
circumstances while the p-value is slightly greater than 0.05 which is also equal 0.1(nearest tens) contrary to the
normal expectation of >1 and < 0.05, the implication is that, job security slightly improved the ability of the study to
predict job tenure of the university catering employees.
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Table 67. Coefficients: Job Security and Job Tenure
Unstandardized
Coefficients
B
1.61
0.08

Model
1

(Constant)
Job tenure

Std.
Error
0.2
0.1

Standardized
Coefficients
Beta

t

Sig.

9.72
1.40

0.11

Collinearity
Statistics
Tolerance

0
0.16

VIF

1

1

Table 10, indicate the individual contribution of each predictor to the model, and also show the relationship between
Job Security and Job Tenure. Since the b values are positive, there is a positive relationship between the predictor
(Job Security) and the outcome (Job Tenure). The Standard error was used to check whether the t-test associated
with a b value is significant, since 0.1 is equal to 0.05 (0.1 to the nearest tens), then the t-test associated with a bvalue is significant. Table 10 indicated that, the value of t (1.40) =0.16 which is > 0.05 (0.1 to the nearest tens), this
means that, the predictor is not making significant contribution to the model.
The standardized beta values provide an insight into the importance of a predictor in the model. The standardized
beta for the current model is 0.11, the implication of which, job security has some importance on job tenure of
university catering employees. Table 14 showed that the Collinearity diagnostics, both Tolerance and the Value
Inflated Factors were within the acceptable ranges. Applying interpretation, that the rule of thumb is “IF Tolerance
is > 0.04 and the VIF is < 10, then, we can conclude that, there was no cause of alarm on the batch of statistics used”

Table 68, Regression results: Job Security and Job Stability
Model

R

R2

Adjusted R2

Std. Error of
the Estimate Change Statistics

Durbin
Watson

R2 Change F Change df1
1

0.031

0.001

-0.01

0.89

0.001

0.14

1

Sig.
df2 Change
150

F

0.706

2.1

a Predictors: (Constant), Job Stability
b Dependent Variable: Job Security
Table 11 shows that, the values of multiple correlation coefficients between the predictor and the outcome R=0.031
while the measure of the variability in the outcome R 2 = 0.001. This means that, the predictor (Job security)
accounts for 0.1% of the variation in job stability of university catering employees. This is also the value in the R 2
change; this is because past studies revealed that, the adjusted R2 is always equal or closes to R2 the case with the
current study. The Durbin-Watson statistic is 2.1 which are close to 2. According to Andyfield (2008), the closer to
2 the value is, the better, an indication that the assumptions of the study were met.
Table 69. Analysis of variance: Job Security and Job Stability
Model
1

Sum of Squares

df

0.1

1

0.11

Residual

118.7

150

0.79

Total

118.8

151

Regression

Mean Square

F

Sig.

0.142

0.706

a Dependent Variable: Job Security
b Predictors: (Constant), Job stability
The anova test on Table 12 showed that, F= 0.142 and the p-value is 0.706. The F value is < 1 while the p-value is
greater than 0.05 which is also equal 0.1(nearest tens) contrary to the normal expectation of F= >1 and P= < 0.05,
the implication is that, job security failed to improve the ability of the study to predict job stability of the university
catering employees.
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Table 70. Coefficients: Job Security and Job Stability
Coefficients
Unstandardized
Coefficients
B
1
(Constant)
1.76
Job Stability
0.03
a Dependent Variable: Job Security
Model

Standardized
Coefficients
Std. Error
Beta
0.18
0.09
0.03

Collinearity
Sig. Statistics
Tolerance
0
0.71
1

t
10.00
0.38

VIF
1

Table 13, indicate the individual contribution of each predictor to the model, and also show the relationship between
Job Security and Job Stability. Since the b values are positive, there is a positive relationship between the predictor
(Job Security) and the outcome (Job Stability). The Standard error was used to check whether the t-test associated
with a b value is significant, since 0.09 is equal to 0.05 (0.1 to the nearest tens), then the t-test associated with a bvalue is significant. Table 13 indicated that, the value of t (0.38) = 0.71which is > 0.05 (0.1 to the nearest tens), this
means that, the predictor is not making significant contribution to the model. The standardized beta values provide
an insight into the importance of a predictor in the model. The standardized beta for the current model is 0.03, the
implication of which, job security is of paramount importance on job stability of university catering employees.
Table 13 showed that the Collinearity diagnostics, both Tolerance and the Value Inflated Factors were within the
acceptable ranges. Applying interpretation, that the rule of thumb is “IF Tolerance is > 0.04 and the VIF is < 10,
then, we can conclude that, there was no cause of alarm on the batch of statistics used”
Table 71. Regression results: Job Tenure and Job Stability
Model Summary
Model

R

R2

Adjusted R2

Std. Error of
the Estimate

Change Statistics
R2
Change

1
0.12 0.013
0.007
a Predictors: (Constant), Job Stability
b Dependent Variable: Job Tenure

1.214

F Change df1

0.013

1.996

1

Durbin-Watson

df2

Sig. F
Change

150

0.16

1.896

Table 14 shows that, the values of multiple correlation coefficients between the predictor and the outcome R = 0.12
while the measure of the variability in the outcome R2 = 0.013. This means that, the predictor (Job tenure) accounts
for 1.3% of the variation in job stability of university catering employees. This is also the value in the R 2 change;
this is because past studies revealed that, the adjusted R2 is always equal or closes to R2 the case with the current
study. The Durbin-Watson statistic is 1.896 which is close to 2. According to Andyfield (2008), the closer to 2 the
value is, the better, an indication that the assumptions of the study were met.
Table 72. Analysis of variance: Job Tenure and Job Stability
Model
Sum of Squares
df
1
Regression
2.9
1
Residual
221.0
150
Total
223.9
151
a Dependent Variable: Job Tenure
b Predictors: (Constant), Job Stability

Mean Square
2.9
1.5

F
2.00

Sig.
0.2

The anova test on Table 15 showed that, F= 2.00 and the p-value is 0.2. The F value is 2 which is > 1 and the pvalue is 0.2 which is > 0.05which is also equal 0.1(nearest tens) contrary to the normal expectation of P= < 0.05, the
implication is that, job tenure improved to an extent the ability of the study to predict job stability of the university
catering employees.
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Table 73. Coefficients: Job Tenure and Job Stability
Coefficients
Model
Unstandardized
Standardized
Coefficients
Coefficients
B
Beta
SE
1

(Constant)

Job Stability
Job Tenure

2.2

0.24

0.2

0.12

0.12

t

Sig.

9.23

0

1.41

0.16

Collinearity Statistics
Tolerance

VIF

1

1

Table 16, indicate the individual contribution of each predictor to the model, and also show the relationship between
Job Tenure and Job Stability. Since the b values are positive, there is a positive relationship between the predictor
(Job Tenure) and the outcome (Job Stability). The Standard error was used to check whether the t-test associated
with a b value is significant, and the standard error for this model is 0.12 which is slightly higher than the
determinant of 0.05/0.1, this is an indication that, the t-test associated with a b-value is significant. Table 16
indicated that, the value of t (1.41) = 0.16 which is > 0.05 (0.1 to the nearest tens), this means that, the predictor is
not making significant contribution to the model. The standardized beta values provide an insight into the
importance of a predictor in the model. The standardized beta for the current model is 0.12, the implication of
which, Job Tenure is of paramount importance on job stability of university catering employees. Table 16 showed
that the Collinearity diagnostics, both Tolerance and the Value Inflated Factors were within the acceptable ranges.
Applying interpretation, that the rule of thumb is “IF Tolerance is > 0.04 and the VIF is < 10, then, we can conclude
that, there was no cause of alarm on the batch of statistics used”
CONCLUSIONS
In conclusion, job tenure plays a key intervening role in the Relationship between Job Security and Job Stability of
University Catering Employees in Nairobi City County, Kenya
RECOMMENDATIONS
University managements should focus on improving job tenures of university catering jobs. This is to ensure their
job security and job stability, which is beneficial to both the employees and the university’s management. Moreover,
this may enhance clientele’s satisfaction in terms of quality outputs.
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ABSTRACT
The study sought to find out the moderating role of welfare initiatives in the relationship between talent management
and job stability of University Catering Employees in Nairobi, Kenya. The study was descriptive covering a
stratified sample of 189 respondents drawn from 300 employees. Data was collected through self-administered
questionnaires. The two tailed Pearson product moment correlation was used and interpreted as follows; 0.010 to
0.041 implied, insignificant relationships; 0.041 to 0.70 implied, a moderate relationship; while> 0.70 implied a
significant positive relationship. Meanwhile, negative value implied an inverse relationship. The results indicated
that, a high response rate of 80.42% was obtained, thus high validity and reliability of data. The results of two tailed
Pearson correlation gave us a p-value of 0.10, an indication that, there is a very strong significant positive
relationship between talent management and job stability of university catering employees. The results further
showed that, there is a Strong Positive relationship between welfare initiatives; Housing facilities (0.9), Canteen
facilities (0.71), Pension policy (0.8) and talent management of university catering employees. Moreover, the results
also showed that, there is a Moderate Positive relationship between welfare initiatives; Transfers assistance (0.7),
recreational facilities (0.7), leave policy (0.6) and talent management of university catering employees. The results
showed that there is a very strong positive significant positive relationship between the welfare initiatives; Transfer
assistance, Recreational facilities, Long service grants, and job stability of university catering employees. The study
findings showed that, talent management accounts for 2% of the variation in Job Stability. The findings showed that,
welfare initiatives accounts for 20% of the variation in talent management of University catering employees. In
conclusion, welfare initiatives play a pivotal role in the relationship between talent management and job stability of
University Catering Employees in Nairobi, Kenya. The study therefore recommends that, university’s management
should embark on provision of adequate contemporally welfare initiatives, effective talent management
Keywords: Welfare Initiatives, Talent Management, Job Stability, employees attachment.
INTRODUCTION
One of the most important challenges in human resource management is attracting and retaining highly motivated
and qualified employees (Mertens and Renseke, 2010). According to Jang and George (2012), “research aiming to
access the views of individual employees and understand their personal reasons for continuing to work in hospitality
organizations is very limited”. Talent management is a bundle of HR practices put in place by the management of
the firm to realize high skilled, highly motivated and dedicated employees (Mertens and Renseke, 2010). According
to Hr Technologists (2019), talent management is the process of getting the right talent and helping them to grow to
their optimum capabilities keeping in mind the objectives of an organization. Some of the benefits of talent
management includes; job satisfaction, employees motivation, enhanced personal skills, a feeling of belongingness,
long term existence boast up confidence, and quality add-ons to employees experience. The current study sough to
find out the moderating role of welfare initiatives in the relationship between talent management and job stability of
University Catering Employees in Nairobi City County, Kenya.
A talent is individual levels of intelligence or capabilities that enables effortlessly and skillfully conduct an activity
(Butter et al., 2015). “Talented employees have the strategic capabilities that can increase productivity, efficiency
and competitive advantage of organizations in all industries” (Kerem, Sabuncua and Gaye Karacay, 2016). Talent
management is a process that involves utilizing, developing and managing employees who have strategic
capabilities that are important for the success of a business. The role of talent management is to stimulate employees
to be energetic, motivated, long term staff (Lou, 2007). Job stability refers increased attachment or reduced
separation while on the other hand job instability refers to employees detachment and increased separation coupled
with involuntarily turnover triggerred by a decline of welfare initiatives such as leave and health insurance (National
Institute of Health, 2013). According to Ayres (2006), based on research in tourism and hospitality sector, senior
managers had average 4.9 job changes in the last 15 years by quitting jobs in every 3 years; while middle managers
had average 3.9 job changes, with a job change in almost every 4 years. This is an indication of job instability.
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THEORETICAL FRAMEWORKS
Social Exchange Theory
According to Keitany (2014), the SET assumes that employees displays positive or negative bahaviour in an attempt
to reciprocate to the treatment they receive from their employers. It demonstrates that, when employers treat
employees well, the resulting answers are; job satisfaction, employees loyalty, employees commitment, engagement
and productivity. Treating employees well not only include adequate prompt payment of salaries but also the
provision of statutory and non- statutory welfare initiatives.
Statement of the Problem
The real value of talent management has still not been systematically discovered (Festing, Schafer and Scullion,
2013). This is an indication that there is a gap that needs to be filled for organizations to leap the full benefits of
talent management. According to Kerem et al., (2016), “among talent management research conducted within
various sectors, the ones in hospitality sector are few in number”, and thus, the need to conduct the current study in
the hospitality sectors and particularly the university catering sub sector. Murray-Gibbons and Gibbons (2007)
demonstrated that, one of the reasons which make employees unhappy and think of changing his job includes; being
undervalued and insufficient management support. This means that, to make hospitality employees happy and to
deter them from thinking about job change, an attempt should be made to see the implication of welfare as a
moderator in the relationship between talent management and job stability. According to Kerem et al., (2016), “there
is no common usage of talent management practices in hospitality and sector all over the world”, thus justification
for the study. Nonhlanhla et al., (2015), “at the moment the labour market is demanding the most talented workers
and to retain this talented employees becomes a challenge to many organizations”. Thunnissen, Boselie and Fruytier
(2013) examined articles on talent management between the years 2001-2012 whereby he found out that, only 1
article dealt with talent management in hospitality and tourism. This is an indication that, showed that, there is
scanty literature on talent management in hospitality, and hence justification for the current study. TM does not
consider the perspectives of those who work in the hotel sector (Thunnissen, Boselie and Fruytier, 2013).
Study Objectives
i.
To find out the moderating role of of welfare initiatives in the relationship between talent management and
job stability of University Catering Employees in Nairobi City County, Kenya.
ii.
To establish the relationship between talent management and job stability of University Catering
Employees in Nairobi City County, Kenya.
iii.
To establish the relationship between Welfare Initiatives and Talent Management of University Catering
Employees in Nairobi City County, Kenya.
Null Hypothesis
H01: Welfare initiatives has no moderating role of welfare initiatives in the relationship between talent management
and job stability of University Catering Employees in Nairobi City County, Kenya.
H02: There is no relationship between talent management and job stability of University Catering employees in
Nairobi City County, Kenya.
H03: There is no relationship between welfare initiatives and talent management of University catering employees in
Nairobi City County, Kenya.
LITERATURE REVIEW
Talent Management
Talent is the driving force for any university’s success, failure to recognize talents is a recipe for a disaster.
Universities have to relentlessly guard their unique hospitality talents. According to Baum (2008), “talent in the
context of social service sectors like hospitality and tourism does not necessary translate to other sectors of the
economy”. According to Mertens and Renseke (2010), “for ages, characteristic of social service firms have been that
it is difficult to attract and retain talents”. Instituting welfare measures may be cheaper than dealing with turnover
and job instabilities. According to a report by Bhatti (2015) indicated that, employee talent needs to be maximized
and recognized as one of the discrete source of competitive advantage”. According to Margaret, (2015), retaining
good staff in the hospitality industry is a constant source of concern for practioners and a continuing area of
interrogation for hospitality academics. Talent management is faced by various challenges as demonstrated by
(Dries, 2013) who stated that, “attracting and retaining talented people is becoming increasingly difficult as a result
of specific demographic and psychological trends”. According to Cappelli and Keller (2014) stated that, issues of
organizational strategies on attraction, career development and retention of talented employees have remained major
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topics in hospitality literature. In the United States of America, studies on talent management concentrated on the
fundamental meaning of talent management in hospitality (Kichuk and Aliaksei, 2017). Such studies includes;
(Aston and Morton, 2005; Boudreau andRamstand, 2005a) among others. In the United Kingdom, the first talent
management study in hospitality was done by (Barron, 2008) where the issues and challenges that UK hospitality
industry faces were explored. Baum (2008) identified the dynamic nature of the hospitality industry, and the
subsequent consequences that were presented for the talent management strategies.
Conceptual frame work
Intervening variable

Dependent variable

Independent variables

Talent Management





















Welfare Initiatives
Welfare
Welfare Services
Counseling services
Pension policy
Long service grants
Welfare Benefits
Leave policy
Regular salary increment
Meals allowance
Paid holidays
Welfare Items
Uniform
allowance/Uniforms
Sporting facilities
Canteen facilities
Housing facilities
Recreational facilities
Medical facilities
Sufficient toilets
Rest rooms
Clean/safe working station
Employee Assistance
Programmes
Funeral assistance
Transfer assistance







Job Stability
Reduced
separation
Increased
attachment
Job security
Stability of job
tenure
Job satisfaction

Job Stability
Bhatti et al., (2015) study revealed that, managers need to be able to map and retain high skilled employees and
always remind them how valued they are to the organization”. In this way organization will avoid dissatisfaction and
prevent employees from leaving the organization (Noe, Hollenbeck, Gerhart and Wright, 2006). According to
(Mertens and Renske 2010), “the hospitality sectors has always found it hard to attract suitably motivated, trained
and qualified employees able to deliver the services promised to the current and potential customers”. Even after
universities converted catering units to income generating units (IGUs), there has been complain of customer
dissatisfaction and the university catering department have been attributed to diminished financial outputs and high
production costs. This not minding that, most of them are employed on contract and temporally basis and they have
been demotivated by outsourcing of their profession done by contemporally universities. Low budgetary allocations,
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outdated staffs welfare, and de-valuing of hospitality profession have resulted to job instabilities accompanied by
high separations and increased turnover intentions. According to Baum (2008), hospitality and tourism work have
been described as, “low-skilled”, but despite this, there is still room for talent and talent development within the
university catering departments. One of the biggest challenges in the hospitality industry is attraction, career
development and retention of staff (Powell and Wood, 1999).
Welfare Initiatives
Displaying elementary appreciative behaviour is a simple but important tool for enhancing employee health and
well-being (Stocker, Jacobshagen, Krings, and Pfister, 2014). According to Thunnissen, Boselie and Fruytier (2013),
“little attention have been paid to understanding the experiences, aspirations, needs and preferences of individual
employees and their own career development. Applying the humanistic approach to employee’s welfare, “employer
should be as humanly as possible in dealing with issues that concerns their employees in order to create an
employment relationship where both the employer and the employee’s needs are adequately addressed”. Welfare is
concerned with the total well-being of employees both at work and at home (Keitany, 2014). It can be statutory or
non-statutory, statutory ones are provided by employers to comply with health and safety laws while the nonstatutory are provided in order to create and maintain a loyal, satisfied and productive workforce.
This is a clear indication of how welfare is used to enhance employee’s job stability. Employee welfare initiatives
include services, benefits and facilities offered to the employees. Such includes; allowances, housing, transport,
medical insurance, food among others. A report of Open University (2020) showed that some of welfare initiatives
includes; annual leave, study leave, pension scheme, relocation expenses, maternity/adoption leave, shared parental
leave, paternity leave child care vouchers, the Open University club, private health care, work life balance, cycle to
work scheme. Dayarathna and Dushar (2019) said employee welfare activities includes; medical facilities, canteen
facilities, housing facilities, transport facilities, sports and recreational facilities, advances and Easy loan facilities,
death/funeral facilities, thrift facilities, educational facilities, legal aids and other related facilities.
Link between Talent Management and Job Stability
Talent management on employee’s outcomes can be observed in employee’s turnover, non-attendance and job
satisfaction (Kerem et al., 2016). The study further revealed that, “turnover is a problem which could be solved with
talent management practices” and that, “high turnover rates in management positions can be decreased by applying
relevant talent management approaches”. Moreover, the findings of Kerem et al. (2016) stated that, “talent
management practices could help to satisfy those needs which would increase employee’s job satisfactions”. The
study further showed that, “proper talent management practices may be a solution for decreasing turnover problem
in the hospitality sector”. Deery and Jago (2015) studied the themes of talent management, work life balance and
retention strategies in hospitality industry and found out that, work life balance is key in addressing issues of
employees management and retention. According to a study by Kichuk and Aliaksei (2017), investment in talent
management helps retain high class specialists”.
Link between Welfare Initiatives and Talent Management
According to report by Kichuk and Aliaksei (2017), Talent management in hospitality industry cannot be a standalone endeavor, but needs to consider employees personal development. Noting that, employee personal
developments consists of; physical, social, psychological, spiritual, and emotional and career growth, the issue of
welfare initiatives which is an accelerator to employee’s growth cannot be under-estimated. An employee who feels
appreciated will be more fulfilled, satisfied and more productive (Cleverism, 2020). Dayarathna and Dushar(2020),
demonstrated the effect of welfare on talent management, according to his study, welfare initiatives reduces labour
turnover and absenteeism, improves conditions of work and life of employees. This makes the worker happy and
contented with his/her work, and reduces the desire to take leave unnecessarily.
Link between Welfare Initiatives and Job Stability
According to Nonhlanhla, Martin, Elias and Pfano (2015), “employee job satisfaction does not come from salary
alone but organizations must engage in other additional activities to give their employees a reason to stay”.
According to a website report by Cleverism (2020), “a satisfied employee will not go looking for other job
opportunities and hence an employer will get to keep the best talents and record lower employee turnover”. The
website further revealed that, “the offered benefits will determine whether an employee commits to an organization
or not”. This is an indication that, welfare initiatives plays pivotal role in enhancing job stability. According to a
study by Dayarathna and Dushar (2020), “Better housing facilities, co-operative societies, canteens, sickness and

266

maternity benefits, educational facilities, free or cheap rate cinema shows will assist to create a sense of happy
feeling among the employees and help them to work harder for the organization. Therefore the question of labour
strikes at the organization may not arise”. According to (Adesubomi, 2018) one of the causes of job insecurity is the
poor altitude of the management to employees’ welfare.
METHODOLOGY
A descriptive research design was used to find out the moderating role of welfare in the relationship between talent
management and job stability of University catering employees in Nairobi City County, Kenya. The design assisted
the researcher to collect primary data using the questionnaires without interfering with their duties. The study was
conducted in Nairobi City County as it had the largest number of universities and universities campuses as compared
to all the other 46 counties in Kenya (CUE, 2016). The targeted population comprised of 300 catering employees, 5
universities and a sample of 189 respondents.
Sampling techniques
Simple random sampling method was used to select the study areas. Each of the accredited university was assigned a
number, and the number was written on a piece of paper and folded. The folded papers were then placed in a box.
The researcher picked one at a time until he got the requisite number of universities of the study. Stratified sampling
procedure was used to select the respondents of the study. The population was divided into strata’s based on the
subsets. A random sample was then drawn from each stratum. Each item within the stratum was given a unique
number and a sample was selected at random using the lottery method. The selection was done using the lists of
employees that was provided by the catering managers.
Table 74: Summary of sampling techniques
Technique
Area applied
Simple random sampling
Study Areas (Universities)
Stratified sampling
Respondents of the study (Catering employees)

Justification
Equal representation
Equal chance of being selected.

Table 75: Distribution of the respondents
Participants
Population
Sample size
Percentage
Catering employees
300
189
63%
Total
300
189
63%
The sample size of catering employees was determined using Israel’s (1992) sample size calculation formulae.
Data collection
Raw data was collected by means of self-administered questionnaires while the secondary data was collected from
journals, annual reports, websites and publications.
Pre-Testing
Instruments of data collection were pre-tested in 1 public and 1 private University within Nairobi City County to
eliminate errors, to identify area of improvement and to check on their suitability as research tools. This assisted the
researcher to establish the expected response rate and to modify or eliminate questions which are either not clear or
were not in line with the objective of the study.
Validity and Reliability of Research Instruments
Content validity of the research instruments was determined by pre-testing the instruments and checking responses
against study objectives, conceptual frame work and as guided by the research supervisors. Research assistants were
trained on data collection procedures, including clarifying the purpose of the study to the respondents, making
suggestions, observing skills and other important inputs. The instruments were administered to the same respondents
in non-participating university campuses after thirty days as a test of reliability. The pre-testing data was coded and
analyzed to identify and correct the emerging errors. A reliability coefficient of 0.805 was obtained 0.8; this showed
that, the questionnaires were reliable since the coefficient of 0.8 or higher is recommended by (Mugenda, 2008).
Test-re test method established the reliability of questionnaires. Consistency of variables was tested using a
Cronbach Alpha Test whose results are on Table 3 and 4.
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Table 3: Case Processing Summary
Case Processing Summary

N

%

Valid
152
Excludeda
0
Total
152
a. Listwise deletion based on all variables in the procedure.
Table 3 show that, all the variables of the study were tested and none was excluded.

100.0
.0
100.0

Cases

Table 4: Reliability test results
Reliability Statistics
Cronbach's Alpha

N of Items

.805

20

The Cronbach's Alpha results on Table 4 indicated a Cronbach alpha value of 0.8 which is closer to +1. Since, the
closer the alpha value is to 1.0, the higher the internal consistency of variables (Gliem, 2003), then, all the variables
of the current study have high internal consistencies as shown on Table 4. A reliable scale should have a Cronbach
alpha value of at least 0.7, or higher (Brotherton , 2012). This means that, the current study is highly reliable, since
its measurement is neutral as demonstrated by (Loo Boon Ching, 2012) who stated that, reliability analysis reflects
the extent into which the measurement is neutral.
RESULTS AND DISCUSSION
Introduction
This section gives out the detailed findings of the data collected using self-administered questionnaires as received
by the researcher.
Response rate
A high response rate of 80.42% was obtained, thus minimized the chances of obtaining biased statistics, making the
study findings valid and reliable.
Table 5: Response rate
Category
University catering employees (Questionnaires)

Expected response
189

Actual response
152

Response rate
80.42%

Catering employees response rate was 80.42% as shown on Table 5 was adequate for analysis as it was above 50%
(Babbie, 2002) and further agreed to Brewer and Rojas (2012) that any response rate above 50% and above is
adequate for analysis. This is supported by Mugenda and Mugenda (1999) cited in (Keitany, 2014, p. 30), who
stated that, “a response rate of 70% and over is excellent” for analysis. The response concurs with that of a past
study by Ruby (2012) which recorded a response rate of higher than 80%. The implication of which is reliability
and adequacy of data for analysis.
Data analysis
Table 6 showed that, majority 61.20% was female while the minority (38.80%) were females. Meanwhile majority
22.40% aged between 40-44 years while the minority 1.30% aged below20 years of age. Moreover, it exhibits that,
majority75.70% were married whereas the minority 0.70% were of the view that, the issue of marriage is not
applicable when we come to the issue of adequacies, awareness and job stability of university catering employees.
The findings also showed that majority of the respondents 38.80% held a Diploma level of education whereas the
minority 1.30% held a primary level of education. Table 6 showed that majority 29.60% of the respondents had an
experience of between 5-9 years while the minority 8.60% had an experience of more than 20 years of age.
Moreover, Table 6 showed that majority 77.60% were employed on permanent basis as compared to a minority
0.70% who were employed on probationary terms of service. Majority of the respondents 46.10% described
themselves as operatives while the minority 11.20% described themselves as support staffs.
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Table 6 Demographic Variables
N=152
Labeled Values
Male
Gender
Female
<20
Age
20-24 years
25-29 years
30-34 years
35-39 years
40-44 years
45-49 years
50-54 years
Single
Marital status
Divorced
Married
Window
Not Applicable
Primary School
Education
Secondary School
Certificate
Diploma
Undergraduate
Postgraduate
0-4 years
Experience
5-9 years
10-14 years
15-19 years
> 20 years
Casual
Employment
Probation
Permanent
Contract
Support
Operational
Supervisory
Management

Description

Count
59
93
2
9
15
26
33
34
15
18
30
3
115
3
1
2
6
38
59
34
13
36
45
40
18
13
10
1

Percentage
38.80%
61.20%
1.30%
5.90%
9.90%
17.10%
21.70%
22.40%
9.90%
11.80%
19.70%
2.00%
75.70%
2.00%
0.70%
1.30%
3.90%
25.00%
38.80%
22.40%
8.60%
23.70%
29.60%
26.30%
11.80%
8.60%
6.60%
0.70%

118
23
17
70
40
25

77.60%
15.10%
11.20%
46.10%
26.30%
16.40%

Table 7: Descriptive statistics

Job Stability
Talent
Management

Range
4
6

Sum
285
380

Std.
Mean Error
1.88 0.07
2.5

0.12

Std.
Deviation
0.85

Variance
0.72

1.48

2.20

Std.
Skewness Error
1.1
0.20
0.30

0.20

Kurtosis
1.66

Std.
Error
0.39

-1.25

0.39

The results demonstrated there was an agreement of the study variables and that, highest level of agreement was
demonstrated with job stability represented by the statement, “welfare attracts and retains talent” while the lowest
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level of agreement is indicated with a mean of 2.52 represented by the statement, welfare enables me to work with
passion and fulfillment”. A standard deviation of 0.85 indicated that, the responses were moderately spread out
while that of 1.48 showed that, there was a significant variance between the study variables, and that, there was no
consensus on the responses. According to (Brotherton, Researching in Hospitality and Tourism, 2012) a standard
deviation is used to measure dispersion within the dataset, and that, the smaller the standard deviation the more
clustered the values are around the mean. The results of the current study showed that, job stability had smaller
standard deviation as compared to talent management. This means that, the values in job stability are more clustered
around the mean as compared to those of talent management.
Table 8: Interpretation of Descriptive Statistics
Means
Interpretation
Std. Deviation
Strongly dis-Agreed
> 4.5
>1
3.5 - 4.5 Dis-Agreed
<1
2.5 - 3.5 Neutral
1
Agreed
1.8 -2.5
0.5 -/and < 1
Strongly
Agreed
< 0.5
<1

Interpretation
Significant variance, No consensus
No significance variance in responses
Responses were further spread Out
Responses Moderately spread Out
Responses were concentrated around the mean

Table 9: Pearson Correlation Results (Two-tailed): Talent Management and Job Stability
Correlations
Job Stability
Talent Management
Job Stability
Pearson Correlation
1
-0.13
Sig. (2-tailed)
0.10
N
152
152
Talent Management
Pearson Correlation
-0.13
1
Sig. (2-tailed)
0.10
N
152
152
Two tailed Pearson correlation was done to establish the relationship between Talent Management and Job Stability
and the results were interpreted using Table 10 adopted from past studies. A P-value of 0.10 showed that, there is a
very strong significant positive relationship between talent management and job stability.
Table 10: Interpretation (Two tailed Pearson Correlation Results)
P-Value ranges
Meaning/Interpretation
+/- 0.000 - +/- 0.20
Slightly almost negligible relationship
+/- 0.21 - +/- 0.40
Small but definite relationship
+/- 0.41 - +/- 0.70
Moderate relationship
+/- 0.71 - +/- 0.90
Strong/High relationship
+/- 0.91 - +/- 1.00
Very Strong Significant
+
Positive relationship
Negative relationship
Two tailed Pearson correlation was done to establish the relationship between Talent welfare initiatives and talent
management and the results were interpreted using Table 10 adopted from past studies. The results showed that,
there is a Strong Positive relationship between welfare initiatives; Housing facilities (0.9), Canteen facilities (0.71),
Pension policy (0.8) and talent management of university catering employees. Meanwhile, the findings indicated
that, there is a Moderate Positive relationship between welfare initiatives; Transfers assistance (0.7), recreational
facilities (0.7), leave policy (0.6) and talent management of university catering employees. Lastly, the findings
showed that, there is small but definite relationship between welfare initiatives; Funeral/Burial assistance (0.3),
Regular salary increment (0.4), Sporting Facilities (0.4) and talent management of university catering employees.
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Table 11: Pearson Correlation Results (Two-tailed): Welfare Initiatives and Talent Management
Welfare Initiatives
Pearson Correlation P-Value
Remarks
Leave policy
0.04
0.6
Moderate Positive relationship
Sporting Facilities

-0.07

0.4

Small but definite positive relationship

Regular salary increment

-0.06

0.4

Small but definite positive relationship

Pension policy

-0.02

0.8

Sufficient toilets

.218**

0.01

Meals/ Meals allowance

.226**

0.01

Strong Positive relationship
Slightly almost negligible Positive
relationship
Slightly almost negligible Positive

Long service grants

.203*

0.01

Canteen facilities

0.03

0.71

Counseling services

0.11

0.2

Housing facilities

-0.01

0.9

Slightly almost negligible Positive
relationship
Strong Positive relationship

Paid holidays

.174*

0.03

Slightly almost negligible relationship

Recreation facilities

0.04

0.7

Well maintained rest rooms

0.1

0.2

Medical facilities

0.1

0.2

Moderate Positive relationship
Slightly almost negligible Positive
relationship
Slightly almost negligible Positive

Staff uniforms

-.197*

0.02

relationship
Slightly almost negligible relationship

Clean/safe working station

0.1

0.12

Slightly almost negligible relationship

Funeral/Burial assistance

0.1

0.3

Small but definite relationship

Transfers assistance

-0.03

0.7

Moderate Positive relationship

relationship
Slightly almost negligible Positive
relationship
Strong Positive relationship

Table 12: Pearson Correlation Results (Two-tailed): Welfare Initiatives and Job Stability
Welfare initiatives
Pearson Correlation P-Value
Remarks
Leave policy
-0.11
0.2
Slightly almost negligible relationship
Sporting Facilities
-0.02
0.8
Significant Strong/High relationship
Regular salary increment
-0.03
0.7
Significant Moderate Positive relationship
Pension policy
-0.09
0.3
Small but definite relationship
Sufficient number of toilets
-0.003
1.0
Very Strong Significant Positive Relationship
Meals/ Meals allowance
0.02
0.8
Significant Strong Positive Relationship
Long service grants
-0.01
0.9
Significant Strong Positive Relationship
Canteen facilities
-0.11
0.2
Small but definite relationship
Counseling services
-0.10
0.25
Small but definite relationship
Housing facilities
-0.02
0.8
Significant Strong Positive Relationship
Paid holidays
0.03
0.7
Significant Moderate Positive relationship
Recreation facilities
-0.01
0.9
Significant Strong Positive Relationship
Well maintained rest rooms
-0.05
0.6
Significant Moderate Positive relationship
Medical facilities
-0.04
0.6
Significant Moderate Positive relationship
Staff uniforms
0.12
0.1
Slightly almost negligible positive relationship
Clean/safe working station
0.02
0.8
Significant Strong Positive Relationship
Funeral/Burial assistance
-0.03
0.7
Significant Moderate relationship
Transfers assistance
0.01
0.9
Significant Very Strong Positive Relationship
The findings on Table 12 showed that, there is a very strong positive significant positive relationship between the
welfare initiatives; Transfer assistance, Recreational facilities, Long service grants, and job stability of university
catering employees. Meanwhile, there is a Significant Moderate Positive Relationship welfare initiatives;
Funeral/Burial assistance, Medical facilities, Well maintained rest rooms, Paid holidays, Regular salary increment
and job stability of university catering employees.
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Regression results
Table 13: Model Summary: Talent Management and Job Stability
Model
R
R2
Adjusted R2 Std. Error of the
Change Statistics
Estimate

1
0.13 0.02
0.01
a Predictors: (Constant), Job Stability
b Dependent Variable: Talent Management

1.47

R2
0.02

F Change df1
2.75
1

df2
150

Durbin
Watson
Sig. F
0.10

0.7

Table 13 shows that, the values of multiple correlation coefficients between the predictor and the outcome R=0.13
while the measure of the variability in the outcome R2 = 0.02. This means that, the predictor (Talent Management)
accounts for 2% of the variation in Job Stability of university catering employees. This is also the value in the R 2
change; this is because past studies revealed that, the adjusted R2 is always equal or closes to R2 the case with the
current study. The Durbin-Watson statistic is 0.7 which is far from 2. According to Andyfield (2008), the closer to 2
the value is, the better, an indication that the assumptions of the study were met. This is an indication that, the
assumptions of study were met to some extent.
Table 14: Analysis of variance: Talent Management and Job Stability
Model
Sum of Squares
df
Mean Square
1
Regression
5.99
1
5.99
Residual
326.01
Total
332.00
a Dependent Variable: Talent Management
b Predictors: (Constant), Job Stability

150
151

F
2.754

Sig.
0.10

2.17

The anova test on Table 14 showed that, F= 2.754 and the p-value is 0.10. The F value is > 1 as expected in normal
circumstances while the p-value is equal 0.1 which is equal to 0.05 as with the normal expectation of >1 and < 0.05,
the implication is that, talent management improved the ability of the study to predict job stability of the university
catering employees.
Table 15: Coefficients: Talent Management and Job Stability
Model
Unstandardized
Standardized
Coefficients
Coefficients
B
Std. Error
Beta
1 (Constant)
2.94
0.3
Job Stability
-0.24
0.1
-0.13
a Dependent Variable: Talent Management

t

10.11
-1.66

Sig.

0
0.10

Collinearity Statistics
Tolerance

VIF

1

1

Table 15, indicate the individual contribution of each predictor to the model, and also show the relationship between
talent management and job stability. Since the b values are negative, there is a negative relationship between the
predictor (Talent Management and the outcome (Job stability). The Standard error was used to check whether the ttest associated with a b value is significant, the standard error for this model is 0.1. This is equal to 0.05 converted to
nearest tens, and it means that, the t-test associated with a b-value is significant. Table 15 indicated that, the value of
t (-1.66) = 0.10 which is equal to > 0.05 when converted to nearest tens. This means that, the predictor is making
some significant contribution to the model. The standardized beta values provide an insight into the importance of a
predictor in the model. The standardized beta for the current model is -0.13, the implication of which, Talent
Management has some importance on Job Stability of university catering employees. Table 15 showed that the
Collinearity diagnostics, both Tolerance and the Value Inflated Factors were within the acceptable ranges. Applying
interpretation, that the rule of thumb is “IF Tolerance is > 0.04 and the VIF is < 10, then, we can conclude that, there
was no cause of alarm on the batch of statistics used.”
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Regression results
Table 16: Model Summary: Welfare Initiatives and Talent Management
Std. Error of
Model
R
R2 Adjusted R2 the Estimate
Change Statistics
Durbin-Watson
R2 Change F Change df1 df2 Sig. F
1
0.449 0.20
0.09
1.41
0.201
1.864
18 133 0.024
1.07
a Predictors: (Constant), Welfare Initiatives
b Dependent Variable: Talent Management
The values of multiple correlation coefficients between the predictor and the outcome R= 0.449 while the measure
of the variability in the outcome R2 = 0.20, meaning the predictor accounts for 20% of the variation in Talent
Management (Table 16). This is also the value in the R2 change; this is because past studies revealed that, the
adjusted R2 is always equal or closes to R2 the case with the current study. The Durbin-Watson statistic is 1.07
which is close to 2. According to Andyfield (2008), the closer to 2 the value is, the better, an indication that the
assumptions of the study were met. This is an indication that, the assumptions of study were met to some extent. The
anova test showed that F=1.86 and the p-value is 0.024. The F value is > 1 as expected in normal circumstances
while the p-value is < 0.05 which is the normal expectation of >1 and < 0.05, the implication is that, welfare
Initiatives improved the ability of the study to predict talent management of the university catering employees.
Table 76: Analysis of variance: Welfare Initiatives and Talent Management
Model
Sum of Squares
df
Mean Square
1
Regression
66.9
18
3.72
Residual
265.1
133
1.99
Total
332.0
151
a Dependent Variable: Talent Management
b Predictors: (Constant), Welfare Initiatives
Table 77: Coefficients: Welfare Initiatives and Talent Management
Model
Unstandardized
Standardized
B
Std. Error
Beta
1
(Constant)
1.9
0.7
Leave policy
-0.2
0.1
-0.18
Sporting Facilities
-0.1
0.1
-0.07
Salary increment
0.0
0.1
0.03
Pension policy
-0.2
0.1
-0.19
Sufficient toilets
0.2
0.1
0.16
Meals allowance
0.1
0.1
0.11
Long service grants
0.1
0.2
0.08
Canteen facilities
0.0
0.1
0.00
Counseling services
0.1
0.1
0.05
Housing facilities
0.0
0.2
0.01
Paid holidays
0.2
0.1
0.13
Recreation facilities
-0.1
0.1
-0.04
Rest rooms
0.0
0.1
0.01
Medical facilities
0.1
0.2
0.08
Uniforms
-0.4
0.1
-0.24
Clean station
0.3
0.2
0.18
Funeral assistance
0.1
0.1
0.13
Transfer assistance
-0.2
0.1
-0.18
a Dependent Variable: Talent Management
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F
1.86

t
2.57
-1.60
-0.82
0.32
-1.75
1.56
0.97
0.71
0.02
0.52
0.12
1.37
-0.46
0.06
0.74
-2.53
2.00
1.06
-1.59

Sig.
0.024

Sig. Collinearity
Tolerance
0.0
0.1
0
0.4
1
0.7
1
0.1
1
0.1
1
0.3
0
0.5
0
1.0
1
0.6
1
0.9
1
0.2
1
0.6
1
1.0
1
0.5
1
0.0
1
0.0
1
0.3
0
0.1
0

VIF
2
1
1
2
2
2
2
1
2
2
2
1
2
2
2
1
3
2.1

Table 18, show the relationship between welfare initiatives and talent management. Most of the b values are
positive, while a few of them are negative. This is an indication that, most of them exhibited positive relationship
between the predictor and the outcome. The Standard error was used to check whether the t-test associated with a b
value is significant. The standardized beta values provide an insight into the importance of a predictor in the model.
Table 18 showed that the Collinearity diagnostics, both Tolerance and the Value Inflated Factors were within the
acceptable ranges. This is because, almost all of the T values were > 0.01 and all the VIF values were less than 10.
Applying interpretation, that the rule of thumb is “IF Tolerance is > 0.04 and the VIF is < 10, then, we can conclude
that, there was no cause of alarm on the batch of statistics used”
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ABSTRACT
Entrepreneurial intention has received much attention from both Scholars and Policy makers in the recent past due to
the realization that the entrepreneurial intention may lead to entrepreneurial activities which offers great potential for
employment creation among the University Students and economic growth of the country. Although there has been
much interest in entrepreneurship, attributes that might impact on the propensity to venture into entrepreneurship
among Students in Kenya is rarely examined. The purpose of this study was to explore the triggers and hindrances to
entrepreneurial intentions among University Students. The sample includes the final year students of Chuka
University from across the various programs. using a correlation research design, the current study empirically
examines the impact of personal attributes, entrepreneurial experience, entrepreneurial education and government
support system on entrepreneurship intention. The theory of planned behaviour (TPB) model guided the current
research. Primary data was obtained through a questionnaire survey method administered to a sample of 120 final
year students from the Chuka University. Statistical techniques employed included confirmatory factor analysis,
correlation analysis, and partial least square (PLS) regression analysis. The results were presented in tables and
structural equation modelling. The findings revealed that students’ attitude and self-efficacy plays a very significant
role in entrepreneurial intentions among the students. Concerning demographic variables, the entrepreneurial
experience had a significant impact on entrepreneurial intention. The study recommends that the students should be
encouraged to form or join student clubs where they meet and discuss possible joint business ventures. Secondly, the
students should seek information on means of accessing capital for their business ideas. The government’s social
and economic structures should be efficient to ensure that youth have access to cheap and readily available capital
Keywords: Entrepreneurship, Self-employment, Entrepreneurial activity and economic growth.
INTRODUCTION
In the last decade, Entrepreneurship has received much attention from both policy makers and scholars due to the
recognition that it offers great potential for employment creation among youth. In Kenya like many other developing
countries in Africa, unemployment among the University graduates is one of the major challenges facing most
governments. It is estimated that some 800,000 young Kenyans enter the labour market every year with this trend
likely to double between 2010 and 2035. Unemployment is a sign of constrained labour demand in which the
economy and in particular the private sector is not creating sufficient jobs to take care of the increasing number of
University graduates joining the labour market. According to the World Bank Report (2014) the high unemployment
is related to the overall investment climate in the country and the economy’s slow capacity to create new jobs. In
OECD nations less than 10% of young population was involved in starting new ventures during early 2000 (Nolan,
2003). In Kenya, although many young people are unemployed and have sufficient education to venture into
entrepreneurship, very few have the entrepreneurial intention. The low numbers of the University graduates opting
for self-employment and entrepreneurship despite high levels of unemployment in the country is a great concern
which begs the question as to what triggers or hinders entrepreneurial intention.
In recognition of the importance role played by entrepreneurship and the Small and Medium Enterprises sector
(SMEs), in creating employment for the youth, many African countries have come up with entrepreneurship support
interventions targeting students. This is because much of the employment growth potential in developing countries
like Kenya exists through the creation of small enterprises which can grow into big enterprises capable of absorbing
many unemployed youths. In the hope of promoting entrepreneurship development among the youth, many
countries have introduced, encouraged, supported and substantially invested in entrepreneurship education at
Universities (Brush et al., 2003; Katz, 2003). This has also gone down to high schools (Peterson and Kennedy,
2003) and to Primary school (Huber et al., 2014).
It is due to this that many Universities offer entrepreneurship education aimed at producing graduates who are
equipped with business skills and attitudes necessary for self-employment and entrepreneurship. However, despite
the potential of entrepreneurship training, evidence on how the training programs shape student’s skills and
facilitates entrepreneurial intention among the University students is not clear. Most studies suggest that
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entrepreneurship education fosters entrepreneurial intention and consequently entrepreneurial activity (Peterson and
Kennedy, 2003; Walter et al., 2013). Some studies on the relationship of entrepreneurship education and
entrepreneurial intention have yielded mixed and inconsistent conclusion (Bae et al., 2014; Williamson et al., 2013).
These efforts to stimulate entrepreneurship intention have increased scholarly interest in the outcomes of such
efforts (Dickson et al., 2008). The mixed findings of the outcomes could suggest that environmental conditions
could influence the outcomes of entrepreneurship education (Walter and Dohse, 2012). It has also been suggested
that entrepreneurship is person-context interaction (Herron and Sapienza, 1992). The decision to become an
entrepreneur though individual decision, involves an elaborate mental process influenced by a number of interrelated
factors within a person and others outside. People select entrepreneurship as an alternative carrier because of various
“push” and “pull” factors (Matlay & Storey, 2003). Understanding the level of entrepreneurial intentions among
students therefore provides insights to policymakers and institutions for estimating future entrepreneurship activities
or entrepreneurial potentials that can be applied to achieve desired economic activities through employment creation
and small business start-up.
Problem Statement
A growing and vibrant economy is expected to provide employment to the majority of University Students after
completion of their studies but Kenya has long experienced high unemployment particularly among the University
graduates. This is mainly due to the fact that the Kenya economy is not creating sufficient jobs to cater for the
increasing number of the University graduates seeking formal employment. This is a major concern for any country
because it has the effect on the welfare of the graduates and may also adversely affect the economic performance
and social stability. Due to this, various efforts have been taken to encourage and support University students to
consider entrepreneurship and self-employment as a viable career option. Some of these efforts include the
introduction of entrepreneurship education and other government support interventions such access to finance for
small business start-up. Despite these efforts the number of University graduates interested in entrepreneurship
remains low. Moreover, studies on the effect of entrepreneurship education on entrepreneurial intention has yielded
mixed and inconsistent results (Williamson et al., 2013). Furthermore, little research has been done on the
contextual factors while research on the determinants of entrepreneurial intention has mainly concentrated in
developed countries (Bruton et al., 2010).
It is in view of this that this study seeks to explore factors influencing entrepreneurial intentions among University
graduates. The findings of the study will inform the policy makers develop appropriate programs and strategies to
stimulate entrepreneurship activity among the graduates who can become job creators rather than job seekers.
Research Questions of the Study
1. Do demographic factors such as age, gender, education or family background affect entrepreneurial
intention among University graduates?
2. How do personality attributes affect entrepreneurial intention among University Students?
3. How does entrepreneurship attitude affect entrepreneurial intention among University Students?
4. What is the relationship between entrepreneurship education and entrepreneurial intention among
University Students?
5. Do government support systems influence entrepreneurial intentions among University Students?
REVIEWED LITERATURE
Entrepreneurial Intention Concept
Entrepreneurial intention is a state of mind that people have desire to start a new business and according to Wu et
al., (2008), entrepreneurial intention is the driving force of the entrepreneurial activity. In broad terms,
entrepreneurial intentions can be defined as a conscious awareness and conviction by an individual that they intend
to set up a new business venture and plan to do so in the future (Bird, 1988; Thompson, 2009).
A number of studies have investigated the antecedents of entrepreneurial intentions, with Shapero’s Model of the
Entrepreneurial Event (SEE) and Ajzen’s Theory of Planned Behaviour (TPB) featuring prominently as frameworks
to guide these studies (Krueger, Reilly and Carsrud, 2000). In many respects, the models are very similar.
Entrepreneurial intention is a response of the individual to certain factors such as personality which influences
perception of desirability and external institutional factors which influence the perception of feasibility. TPB focuses
on attitudes as the best predictors of intention.
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Entrepreneurship Education
In the hope of sparking more entrepreneurship, many countries have substantially invested in entrepreneurship
education (EE) at Universities (Brush et al., 2003; Katz, 2003). With increasing level of unemployment among
Kenya University Students many Universities offer entrepreneurship education aimed at producing graduates who
can consider self-employment and entrepreneurship as a viable career option. The main role of entrepreneurship
education is to increase students’ awareness towards entrepreneurship, to allow students to develop entrepreneurial
skills, to teach students to put theory into practice, and highlight the entrepreneurial path as a career option (Bae et
al., 2014; Fayolle and Gailly, 2013). Besides entrepreneurship education, other studies found that perceived
feasibility, perceived desirability, and prior entrepreneurial exposure are positively related to entrepreneurial
intention (Fitzsimmons and Douglas, 2011; Guerrero et al., 2008).
According to Hattab (2014), students who pursue business-related courses acquire exposure in entrepreneurship,
which increases their capability to develop and execute new business concepts and venture into self-employment. It
implies that entrepreneurial education is vital in strengthening positive attitudes in learners as they embark on an
entrepreneurial profession. The study advocates for the restructuring of the education system to ensure that the
universities adopt a curriculum tailored towards enhancing the self-efficacy of students. It will ensure that students
gain skills such as risk-taking, drive for success, and vigilance, which are the foundation of an entrepreneurial
personality. Also, entrepreneurial courses should foster attributes such as innovativeness, creativity, and
independence in learners to increase their propensity to create new businesses.
Gitaka (2018) predisposes that entrepreneurship education plays a significant role in enabling learners to develop a
positive attitude towards entrepreneurial intentions. Also, entrepreneurial education is essential in increasing the
subjective norms of students, which are a positive indicator of their entrepreneurial intentions. Thus, the universities
should ensure that they offer entrepreneurial education that improves the perceived behavioral control of the learners
to the optimum and makes them appreciate the need to start their business entities.
Entrepreneurship attitude
It is known that attitudes of people are precursors to their behaviors (Ajzen and Fishbein, 1980). Past work in
development of attitude has indicated that exogenous factors like social milieu have an impact on attitude and
intentions of individuals (Ajzen, 1991; Kanungo, 1990; Kiggundu, Jorgenson, and Hafsi, 1983; Krueger, 1993).
Negative attitude of people towards government policies have resulted in failure of attempts to promote
entrepreneurship (Gnyawali and Fogel, 1994). This linkage between attitude and subsequent behaviors has been
established in entrepreneurial behaviors as well (Krueger & Carsurd, 1993; Lee, Chua, and Chen, 2004).
It is argued that if the family and society at large views entrepreneurship as valuable and positive, youth will be
encouraged to opt for entrepreneurship as a career. Attitudes influence behaviour and intentions and attitudes depend
on the situation and the person. Douglas and Shepherd (2002) found that the intention to be an entrepreneur is
stronger for those with more positive attitudes to risk and independence. Intentional behavior helps explain why
many entrepreneurs decide to start a business long before they scan for opportunities (Krueger et al, 2000).
Personality Attributes
There have been consistent positive relationships between entrepreneurship intentions and personality traits (Yosuf
et al. 2007). Gartner (1988) says that the entrepreneurs are individuals with distinctive and specific personality traits.
Personality traits have direct impact on many entrepreneurial activities including the intention to launch a new
business, success in business, and enhance entrepreneurial set up (Shaver and Scott, 1991). One of the attributes of
entrepreneurs is the need for achievement and according to Need for Achievement Theory by McClelland (1961),
individuals with a high need for achievement have a strong desire to be successful hence the desire to start
businesses that will make them successful. Previous studies show a positive relation between need for achievement
and entrepreneurial intention (Colakoglu and Gzukara, 2016). Another major personality attribute of entrepreneurs is
the internal locus of control. This is a belief that the outcome of an activity is dependent on the individual’s personal
initiative and hard work. According to Shane et al., (2003), locus of control is considered to be important in
individuals’ motivation and intentions to start new ventures. Self-efficacy is another personality attribute associated
with entrepreneurs and at the centre of the Theory of Planned Behaviour. It is a great driver of goal oriented
behaviour (Baum and Locke, 2004). It is the degree to which individuals believe they have the ability to
successfully start a business (Malebana, 2017).
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Government Support systems
The intention to start to a business can be triggered from two main dimensions, perceived desirability that can be
attributed to personality traits and perceived feasibility which can be attributed to external environmental factors
such as the government support systems. Such factors may include access to capital, ease of doing business, access
to markets and information among others. According to Krueger et al., (2000) and Solesvik et al., (2014) perceived
feasibility is the degree to which one feels personally capable of starting a business. One may desire to start a
business but without startup capital this may not be feasible. According to Jemel (2017) the lack of start-up capital is
considered as the most serious challenge for youth to think about launching their own business. Other support
systems that can increase the desire to start business is access to information to markets, technology, how to run a
business and government regulations. Kristiansen and Indarti (2004) observed that access to information is an
important element for the intention to launch new ventures.
Theoretical perspective
Theory of Planned Behaviour (TPB)
The Theory of Planned Behaviour (Ajzen, 1988) assumes that the best prediction of behaviour is given by asking
people if they are intending to behave in a certain way. Here we note that the intention will not express itself in
behaviour if it is physically impossible to perform the behaviour or if unexpected barriers stand in the way.
Assuming intention can explain behaviour, Azjen argues that determinants which explain behaviour intention are:
1. The attitude is the degree to which a person has a favourable/unfavourable evaluation of behaviour of interest.
2. The subjective norm is the belief about whether most people approve or disapprove of the behaviour of interest.
3. The perceived behavioural control can be viewed as self-efficacy towards the behavior which is the person’s
perception of the ease or difficulty of the performance behaviour.
Personality Traits
 Attitude
 Self-Efficacy
 Locus of Control
 Need for achievement

Demographic factors
 Age
 Gender
 Marital Status
 Household head level of education
 Household head education
 Household head occupation
 Self-employment experience

Government Support Systems
 Access to Capital
 Business information
 Locus of Control
 Ease of doing business

Entrepreneurial
Intention
Entrepreneurial education

Figure 14: Conceptual Framework
According to the theory, attitudes, subjective norms and perceived behavioural control the intention, this in turn
predicts the behaviour. Background variables, as demographical factors, are supposed to influence the behaviour
through the three determinants and the intention. Attitudes, subjective norms and the perceived behavioural control,
explain the behavioural intention before the behaviour takes place. The intention is a good predictor of the actual
behaviour. The actual behaviour leads to feedback about the expectations of the behaviour. This study adopted the
theory of planned behaviour (TPB) as developed by Ajzen and has been widely applied in studies of behavior
intentions (Karimi et al., 2011;2012, Mohammed, et al. (2017). The individual intent to come up with a business
plan is presumed to rely on three elements: The perceived attractiveness of starting a business (attitude); the level of
incentive in the social environs (subjective norms); personal ability to execute the process to start a business
(perceived control over the intention).
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One of the limitations of the theory is that it does not account for other variables that factor into behaviour intentions
and motivation such as fear, threat, mood or past experience and while it does consider normative influences, it still
does not take into account of environmental or economic factors that may influence a person’s intention to perform
behaviour. However, despite these limitations the theory is relevant to the study as study seeks to establish the
intentions to entrepreneurial behaviour and activity.
MATERIALS AND METHODS
The aim of the study was to investigate factors that impact on the entrepreneurial intentions among final year
students of Chuka University from across various faculties. To achieve this aim, the study targeted a population of
fourth-year students in Chuka University, Kenya, in 2019/2020 academic year. The sampling strategy employed in
this study is proportional stratified sampling targeting a total of 120 students. The strata were the six faculties of
Chuka University namely; FAEs, Business Studies (FBUST), Humanities and Social Science (FHSS), Education
(FERED), Science, Engineering and Technology (FSET), and Nursing and Public Health (SNPH). Thus,
questionnaires were labelled by faculty to guide the enumerators. This strategy was purposely selected to ensure that
there was no overrepresentation of students within one faculty. A pilot study was carried out with a convenience
sample of 15 fourth-year students to test research instruments. The pilot study helped in refining the research
instruments by removing ambiguous statements. A total of 150 questionnaires were administered to randomly
selected students. Four well-trained students aided in the administration of the survey. During the data collection, a
screening question inquiring the student’s faculty was posed to randomly selected students.
Research Instruments and Data Analysis
The demographic factors under consideration in this study are Individual factors including gender, age, previous
business experience and family background of the respondent’s including income level of the parents, level of
education of the household head. The research constructs were measured on a multi-item scale adapted from
previous studies. Attitude, need for achievement, and locus of control were the three constructs of student's
personality. All the indicators were measured on a 5-point Likert scale was used t, all ranging from 1 (Strongly
Disagree) to 5 (Strongly Agree), and were averaged to get their respective constructs. The data were then analyzed
using SPSS 22 and Smart PLS 3. Both descriptive and correlational research design was employed to examine the
influence of each factor on entrepreneurial intentions among the students. The statistical techniques utilized included
descriptive analysis, confirmatory factor analysis, and partial least square regression analysis. All the hypotheses test
was done at a 5% level of significance.
RESULTS
Table 1 presents the distribution of the students by faculty. Most students were in the Faculty of Business Studies,
while a few were from the Faculty on Nursing and Health Sciences.
Table 1: Distribution of the students by Faculty
Faculty
FAES
FBUST
FERED
FHSS
FNHS
FSET
TOTAL

Frequency
25
32
19
23
9
12

Percentage
20.8
26.7
15.8
19.2
7.5
10

120

100

The summary of the descriptive statistics of the demographic information of the participants are provided. The
distributed sample questionnaires were 120 (target sample) utilized in the analysis. The proportion of males (n=72,
60%) was higher than that of females (n=48, 40%). The age distribution of the participants ranged from 21 to 30
years. More than half of the respondents (n=92, 52.87%) were 22-25 years old. 57.5% reported having taken an
entrepreneurship course, while 42.5% did not. The proportion is balanced. A comparison of the entrepreneurial
intention of students who took the entrepreneurship course and those who did not will not be biased. Most students
believe that the occupation of their household head influences their entrepreneurial intention (n = 77, 64.2%).
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Socio-Demographic Factors and Entrepreneurial intention
The chi-square test was employed to examine the impact of demographic characteristics on entrepreneurial
intentions. Since average scores of EI was on a continuous scale, a binary variable with two levels was created, with
the mean (4.03) as the cut point. Those with a mean score above 4.03 were categorized to have higher EI otherwise
low. The results indicated that in entrepreneurial intention did not significantly depend on gender, age, marital
status, faculty, household head level of education, household head occupation, and entrepreneurial education.
Regarding gender, the levels of entrepreneurial intention among male and female students are equal (Table 4). The
finding is consistent with past studies of Smith et al. (2016); Nabil and Zhang (2020). However, experience and
entrepreneurial intention were significantly dependent. The finding is consistent with the study conducted by Nabil
& Zhang (2020) and Peng et al. (2012) and that the prior entrepreneurial experience has an impact on
entrepreneurial intention and competence. The contingency table showed that 66% of the students with a selfemployment experience had higher EI scores than those without (47.8%) (Table 5).
Table 2: Chi-test for Assessing the Impact Demographic Variables on Entrepreneurial Intentions.
Variable
Chi-square statistic
df
p-value
Gender
0.456
1
0.499
Age
0. 141
2`
0.932
Marital Status
0.184
2
0.912
Faculty
8.34
5
0.139
Experience
4.008
1
0.045
Household head level of education
4.957
4
0.292
Household head occupation
3.367
3
0.338
Entrepreneurial education
0.031
1
0.860
Table 3: Crosstab between Employment experience and Entrepreneurial Intention
Low EI
High EI
Count
18
35
Yes
Percentage
34.0%
66.0%
Self-employment experience
Count
35
32
No
Percentage
52.2%
47.8%
Count
53
67
Total
Percentage
44.2%
55.8%
Note: All percentages are row percentages (within self-employment experience)

Total
53
100.0%
67
100.0%
120
100.0%

Confirmatory Factor Analysis and Reliability Test
The confirmatory factor analysis (CFA) was done using Cronbach’s Alpha (CA). Field (2013) suggested that a
reliability score or alpha that is 0.70 or above is acceptable. The CFAs results indicated that all items adopted for
AT, NA, LC, EE, and were all reliable expect for EI and GSS. Table 4 presents the results of the reliability analysis
after removal of bad indicators. The Cronbach's alphas for all the constructs are above the threshold of 0.7, an
indication of internal consistency of the respective indicators. Figure 1 shows the factor loadings of retained items
together with CA values of the endogenous variable. The net fit index (NFI) of the model was 0.726 an indication
that the model is moderately fit for the data
Table 4: Construct Reliability and Validity Analysis
Construct
No of items
Cronbach's
rho_A
Alpha
AT
5
0.922
0.999
EI
2
0.782
0.785
EE
6
0.906
0.926
GSS
3
0.698
0.758
LC
5
0.907
0.973
NA
3
0.863
2.725
SE
3
0.862
0.871
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Composite
Reliability
0.937
0.902
0.927
0.827
0.930
0.886
0.916

Average Variance
Extracted (AVE)
0.748
0.821
0.681
0.616
0.731
0.725
0.784

Figure 15: Structural Model with Factor Loadings and CA Values for Endogenous Variables
Correlation Coefficients between Variables
Table 5 depicts the correlation matrix between all the variables alongside the descriptive statistics of each construct.
Overall, the mean scores across all the variables are moderate to moderately high (all means exceeds 2.5). The
entrepreneurship intention had the highest average score (Mean = 4.03, SD=1.08) whereas GGS variable had the
lowest average score (Mean = 2.94, SD = 0.92). The bivariate Pearson correlation results indicated a significant
positive correlation between AT and EI (r = 0.199, p < 0.05) and between SE and EI (r = 0.223, p < 0.05). Thus, a
positive attitude leads to higher entrepreneurship intention. In as much as NA, LC, EE, and GSS positively
correlated entrepreneurship intention, the correlation is not statistically significant at 5% level (p > 0.05).
Table 5: Correlation Matrix
EI
AT
EI
1
AT
.199*
1
NA
0.033
.775**
1
LC
0.096
.834**
.833**
SE
.223*
.831**
.750**
EE
0.134
.791**
.786**
GSS
0.040
0.165
0.239**
Mean
4.03
3.5
3.41
SD
1.08
1.27
1.22
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
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LC

SE

EE

GSS

1
.777**
.755**
0.189*
3.44
1.36

1
.753**
0.161
3.27
1.27

1
0.201*
3.38
1.15

1
2.94
0.92

Structural Equation Modeling (SEM)
The current study adopted partial least squares (PLS) which was adopted to estimate the measurement and structural
model. The technique is suitable since it accommodates formative latent variables. Moreover, it allows for the
determination of the relationship between the regressors and the outcome variables. The path coefficients were
obtained by bootstrapping- a nonparametric procedure that allows testing the statistical significance of various PLSSEM results such as path coefficients, Cronbach's alpha, and R² values. The results indicated a positive relationship
between students' attitudes towards behavior and entrepreneurial intentions (β = 0.363; t = 2.779, p < 0.019) (Figure
1, Table 6). The findings support the expectation of the study. These findings are consistent with past studies that
found a significant positive relationship between students' attitudes and entrepreneurial intention (Autio et al.
(2001); Mohammed et al. (2017). Also, the self-efficacy had a positive influence on students' entrepreneurial
intentions (β = 0.263, t = 2.725; p < 0.05). The results are consistent with those of Yıldırım et al., (2016) and Nabil
& Zhang (2020) who found that students showed a considerable self-efficacy and significantly influences
entrepreneurial intention. However, the results are contrary to those revealed that the subjective norms do not
influence the student's entrepreneurial intentions (Mohammed et al. (2017).
Moreover, the path coefficients of locus of control and NA on EI were not statistically significant (all p-values >
0.05) with negative path coefficients (𝛽𝑖 < 0). The research finding is consistent with those of Mohammed, Fethi
and Djaoued (2017) who found an insignificant locus of control behavioural intentions to entrepreneurship among
Algerian students. In a Turkish study, Yıldırım et al. (2016) discovered that students have a more negative
perception regarding the locus of control. Nevertheless, it differs with several studies that supported a significant
positive impact of perceived behavioural control (PBC) on student’s entrepreneurial intentions (McGee et al.,
(2009); Taouab, (2014); Pejic Bach, Aleksic, and Merkac-Skok (2018)). According to Mohammed et al. (2017),
perceived control on the student intentions is contextual and relies on the study population. They further argued that
it works better in industrial economies.

Figure 16: Structural model and results of SEM analysis
Note: outer model: factor weights (p-values); Inner model: path coefficients (p-values)
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The results indicated that EE and GSS do not significantly influence the student's intention EI. Even though
entrepreneurial training is offered to most courses more so in the faculty of business, the findings do not support the
expectation of significant positive impact on students' entrepreneurial behaviour. Contrary to the expectation of this
study, the results indicated that EE does not significantly influence student's intention EI. Similar to the current
findings, Karimi et al. (2012) found no significant effect on entrepreneurship education programs on entrepreneurial
intention. As indicated earlier, the attitude scores among the students ranked the highest among other constructs.
Thus, entrepreneurship courses offered to them may have a lesser impact on their attitude towards starting up new
firms. According to Khuong (2016), while Universities are offering entrepreneurial programmes, the curriculum
lacks practicality and applicableness that limit the students' skills to come up with new business ideas. Nevertheless,
some studies such as Yıldırım et al. (2016) have revealed that the educational programme has a significant influence
on EI among Turkish students.
Most of the hindrance raised by students are the common challenges faced by new firms including; access to capital
and insufficient funds to run their business. Other issues raised were financial risk and uncertainties, stiff
competition, Unfavorable government policies such as taxation and fear of huge losses. Thus, while students might
have business ideas, government support systems may limit them to transform their ideas into reality. The result is
consistent with those of Nabil and Zhang (2020).
Table 6: Path coefficients analysis for each predictor variable and Entrepreneurial intentions
Path coefficient
Standard Deviation (STDEV)
T Statistics
P Values
AT −> EI
0.363
0.131
2.779
0.019
EE −> EI
-0.048
0.155
0.311
0.762
GSS −> EI
0.026
0.134
0.193
0.851
LC −> EI
-0.198
0.188
1.052
0.318
NA −> EI
-0.197
0.155
1.272
0.232
SE −> EI
0.263
0.096
2.725
0.021
CONCLUSION AND POLICY IMPLICATIONS
The current study explored entrepreneurship intentions among Chuka University students and the associated
motivating factors. The theory of planned behaviour (TPB) was selected as a framework to comprehend
entrepreneurial intentions. Among the demographic variables, the entrepreneurial experience had a statistically
significant impact on entrepreneurship intention among the students. There was no significant difference between
gender and EI which is in line with the work of Smith et al., (2016) but contrast to the prior work of Zhang et al.,
(2014) that indicated Men had stronger EI than Women. Perhaps this can be attributed to Societies where it is the
responsibility of men to provide for their families. Moreover, the findings denote the vital role of a woman in
contributing to the building of the economy. The equality in entrepreneurial intentions in both male and female
implies that women have realized their capability and can take up any business opportunity at hand. In line with
Kenya's big four agenda and SGs, the current study proposes that gender equality should be upfront to boost
women's innovative entrepreneurial ideas. Moreover, the socioeconomic policies should ensure that women are
empowered and encouraged in pursuance of their business ideas.
The most crucial and practical deduction from TBP model in this study is the role of attitude and self-efficacy. Path
coefficients from PLS analysis revealed that self-efficacy and attitude are significant predictors of students'
entrepreneurial intention. The findings affirmed the TPB proposition that students' positive and enhance their
positive intent to come up with new firms. The results also agree with Yıldırım et al., (2016) assertion that
entrepreneurship is the behaviour resulting from an attitude that reflects an individual's motivation and capacity to
identify an opportunity and to pursue it into a reality. Since attitude is an individual perception, students are
encouraged to develop a positive attitude towards entrepreneurship. Encouraging university students to venture into
entrepreneurship, solves the problem of unemployment among young graduates. As a result, the ripple effect can be
reflected in sustainable economic growth owing to increased innovative activities. Nevertheless, the results did not
support all the attributes in the TBP model. Locus of control and need for achievement had an insignificant impact
on students' entrepreneurial intention.
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Ideally, entrepreneurship education programs positively shape students’ and nurture entrepreneurial skills and
capabilities. However, the current study results are contradictory. Thus, there is a need for educational reforms that
ensures that students receive adequate training and given practical experience for students to excel in
entrepreneurship. Additionally, the study found that the government supporting systems (access to capital, access to
business information) has no significant impact on entrepreneurial intentions. The finding implies that most youths
in Kenya struggle to access funds for their businesses. Either they do not meet the requirements such as collaterals
as a requisite to access to capital. Moreover, the students showed an intention of starting up new businesses, but
unfriendly government support systems such as access to capital and taxes curtail their motives. Thus, efficient
infrastructural support should be enacted at the national and county level to ensure that youth have access to cheap
loans and readily available funds. The findings of the study indicate that although the entrepreneurial intention is
personal, it is influenced by a set of factors internal to the individual and external. To stimulate entrepreneurial
intention among University Students, factors that hinder or trigger these intentions need to be addressed.
The study findings carry important implications for educational programs and political reforms. Based on the study
findings, the researcher suggests the following recommendations for the educational system and policymakers in
entrepreneurial training and support of new business starters.
(i) Students should be encouraged to form or join student business clubs, organizations, contests where they can
hold symposiums to discuss possible joint business ventures and new business opportunities.
(ii) Linking students to successful entrepreneur mentors and role models and holding youth entrepreneurship
awareness programs. Successful role models are a source of learning and can greatly influence attitudes and
values necessary for boosting entrepreneurial intentions among University students.
(iii) Policy makers both at the government and Universities to consider and support entrepreneurship courses and
activities that help stimulate positive attitudes towards entrepreneurship and self-employment among the youth.
This can be done by establishing business incubators, Science parks which provide students with forum to
enhance their skills
(iv) The government’s social and economic structures should be efficient to ensure that young graduates have access
to information and access to capital in pursuit of their entrepreneurial activities.
LIMITATIONS AND RECOMMENDATIONS FOR FUTURE RESEARCH
The current study has several limitations that leave gaps for future research studies. First, the context of these results
limits the generalizability to all university students and the public. That is, the current study confined to Chuka
University, Kenya. Future research can consider another institution or use panel designs cutting across other
institutions in Kenya. Secondly, the analysis did not employ mediation analysis. Thus, future research can use
mediation analysis to elucidate on the direct or indirect path of the predictors of entrepreneurial intention.
Additionally, future research can consider other aspects such as beliefs, risk-taking, motivations, as possible
attributes that might influence entrepreneurial intent among Students in Kenya.
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ABSTRACT
This paper is focused examining some of the challenges faced by youth in applying modern technology in
screening business ideas before implementation to enhance management of sustainable agri-based small and
medium scale enterprises (SMEs) in a competitive economy particularly these hard times of unemployment and
unpredictable social distress like Covid -19. This study explored the phenomenon of idea screening which
expands current understanding of how youth perceive ideas for innovative agro-based projects in determining
quality production and value addition. The study critically and contextually examined the best practice among
youth in screening business ideas which will not only help Kenyan small and medium scale enterprises to
survive and sustain the hard times but rather grow steadily and so become strong enough to contribute their
quota to sustainable development in Kenya. Some of the impediments on idea evaluation/screening among
youths which sets out objectives includes limited capital, absence of innovation, poor networking. The study
applied descriptive survey design. The target population was 20agri-based youth owned enterprises registered
under Meru county Government. 40 Respondents were sampled from owners of 20 SMEs meaning each
enterprise contributed 2 respondents. Data was collected using a 5-point Likert scale questionnaire to gather
perception from the respondents. Based on the findings the following were revealed impediments: in access to
seed capital, poor networking and lack of innovation. Some of the key recommendations includes sourcing for
cheap and reasonable capital, capacity building, enhancing forums for interactions, and platforms for
innovation, benchmarking, exchange programmes.
Keywords: idea screening, SMEs, Sustainability, Limited Capital, Innovation, Networking,
BACKGROUND OF THE STUDY
Youth unemployment around the globe has become a major challenge in the 21 st century. According to the World
Youth Report (2018) approximately 88 million youth around the world are unemployed and underemployed.
According to International Labour Organization report by Elder and Sparreboom (2018), the long term impact of
youth unemployment could be felt for decades. The report projects that 73.4 (12.6%) million young people are
expected to be out of work in 2015 an increaseof3.5 million between 2007 and 2013. While youth unemployment is
a widespread phenomenon in the world, the case is much worse in Kenya. Today, Kenya's youth unemployment
rate, according to Youth Employment Marshall Plan (2019) is at 67 percent, among the highest in the world. It is
widely acknowledged that Small and Medium Enterprises (SMEs) generate employment opportunities, economic
growth and produce commercial innovations of high quality. Consequently, there is a growing appreciation within
Government, Development Community and Civil Society that an important aspect of holistic and all inclusive
development is the active participation and involvement of the youth in SMEs (Youth Employment Marshall Plan,
2018). The population growth rate of the youth has outstripped both the growth of the economy and employment
opportunities. This means in essence fresh employment opportunities must be created including by the youth
themselves. The best way the youth can create opportunities is through entrepreneurship (Sagwe et al., 2014).
The key issues concerning youth had been raised in internationally negotiated documents, such as the International
youth forum of the 2017 held in Britain, International Conference on Population and Development, Development,
peace, and participation have been the three most popular themes in the past four decades to raise issues of concern
for youth. Reflecting these themes youth outlined ten priority areas of concern for young people namely education,
employment, hunger, poverty, health, environment, drug abuse, juvenile delinquency, leisure time activities, girls
and young women, and participation (Advocates for youth,2017).Under the bill of rights (Article 21 (3)) the
constitution obligates all state organs and officers to address the needs of vulnerable groups within society, including
women, older members of society, persons with disabilities, children, youth, members of minority or marginalized
communities, and members of particular ethnic, religious or cultural communities. The youth in Kenya, who
number about 9.1 million, account for about 38% of the population and of this 51.7 % are female. The youth form
60% of the total labour force but many of them have not been absorbed in the job market owing to the country's high
unemployment level (Kenya National Youth Policy, 2007). The number of persons enumerated during 2009
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population and housing census in Kenya was 38,610,097 representing an increase of about 35% from the 1999
census. The population pyramid shows that the population of Kenya is still very youthful (KNBS, Kenya Census
2009). In this study we shall use the Kenyan definition. Generally, over 200 million Africans are now officially
designated as Youths that are 15 to 35 years of age. Kenya formulated the Vision 2030 development agenda which
would propel the country into a middle-income country by the year 2030. According to the Vision 2030 strategy, the
youths are regarded as an integral and important component especially towards wealth creation. This is because the
youth formed much of the human capital and therefore human development strategies implemented during that
transitional period would have long-term impacts on the structure and quality of human capital. Young people, then
and in the future, would be the principal stakeholders and beneficiaries of the Vision 2030 (implementation of the
flagship projects and key national policies and programmes identified under the Vision 2030 and the MTP) (MOP)
Statement of Problem
In Kenya, the level of unemployment is very high with the most affected being the youth who are graduating from
universities and other institutions of learning, who fail to secure formal employment opportunities and hence fail
to gainfully contribute to economic development of the country despite their enthusiasm, energy and drive (Sagwe,
Gicharu and Mahea, 2016). The need to come up with strategies to deal with the situation is highly regarded. One
of the strategies put in place by the government is the Youth Empowerment by supporting their enterprises
particularly agro-based which could assist in widening country food basket. According to UNICEF 2018, Modern
technology has experienced vast expansion in recent years, leading to its extensive use by people from all
generations. For a generation of young people, technology has assumed a substantial stake in their social and
educational lives (Namusonge, G.S. (2016). The vast majority of adolescents have access to computers, the
Internet, cell phones, video games, and many other forms of modern technology.
The evolution of technology has dramatically changed society. An endless number of people all over the world use
modern technology particularly youths but it has been noted they experience endless challenges when screening
business ideas turning them to viable and profitable opportunities particularly in agro-based enterprises. The
growth of technology has changed the world, which in turn has changed the daily lives of youth. Dehmler (2017)
asserts that youth today are growing up in an interconnected, networked world. The youth have unprecedented
access to modern technologies and use them in expected and unexpected ways particularly screening business
ideas which is the foundation of any successful enterprise. Despite their increasing adoption, there is little
systematic evidence on internal innovation contests in value addition, reprocessing, branding, and packaging
among other processes within agro-based enterprises. Some notable exceptions are the studies by Spears et al.
(2016), Chen et al. (2015), La Comb et al. (2017), Santos and Spann (2015) and Soukhoroukova et al. (2014)
which emphasize technology effectiveness for business idea screening through mobilizing existing knowledge,
and enhancing communication for selection of large pools of new product ideas
LITERATURE REVIEW
Theoretical Theory
Churchill and Lewis Firm Growth Theory
The development and performance of any enterprise, large or small, tends to follow a predictable pattern that is
usually characterized by sequential progressive phases. Churchill and Lewis as presented in Perenyi (2008)
examined the problems and challenges of the firm as it grows; the owner/manager needs to display different
managerial talents like networking and managerial skills when dealing with challenges. For a small business to grow
and perform successfully, the owner/manager must develop the requisite competencies to enable the business to
progress to the next phase. The model developed by Churchill and Lewis has five performance stages; existence,
survival, success, take-off and resource maturity. In the existence stage, a key focus is obtaining customers and as
such, the extent of formal systems is minimal and, in some cases, non-existent (Churchill & Lewis, 1983). In
addition, the organizational structure is flat and therefore, the owner/manager adopts a management style where
there is direct supervision of employees.
Innovation Theory
Innovation theory, also called diffusion of innovation theory, explains how advancements gain traction and over
times spread, of diffuses, throughout a specific population. These advancements can be new ideas, technology,
behaviors or products. Diffusion of Innovation (DOI) Theory by Rogers (1962), is one of the oldest social science
theories. It originated in communication to explain how, over time, an idea or product gains momentum and diffuses
(or spreads) through a specific population or social system. The end result of this diffusion is that people, as part of a
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social system, adopt a new idea, behavior, or product. Adoption means that a person does something differently than
what they had previously (i.e., purchase or use a new product, acquire and perform a new behavior, etc.). The key to
adoption is that the person must perceive the idea behavior, or product as new or innovative.
Empirical Review
Impact of limited Capital on Business idea Screening and Sustainability of Agro-based Youth Owned Small and
Medium Enterprises
According to International Labour Office (2017), Youth entrepreneurs face a lot of challenges in accessing
finances to inject in their business both as startup, seed capital and finance expansion of the businesses. In
addition, access to credit from commercial banks and other financial institutions due to discrimination has lend
them to poorly apply modern technologies in screening business ideas. Lack of access to finance is one of the
major challenges facing youth owned SMEs worldwide. Access to credit helps to increase stock, capital,
conducting marketing, advertisements and promotions. The study revealed almost 80% of the initial source of
business start-up for most of the youth SME owners was self-financing followed by loans from banks which is a
major obstacle in screening business ideas for viability and sustainability. This leaves youth with the option of
applying traditional methods (observation, brainstorming, SWOT among others) of screening business ideas. In
addition, due to the lack of self-sustaining resources, the absence of a substantive credit history, sufficient
collateral or guarantees to secure loans or lines of credit, young people are often seen as particularly risky
investments and therefore face difficulties in accessing finance.
Absence of Innovation effects on Business idea Screening and of Sustainability of Agro-based Youth Owned
Small and Medium Enterprises
Technological innovation is the process by which industry generates new and improved products and production
processes. Technological innovation includes activities ranging from the generation of an idea, research,
development and commercialization to the diffusion throughout the economy of new and improved products,
processes and services. Effective technological innovation includes either the diffusion process or the spread of the
innovation commercially (Zairi, 2016). Technological innovation requires and is followed by new technology
exploitation. New technology exploitation (NTE) refers to the utilization of new technology or scientific
developments to improve the performance of products or manufacturing processes. The failure of youth to recognize
and manage breakthrough technology innovation often results in enterprise inefficiencies and frustration (Boyd, R.L.
(2015)).Rogers (2016) described the innovation-decision process as ―an information-seeking and informationprocessing activity, where an individual is motivated to reduce uncertainty about the advantages and disadvantages
of an innovation‖ .For Rogers (2017), the innovation-decision process involves five steps: knowledge, persuasion,
decision, implementation, and confirmation. These stages typically follow each other in a time-ordered manner.
The innovation-decision process starts with the knowledge stage. In this step, an individual learns about the
existence of innovation and seeks information about the innovation. ―What? ―how? and ―why?. At the
implementation stage, an innovation is put into practice. However, an innovation brings the newness in which
―some degree of uncertainty is involved in diffusion. Uncertainty about the outcomes of the innovation still can be
a problem at this stage. In technical business services, product innovations included highly specialized software,
task-orientated computer products, data management tools, and internet-based services; process innovations ranged
from computerized networking in the development of software, the adoption of ISO standards, and the development
of new project standards and methodologies dealing with evaluation methods and quality testing (Baldwin et al.,
2016). Creation of new products is an important driver in economic growth and productivity both to the youth SMEs
and country at large. When new goods and services emerge, new markets also emerge to consume them. Innovation
matters. In the consumer product realm, it can drive profitability and sustainability of youth based SMEs, and it can
help enterprises succeed—even during tough economic times. The study revealed that 90% of the youth in agrobased enterprises were not aware of these innovation processes and tools hence were still applying traditional
business ideas screening methods which is a real impediment (DeTienne, D. R. & Chandler, G. N. (2017).
Impact of poor Networking on Business idea Screening and of Sustainability of Agro-based Youth Owned Small
and Medium Enterprises
Social networks, role models and mentors are important sources of information and resources for youth
entrepreneurs. Membership in business associations provides a venue for exchanging information and building
partnerships. Yet prevailing social norms and youth's time burdens can make networking a challenge for youth.
Youth Entrepreneurs make use of social relations and social contacts as channels to gain access to information,
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customers, and suppliers and to the sources of finance. They make use of family and friends networks to access
unpaid family work as well as emotional support. It has been found that support from personal network improves
survival, growth and sustainability chances of new enterprises. Specifically, support from strong ties (spouse/life
partner, parents, friends and relatives) is more important than support from weak ties (business collaborators,
acquaintances, former employers and former co-workers) which influence the success of new youth enterprises .
Help and emotional support from friends are more important for success in case of the youth entrepreneurs
(Mutuku, et al, 2016). Youth have different priorities in establishing networking relationships. Male motives are
more instrumental (seeking personal gain) while female have more affective considerations in social relationships.
Their management style is not seen as being relevant and thus, female are often excluded from the male networks
which are very effective. Youth do not have the same tools, assets, and chances in the small business arena. When
confronted by business problems or difficulties, youth entrepreneurs seek assistance first from family, then from
close friends and only last from knowledgeable business sources rather than seeking advice from their networks.
According to Della-Giusta M. & Phillips C. (2016), this might be due to lack of professional experience or the
diverse social network needed for youth to fully utilize the information and resources provided.
It was reported that youth entrepreneurs faced a shortage of peer support networks even though various
entrepreneurs and industry associations have been formed which generally serve as a platform for youth
entrepreneurs to establish networks and exchange information and experiences as well as to conduct training
programmes, seminars and workshops on motivation, leadership and entrepreneur development and to provide
other means of support. This is due to the fact that youth may not join these associations as they lack information
on the existence. This limits the youth entrepreneurs’ ability to seek informal advice and peer financing as well as
the information networks needed for survival and sustainability. This might pose a challenge to youth
entrepreneurs in establishing networks which are helpful to the survival of their enterprises (De Tienne, D. R. &
Chandler, G. N.(2015).The study revealed that 80% of the youth did not fully utilize these professional and
profound information and network in screening their business ideas which resulted in unviable and un-sustainable
agro-based enterprises.
METHODOLOGY
The study adopted descriptive research design. The study was carried out in Meru Town and its environs in Meru
County and targeted Owners/Managers of 50 Youth owned agro-based small and medium sized enterprises. It was
found necessary to select all the SMEs in this category since they were not many and a 100 percent response rate
was unlikely considering that a few had closed due Covid 19 outbreak. Out of the 50 SMEs selected 46 responded
representing 92% response rate which was considered sufficient enough. Meru Town and the environs was selected
because it is the economic hub of the county and most SMEs are located here.
Data was collected using a 5-point Likert scale questionnaire to gather perceptions of the respondents. The
questionnaire comprised of three parts; part one consisted of demographic information, section two consisted of
Technology application and the last part consisted of questions related to sustainability. This was measured using a
scale based on earlier studies Lumpkin and Dess, 2016. Validity and reliability tests were carried out and confirmed.
Data was collected and analyzed using descriptive statistics and inferential statistics to confirm the relationship.
PURPOSE AND OBJECTIVES
The main purpose of the study was to examine Technology application impediments on Business idea Screening and
Sustainability of Agro-based Youth Owned Small and Medium Enterprises in Meru. The specific objectives were:
i) To establish the effect of limited capital on sustainability of agro-based youth owned SMEs
ii) To analyze the effect of absence of innovation on sustainability of agro-based youth owned SMEs
iii) To evaluate the Impact of poor networking on sustainability of agro-based youth owned SMEs
RESULTS AND DISCUSSION
Questionnaires Response Rate
A total of 46 out of 50 self-administered questionnaires were filled and returned yielding a response rate of 92%.
Reliability and Validity Test
The results in the table below show Cronbach’s alpha of well above 0.7 implying that the Instruments were
sufficiently reliable for measurement.

291

Table 4.1: Dimensions and Reliability Statistics
Dimension
Items
Limited Capital
Absence of Innovation
Poor Networking
All items were measured with a five-point Linkert scale

Cronbach’s Alpha
0.906
0.715
0.762

Limited Capital and the Sustainability of Youth owned SMEs
Respondents were asked to give their views concerning how they perceived certain statements about the effect of
limited capital on the sustainability of youth owned enterprises in Meru County. The rates of 1-5 scale was used
where 1=Strongly Disagree, 2=Disagree, 3=Not Sure, 4=Agree and 5=Strongly Agree. The results of the study
showed that most of the respondents strongly agreed that the owner/manager of the enterprise were challenged in
terms of capital necessary to support business idea screening (mean of 5.49 and a standard deviation of 0.6061). The
participants also strongly agreed that owner/manager were challenged in accessing necessary capital for business
idea screening (mean of 5.51 and a standard deviation of 0. 7754). The statistics showed that the respondents were
not sure that over the past three years, the enterprises secured enough capital to screen business ideas (mean of 4.32
and a standard deviation of 0. 8886).
Participants were also neutral to the statement that their business has enough capital to support business idea
screening in 3 years (mean of 4.22 and a standard deviation of 1.0933). The youths who participated in the study
indicated that they agree that limited capital was real challenge in support of screening business ideas in the last 3
years (mean of 4.59 and a standard deviation of 0.0607). Table 4.2 shows these statistics. The average mean of
3.926 indicates youth owned agro-based SMEs faced a real challenge in securing enough capital necessary to
support technology in screening business ideas. This can be explained perhaps due to discrimination by financial
institutions in lending, lack of securities to pledge against loans among others.
Table 4.2: Descriptive statistics for limited capital with normality test
Mean
Std. Deviation
Owner/manager were challenged in terms of capital
5.49
0.6061
Owner enterprise was challenged in securing enough capital
5.51
0.7754
Over the past three years, the participants were not sure 4.32
0.8886
enterprises secured enough capital
Respondents were neutral that enterprises secured capital
4.22
1.0933
Youth supported lack of capital was a real challenge
4.59
0.607
Average mean of limited capital
3.926
Source: Survey data, 2020

Skewness
0.0607
-1.0702
0.8445

Kurtosis
-2.103
-0.0051
0.2398

-0.4619
0.0607

-0.0655
-2.1025

Absence of innovation and the sustainability of youth owned enterprises
Respondents were asked to give their views concerning how they perceived certain statements about the absence of
innovation affecting the sustainability of youth owned. The rates of 1-5 scale was used where 1=Strongly Disagree,
2=Disagree, 3=Not Sure, 4=Agree and 5=Strongly Agree. The study revealed that most of the respondents agreed
that there was a challenge in terms of developing modern techniques in screening business ideas (mean of 4.05 and
a standard deviation of 0.875). Most participants agreed that there they are not aware of modern techniques for
screening business ideas (mean of 4.13and a standard deviation of 1.063). Participants strongly agreed that the
government did not support them in applying modern techniques in screening their ideas (mean of 4.61 and a
standard deviation of 0.910).
Table 4.2: Descriptive statistics for Absence of Innovation with Normality test
Mean
Std. Deviation
Challenges in developing modern technologies for screening 4.05
0.875
Business ideas
Lack of knowledge on the existence of modern techniques
4.13
1.063
Lack of government support in application of techniques
4.61
0.910
Average mean of Risk Taking
3.976
Source: Survey data, 2020
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Skewness
0.0000

kurtosis
-1.3033

-0.8739
-1.2392

-0.7456
-0.2876

The tables above shows that a number of youth owned SMEs were adversely affected by absence of innovation
necessary to screening business ideas for sustainability of their enterprises represented by an average mean of 3.976.
Poor Networking and the Sustainability of youth owned Enterprises
Respondents were asked to give their views concerning how they perceived certain statements about the poor
networking and the sustainability of youth owned enterprises. The rates of 1-5 scale was used where 1=Strongly
Disagree, 2=Disagree, 3=Not Sure, 4=Agree and 5=Strongly Agree. The study revealed that majority of the
respondents agreed that they were not exposed to entrepreneurial environment (mean of 4.34 and a standard
deviation of 0.7396). Respondents agreed that they do not have support in attending any entrepreneurial workshops
and seminars to sharpen their skills (mean of 2.88 and a standard deviation of 0. 6399). The study revealed that the
respondents agreed that they were not aware of any avenues for entrepreneurial trainings (mean of 3.56 and a
standard deviation of 0.8486). Respondents however disagreed that they seek to avoid competitive clashes (mean of
2.36 and a standard deviation of 0.8249).
Table 4.3: Descriptive Statistics for poor Networking with Normality test
Mean
Std. Deviation
Lack of exposure to the entrepreneurial environment
4.34
0.7396
Lack of support to attend entrepreneurial workshops and 2.88
0.6399
seminars to sharpen their skills and knowledge
Owners/managers lack information on the existence of 3.46
0.8396
entrepreneurial avenues for trainings
Owner/manager seek to avoid competitive clashes
3.56
0.8486
Average mean of Pro-activeness
3.724
Source: Survey data, 2020

Skewness
-0.4282
-0.2416

kurtosis
-0.6498
-0.5125

-1.0782

-0.6791

-0.6921

0.0622

Sustainability Measures of the youth owned Enterprises
Respondents were requested to indicate the extent of agreement to statements about sustainability of youth owned
enterprises. The rates of 1-5 scale was used where 1=Strongly Disagree, 2=Disagree, 3=Not Sure, 4=Agree and
5=Strongly Agree.
Table 4.4: Descriptive Statistics for Sustainability Measures with Normality test
Mean
Std. Deviation
The business had over the year’s demonstrated continuous
growth in profits before tax.
The business has enlarged its market share
There has been recorded continuous sales growth
The business has enhanced production capacity
Business has been diversified overtime
Business enhanced high degree of customer satisfaction.
Increased number of workers
Business has created job security for its employees.
Business has been introduced new technologies overtime
Business has enhanced its financial sustainability.
Average mean of Enterprise Performance
Source: Survey data, 2020

Skewness

3.00

0.5660

0.0000

Agreeing
Extent
Agree

3.77
3.67
3.78
3.64
4.80
2.74
3.65
3.54
4.56
3.891

0.9335
0.6756
0.8964
0.7866
0.6752
0.4321
1.7657
0.8763
0.7856

-0.5538
-0.7363
0.4589
-0.8763
-1.7667
-0.5407
-0.9871
-0.6750
-0.8762

Agree
Agree
Agree
Agree
Agree
Agree
Not Sure
Not Sure
Agree

Most of the youth owned SMEs believed their businesses were successful as indicated by the mean of 3.891. From
this analysis, 70.9% considered their business having performed badly due effect of technology in screening
business ideas.
Correlation of Technology Application (limited capital, absence of Innovation, and poor Networking) versus
the Sustainability on the Youth Owned Enterprise
Correlation is a statistical measure that indicates the extent to which two or more variables fluctuate together.
Strength of relationship between +/- 0.7 to 1.0 indicates strong, +/- 0.3 to 0.69 indicates moderate and +/- 0.0 to 0.29
indicates weak to none. A positive correlation indicates the extent to which those variables increase or decrease in
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parallel; a negative correlation indicates the extent to which one variable increases as the other decreases. below
shows that the association between limited capital, poor networking and absence of innovation was 82.2%, 64.3%
and 87.9% respectively.
Table 4.5: Correlation of Technology Application (limited Capital, Absence of Innovation, and Poor
Networking) versus the Sustainability on the Youth Owned Enterprise
Sustainability Limited capital
Poor networking Absence Of innovation
Sustainability
1
Limited Capital
0.822**
1
Poor networking
0.643**
0.523**
1
Absence of Innovation
0.879**
0.776**
0.738**
1
**Correlation is significant at the 0.01 level (2-tailed).
The above table shows the correlation analysis between the 3 dimensions of technology application, limited capital,
poor networking, absence of innovation and the sustainability of SMEs.
Regression Analysis
R Square is the coefficient of determination. It expresses the proportion of variation in a dependent variable which is
explained by variation in independent variables.
Table 4.6: Regression Model Statistics
Model Summary
Adjusted R
Model
R
R Square
Square
Std. Error of the Estimate
1
.838a
.692
.234
.979
a. Predictors: (Constant), limited capital, poor networking, absence of innovation.
The correlation coefficient of 83.8% in the above table indicates that the combined influence of the predictor
variables has a greater positive correlation with the sustainability of SMEs. The coefficient of determination (𝑅2 ) is
an estimate of the percentage variation in the dependent variable (sustainability) which can be predicted from the
Technology application variables (limited capital, poor networking and absence of innovation). This coefficient
shows how well the multiple regression model fits the data. A value close to zero shows a weak fit whereas a value
close to one implies a good fit. The 𝑅2 – value of 0.692 in Table above, indicates that 69.2% of the variation in
sustainability has been significantly explained by the 3 predictor variables (limited capital, poor networking and
absence of innovation) identified in the regression equation. Therefore, the hypothesis can be accepted.
Conclusions on the analysis
The purpose of the study was to investigate the Technology application impediments on Business idea Screening
and Sustainability of Agro-based Youth Owned Small and Medium Enterprises in Meru County study established
that technology application was significant and positively related to the sustainability of SMEs. These findings
support those of previous studies technology application by (.Zelbst et al., (2015)).
Recommendations for the Technology application impediments on Business idea Screening and Sustainability
of Agro-based Youth Owned Small and Medium Enterprises
• Conduct market research to identify the potential business ideas for youth-targeted interventions through SMEs
• Look for opportunities to finance youth-owned SMEs, including subsidized sources of finance and equity capital.
• Join programs that provide knowledge on how to profitably reach the youth’s market (e.g., the Global Banking
Alliance for youth for financial institutions).
• Explore partnerships that better link access to finance with capacity-building programs (including targeting entire
value chains).
• Identify support-program mechanisms for youth entrepreneurs that can have an impact on the entire value
chains where youth entrepreneurs are concentrated.
• In partnership with research institutes, improve results measurement frameworks so as to better capture the
success factors of capacity-building programs for youth entrepreneurs.
• They must also understand the importance of social and business networking to their business success.
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• They must take the initiatives to participate in any training programmes organized for them.
• The government can do more in providing special assistance to youth entrepreneurs on a continuous basis.
• Youth entrepreneurs must be made to understand the advantages of external sources of financing for their
businesses.

• Youth entrepreneurs must be made to realize the importance of network in gaining access to capital/loans and
information from various stakeholders. The government, youth entrepreneurs and NGOs can formulate strategies
to enable informal mentoring supportive relationship among the youth entrepreneurs. This will definitely help
the new entrepreneurs to bypass the obstacles which impede growth, success, and personal fulfillment.
• The society should encourage the development of more youth entrepreneurs and see them as key enablers in the
nation’s economic development agenda.
CONCLUSION
This paper provides a comprehensive review of the three determinants of sustainability of youth entrepreneurs
through Technology application in Business idea Screening of Agro-based SMEs, particularly in Kenya. As the
determinants are derived from the global literature on youth entrepreneurship, it is hoped that the recommendations
made in this study provide useful guidelines to youth entrepreneurs, government, associations, the NGOs and other
relevant stakeholders. These would aid in better positioning the significance of these determinants towards the
success of youth entrepreneurs in Kenya.
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ABSTRACT
The ever changing global business environment calls for innovative ways of stimulating employees to exert full
effort in performance in order to acquire the most needed competitive advantage. The objective of the study was to
establish the influence of employee compensation on performance in the Public Health Facilities in Tharaka Nithi
County. The study was motivated by the increasing rate of industrial unrest in the County’s Public Health Facilities
and was informed by universalistic perspective theory. Correlation research design was used with a target population
of 883 employees in the 92 public health facilities in Tharaka Nithi County. Systematic random sampling was used
to select a sample of 275 respondents for the study. A structured questionnaire was used as the research instrument.
To establish the validity and reliability of the questionnaire, a pilot study of 43 respondents at Tharaka District
Hospital was conducted. The researcher self-administered the research instruments, developed in form of a five
point Likert scale for easy data collection. Quantitative data was analyzed using descriptive and inferential statistics
with the aid of SPSS to establish the influence of compensation on employee performance. The overall significance
of the model was tested using F-test at 95% significance level. The study established that there existed positive
statistically significant relationship between employee compensation and employee performance with a P – value of
0.000. Based on the findings, the study recommends that the County Government of Tharaka Nithi should employ
effective employee compensation scheme, comprising of both financial and non-financial compensation. The study
findings are of benefit to the management and policy makers of the County in formulating policies that will ensure
that employee performance in Public Health facilities is highly enhanced.
Keywords: Public Health Facilities, Employee Performance, compensation, remuneration
INTRODUCTION
Human Resource Management (HRM) is a tactical and logical approach concerning handling an organization’s
employees. Employees who work either independently or in a team while contributing to achieving the
organization's set goals are the greatest asset for a particular company (Armstrong, 2009). Redman and Wilkinson
(2009) identify various HRM practices through which resources are managed, namely, sustainable employment,
effective hiring, independently operated team(s), competitive compensation dependent on organizational
performance, in-depth training, reduction of status differentials and sharing information. However, Kidombo (2007)
singles out employee training, appraisal, compensation and relations as key in super-performing organization.
Statement of the Problem
Human Resource Management (HRM) practice is one of the vital determinants of the employees performance in
any organization. Studying and documenting the influence of specific aspects of this practice on employee
performance is important to different organizations. Many counties fail to emphasize on utilization of this practice
to ensure enhanced employee performance in counties. Most counties do not have fully functional Human
Resources for Health (HRH) units, which would promote proper administration of Human Resource Management
Practices (HRMP) for employees working in public health facilities, thus counties continue to entrust management
Human Resources for Health to the line managers who are non-Human Resource Management (HRM) experts.
Consequently, there has been widening gap in the performance of employees working in public health facilities and
continuous industrial unrests. Focus on HRM practice and employee-performance initiatives would greatly improve
operations in the counties. There is thus a knowledge gap on influence of these specific practices on employee
performance which explains the poor effort and motivation in incorporating them. Despite the uptick of researches
being carried out in the field of HRMP in Kenya, there has been a knowledge gap on the influence of these
practices on employee performance. Most studies only focus on effects of human resource management practices
on financial performance in the manufacturing sector, banking sector and public sector. Also, most of these studies
just focus on; training, compensation, leadership and working environment, management practices, motivation and
equipment and tools. These studies have failed to address the relationship between the practices and employee
performance in public Health facilities. This study sought to bridge this gap by examining the influence of human
resource management practices on employee performance in public health facilities in Tharaka-Nithi County.
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Objective
The general objective of the study was to examine influence of compensation on employee performance in public
health facilities in Tharaka Nithi County.
LITERATURE REVIEW
Employee compensation are the rewards including cash, and vacation among others that an employee receives in
return for the service they provide to their employer. Employee compensation includes base pay, overtime, bonuses
and allowances, profit sharing, stock options, and commissions. Compensation practices focus not only on
attracting, retaining, and motivating workers but also on the attainment and sustainability of an organizations’
competitive edge. Compensation strategies are key in the enhancement of employee motivation, which in turn
improves their performance. Employee needs, education, training, social class, or the environmental setting may
affect individual compensation (Kiptis, 2014). Most organizations compensate employees based on performance
since it positively affects performance. It is imperative that employers have good faith since the practice greatly
influences recruitment, turnover, and productivity; organizations should maintain and establish compensation
systems that are efficient to link employee performance with improved overall firm performance (Thacker, 2012).
The Concept of Employee Performance
World Health Organization (2013) contended that employee performance is a combination of staff (retained and
present) and staff being competent, productive, and responsive. According to the report, when staff members are
available, their performance is determined by productivity, responsiveness, and competence. These elements result
from factors, including absenteeism, employees’ goodwill, motivation, and job satisfaction. To achieve employee
performance, organizations would require putting in place strategies to improve productivity, responsiveness, and
competencies at all levels in an organization. In their definitions, both WHO and Khtions agree that several factors
determine employee performance. In their descriptions, they singled out employee’s capacity, employee’s goodwill,
job satisfaction, and employee competencies, which must spread at all levels of the organization as determinants of
employee performance. They agree that employee performance is vital for organizations’ survival (Beach, 2010).
Productiveness among employees is expected when they work in a positive and supportive environment. Top leaders
should create a pleasant, family-oriented environment in which all employees focus on effective service delivery.
According to Delery (2006), employee positive recognition impacts employee performance either individually or as
a team with financial recompenses. Acknowledging the employees efforts for attaining their set goals is crucial in
maintaining an enjoyable work environment. Celebrating success is very important in motivating the team-members
to work toward achievements. Employees will get motivated by feeling that their energy is reciprocated, valued and
that management trusts their capabilities (Khan 2006).
Employee performance is a central concept which is complex and dynamic within work and organizational
psychology. It involves the performance of employees in a particular organization and the efficiency at which the
employees fulfill their duties. It has to do with all the job activities expected of an employee and how well those
activities are carried out (Kavoo, 2013). Employee performance is also measured in regard to outcomes and
behavior (Armstrong, 2011). Effectiveness is the ability of employees to achieve the set targets (Coole, 2012).
Employees might experience low performance and failure to achieve the set goals hence perceiving the failure as
dissatisfaction or individual failure. Top performers are easily promoted within an organization and are prone to
career advancement unlike those who fail to hit the delivarables (Falola, 2009). A research by (Balochi et al., 2007)
assessed the effect of three HRM Practices, which were reward and compensation practices, training practices, and
performance appraisal practice on perceived employee performance. The results of the correlation indicated a strong
connection between these practices and employee performance.
Universalistic Perspective Theoretical Review
This theory was postulated by Delery and Doty in 2006. Researchers in the universalistic approach posit that some
set of human resource management practices (HRMP) are always superior to others and firms ought to embrace
these practices to improve their performance. Such practices include, appraisal, compensation, relations, training,
safety and security which directly revolve around the employee. Best practices are appropriate for all organizations
regardless of size, industry, or business strategy (Delery & Doty, 2006). Researchers stress that internal fit and
alignment of human resource practices helps to produce a considerable improvement of an organization’s
performance. The proponents of the universalistic model such as Pfeffer (1978) and Huselid (2005) have highlighted
a number of best practices that comprise the best practice bundles that go along with performance. Delery and Doty
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(2006) recognized seven ‘best practices’ which include career development opportunities, official training
structures, evaluation procedures, proceeds distribution, employment security, right to be heard means, and
occupation description. The human management practices are assumed to help a firm develop its human resources
cost benefits, encourage operating efficiency, boost innovation and enhance organizational performance. The
universalistic theory was relevant to the current study in that it implied that there were some best HRM practices,
which contribute to enhanced performance of an employee. Although many scholars agree with this assumption of
Best HRMP, there has been little concurrence as to what constitutes the ‘best practice’, which seems to undermine
this approach in some way. Certain inconsistencies have arisen from the universalistic model such as researcher’s
use of different practices when examining best practices.
Empirical Review of Employee Compensation and Employee Performance
Tessema and Soeters (2006) and Frye (2004) studied the connection between compensation and firm performance
and found a positive relationship between the two. Frye (2004) further explained that compensation plays a crucial
role in attracting and retaining highly skilled employees for capital-intensive human institutions. Public health
facilities are composed of human capital thus proper compensation practices can help retain highly skilled and
competent employees. Based on the preceding discussion, it is clear there is a direct relationship between
compensation practices and employees’ performance. Nevertheless, there was a need to test and establish the
relationship between compensation practices and employee performance. Millea (2012) reported observational proof
around the bi-directional connection in employee’s benefits and productivity. Particularly, well-compensated
employees are motivated towards working efficiently and surpassing the set targets so that they can receive rewards
and bonuses. The experimental proof of this paper and that of a more detailed study for Germany (Millea, 2012)
studies explain the importance of reimbursement, i.e. clarifying competence as resulting from specific stipend levels.
Nzyoka et.al (2016) researched the direct relationships between the different compensation factors and employee
performance. Nzyoka explained that where employees perceive compensation factors as valuable and sufficient,
they get motivated and positively improves their performance on a balanced scorecard. Expectancy, instrumentality,
and valence determine the motivation of total compensation in the relationship with performance. The study proves
that employees will be more motivated and willing to give their best contribution when they feel that they are
involved in the process and the environment presents a challenge that would benefit them.
A study conducted by Mwangi (2010) revealed that compensation influences employee performance. It helps
increase the energy level and enhance employee proficiency, capability, and knowledge base to spur organizational
objectives. Employee motivation is among the essential HRM practices which make the employee improve their
performance. Employee motivation may come in the form of employee compensation for their outstanding
performance, promotions to higher ranks, and paid holidays, among others. Yaseen (2013) explains that physician
satisfaction can be improved by providing a good compensation system such as payment, recognition, promotional
opportunities, and meaningful employment. Salary, recognition, promotion opportunities, and meaningful
employment are factors of compensation management to affect directly job satisfaction of physicians. But the main
reason for the not satisfied physicians is they do not get the proper service structure and no meaningful work.
Conceptual Framework
Figure 1 presents the relationship between the variables under study where employee performance is the dependent
variable while human resource management practices are the independent variable.
Human Resource Management Practice

Employee Performance
 Timeliness in Service Delivery
 Ability to perform in all key
areas of roles
 Effective in Duty Performance

Employee Compensation
 Salaries
 Promotions
 Retirement Benefit
Job Satisfaction
Independent Variable
Intervening Variable
Figure 1: Conceptual Framework
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Dependent Variable

RESEARCH METHODOLOGY
The study was carried out in Tharaka Nithi County of Kenya. It has six sub counties: Mwimbi, Muthambi, Chuka,
Igamba-ngo'mbe, Tharaka North, and Tharaka South. The county falls in the former eastern province. It has a
surface area of 2639 km2. The area borders Embu County to the South and South West, Meru County to the North
and North East, Kirinyanga and Nyeri Counties to the West and Kitui County to the East and South East (Ministry
of Planning, 2013). The study focused on the Public health facilities of the County where information was collected
from the health care workers working in the public health facilities in the county. The selection of the location had
been informed by frequent industrial unrests in the County touching the public health facilities and also familiarity
of the researcher with the study area. In addition, it is a typical example of the counties experiencing frequent
industrial unrests among public health staff.
Sample Size and Sampling Procedure
A sample is defined as part of a population which is a representative of the larger population (Orodho, 2001).
Sampling is a process of selecting a number of individuals or objects from a population such that the selected group
contains elements representative of characteristics found in the entire group. The study used systematic random
sampling to select respondents. Sampling procedure is the method a study applies to determine the members or
items of the target population to be included in the study (Mugenda & Mugenda, 2003).
The study adopted a formula by Israel (2009) to obtain the sample size. The formula was applied as follows:
n =
N
1+N(e)2
Where; n – is the sample size
N – is the population size
e – is the error term of 0.05
The determination of sample size is made using N = 883 and e = 0.05 in the formula to obtain a sample size (n) of
275 respondents from various health facilities. Table 3 presents the sample structure.
The study used systematic random sampling method to select elements of the study sample. With a proportionate
random sampling, the study divided the population of 883 with the sample size of 275 to get an interval of 3. Then,
using the list of 883 health care workers in various public health facilities as provided by County Human Resource
Office, the respondents were selected at an interval of 3 from the list. This gave all the health care workers in all
categories of public health facilities an equal opportunity to participate in the study.
Ethical Consideration
The researcher observed all ethical considerations throughout the study. The study was carried out justly and in a
way that does not harm the respondents in any way. Ethical issues considered included; informed consent, fairness,
voluntariness of participation and confidentiality. The study sought consent from the Head of Human Resource of
Tharaka Nithi County to participate in the study. Further, the study promised to keep the information obtained
confidential to maintain the privacy of the respondents. Information from other sources was cited appropriately to
avoid plagiarism. Final document was subjected to anti-plagiarism to ascertain the level of originality. Obtained data
was reported honestly and accurately.
RESULTS AND DISCUSSION
Response Rate

22.50%
77.50%
Yes

No

Figure 17: Response Rate
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The pie chart above shows that out of 275 questionnaires administered, 213 questionnaires were completely filled
and returned to the researchers. This represented 77.5% response rate. Only 62 questionnaires were not returned
which represented 22.5% response rate. This response rate was sufficient and representative and conforms to
Mugenda and Mugenda (2003) stipulation that a response rate of 50% is adequate for analysis and reporting, a rate
of 60% is good while a response rate of 70% and over is excellent. In this case a majority of the respondents
(77.5%) accepted to answer and returned the questionnaire denoted by Yes which falls under excellent category.
Frequency of Employee Compensation Methods
The responses on the employee compensation methods enjoyed by the respondents are presented in Table below.
Frequency of Employee Compensation Methods
YES
Employee Compensation Methods
Freq
Salaries
213
Commission
48
Transport Benefits
213
Housing Benefits
204
Promotion
201
Retirement Benefits
192
Medical Cover
198
Source: Survey Data 2020

%
100.0
22.5
100.0
95.8
94.4
90.1
93.0

NO
Freq
0
165
0
9
12
21
15

%
0
77.5
0
4.2
5.6
9.9
7.0

The Table above presents a mean score of confirmation of enjoying in various listed employee compensation
methods. The study found that almost all the respondents enjoyed salaries benefits, with a representation of 95.8%.
Nevertheless, only 22.5% of the respondents confirmed to have enjoyed commission as method of employee
compensation respectively. In general, it was noted that the respondents enjoyed most employee compensation
methods in the organization.
Descriptive Statistics on Employee Compensation
The respondents had been asked to rate the items relating to employee compensation and their results are presented
in Table below
Descriptive Statistics on Compensation
Employee Compensation Methods
N
Mean
Std. Error
Salaries
213
4.51
0.036
Commission
213
1.66
0.088
Transport Benefits
213
4.46
0.038
Housing Benefits
213
4.23
0.061
Promotion
213
4.00
0.069
Retirement Benefits
213
3.77
0.078
Medical Cover
213
4.04
0.073
Mean Score
213
3.60
0.068
Source: Survey Data 2020
The information in Table 16 gives the mean score on the most and least motivation received Employee
Compensation methods. The study found that the majority of the respondents acknowledged that they were
motivated by salaries they received as a form of compensation (mean of 4.51, SE 0.036). On the other hand, the
respondents indicated that they were least motivated by commission as form of compensation (Mean of 1.66 and SE
0.088). This implies that almost all employees felt that salaries paid to them are the main compensation they get for
their work they do.
Regression of Employee Performance on Compensation
To assess influence of employee compensation on performance appraisal, the study had set the following hypothesis.
H03: There is no statistically significant influence of compensation on employee performance in the public health
facilities at Tharaka Nithi County.
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The simple regression results in Table below show the goodness of fit of model, overall significance of the model
and individual significance.
Regression of Employee Performance on Compensation
Unstandardized Coefficients
B
Std. Error
(Constant)
3.625
0.172
Employee Compensation
0.198
0.0047
R-squared: 0.077, Adjusted R-squared: 0.073
F-statistic: 17.594 on 1 and 212 DF, p-value: 0.000
Source: Survey Data 2020

Standardized Coefficients
Beta
0.277

T

Sig.

21.080
4.195

0.000
0.000

The information contained in table above indicates that the results had a coefficient of determination value of 0.077
on employee compensation. This implies that 7.7% of variation in employee performance is explained by employee
compensation in the model. The F – Statistic was used to assess overall robustness and significance of simple
regression model. F – Statistic value is 17.594 with a P-value of 0.000. This implies that the simple regression
model is statistically significant at 5% significance level, thus rejecting the hypothesis that there is no statistically
significant influence of compensation on employee performance in the public health facilities at Tharaka Nithi
County. In addition, the regression coefficient of employee compensation is 0.198. The impression is one-unit
increase in compensation account for an increase in employee performance by a factor of 0.198. The relationship
between compensation and employee performance was statistically significant at 5% (P-value = 0.000 < 0.05)
The predictive model can be stated as follows: Y = 3.625 + 0.198X3 + ∈k
Where:
3.625
is the expected value of employee performance when x is zero
Y
is employee performance
0.198
is the expected change in employee performance when compensation is increased by one unit.
X3
is the Employee Compensation
∈k
is the error term (k)
The study revealed that employee compensation enhances employee performance in public health facilities in
Tharaka Nithi County. The findings indicated that proper employee compensation is critical in improving employee
performance in Tharaka Nithi County. These results are in harmony with a study by Millea (2012) who reported
observational proof around the bi-directional connection amid employee’s benefits and productivity. Similarly, the
results are in agreement with a study by Wilson (2014) which states that effective compensation procedure would
affect totally on behavior of specialists in an organization in that it gives them intrinsic drive towards performing
their duties. These results show the objectives of the study which was to examine the influence of compensation on
employee performance were met. The results rejected null and therefore the data fulfilled the objective of the study
by stating that there is significant dependence between compensations and employee performance.
SUMMARY OF THE FINDINGS
There was a statistically significant influence of compensation on employee performance in the public health
facilities at Tharaka Nithi County. This is because F – Statistic value obtained was 17.594 with a P-value of 0.000
which is less than 0.05 hence significant. In addition, the regression coefficient of employee compensation is 0.198
which implies that for one-unit increase in compensation account for an increase in employee performance by a
factor of 0.198. The study found that job satisfaction had significant intervening effect on employee compensation
and employee performance. This ifs is because from the study findings it was clear that employees in the health
facilities were satisfied with the compensation measures put in place by the study organization which in turn
encouraged them to perform better in the areas of appointments.
CONCLUSIONS OF THE STUDY
The study findings revealed that Employee Compensation has positive influence on employee performance. It is
therefore concluded that. continuous compensation of the employees motivates them to work even more thereby
improving their performance. Salaries being the highly rated employee compensation measure should be enhanced
and paid in a regular and timely manner.
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ABSTRACT
Women owned SMEs in Sub-Saharan Africa continue to record poor performances compared to their
male counterparts. Women entrepreneurship represents a vast untapped source of innovation, job creation and
economic growth in the developing world which has a root in viable opportunity implementation which impediments
them to promote a viable fast food enterprise. The World Economic Forum shows little progress in narrowing the
economic gap between women and men, yet not all is lost! Innovative initiatives to promote women’s entrepreneurship
driven by both the private and public sectors are on decline which worries more. The barriers to women’s
entrepreneurship are various: Women face greater obstacles in accessing affordable credit facilities, absence of business
plan and limited entrepreneurial skills. The target population was 50 women owned fast food enterprises registered
under Tharaka Nithi. 100 Respondents were sampled from owners of 50 SMEs meaning 2 were taken from each
enterprise. Data was collected using a 5-point Likert scale questionnaire to gather perception from the respondents.
Based on the study found that most of the women entrepreneurs did not possess relevant entrepreneurial
skills and also limited access to affordable credit facilities, at the same time they missed business plan
necessary to guide them in implementation of the business opportunities. Some of the recommendations
includes availing trainings to women entrepreneurs through capacity building, linking women to affordable credit
facilities, opening them to networks and exchange programmes. Those who embrace women’s entrepreneurship as
an opportunity are likely to reap the rewards in new market opportunities and higher development impact.
Keywords: women, entrepreneurial opportunities, implementation, sustainability Small and Medium, Enterprises
BACKGROUND OF THE STUDY
It is estimated that only one in fifty business ideas are actually commercially viable. Therefore a Business Feasibility
Study is an effective way to safeguard against wastage of further investment or resources (Gofton2015). Most of the
developing countries have witnessed an influx of the number of women venturing in the field of entrepreneurship in
recent years; this mainly being attributed to advocacy on women empowerment programs and policies advanced by
both government and non-governmental organizations (Eybenetal.2015). Studies have found that women
entrepreneurial development has been a panacea for poverty alleviation among the fastest growing economies of
developing countries despite many challenges facing them on opportunity selection necessary to promote innovative
and sustainable enterprises (United Nation 2016). A report by World Bank (2016) indicated that women
entrepreneurs comprise about a half of human resources in developing economies. The report also identifies women
entrepreneurs as key facilitators of micro economic development in their communities. Studies also indicate that
majority of women entrepreneurs own SMEs in developing countries, and their significant contribution to growth
domestic production (GDP) and improving income of their households cannot be ignored (ILO 2014; Ghosh
2015).In spite of the success stories recorded on the increase of women entrepreneurship in developing countries,
the literature on women entrepreneurship in Africa literally depict women-owned small and medium enterprises as
being challenged in terms of accessing credit facilities, absence of business plan and limited entrepreneurial skills
which are key ingredients for opportunity selection necessary to promote innovative and sustainable enterprises. The
impact of these challenges combined as continue to record poor performance women owned SMEs as compared to
male owned SMEs (Richard and Adams2014. Only 30% of the small firms in Sub-Saharan African countries have
access to affordable and proper financial capital (WorldBank2017). Lack of collateral requirements, low income
lack of entrepreneurial skills and unsound business plans are some of the major reasons for the unwillingness of the
formal banks’ lending credit, to majority of women owned entrepreneurs Sacerdoti2005). Stevenson and St-Onge
(2015) observed that women entrepreneurs are even more disadvantaged when accessing credit from commercial
banks because they lack control of family resources like land which can be used as collateral to acquire loans for
expanding of their SMEs.
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Exhibit 1: Female labor force participation rates in developing countries are generally below the
developed world average
Female labor force participation rates (% of working-age female population aged 15-64)
100%

2001
2012
Developed world 2001
Developed world 2012

80%
60%
40%
20%
0%

Source: World Bank

Statement of the Problem
Small and Micro Enterprises (SMEs) play an important economic role in many countries. In Kenya, for example the
SME sector contributed over 50 percent of new jobs created in 2018, but despite their significance, SMEs are faced
with the threat of failure with past statistics indicating that three out five fail within the first six months which raises
a concern both in public and private sector. Out of these failing enterprises half are women owned enterprises
(World Bank 2017). According to The World Bank report on SMEs entrepreneurs, women make up nearly half of
all Small and Medium Enterprises owners and 40 percent of smallholder farm managers, yet they have less than 10
percent of the available credit and less than 1 percent of agricultural credit. Statistics also review that most of
women entrepreneurs do not possess entrepreneurial skills necessary to prepare business plan which guides them in
implementation of viable and innovative business opportunities. This issue has been identified by the Kenyan
government as a major constraint inhibiting the growth of the SME sector and more so for women entrepreneurs.
But little has been understood about their operations, ownership, source of capital and the key challenges that they
face as they propel growth of the Kenyan economy. This could be the reason why they should be supported to
graduate from their current state. For one, lack of insight on the sector has left policy makers, key support players
such as financial institutions and others groping in the dark on how best to implement SME policies. Womenowned SMEs in Chuka Town face barriers in opportunity selection necessary for running an innovate
and sustainable business such impediments includes access to education and training, absence of
business plan and access to credit. Access to affordable credit is typically identified as a critical
constraint. While financing is almost always a challenge for SMEs, the diffic ulties are often
intensified by gender-related factors, including women’s lack of collateral, weak property rights and
discriminatory regulations, laws and customs.
LITERATURE REVIEW
Theoretical Theory
Resource Based View Theory
In this sub title the guiding theory was strategic management model the resource based view RBV together with
entrepreneurship theories to further show the relationship services offered by micro finance institutions and its
strategic practices on the performance of enterprises owned by women In a world where a customer preference is
volatile, the identity of customer was changing, and technology for serving customers requirements were continuously
evolving, an external focused orientation does not provide a secure condition for formulating long term strategy.
When the external strategy is in a state of flux the firms on resources and capabilities may be a much more basis on
which it defends its identity. Hence, a definition of a business in terms of what it is capable of doing may offer a
durable basis for strategy than a definition based upon the need which the business seeks to satisfy.RBV approach to
competitive advantage contends that internal resources were more important for a firm than external factors in
achieving and sustaining competitive advantage. The proponents The of RBV contends that organization performance
was primary be determined by internal resources that can be re grouped in three all-encompassing categories: physical
plant and equipment, location, technology, raw materials, machines, human resource including all employees training
experience intelligence, knowledge, skills, abilities and organizational resources among others (David2015).
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Schumpeterian Theory
Schumpeter (1934), in 1911 was among the first to point out that banks facilitate technological innovation in their
role as financial intermediaries. His argument focuses on the ability of banks to allocate savings more effectively.
On the other hand, earlier authors like Goldsmith (1969), McKinnon and Shaw (1973), emphasize the role of
financial intermediation in supplying the capital accumulation required in economic growth. By lowering financial
market frictions, domestic savings were increased and foreign capital was attracted.
Empirical Review
Viable Opportunity implementation on Promoting Innovative and Sustainable Enterprises
Despite the iterations of the front-end activities, and the time it takes to generate new ideas, decisions need to be
made at some point regarding which new ideas should be further developed into products. Idea screening has been
defined as “a process of evaluating and selecting new ideas or concepts that can be put in the project portfolio”
(Kahn et al., 2015). Idea screening often acts as the gate between the front-end and the new product development
phases, where ideas receive their formal evaluation. During screening, the evaluators make their initial decisions as
regards whether or not to spend resources (time or money) on the project being proposed by the idea and thus bring
it to life (Kahn et al., 2013; Koen et al., 2015; Cooper, 2014). This makes idea screening a bottleneck during the
innovation process, since the flow of ideas is restricted by the organization’s resources and its capacity to select
ideas for further development (Toubia and Florès,2015).
The front end of innovation has been characterized as particularly chaotic, experimental and unpredictable (Koen et
al., 2001). During this phase, the evaluators may experience high levels of risk and uncertainty since the outcomes
of implementing new ideas cannot be known in advance (Hammedi et al., 2014; Kock et al., 2015; Van de Ven,
1986). Usually, activities that are involved during the front-end phase are highly explorative and consist of market
analysis, opportunity identification, idea generation, idea refinement and idea screening (Alam, 2006; Eling and
Herstatt, 2017; Florén and Frishammar, 2012). These activities are described as being inherently fuzzy, but guided
by the goal of gradually reducing uncertainty in relation to the innovation project (Chang et al., 2016; Florén and
Frishammar, 2012; Frishammar et al., 2011). Moreover, as the idea progresses through this process, and a more
concrete product description is formulated, internal support, in terms of organizational commitment, becomes an
important part of the process and helps to move the idea closer to implementation (Florén and Frishammar, 2012;
Kihlander and Ritzén, 2012).
Figure 2.1. A simplified version of the innovation opportunity implementation process (adapted from
Front
End
Innovation

of

New
Product
Development

Commercialization

Koen et al., 2015; also Cooper,2014).
• Idea Generation
• Idea Refinement
• Idea Screening
• Concept Development
• Business case
• Test and validation Implementation
• Market launch
Accessing to affordable credit facilities on viable opportunity implementation
Namusonge (2016) stressed the importance of having a relationship with a bank in place at the time of the business
launch. This is because having access to financial resources and emphasizing the financial aspects of the business
had stronger effects on performance than did intention or choice. However, it was reported that one of the biggest
obstacles facing women entrepreneurs is the discrimination they suffer from the banking and finance communities
(Mutuku, et al., 2016) Thus, they prefer to rely on their own personal funds. Many women entrepreneurs feel that
there is a huge barrier for them to obtain debt capital at banks and lending agencies. It is therefore crucial for the
government agencies, banks and lending agencies and women associations especially Women Enterprise Fund to
assist the women entrepreneurs in terms of financial problems.
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Women's access to resources in Kenya
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Source World Bank 2018
Figure 2.2 Women access to resources in Kenya
Limited Entrepreneurial skills on viable Opportunity implementation
Education creates a strong foundation for business owners, not least because it aids in the
development of critical thinking skills and can provide at least a basic grasp of business planning,
management and accounting (Hisrich, 2017). The disparity in education levels between men and
women presents a major challenge for female business owners, particularly in developing countries.
Less educated women are less likely to start their own business and lower levels of education may
contribute to lower survival rates among women-owned SMEs. The combined impact of globalization,
changing patterns of trade, and evolving technologies such as ICT calls for skills that women entrepreneurs on the
continent do not for a large part possess, as many more women than men lack the requisite level of education and
training, including business and technical skills and entrepreneurship training. Women are often disadvantaged in
terms of access to training. They are often unaware of training opportunities and are less likely to be able to afford
the cost of training provided by the private sector (peters, 2015
According to International Labour Office (2017), even if women could afford to pay for the training, they have
difficulty in travelling to central locations to participate in training programmes, and quite often cannot afford time
away from their enterprises and family responsibilities to attend weeklong programmes. Most entrepreneurship
training programmes is too general in scope and does not offer a growth strategy orientation. Many of them focus
on the start-up process with very limited effort on the part of the training providers with regard to doing any posttraining follow-up. In addition, women tend not to use supporting government programmes including the training
programmes provided (Langowitz, N. & Minniti M. 2007). This might be a problem pertinent to women
entrepreneurs as generally there is a lack of entrepreneurship training and skills development in Kenya where most
women entrepreneurs acquire their skills and experience through their family members, friends and previous
experiences (Republic of Kenya, 2017). Efforts are thus needed to increase the level of awareness among women
entrepreneurs of existing training opportunities.
Absence of Business plan on opportunity implementation
A business plan is a formal paper describing the business goals of the firm, the trustworthiness of the goal and plan
to achieve the goals. A proper startup plan includes executive summary, company description, and description of
the product or service, market analysis strategy and its implementation, sales strategy, management team, financial
plan, break-even analysis and so on(Boyd, R.L. (2015). This plan helps to formulate the business objectives and
plan to achieve those objectives in the period of time. In simple words the business plan describes what the
business is, where it is located, what are the objectives of the business, when the business will come into operation,
the risks and gains of the business and so on. A business plan will not only guides the management to the success
but also provide creditability of the business to the leaders, investors, suppliers, customers. (Mutuku, M.,
Olubandwa, A., and Odero, D., (2016)).A successful business plan provides the means to determine whether the
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business idea is sustainable and how to raise funds for the business, explain the order and values of the company to
the new employees and plan the growth of the new services. A business plan works as an outline of company and
is written document that explains where a business is heading, how to achieve the expected goals and objectives,
why the products and services are necessary in the market and what has to be done in order to meet the business
aims. However, the most important reason for preparing a business plan is to secure capital, as business plan is the
single most important document to be displayed when meeting with the potential investors and banks, whether it is
in the early stages of establishment or when planning expansion on a later stage of the business.
METHODOLOGY
The study adopted descriptive research design. The study was carried out in Chuka Town and its environs in
Tharaka Nithi County and targeted Owners/Managers of 60 women owned fast food small and medium sized
enterprises. It was found necessary to select all the SMEs in this category since they were not many and a 100
percent response rate was unlikely considering that a few had closed due Covid 19 outbreak. Out of the 60 SMEs
selected 56 responded representing 93% response rate which was considered sufficient enough. Chuka Town and the
environs was selected because it is the economic hub of the county and most SMEs are located here. Data was
collected using a 5-point Likert scale questionnaire to gather perceptions of the respondents. The questionnaire
comprised of three parts; part one consisted of demographic information, section two consisted of Technology
application and the last part consisted of questions related to sustainability. This was measured using a scale based
on earlier studies Lumpkin and Dess, 2015. Validity and reliability tests were carried out and confirmed. Data was
collected and analyzed using descriptive statistics and inferential statistics to confirm the relationship on the
impediments of viable entrepreneurial opportunities implementation on promoting sustainability of women owned
fast food small and medium enterprises in Chuka
The specific objectives included;
i) To establish effect of access to affordable credit facilities on sustainability of women owned fast food SMEs
ii) To analyze the effect of absence business plan on sustainability of women owned fast food SMEs
iii) To evaluate the Impact of limited entrepreneurial skills on sustainability of women owned fast food SMEs
RESULTS AND DISCUSSION
Questionnaires Response Rate
A total of 56 out of 60 self-administered questionnaires were filled and returned yielding a response rate of 93%.
Reliability and Validity Test
The results in the table below show Cronbach’s alpha of well above 0.7 implying that the Instruments were
sufficiently reliable for measurement.
Dimensions and Reliability Statistics
Dimension
Items
Access to affordable credit
Absence of business plan
Limited
entrepreneurial
skills
All items were measured with a five-point Linkert scale

Cronbach’s Alpha
0.806
0.713
0.742

Access to Affordable Credit and the Sustainability of Women owned SMEs
Respondents were asked to give their views concerning how they perceived certain statements about the effect of
limited capital on the sustainability of women owned enterprises in chuka County. The rates of 1-5 scale was used
where 1=Strongly Disagree, 2=Disagree, 3=Not Sure, 4=Agree and 5=Strongly Agree. The results showed that most
of the respondents strongly agreed that the owner/manager of the enterprise were challenged in terms of accessing
credit necessary to support opportunity selection (mean of 5.67 and a standard deviation of 0.7061). The participants
also strongly agreed that owner/manager were challenged in accessing affordable credit for opportunity selection
(mean of 5.77 and a standard deviation of 0. 7674). The statistics showed that the respondents were not sure that
over the past three years, the enterprises secured right credit to assist in opportunity selection (mean of 4.56 and a
standard deviation of 0. 8786). Participants were also neutral to the statement that their business has enough credit to
support opportunity selection in 3 years (mean of 4.56 and a standard deviation of 1.0953). The women who

307

participated in the study indicated that they agreed that access to affordable credit was real challenge in support
opportunity selection in the last 3 years (mean of 4.67 and sd of 0.0727). Table 4.1 below shows these statistics;
Table 4.1: Descriptive statistics for limited capital with normality test
Mean
Std. Deviation
Owner/manager were challenged in terms of credit necessary 5.67
0.7061
to support opportunity selection
Owner/manager enterprises were challenged in securing 5.77
0.76744
affordable credit to support opportunity selection
Over the past three years, the participants were not sure 4.56
0.8786
enterprises secured right credit
Youth supported lack of credit was a real challenge in 4.67
0.607
opportunity selection
Average mean of limited capital
3.896
Source: Survey data, 2020

Skewness
0.0707

kurtosis
-2.113

-1.0802

-0.0061

0.8745

0.2568

0.0727

-2.3225

The average mean of 3.896 indicates women owned fast food SMEs faced a real challenge in securing affordable
credit necessary to support opportunity selection. This can be explained perhaps due to discrimination by financial
institutions in lending, lack of securities to pledge against loans among others.
Absence of Business plan and the Sustainability of Women owned Enterprises
Respondents were asked to give their views concerning how they perceived certain statements about the absence of
business plan affecting the sustainability of women owned. The rates of 1-5 scale was used where 1=Strongly
Disagree, 2=Disagree, 3=Not Sure, 4=Agree and 5=Strongly Agree. The study revealed that most of the respondents
agreed that there were not aware of the importance of a business plan in opportunity selection (mean of 4.25 and a
standard deviation of 0.785). Most participants agreed that there they are not aware on how to prepare a business
plan (mean of 4.33 and a standard deviation of 1.083). Participants strongly agreed that they were not aware on
where to seek assistance in preparing business plan (mean of 4.89 and a standard deviation of 0.945). The tables
above shows that a number of women owned SMEs were adversely affected by absence of business plan necessary
to select opportunity for sustainability of their enterprises represented by an average mean of 3.886

Table 4.2: Descriptive statistics for Absence of a business plan with normality test
Mean
Std. Deviation
Challenges in developing business plan for selection
4.25
0.785
Lack of knowledge on importance of a business plan in 4.33
1.083
opportunity selection
Lack of information on assistance to prepare business plan
4.89
0.945
Average mean of Risk Taking
3.886
Source: Survey data, 2020

Skewness
0.0000
-0.8739

kurtosis
-1.3103
-0.7356

-1.3292

-0.2566

Limited Entrepreneurial skills and the Sustainability of Women owned Enterprises
Respondents were asked to give their views concerning how they perceived certain statements about the limited
entrepreneurial skills and the sustainability of women owned enterprises. The rates of 1-5 scale was used where
1=Strongly Disagree, 2=Disagree, 3=Not Sure, 4=Agree and 5=Strongly Agree. The study revealed that majority of
the respondents agreed that they were not exposed to entrepreneurial skills (mean of 4.64 and a standard deviation of
0.8396). Respondents agreed that they do not have support in attending any entrepreneurial workshops and seminars
to sharpen their skills (mean of 2.68 and a standard deviation of 0. 7499). The respondents agreed that they were not
aware of any avenues for entrepreneurial trainings (mean of 3.67 and a standard deviation of 0.7886).
Sustainability Measures of the Women owned Enterprises
Respondents were requested to indicate the extent of agreement to statements about sustainability of women owned
enterprises. The rates of 1-5 scale was used where 1=Strongly Disagree, 2=Disagree, 3=Not Sure, 4=Agree and
5=Strongly Agree. The study revealed
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Table 4.3: Descriptive Statistics for poor Networking with Normality test
Mean
Std. Deviation
Lack of exposer to the entrepreneurial skills
4.64
0.8396
Lack of support to attend entrepreneurial workshops and 2.68
0.7499
seminars to sharpen their skills and knowledge
Owners/managers lack information on the existence of 3.67
0.7886
entrepreneurial avenues for trainings
Average mean of Pro-activeness
3.674
Source: Survey data, 2020

Table 4.4: Descriptive statistics for sustainability Measures with normality test
Mean
Std. Deviation

Skewness
-0.4372
-0.2786

kurtosis
-0.7898
-0.5455

-1.0782

-0.6891

Skewness

Agreeing
Extent
Agree

The business had over the year’s demonstrated continuous 3.23
0.6560
0.0000
growth in profits before tax.
The business has enlarged its market share
3.56
0.9565
-0.5568
Agree
There has been recorded continuous sales growth
3.67
0.6786
-0.7453
Agree
The business has enhanced production capacity
3.89
0.9864
0.5689
Agree
Business has been diversified overtime
3.64
0.8766
-0.8963
Agree
Business enhanced high degree of customer satisfaction.
4.90
0.6892
-1.7897
Agree
Increased number of workers
2.74
0.4321
-0.5407
Dis-Agree
Business has created job security for its employees.
3.75
1.7767
-0.9771
Not Sure
Business has been introduced new technologies overtime
3.64
0.8833
-0.6890
Not Sure
Business has enhanced its financial sustainability.
4.76
0.7656
-0.8672
Dis-Agree
Average mean of Enterprise Performance
3.931
Source: Survey data, 2020
Most of the women owned SMEs believed their businesses were successful as indicated by the mean of 3.931. From
this analysis, 70.7% considered their business having performed badly due poor opportunity selection.

Correlation of viable opportunity implementation (access to affordable credit, absence of business plan, and
limited entrepreneurial skills) versus the sustainability on the women Owned Enterprise
Correlation is a statistical measure that indicates the extent to which two or more variables fluctuate together.
Strength of relationship between +/- 0.7 to 1.0 indicates strong, +/- 0.3 to 0.69 indicates moderate and +/- 0.0 to 0.29
indicates weak to none. A positive correlation indicates the extent to which those variables increase or decrease in
parallel; a negative correlation indicates the extent to which one variable increases as the other decreases. Table
below shows that the association between access to affordable credit, absence of business plan and limited
entrepreneurial skills was 83.2%, 67.3% and 78.9% respectively.

Table 4.5: Correlation of opportunity selection (access to affordable credit, absence of business plan, and
limited entrepreneurial skills) versus the sustainability on the women Owned Enterprise
Sustainability Access
to Absence
of Limited
Affordable credit
business plan
entrepreneurial skills
Sustainability
1
Access to affordable credit
0.832**
1
Absence of business plan
0.673**
0.543**
1
Limited entrepreneurial skills
0.789**
0.876**
0.748**
1
**Correlation is significant at the 0.01 level (2-tailed).
The above table shows the correlation analysis between the 3 dimensions of opportunity selection, access to
affordable credit, absence of business plan, limited entrepreneurial skills and the sustainability of SMEs.
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Regression Analysis
R Square is the coefficient of determination. It expresses the proportion of variation in a dependent variable which is
explained by variation in independent variables.
Table 4.6: Regression Model Statistics
Model R
R Square
Adjusted R Square Std. Error of the Estimate
1
.848a
.682
.244
.989
a. Predictors: (Constant), access to affordable credit, absence of business plan, limited entrepreneurial skills.
The correlation coefficient of 84.8% in the above table indicates that the combined influence of the predictor
variables has a greater positive correlation with the sustainability of SMEs. The coefficient of determination (𝑅2 ) is
an estimate of the percentage variation in the dependent variable (sustainability) which can be predicted from the
opportunity selection variables (access to affordable credit, absence of business plan and limited entrepreneurial
skills. This co-efficient shows how well the multiple regression model fits the data. A value close to zero shows a
weak fit whereas a value close to one implies a good fit. The 𝑅2 – value of 0.682 in Table above, indicates that
68.2% of the variation in sustainability has been significantly explained by the 3 predictor variables (limited capital,
poor networking and absence of innovation) identified in the regression equation. The hypothesis can be accepted.
ANALYSIS CONCLUSION
The purpose of the study was to investigate the impediments of viable entrepreneurial opportunities implementation
on promoting sustainability of women owned fast food small and medium enterprises in Chuka Town study
established that viable opportunity selection was significant and positively related to the sustainability of SMEs.
These findings support those of previous studies technology application by (Juttner et al. (2010)
POLICY RECOMMENDATIONS
1) The women entrepreneurs should understand the financial assistance available to them.
2) They must also understand the importance of social and business networking to their business success.
3) They must take the initiatives to participate in any training programmes organized for them.
4) The government can do more in providing special assistance to women entrepreneurs on a continuous basis.
5) The women entrepreneurs must understand advantages of external sources of financing for their businesses.
6) Understanding the limitation of grants that could be provided by the government even by increasing the
allocation, the government should encourage more banks and micro institutions through tax incentives to
provide a wider range of financial services with flexible terms and conditions so as to assist women in
establishing and expanding their own enterprises.
7) The government could engage in dialogue with the banks and financial institutions in expanding their range of
financing products and delivery mechanisms to the SMEs.
8) Besides government grants and loans from financial institutions, the associations of women entrepreneurs and
NGOs can also play important roles in providing credit schemes to women entrepreneurs.
9) Although the SME promotion programmes could be gender-neutral, additional support and services should be
made available to women in view of the additional constraints they face, particularly the dual role they play in
running a business while at the same time taking care of their households.
10) Women entrepreneurs must realize importance of network in gaining access to capital/loans and information.
The government, associations of women entrepreneurs and NGOs can also formulate strategies to enable
informal mentoring supportive relationship among the women entrepreneurs. This will definitely help the new
entrepreneurs to bypass the obstacles which impede growth, success, and personal fulfillment.
11) The society should encourage the development of more women entrepreneurs and see them as key enablers in
the nation’s economic development agenda.5.1 Conclusion
12) This paper provides a comprehensive review of the three determinants of sustainability of women
entrepreneurs in the SMEs, particularly in Kenya. As the determinants are derived from the global literature
on women entrepreneurship, it is hoped that the recommendations made in this study will provide useful
guidelines to women entrepreneurs, government, associations, the NGOs and other relevant stakeholders.
13) Further research will be undertaken by the authors to build upon this work. Empirical evidence on successful
women entrepreneurs based on these determinants proposed I will be authored to act as key opener to women
entrepreneurs in Kenya and globally.
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ABSTRACT
The main aim of this study was to examine the role of green certification on consumer buying behavior in 4-5 star
restaurants in Nairobi County. With the increasing environmental conservation concerns, consumers are increasingly
drifting towards restaurants that are environmentally certified by credible certification bodies due to increased
concerns raised by environmentalists over restaurants offering “green washed” products and services by claiming to
be self-certified as green and yet their operations are not eco-friendly (Maritinez, Angel & Raquel, 2017).
Furthermore, there are limited studies in this area. The study adopted a descriptive survey design where a sample
size of 19 restaurants were sampled in Nairobi County. Qualitative data was coded, analyzed using NVIVO for
easier analysis. Quantitative data was coded and analyzed using SPSS with levels of significance established using
paired tests with P< or =0.05 at 95% confidence and significance levels. The findings showed an R2= 21.4%, df=1
and p=0.001<0.05 indicating that indeed green certification has a positive significant effect on consume buying
behavior in 4-5-star restaurants in Nairobi. This implies that consumer buying behavior is influenced by green
certification in 4-5-star restaurants in Nairobi. The study recommended that the Kenyan government should come up
with a credible Green Certification programme to certify Kenyan restaurants as compliant with green practices.
Keywords: Green practices, eco-friendly products, environmental conservation, green consumers, eco-restaurants
INTRODUCTION
Green certification is a verification or endorsement by independent agencies which are to mandated to test and
ascertain that environmental practices have been adhered to in the production of a given good or service in the
restaurant industry (Karlsson & Dolnicar, 2016). Green consumer buying behavior refers to the experiences and
activities by restaurant guests who engage in purchasing, consuming and disposing products and services in a
manner that conserves the environment (Kaufmann, Panni, & Orphanidou, 2012). The tremendous increase in
environmental conservation concerns awareness (Verma & Chandra, 2018) and claims by environmentalists of
restaurants being guilty of offering “green washed” products and services to consumers like for instance packaging a
genetically modified sweat potato in a biodegradable takeaway box , have immensely influenced their restaurant
patronage whereby nowadays consumers tend to gradually drift towards restaurants that are credibly certified to be
eco-friendly to the environment (Martinez, Angel, & Raquel, 2017). For instance, globally the green consumer
market generates $ 290 billion annually with 14% of them representing the eco-tourism market as a result of
increased global environmental concerns awareness (Schneider, 2012; Martinez, Angel, & Raquel, 2017). This
clearly indicates that the restaurant industry cannot afford to overlook this ever-growing influential green market
niche since the green demographics are increasingly becoming important in terms of revenue generation. Green
restaurant certification is a custom tailored product based on international standards: ISO 14001, Green Globe,
Green Restaurant Association (GRA) and National Restaurant Association (N.R.A) and follows the concept of 3Rs
(Re-use, Reduce and Recycle) (Schneider, 2012; G.R.A, 2015). According to Schneider (2012), restaurants which
have been certified to be environmentally friendly by credible institutions are identified as market leaders in
practices that ecofriendly, energy conservation and a future that is suitable often have a competitive advantage.
Link between green certification and consumer buying behavior
Consumers are continuously pressurizing restaurants to take environmental responsibility due to their contribution to
the deteriorating environmental state they are in today since restaurants are major emitters of greenhouse gases by
30%. By adopting green certification, restaurants will be demonstrating to their consumers that they have taken
environmental responsibility by making a green commitment in order to voluntarily adopt ecological initiatives
(Castro , Amores-Salvado , & Navas-Lopez, 2016). In the restaurant sector, implementing environmental restaurant
certification programmes is considered an essential prerequisite to attract and retain an increasing market segment of
pro-environmental customers who have a preference for, and are willing to purchase, sustainable and green
accommodation products (Martinez, Angel, & Raquel, 2017). Thus, restaurant managers need to take their
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environmental responsibility and find effective ways to respond to these demands since perceived deficiencies in
environmental management can be damaging to corporate image and profitability (Martinez et al., 2017).
Statement of the problem
The contemporary issue of the 21st century is environmental sustainability due to increased negative environmental
impacts like global warming, floods, droughts and drastic change of weather patterns which is as a result of
continuous environmental pollution. Globally, restaurants are among the major emitters of greenhouse gases by 30%
(Teng & Wu, 2019). In addition, there are increasing concerns raised by environmentalists that restaurants are
offering “green washed” products and services. These tremendous increase in consumer environmental concerns
awareness and “green washed” products and services has resulted in the increase in consumers demanding for
restaurants to take environmental responsibility by undergoing green certification by credible green certifying
agencies as a way to avert these negative environmental impacts (Martinez, Angel, & Raquel, 2017). Furthermore
there are limited studies in this area, thus prompting the researcher to undertake this study.
Research Hypotheses
H01: There is no significant relationship between green certification and consumer buying behavior in 4-5-star
restaurants in Nairobi County, Kenya.
HA1: There is a significant relationship between green certification and consumer buying behavior in 4-5-star
restaurants in Nairobi County, Kenya.
The Conceptual Framework
Independent Variable






Green certification
Green waste management
Green Energy management
Green Water management
Green procurement

Intervening Variables




Dependent Variable

Location of restaurant
Government policies

Consumer buying
behavior

F
Figure 1.18: Conceptual framework of Green, Sustainable Practices
Sources: Adapted from (Morel & Kwaye, 2012; Wong & Rashad, 2015; Ranjana, 2016)
LITERATURE REVIEW
Introduction
This chapter reviewed the literature on green certification and consumer buying behavior. The study evaluated
consumer buying behavior towards green certification using slack resources theory which states that restaurants
which have sufficient assets and rsources often tends to allocate their resources that are discretionary for practices
that are socially responsible, such as enhancements in the environment that are ascertained by reputable third parties
like G.R.A to be in line with international standards of environmental conservation practices in order to obtain better
image, reputation and become socially responsible, which leads to more successful outcomes in the future.
Green Certification and Consumer buying behavior
The emerging trend towards environmentally conscious travel and tourism has led to growth in the number of
environmentally friendly restaurant certification programs in the food and beverage sector. Green consumer buying
behavior refers to the willingness of consumer to behave in an environmentally responsible manner, management of
the environment, taking part in civic and eco-friendly practices, intentions to revisit, recommend and pay premiums
in green restaurants that offer certified green products and services (González-Rodríguez, Díaz-Fernández, & Font,
2019; Handriana & Ambara, 2016). As the environmental conservation awareness continues to grow among
consumers, customers are changing their attitudes and increasingly demand for industries to offer products and
services that are friendly to the environment and ethically correct. The hospitality industry, especially the restaurant
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industry in particular is no exception. Actually, the restaurant industry increasingly faces pressure to operate in a
more eco-friendly manner given that it is among the major contributor in emission of greenhouse gases globally by
30% (Martinez, Angel, & Raquel, 2017; Teng & Wu, 2019). Green certifications act as a means to promote the
voluntary implementation of sustainable practices in restaurants while distinguishing real eco-friendly companies
from “green-washed” products and services (Karlsson & Dolnicar, 2016). The benefits of certifying restaurants to be
environmentally friendly include: attracting eco-friendly customers to certified restaurants, eliminating
environmentally harmful practices, increasing cost savings providing restaurant guests with accurate information
about environmental performance and developing a better knowledge of job and production systems (Geerts, 2014).
Slack Resources Theory
This theory mainly focuses on how green certification can affect the buying behavior of consumers and thus aided
the study to understand how consumers are influenced by green certification programmes. The theory proposes that
any firm that bears sufficient assets often tends to allocate their resources that are discretionary for practices that are
socially responsible, such as enhancements in the environment that are ascertained by reputable third parties like
G.R.A to be in line with international standards of environmental conservation practices in order to obtain better
image, reputation and become socially responsible, which leads to more successful outcomes in the future (Miles &
Russell, 1997; Ranjana, 2016).
Summary of the Literature Review and the Research Gap
Past studies have examined green certification on different subjects and disciplines and ignored to conduct studies
on how green restaurant certification affects consumer behavior. Like for instance, Martinez, Angel, & Raquel
(2017), conducted a study on customer responses to environmentally certified hotels in Spain. This study mainly
concentrated on how customers respond to eco-certified hotels without specifically focusing on how green restaurant
certification influences consumer buying behavior in restaurants in Kenya. Furthermore, this study mainly focused
on aspects like green practices, green image, environmental consciousness and how they affect consumers
‘behavioral intentions in green certified hotels without specifically focusing green certification practices like green
energy management, green water management, green waste management and green procurement and how they
affect consumer buying behavior thus, prompting the researcher to undertake these research in order to fill in this
gap by examining whether green products have an effect on consumer buying behavior in Nairobi County and
whether green products have a higher quality as compared to non-green products.
METHODOLOGY
Research design
The researcher used descriptive cross-sectional design to determine whether there is a relationship between green
certification and consumer buying behavior in 4-5-star restaurants in Nairobi County, Kenya.
Scope of study
The researcher chose Nairobi County as the area of study because it has the highest number of classified restaurants
which are 20 4-5-star restaurants (The-Kenya-Gazette, 2003).
Study approaches
Quantitative and qualitative approach methods were used in this study since they enabled the researcher to get a
clear picture from the respondents of whether green certification influenced consumer buying behavior in 4-5-star
restaurants in Nairobi County, Kenya.
Sampling Technique
Table 1.1 summarizes the sampling techniques the researcher used when undertaking the study.
Table 1.1 Summary of Sampling Technique
Technique
Where applied
Census
4-5-star restaurants
Purposive sampling
Managers, supervisors and waiters

Justification
To reduce sampling error
To get critical information from respondents

Sample Size
A total of 79 employees from 4-5-star restaurants in Nairobi County, Kenya participated in the study.
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Table 1.2 Distribution of the respondents
Target group population
Restaurant managers
Restaurant supervisors
Restaurant waiters and waitresses
Total

Target population
20
40
40
100

Sample size
15
32
32
79

Percentages
20
40
40
100%

Data Collection Instruments
The study used both primary and secondary data collection methods to collect data. The primary data source utilized
a structured questionnaire for 4-5-star restaurant employees in Nairobi County, Kenya. A well-structured
observation schedule was used to obtain raw data from 4-5- star restaurants in Nairobi County, Kenya. The research
instruments comprised of both open and closed ended questions. Secondary sources of data involved retrieving
information from research Tv programmes, articles, newspapers, journals, websites, periodicals and book reviews.
Pre-Testing
Data collection instruments were pre-tested in 1 4-5-star restaurant in Nairobi County, Kenya to eliminate errors, to
identify area of improvement and to check on their suitability as research tools. This assisted the researcher to
establish the expected response rate and to modify or eliminate questions which are either not clear or were not in
line with the objective of the study.
Validity and Reliability of Research Instruments
Content validity of the research instruments was determined by pre-testing the instruments and checking responses
against study objectives, conceptual frame work and as guided by the research supervisors. A Pre-test was carried
out within Nairobi County in non-participating 4-5-star restaurant in Nairobi County, Kenya. Research assistants
were trained on data collection procedures, including clarifying the purpose of the study to the respondents, making
suggestions, observing skills and other important inputs. The instruments were administered to the same respondents
in non-participating 4-5- star restaurant in Nairobi, after thirty days as a test of reliability. The pre-testing data was
coded and analyzed to identify and correct the emerging errors. A reliability coefficient of 0.69 was obtained (Table
1.3) which indicated that the research instruments were reliable according to Griethuijsen and Trimmer (2014), who
asserted that Alpha co-efficients ranging from 0.67-0.87 for such studies are reliable and reasonable.
Table 1.3 Reliability Test Results: Cronbach's Alpha
Scale
Cronbach’s Alpha
Green Certification
0.69

No. of items
5

Comment
Reliable

Data Analysis Technique
Both quantitative and qualitative data analysis techniques were used by the study since the data collected was both
numerical and narrative. Quantitative data was analyzed using IBM statistical packages for social sciences with
levels of significance established using paired tests with a cut-off point of p being < or =0.05 at 95% confidence and
significance levels as summarized in Table 1.4. Qualitative data was analyzed into statements which have high
relevance to the objective of the study and was analyzed using NVIVO.
Table 1.4 Summary of Hypothesis Testing
Null Hypothesis
Test done
H01: There is no significant
Regression
relationship between green
Analysis
certification and consumer
buying behavior in 4-5-star
restaurants in Nairobi County
HA1: There is a significant
Regression
relationship between green
Analysis
certification and consumer
buying behavior in 4-5-star
restaurants in Nairobi County

Verdict
<0.05 reject the null hypothesis
Accept alternative hypothesis
>0.05 fail to reject null hypothesis
Reject the alternative hypothesis
<0.05 Accept alternative hypothesis
Reject the null hypothesis
>0.05 Reject the Alternative
hypothesis
Accept the null hypothesis
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Result
Determine the
relationship between
green certification and
consumer buying
behavior
Determine the
relationship between
green certification and
consumer buying
behavior

RESULTS AND DISCUSSIONS
Introduction
This section gives detailed findings of the data collected using questionnaires, observation schedules and secondary
data sources. As outlined, the study sought to establish whether there is a relationship between green certification
and consumer buying behavior in 4-5-star restaurants in Nairobi County, Kenya. The section present findings
according to the objectives of the study. The study targeted 79 4-5-star restaurants in Nairobi County, Kenya.
Response rate
The response rate measured how well the targeted sample size was arrived at. A high response rate obtained
minimized the chances of biased statistics and hence, the study findings are valid and reliable as shown in table 1.5.
Table 1.5: Response Rate
Questonaires
Response
Non-response
Total

Frequency
56
23
79

Percent %
71%
29%
100%

Out of a total of 79 questionnaires which had been issued to respondents, only 56 were completed which represented
a 71% response rate. Response rates approximating 60% for most research should be the researcher’s goal
(Mugenda & Mugenda, 2013). This shows that the researcher met the minimum required response rate to make the
results reliable and conclusive. A non-response rate of 29% was found due to respondents not being co-operative.
Demographic characteristics of the study
The researcher obtained information about the personal data of respondents. The data was related to gender, age, and
academic level. The quantitative data were presented in the form of tables and pie charts below:
Gender of respondents
The demographic characteristics results indicated that 51.8% were female while the male counterparts were 48.21%
as shown in Figure 1.2. This study indicates that majority of the respondents were female.

Figure 1.2: Gender of respondents
Descriptive Statistics of green certification and consumer
The study indicates that respondents use 3-container recycling bins system for waste products with a mean of 3.32
and a standard deviation of 1.403. With a mean of 4.54 and a standard deviation of 0.503, the study indicates that the
respondents are using energy-efficient lighting bulbs. Respondents are serving beverages in re-usable glasses or
mugs upon request with a mean of 3.82 and a standard deviation of 1.403. 4-5-star restaurants in Nairobi County
purchase eco-friendly products with a mean of 4029 and a standard deviation of 0.624. Respondents use motion
detectors for lights in restrooms with a mean of 4.16 and a standard deviation of 0.781. The results indicate that
indeed green certification practices in terms of green procurement and green management of waste, water and
energy influenced consumer buying behavior since the mean is more than 3.0.
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Table 1.6: Green product descriptive analysis
Green certification
Offer recycling bins for waste products like plastic cups,
paper sleeves and cup sleeves.
Use of energy-efficient lighting
Serve beverages in reusable glasses upon guest request
Purchasing eco-friendly products
Use of motion detectors for lights in restrooms

Mean
3.32

Std. Deviation
1.403

4.54
3.82
4.29
4.16

.503
1.403
.624
.781

Regression analysis of the relationship between green certification predictors and consumer buying behavior
The researcher sought to find out the direction of the association between green product and consumer buying
behavior. The results are as shown in 1.7:
Table 1.7 Model Summary for green product predictors78
Model
R
R Square
Adjusted R Square

Std. error of the Estimate

.319a
.273a
.231a

.010
.324
.038

.085
.058
.036

.47968
.48691
.49254

4.Green Procurement .040a

.210

.017

.50580

1.Green waste
2. Green energy
3.Green water

a. Predictors: (Constant), Green Product Design, Green Packaging, Green Ambience

The summary model provides for the correlation coefficient and coefficient of determination (r2) for the regression
model. The coefficients of determination of green waste, green energy, green water and green procurement are:
0.10, 0.324, 0.038 and 0.210 hence suggesting that for every unit increase in green waste will result 10% increase in
consumer buying behavior. A unit increase in green energy will result in 32.4% increase in consumer buying
behavior. A unit increase in green water will result in 3.8% increase in consumer buying behavior, and finally a unit
increase in green procurement will result in 21% increase in consumer buying behavior. These findings imply that
green energy management had the most significant impact on consumer buying behavior of 32.4% in 4-5-star
restaurants in Nairobi City County, Kenya.
Regression Analysis of Green certification and Consumer Buying Behavior
The study used multiple regression analysis to test whether there is any significant contribution of green certification
on consumer buying behavior and the results are as indicated in table 1.8:
Table 1.8: Regression Results
R
R
Adjusted R
.463a

Square
.214

Square
.200

Std. Error of
the Estimate
.44875

Change Statistics
2

R Change
.214

F Change df1 df2
14.713
1 54

Sig. F Change
.000

Results indicate that green certification has a weak positive significant influence on consumer buying behavior since
the co-relation coefficient is 0.463. Table 1.8 indicates a co-efficient of determination of 21.4% which implies that
green certification accounts for 21.4% increase in consumer buying behavior. There is a weak positive relationship
between green certification and consumer buying behavior since the correlation co-efficient is far from 1.
Table 1.9: ANOVAa
Model
Sum of Squares
df
Mean Square
Regression
2.963
1
2.963
1
Residual
10.874
54
.201
Total
13.837
55
a. Dependent Variable: Consumer buying behavior
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F
14.713

Sig.
.000b

The results in Table 1.9 indicates a p value of 0.001 which implies that green certification has a significant influence
on consumer buying behavior since P<0.05.
Table 1.10: Green Certification Coefficientsa
Model
Unstandardized Coefficients

Standardized
Coefficients
Std. Error
Beta

1

(Constant)
Green Certification

t

Sig. 95.0% Confidence Interval for
B
B
Lower
Upper Bound
Bound
2.449
.488
5.018 .000
1.471
3.428
.458
.119
.463
3.836 .000
.218
.697
a. Dependent Variable: Consumer buying behavior

Y=mx+ß0+ß1
Consumer buying behavior= 2.449X+ 0.458 green certification
This implies that green certification has a positive significant influence on consumer buying behavior. This study
indicates that there is indeed a weak positive relationship between green certification and consumer buying behavior
since P˂0.05. This study implies that guests prefer dining in credible green certified restaurants.
Qualitative Analysis of the influence of green certification on consumer buying behavior
A further qualitative analysis using NVIVO was conducted to determine the influence of green certification on
consumer buying behavior. A qualitative analysis as shown in Table 1.11 supports the findings from multiple
regression analysis since it has a coding reference frequency of 19. These results are in agreement with the multiple
regression results that indeed green certification has a positive influence on consumer buying behavior.
Table 1.11 Node matrix analysis of green products and consumer buying behavior
Objective
Coding reference count
Green Certification
19
A further Text search Query analysis was conducted and the results are as shown in Word tree Figure 4.4.
Word tree Text Search Query on green products on consumer buying behavior

Figure 1.5: Word tree Text Search Query on green certification on consumer buying behavior
Word Tree analysis (Figure 1.5), shows that green certified restaurants influence consumer buying behavior since
the respondents from the secondary sources of data indicated that consumers who are environmentally conscious
walk into previously green certified restaurants repeatedly because they respond to their green needs by utilizing
green power, acquiring reputable green certificates like GRA, using renewable and recycled resources in order to
save the environment..
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Table 1.12: Summary of Hypothesis Testing
Null Hypothesis
Test done
H01: Green certification has no
H01, P-value
significant contribution to the
0.001˂0.05
consumer buying behavior of 45-star restaurants in Nairobi
County, Kenya.
HA1: Green certification has a
H01, P-value
significant contribution to the
0.001˂0.05
consumer buying behavior of 45-star restaurants in Nairobi

Verdict
(HA1) was accepted
(H01) was rejected

Results
There is a significant relationship
between green certification and
consumer buying behavior in 4-5star restaurants in Nairobi County

(HA1) was accepted
(H01) was rejected

There is a significant relationship
between green certification and
consumer buying behavior in 4-5star restaurants in Nairobi County

The findings presented a p-value of (0.001) which was less than 0.05 as shown in table 1.12. The alternative
hypothesis was accepted while the null hypothesis was rejected, indicating that, there is a significant relationship
between green certification and consumer buying behavior in 4-5-star restaurants in Nairobi City County, Kenya.
This means that, consumer buying behavior are influenced by credible green certified restaurants in 4-5-star Nairobi
County, Kenya.
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
Relationship between green products and consumer buying behavior
The objective of this study was to determine the relationship between green certification and consumer buying
behavior in 4-5- star restaurants in Nairobi County, Kenya. The findings showed an R2= 21.4%, df=1 and
p=0.001<0.05 indicating that indeed green certification has a positive significant effect on consume buying behavior
in 4-5-star restaurants in Nairobi County, Kenya. This implies that consumer buying behavior is influenced by green
certification in 4-5-star restaurants in Nairobi County.
CONCLUSION
Based on the findings of study, the following conclusions were made.
1. Green certification contributes significantly on consumer buying behavior in 4-5-star restaurants in Nairobi
2. Green energy management has the most significant influence on consumer buying behavior since it is closer to
1 as compared to green waste, green water and green procurement.
RECOMMENDATIONS
Based on findings of study, the following recommendations were made:
1. Restaurant shareholders should embrace green certification by reputable third parties like ISO140001 and
Green Restaurant Association in order to distinguish themselves as real eco-friendly company since its
accredited to be eco-friendly and are in line with international standards of environmental conservation in
order to obtain a green image and a good reputation that they are responsible in conserving the environment
2. Restaurant management should put more efforts on green procurement and green energy management since
they have the highest significant influence on consumer buying behavior as compared to other green
certification determinants.
3. The Kenyan government should come up with Green Restaurant Certification programmes, which are
aligned with international standards of environmental conservation guidelines which address Kenyan
environmental needs by emphasizing more on green energy management, green water management, green
waste management, green procurement and green building to be awarded to restaurants that meet the
required green environmental practices in their operations in order to conserve our wetlands and reduce
waste disposal challenges.
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ABSTRACT
Mathematics has become the backbone for prosperity in almost all field of Life. Secondary school mathematics
education lays a strong foundation for all types of learning at the secondary school level and more so at higher levels
of learning. Thus, mathematics is a prerequisite for better achievement at higher stage. Developing individuals with
strong self-concept do contribute significantly to their performance. Studies on self-concept and their impacts on
academic performance have predominantly focused on teachers’ specific instructional methods. Students believe
knowing mathematics is about remembering and applying certain rules correctively in a problem and that the only
correct answer is the one given by the teacher. Most research into factors that influence academic performance
mainly focus on cognitive domains but less on affective domains of learning. Students Self-concept has been linked
to academic achievement, social adjustment, healthy behaviour and positive employment outcomes. Thus, there is
comparatively little self-concepts research examining influence of students’ self- concept construct (academic effort,
family background, students’ perception and number of contact hours of the teacher) on academic performance. The
researcher used a quantitative approach using correlational design was utilized. Constructs of self-concept were
hypothesized to influence academic performance. This design allows the understanding of important phenomena
through the identification of relationship among variables. Simple random sampling was carried out in select
Coeducational schools. The study population was all Form two students in Kitui County. The sample size was 277
Form two students in Meru South Sub- County, Kenya. The instrument for data collection was self-description
questionnaire. Students completed self-concepts scales and the data was recorded. Students’ average marks were
collected and then analyzed to observe whether there was a trend between high self-concept and higher academic
performance. Quantitative data collected was analyzed using mean, standard deviation, a one way ANOVA with the
help of Statistical Package of Social Scientists (SPSS) version 22.0. Cronbach alpha was used to test reliability of
the research instrument. The reliability was found to be 0.84. The study revealed a strong relationship between
students self – concept and academic performance. On students effort and students family background, girls
recorded higher variability on interest in learning, Self-concept is perceived positively by students; however this
does not affect directly students’ mathematical performance but does so when students put less efforts in solving
problem on what has been taught to them previously. The researcher recommends that teachers and all stakeholders
should take it as their responsibility to develop students’ positive self-concept when interacting with them.
Keywords: Effect, Self-concept, academic performance, student perception, family background, contact hours
INTRODUCTION
Kenyan government recognizes that education is a human right as ensilaged in the Kenya Constitution (2010).
Measures has been put in place both legislative and in policy framework to ensure that the basic education is
available to all and is free to all (Basic Education Act, 2013).The main goal is to achieve Vision 2013 and the big
four government agenda. Through ministry of Education in corroboration with Kenya National Examination Council
(KNEC) has ensured quality curriculum delivery and administration of National exams that are free from cheating.
Over the recent years, many candidates have performed poorly (KNEC, 2017). Mathematics is one of the subject
that performance has been below D+ over the last three years (KNEC, 2016, 2017 & 2018) examination reports.
When students ask questions, the problems they have might be unclear. This causes errors in basic mathematics
procedures. Mathematics subject become like a Puzzle, which makes the learning environment with less interest.
Students become bashful and shy from asking questions and they think they have no ability in mathematics. They
lose their self-confidence. The poor performance in mathematics has been attributed to several factors which include
teachers professional teaching experience, teaching approaches, teaching and learning resources and the abstract
nature of mathematics(Githua, 2013).There is inadequate research conducted in Kenya on the influence of students
self – concept on academic performance in secondary school students. Self-concept is conceptualized as how a
student views his/her academic ability when compared with other students (Cooley, 2000 as cited in Ekow, 2014).
According to Cooley (2000), academically successful individuals must be identified with domain of academics.
Academics must be part of their self-concept more specifically they must have a positive academic self-concept.
Three different aspects of self-concepts incudes; self-image, or how ones see himself or herself. It is a mixture of

321

attributes such as physical characteristic, personality traits, and social roles. Self-esteem or how much you value
yourself can be influenced by how others respond to the one likely to develop negative self-esteem when he or she
compares himself or herself lacking and positive self-esteem when people respond positively. Ideal self, or how ones
wish one to be. The way you see yourself and how you would like to see yourself do not match up. Chetri (2014)
views self-concept as those perceptions, beliefs, feelings, attitudes and values an individual perceives about his or
her abilities and his status in the outer world. According to Chetri (2014), an individual with good self- concept tend
to more accepting than of others. Building student cognitive and affective self- concept has positive influence on
academic performance of the students. Our self-concept is not always aligned with reality. Some students believe
they are great academician but their results reports otherwise (congruence). From childhood parents have placed
conditions on their affection for their children through certain behaviour. The formation of self-esteem is fueled by
the family dynamics. This becomes the first social group where interactions determines who we are (Lead, 2010). It
is the responsibility of the parents to make sure there is affection, security and attention. They should supply vital
encouragement and drive which will make us to walk through this world feeling that they are valuable people.
Research work conducted on 98 first year engineering students at city university of New York by Gerardi (2009)
found that academic self-concept was the best predictor of academic success. Konnor and Nixon (2010) also
examined students’ perception on self-concepts and the relationship between self-concept academic performances in
the University of Wisconsin. The findings of the study were that students perceived self-concept positively.
Crawford (2013) found out that students self – concept influence their academic performance; however, the level of
effort exerted by the student in learning largely contributes significantly to students’ self-concept in boosting their
academic performance. Development of students’ self-concept need to be put into consideration as this will be
consequential as it is this entire system of helping build around the importance of the self in human personality and
personal adjustment. These studies focused on University students and the present study examined secondary school
students who have not excelled academically.
Arefi, Naghibzadeh and Baloki, (2014), studies on relationship between self- concept and academic achievement on
Iranian high school students reported that there is a mutually reinforcing relationship between academic self concept and attachment with the parents and an academic achievement but no relationship with the peer interactions.
Understanding family background of the learner is crucial for successful learning. Improving students’ self- concept
especially for low achievers has significance importance. Marsh and Craven (2006), found out that self-concept and
achievement to be reciprocally related sharing the domain causal relationship. Most research work have either put
more emphasis on competence or combined competence with affect aspect (Jansen et al., 2014).
Hoge, Smit and Crist (2012) also conducted a two-year longitudinal study of 322 sixth and seventh graders that
compared the three levels of self-concept (high, middle and low) and studied the influences of self-concept on
achievement. The findings were that achievement on self-concept had influences of self-concept on grades were
weak but grades had a modest influence on subsequent discipline-specific self-concept. The researchers concluded
that past correlation studies have overstate the influence of self-concept on grades and of grades on self-concept.
Self-concept is frequently positively correlated with academic performance, but it appears to be a consequence
rather than a cause of high achievement (Baumeister, Campbell, Krueger & Vohs, 2012).
A study was conducted on relationship between self-concept and academic achievement in Saudi girls aged 8 – 10
with learning disabilities. It was a descriptive study where Tennessee self-concept scale with six domains (physical,
moral, personal, family, social and academic) were measured. Academic achievement was measured by considering
the final marks in academic year. The results revealed that academic self-concept is affected by learning disability
but not general self-concept. Similar results were also found by Al Zyoudi (2010). Steinke (2010) noted that pupils
who possess a good self-concept are actively involved in school, which leads them to be more successful. When
students possess weak or negative self- appraisal they are likely to view themselves as incapable of success. Our
perception of ourselves does not develop spontaneously but develop overtime due to interactions with others and
environment (Steinke, 2010). The present study examined students in inclusive classroom.
Ju, Zhang and Katsiyanmis (2013) investigated the reciprocal causal relationship between academic achievement
and academic self-concept domains (self- image, social, and academic). Johnson III test and students concept scale.
Parents’ involvement was measured in terms of school and home involvement. It was found that parents’
involvement was very important predictor factor of academic achievement and self-concept. A longitudinal Study by
Dalun, et al., (2011) on the level of parents engagement in school and home settings with elementary students with
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special needs and the relationship of this engagement to students achievement. They found parents’ involvement is
positively linked to higher performance. The reviewed literature supports the proposition that there was significant
relationship between various construct of self-concept and academic achievement and those learners who have a
positive self-concept do improve significantly (Schutte et al, 2017). According to Williams and William (2010),
students’ beliefs influence students’ performance on choice of activity, amount of effort, level of perseverance the
type of learning strategies. When students have positive academic self-concepts, it affects their academic behaviour,
academic choices, educational aspirations and subsequent academic performance (Scales, 2006).
In Kenya, performance among students at the KCSE mathematics examinations has been poor for many years
(Githua, 2015). Declining trend in mathematics has raised many concerns among parents, educational providers and
other educational stakeholders in light of heavy investment placed in the education sector by the Kenyan
government. Kinyua (2014) identified poverty and unskilled employment of parents as obstacles to academic
performance of Girls and boys in Naivasha Sub County. Cecilia (2016) conducted a study in Kericho County on the
influence of self-esteem on academic performance. The results revealed that mothers employ their feelings when
handling children’s resulting to creation of a suitable work environment at home to do their schoolwork. In Meru
South, Tharaka- Nithi County the situation is not different. The mean scores over a period of three years has been
below 5.00 as shown in Table 1. Despite the effort by Ministry of Education introducing programs such as
Strengthening of Mathematics and Sciences in Secondary Education (SMASSE) project and institution organizing
extra classes for students and extra tuition at homes for day scholar’s, performance is still below average. The table
1 shows mathematics performance for the last three years in KCSE examination.
Table 1. Candidate Overall Performance in Mathematics in Meru South Sub County
YEAR
ENROLL
M/S
M/G
2016
4364
2.821
D
2017
2653
2.996
D
2018
3244
3.134
D
Source: Adopted from Sub County Director of Education (Annual Report 2017, 2018).
Student self -concept could be enhanced by constant feedbacks and interaction in classes by providing basis for
reinforcement, verification and reinforcement of learnt ideas. One of the most important factor responsible for
student academic performance is influenced by constructs of self- concept (Ekow, 2019). Incidentally, most of the
research work has focused on relationships among the constructs of self- concept from western cultural background,
which may be slightly different from Kenyan situation.
Statement of the Problem
Students, Parents, and teachers are attempting in Kenya among others in effort to ensure many students do perform
well in their final Kenya Certificate of Secondary Education (KCSE). one of these attempts incudes; acts of
organizing extra remedial classes for the weak students by teachers, parents spending extra monies on children
education, and Government increasing teachers’ salaries in order to motivate teachers to give off their best.
Notwithstanding these, it still appears most students continue to perform below average in Secondary schools in
Kenya. Most research into self- concept and relationship on academic achievement has focused on cognitive
domains but less on affective domains. Thus, the present study seeks to fill the gap created in previous research by
examining the influence of self-concept on academic performance of Students in Meru South Sub County, Kenya.
Purpose and Objective of the Study
The purpose of this study was to investigate the influence of students’ self-concept on academic performance in
mathematics in secondary schools of Meru South Sub – County, Kenya.
To find out the influence of constructs that form student’s self-concept on academic performance in mathematics.
Research Questions
(i) Is there any relationship between students’ effort and their academic performance?
(ii) Does students family background influence their performance in mathematics?
(iii) Is there any relationship between student perception and their academic performance?
(iv) Is there any relationship between contact hours by the teacher influence academic performance?
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METHODOLOGY
Research Design
A correlational research design was utilized in this quantitative research. This design allows collecting data to test
the relationship between the set of variables. The study design allows clarification and understanding of important
phenomena through identification of relationship among variables without any manipulation (Gall; Borg & Gall
1996; Orodho, 2000).
Population and Sampling
Accessible population of the study was all Form two students in secondary school in Meru South. The target
population comprised of all Form two students in coeducational secondary schools in Meru South Sub-County in
Kenya. Form two was selected because it was considered to have stayed in school for a longer period, that Form
three, and four are examination classes. The unit of sampling were schools and not participants. There are 37
coeducational secondary schools in Meru South Sub County. Simple random sampling was used to select 10
schools. A total number 450 both boys and girls was targeted however only 277 students participated in the study
from these secondary schools. The instrument for data collection was self-description 18 item questionnaires
adopted from Beatton and Frijters (2012). In this Study the selected dimension of self-concept was; students effort,
students perception, family background and contact hours by the teacher. The dimensions were treated as
independent variables while academic performance as dependent variable.
Instrumentation
The present study adopted was self-description
questionnaire to measure the level of self –concept of the
participant. The questionnaire consisted of 18 items that are self- rated on a 5 point rikert scale 1 – 5 with responses
ranging from Strongly agree(SA),agree(A), undecided(U) disagree(D) and strongly disagree(SD). Five represents
the strongest agreements to the issues while one represents the least agreements to the issues. All items in the
questionnaire obtained exclusively background information about the subjects. Question one included gender while
question two focused on average score performance in midterm and end of term exam. The subsequent sections
considered, students personal effort, the family background, one’s perception and contact hours self -concept
respectively of the respondents. Question 4 comprised of 8 items. (a, e ) were on students effort;(b,f) on family
issues; (c, g ) students perception and (d e, h) were on contact hours with the teacher. With regard to the academic
performance of students, the students’ average scores for the midterm exam and end of term one exam 2019 was
used. The scores were put in five-point scale to match with that of the self-concept scale in other to have uniformity
regarding the measurements of the items. This makes it easier for inferential analysis. The questionnaire was pretested at secondary school with similar characteristic as that sample outside the sub county. The questionnaire was
tested for its internal consistency using Cronbach’s alpha with a reliability coefficient of 0.84. This according to
Malhotra and Birks (2007) is high and satisfactory.
Data Analysis
The data was collected from the accessible population through questionnaire. Both descriptive and inferential
statistics was used to analyze Data. Descriptive was used to show how items related the influence of how various
dimensions of self self- concept was analyzed by one-way ANOVA and Linear regression. It was screened, coded
and keyed for analysis with help of statistical package of social sciences version 22.0. Mathematics scores were put
in five-point scale to match with that of the self-concept scale in order to have uniformity regarding the
measurements of the items. Multiple regression analysis was used to determine whether the self -concepts constructs
variables predicted academic performance.
RESULTS AND DISCUSSION
Data was analyzed by using the frequencies, mean and standard deviation of responses falling in each of the 5- point
Likert scale. The conclusion made in this study is based on the majority of students’ responses in the strongly
disagree (SD); disagree (D); strongly agree (SA); undecided (U) and agree (A) category. A consensus’s response
was found on a number of questionnaire items. It was defined by over 70% agreement or disagreement in responses
on the items in the questionnaires. The results of students in questionnaire is shown in Table 2. The finding shows
that the performance of the most student was below average (2.16) rated as 2. Student effort (SA); Student
perception (A); number of contact hours (A). Further analysis was conducted to compare frequencies, means and
standard deviation of each self-concept construct. Research question one sought to find out the influence of students
effort to their academic performance.

324

Table 2: The mean and standard deviation of the responses
Item response
Mean
Performance
2.16
Students effort
1.67
Student perception
2.47
Number of contact hours
2.31

S.d
.890
.970
1.228
1.195

N
276
271
249
270

Table 3. Results on Items Sought Information on Student’s effort in Learning Mathematics
Item response
Freq.
Percentage
Mean
Standard deviation
5
145
52.7
2.29
.816
4
101
36.5
2.12
.952
3
1
4.0
2.0
.00
2
14
5.1
1.79
.893
1
9
3.2
1.11`
.333
Total
270
97.8
1.67
0.97
This illustrates that 52.7% of respondents strongly agree and 36.5% agree that student personal effort influence
performance in mathematics. The mean of 1.67 falls in the range of strongly disagreement that student effort does
not influence academic performance. These results are in consistent with Crawford (2013) who shows that the level
of effort exerted by the student in learning is likely to result to development of self - concept leading to higher
academic achievement. Higher levels of intrusive self-concept, higher student productivity, greater student
engagement in problem solving and through consultation from peers’ and teachers, and an improved sense of selfcompetences enhance students’ self-concept. To test whether there was significant difference in the means, one way
ANOVA was carried out and the results are presented in Table 4
Table 4. Analysis of Variance (ANOVA) for the self- construct of effort
Performance * Students Effort
Sum of Squares
df
Mean Square F
Sig.
Between Groups(Combined)
14.497
4
3.624
4.859
Linearity
13.182
1
13.182 17.674
Deviation from Linearity
1.315
3
.438
.588
Within Groups
197.655
265
.746
Total
212.152
269

.001
.000
.624

The results shows F (4,265) = 4.859, P< 0.05, this shows the level of students effort contribute to academic
performance. The results of association between the variable is presented in Table 5
Table 5. Measures of Association of the variables
R
R Squared
performance * effort
-.249
.062

Eta
.261

Eta Squared
.068

Table five shows that R square = 0.062. This shows that 6.2% of performance is influenced by students’ effort in academic and
93.8% is influenced by other factors outside this model.
Research question two sought to find out the influence of students family background to their performance in
mathematics. The results are shown in Table 6.
Table 6. Results on Items Sought Information on Student’s family background
Item response Freq.
Percentage
Mean
S.D
5
37
13.4
2.05
.664
4
105
37.9
2.33
1.025
3
34
12.3
2.09
.755
2
42
15.2
2.07
.835
1
39
14.4
1.95
.793
Total
257
2.16
1.335
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The items sought information family background information such as conflicts and education level of the parents.
The three items each was used to elicit data on these self-concept which were later pooled together to form each of
the sub self-concept for descriptive analysis. However, the items were measured with five-point Likert scale type as
indicated earlier.
The results presented in Table 6 show that 51.3% of respondents are in agreement that self - concept of family
influences academic performance while 29.6% of the respondents disagree that self- concept of family does not
influence academic performance. A mean of 2.09 was obtained which falls on respondents that were undecided.
Their results shows how family self -construct may influence performance of mathematics but further analysis of
variance was carried out to find whether the differences of means were statistically significant. The results are
shown in Table 7.
Table 7. Analysis of Variance (ANOVA) of family Self -concept construct
Sum
of
Squares
performance
Between
(Combined)
5.815
* family
Groups
Linearity
2.139
Deviation from Linearity
3.677
Within Groups
196.644
Total
202.459

d.f
4
1
3
252
256

Mean
Square
1.454
2.139
1.226
.780

F

Sig.

1.863
2.741
1.571

.117
.099
.197

F (4, 252) = 1.863; P> 0.05; this shows the there is no statistically significance difference in the performance of
students as influenced by family background. Table 8 presents the association of the variables.
Table 8. Measures of Association
R
performance * family -.103

R Squared
.011

Eta
.169

Eta Squared
.029

R Squared = 0.11; this means only 1.11% of students performance is influenced by self - concept of family and
98.99% is influenced by other factors. The Study findings of Chiu and Klassen (2010) conflicts with these findings
since they found out for students from a culture, which tolerates more uncertainty, do influence mathematics
achievement. The results also conflict with studies carried out by on Hong Kong parents that Excellent examination
results are considered representative of the status and good reputation of the family(Lau, Yu, Lee, So & Sung,
2004). According to Tabone(2011), self-appraisal is created through interactions with one’s environment and the
influence of others. How students identify with the community, political movement or religion many not necessary
reflect their performance.
Research question three sought to establish whether student perception influences their mathematical performance.
The results are indicated in table 9.

Table 9. Results on Item on Perception of Students
Item response
Freq
Percentage
5
50
18.1
4
110
39.7
3
39
14.1
2
22
7.9
1
28
10.1
Total
249
89.9

Mean
1.46
2.12
1.85
2.91
3.0
2.48

S.D
.579
.825
.779
.294
.903
1.23

The results portrays 57.8% of respondents agree that students perception do influence academic performance while
19% are in disagreement that students perception not contribute to academic performance. To find out whether there
was statically significance difference in means ANOVA was carried out and the results presented in Table 10 while
that of association of variables was presented in Table 11
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Table 10. ANOVA results of Students Perception Self- Construct
Sum of squares
Performance
*perception

Between Groups

(Combined)
Linearity
Deviation from
Linearity

Within Groups
Total
Table 11. Measures of Association
R
performance * perception
.486

R Squared
.236

d.f

60.074
46.465
13.609

4
1
3

136.765
196.839

243
247

Eta
.552

Mean
Square
15.019
46.465
4.536

F

Sig.

26.685
82.558
8.060

.000
.000
.000

.563

Eta Squared
.305

F (4, 243) = 26.685; P< 0.05.This means that students perception self- concept construct was statistically
significant. The results of Table 11 shows R squared = 0.236. This means that students perception self-concept
constructs are able to predict or explain only 23.6 % of the variance in students’ academic performance in the
school. It therefore means that besides this self- concept constructs identified, other factors not yet in the model have
a chance of contributing or predicting about 76.4% to students’ performance in mathematics.
The fourth Research question of the study was to find out whether students contact hours by the teacher influenced
their performance in mathematics. The results of respondents are presented in Table 12
Table 12. Students’ responses on the number of contact hours
Item response Freq.
Percentage
Mean
5
76
27.4
2.39
4
100
36.1
2.12
3
49
17.7
1.71
2
24
8.7
2.63
1
20
7.6
1.85
Total
269
97.5
2.33

S.d
1.047
.700
.707
.711
.933
.873

The percentage of students in agreement was 63.5 % while 16.3 % did disagreed that increasing contact hours
influences ones performance. Analysis of Variance was conducted and the results are presented in Table 13 while
the results of association of variables are indicated in Table 14
Table 13. ANOVA of number of Contact hours self- concept
Sum of Squares
performance *
hours

Between
Groups

(Combined)
Linearity
Deviation from
Linearity
Within Groups
Total
F (4, 264) = 7.636; P < 0.05
Table 14. Measures of Association
R
performance * hours
-.126

R Squared
.016

d.f

21.159
3.261
17.898

4
1
3

182.893
204.052

264
268

Eta
.322

Mean
Square
5.290
3.261
5.966

F

Sig.

7.636
4.707
8.612

.000
.031
.000

.693

Eta Squared
.104

In the model, the selected self-concept of students were entered as independent variables with students’ academic
performance in the school operating as dependent variable. The results as shown in Table 13 indicate that the
number of contact hours self-concept was statistically significant, F(4, 264); P< 0.05, however R Squared =
0.016.This means that contact hours self-concept constructs are able to predict or explain only 1.6% of the variance
in students’ academic performance in the school. It therefore means that besides these self- concept constructs

327

identified, other factors not yet in the model have a chance of contributing or predicting about 98.4% to students’
academic performance in the school. The result suggests that students’ self-concept constructs alone do not
contribute significantly to their academic performance and that they do so when other variables are considered.
CONCLUSION
The findings show there is strong relationship between students’ self-concept of academic effort, student perception
and number of contact hours on performance in mathematics. There was statistically no significance difference in
the level of performance in mathematics due to students’ family background. To enhance Students self- concepts,
monitoring academic Programme is fundamental in ensuring students efforts are not influenced by their selfconcept, which may affect their performance.
RECOMMENDATIONS
Science educators on how science students can achieve better in science and mathematics have carried out several
educational researches. The researcher recommends the following
(i) The government and those in educational affairs should encourage teachers who teach mathematics by
providing them with materials or items that enhance students’ self-concept and put more attention on
student self-concept.
(ii) Educators are suggested to incorporate students’ perception, values, and beliefs when delivering new
mathematical knowledge.
(iii) Educators should encourage students to put a lot of effort to understand and be actively involved in
problem solving in class lessons and in group activities. Creation of extra time to carry out mathematics
problems need to be put into consideration.
(iv) Similar research on other parts of the Country for the purpose of generalization of findings, such study will
help solve cultural and geographical differences.
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ABSTRACT
Retirement poses psychological problem for many retirees. There is an increase in the number of retired teachers in
Meru County in Kenya because majority of the pioneer teachers in Meru County had begun retiring. It was
necessary to establish the relationship between self-esteem and adjustment to retirement. The researcher established
a relationship between self-esteem and adjustment to retirement among retiree teachers in Meru County. The study
adopted descriptive survey research design. The study sampled 318 respondents from a population of 1800
comprising of 600 retirees, 600 spouses of retirees and 600 close relatives of the retiree teachers. A sample of 318
respondents was selected to participate in the study. Data was collected from retiree teachers and their spouses
through questionnaires. Interview schedules were used to collect data from retiree teacher close relative.
Quantitative data was analyzed with the help of Statistical Package for Social Science (SPSS) version 23.
Descriptive statistics included frequencies, percentages, standard deviation and mean. Inferential statistics used was
wilcoxon signed rank test. Qualitative data collected was analyzed by classifying the responses into meaningful
categories thematically. The findings of this study revealed that there is a significant relationship self-esteem and
adjustment to retirement. The study recommends that Teacher Service Commission to organize pre-retirement
training and counseling to prepare teachers to handle challenges that may affect their self-esteem in retirement.
INTRODUCTION
Retirement is gradually becoming a topic of research in contemporary society. This is because it is one of the
challenges associated with aging. Growing old is not easy and involves life changes which demand multiple
adjustments requiring stamina, ability and flexibility. The loss of work through retirement is one of the major
adjustments for aging individual (Eliopoulos, 2010). Retirement therefore, it is a major stage in adult development
and it essentially marks the split from middle years to old age. By the time one gets to retirement mental and
physical exuberance has dwindled thus it becomes rational to relieve the person of some strenuous and excruciating
duties that may weigh them down and consequently threaten their health.
Retirement can mean different things to different people. For some, retirement may mean reducing the amount of
work hours per week from full-time to part time status, while for others it may mean working on a voluntary basis
(Marshall, 2004). To others it can mean partial or complete withdrawal from career work accompanied by change in
the source and decrease in income. According to Peeters, Van, Anne, Goldberg, Shore and Lipka, (2008) retirement
is a complex social phenomenon that signifies the detachment from customary activities in business, industry, or
active services as full-time employee. Hartman (2014) asserts that retirement is important because it reduces the
stress level of employees and gives retirees the time to rest, exercise and lead a healthier life in general. Marshall,
(2004) states that retirees have ample time to interact with family members, friends and engage in community
activities. Contrary to assertions by Hartman (2014) and Marshall (2004), Drummond (2003) asserts that retirement
affects income and employment status leading to reduced self-esteem among some retirees.
According to Longino (2009), retirees go through six phases. The first phase is the pre-retirement phase when the
employee is preparing to retire. Then there is the actual retirement date when the employees leave the organization
and get farewell messages or even a farewell party. After the farewell, the next phase is the honeymoon phase where
the retiree feels that they are now free to do all that they dreamt of doing during their working period. Once the
honeymoon phase is over the retiree now faces the reality of retirement at the disenchantment phase. If the
disenchantment phase is not properly managed retirees develop Psychological problems one of them being
complications with self-esteem (Longino, 2009). Many people who have been looking forward to retirement for a
long time, when many retirees reach this phase they must deal with the feelings of being let down. They realize that
retirement is not a permanent vocation after all, and that retirement brings along the feelings of loneliness, boredom,
feelings of uselessness and disillusionment.
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The mandatory retirement age varies from country to country, and even within the same country it may still vary
based on occupation and gender (Kwesi& Allen, 2012), generally ranging between 55-75 years (Kim, Kwon &
Anderson, 2005). The standard age of retirement in Kenya is 60 years with some exceptions where some employees
retire at the age of 65 and 75 such as members of judiciary, university staff and researchers at the research centers
(Ross & Willis, 2009). Many retirees in Kenya face a lot of challenges in securing their pension and other benefits
hence hitting on their self-esteem negatively. The teachers’ in Kenya retire at the age of sixty years. However,
teachers with disabilities and registered by the National Council for Persons with Disabilities have their retirement
age set as sixty five years according to government of Kenya policy (GoK, 2012).
Ogunbameru (2004) reported that retirement is a major crisis especially in sub-Saharan Africa. The transition from
work to retirement is often perceived as resulting into loss of status especially leading to esteem problems and other
psychological problems. The views by Ogunbameru (2004) were corroborated by the findings of Anyah (2008) who
stated that teachers in Ghana feared to and were refusing to go on retirement because of boredom and loss of sense
of self-worth which is attributed to lack of pre- retirement counseling. Self-esteem refers to how a person feels about
them self. It is how people view themselves positively or negatively. It can also refer to the overall attitude towards
oneself. Individuals with high self-esteem respect view themselves as useful individuals. Self-esteem is affected by
three qualities of the worker’s job: autonomy, power, and opportunities for socialization (Neff, 2009). Some of the
factors that have been found to impact self-esteem are: education, income, and heath and employment status
especially as people aged. People who have higher incomes and better health in later life tend to maintain their selfesteem as they age. This could be associated to the fact that it is possible that wealth and health are related to feeling
more independent and better able to contribute to one’s family and society which in turn boosts self-esteem.
Self-esteem was also found to be positively associated with financial satisfaction, optimism about the financial
future, and future expectations of improvement in their financial situation Hira and Mugenda (1998). All these
factors are often affected by retirement. High self-esteem is considered important because it is associated with
higher levels of psychological health and functioning, and low levels of self-esteem are undesirable because it is
associated with lower levels of psychological health and functioning (Glaus, 1999). A strong sense of self-esteem is
needed among elderly population to whom every day is a struggle. The elderly population is suffering from
decreased mobility, disabilities, and failing health can certainly affect one’s sense of self-esteem. Many people
invest a lot in their time in careers and neglect other areas of their lives. These people suddenly feel
emptiness and despair when they retire. People whose sense of self-esteem and worth is dependent on the
work they do are particularly at risk of developing low self-esteem after retirement Peeters, Van, Anne,
Goldberg, Shore and Lipka, (2008). They may feel that they have lost their purpose for living, that they are
worthless and do not have a role to play in the society. Research findings have shown that self-esteem takes a bit
of a dive around the age of retirement.
Midlife is a period associated with highly stable work, family and solid romantic relationships. Things change when
one enters retirement. It is a period that can mean that one is too old for many employers despite having the skills
and experience they required and that can make somebody’s health start to suffer as a result. It is easy to think of
retirement as the end of somebody’s value. Retirees could have become so caught up in their work, identity or their
worth as a parent that the idea of losing those identities can fill them with dread (Drummond 2003). These studies on
self-esteem did not establish the relationship between self-esteem and retiree teacher adjustment to retirement hence
the study found it necessary to establish how teacher retirees adjusting to challenges of self-esteem in retirement.
Statement of the Problem
Retirement is viewed with great anticipation and anxiety, probably because of the uncertainties regarding the future.
It is a threat to many workers who may not know what to do with their lives after retiring from active service. This
poses psychosocial problems such as low self-esteem to many retirees. These problems are described as having
relationships with many life circumstances such as finances, bridgework, family issues, housing issues, and physical
health, pension among others during retirement. Previous studies have found a link between self-esteem and
adjustment to retirement. However, these studies focused in the developed countries whose setups may not be the
same as the developing countries in general and Kenya in particular hence this study intends to fill the gap.
Objective of the Study
The study established relationship between self-esteem and adjustment to retirement among retired teachers in Meru
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Hypothesis
There is no statistically significant relationship between self-esteem and adjustment to retirement among retiree
teachers in Meru County, Kenya.
Research Design and Location of the Study
This study adopted a descriptive survey research design. The study was conducted in Meru County. Meru County is
the home of the Ameru. There are ten sub-counties in Meru County namely, Igembe North, Igembe Central, Igembe
South, Tigania East, Tigania Central, Tigania West, Buuri, Imenti North, Imenti Central and Imenti South. Meru
shares its border with five counties: Isiolo to the North, Nyeri to the South West, Laikipia to the West, Mwingi to
the East and Tharaka Nithi to the South East.
Population of the Study
The study targeted 600 teachers from Meru County who had retired from the Teachers Service Commission between
2014 and 2018 (TSC, 2018). Spouses and selected close relatives of the retiree teacher participated in the study.
Therefore the target population comprises of 600 retiree teachers, 600 spouses to retiree teachers and 600 close
relatives of retiree teachers hence a population of 1800 persons.
Sampling Procedures and Sample Size
A sample of 318 respondents who were proportionately selected was used, as shown it Table 1:
Table 79: Sample Size
Group
Retiree Teacher
Spouses of Retiree Teachers
Retiree Teachers ‘close relatives
Total

Population
600
600
600
1800

Sample Size
106
106
106
318

Sampling Procedure
Snowballing
Purposive
Simple Random

Research Instruments
Questionnaires and interview schedules were used to collect data from the respondents.
Questionnaire
Two sets of structured questionnaire were used to collect data. A set of questionnaires were made for the retired
teachers and another set for the spouses of retiree teachers.
Interview Schedule
Interview schedule was used to collect qualitative data from the close relatives of retiree teachers.
Data Analysis
Quantitative data was analyzed with the help of Statistical Package for Social Science version 23 using descriptive
and inferential statistics. Descriptive statistics included frequencies, percentages, standard deviations and means.
Inferential statistics used were one sample Wilcoxon signed rank test. The variables used were the 10-item Kessler
psychological distress scale (K10) scores obtained from the retirees’ data (Bougie et al., 2016). The Kessler
psychological distress scale(K10) is designed to measure anxiety and depression through a10-item questionnaire.
Each question pertains to an emotional state and each has a five-level response scale. The higher the score, the
greater the psychological distress due to depression or anxiety. A score of less than 15 shows no distress or anxiety.
A score of 16-30 indicates moderate distress and a score of over 30 means high distress (Blanc et al., 2014)
Ethical Considerations
The researcher appreciated human dignity by ensuring privacy and respecting the autonomy. All information
collected was treated with utmost confidentiality. The researcher also explained all that entails the research.
Potential respondents were given information about the study objectives to ensure they are well explained. Consent
from the respondent was sought and anonymity was guaranteed. Citations and acknowledgement was included for
previous work cited in the research proposal so as to avoid plagiarism. Informed consent was sought from the
respondents who had expressed the need of counseling services and they were given a form to sign. The researcher
endeavored to have truthful representation of the data collected from the respondents.
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Demographic Characteristics for Retirees
The demographic characteristics for the retiree teacher’s that were considered in this study were; the spouses’
gender, marital status and religion. Among the respondents, 50% were male and 50% were female. Most of the
retired teachers were aged 61 – 65 years). The recommended age of retirement for teachers in Kenya is 60 years.
Over 50% of the retired teachers in this study were 60 years and above. However, there were still retired teachers
who aged less than 60 years. These are the teachers who could have retired through early retirement.
According to information on the teacher service commission’s website, a teacher may apply to retire on attainment
of 50 years and on completion of 10 years’ continuous service on permanent and pensionable terms. Such a teacher
shall apply in writing through the head of institution giving three months’ notice, stating the intended date of
retirement. Upon receipt of the application, the commission considers the application and issues a retirement notice.
The commission then processes retirement claim upon receipt of required documents from the teacher.
The claim is then forwarded to the director of pension, treasury, for payment (Code of Regulations for Teachers,
2015). Analysis of the retired teachers by religion and marital status showed that the highest percentages of the
retired teachers in Meru count were Christians and they were married |. The retired teachers who had retired as
primary school teachers were 40.57 % while 33.02% were secondary school teachers
Demographic Characteristics of the Retiree Teachers Spouses
The demographic characteristics for the retiree teacher’s spouses that were considered in this study were; the
spouses’ gender, marital status and religion. 53.8% of the retirees’ spouses who were respondents in this study
female and 46.2% of the spouses were males. Analysis of the ages of the spouses to the retiree’s s teachers indicated
that 13.21 % were below 50 years, 19.81% were between 51-55 years while 33.96% were between 56-60 years.
The results showed that majority of the spouses had attained the retirement age just as the retirees. Analysis of the
retiree teacher’s spouses who based on their religion showed that 8.49 % of the spouses did not belong to any
religion. Majority of the spouses (53.77%) were Christians with the next highest percentage being the Muslims. The
Hindus, African traditional believers and other religions accounted for about 10 % of the respondents in this study
who were spouses to the retirees.
Demographic Characteristics of the Retiree Teacher’s close Relatives
The demographic characteristics of the retiree’s close relatives that were considered to be in this study were the
relative’s gender, age and duration of the relationship between the retirees and the relative. Results indicate that
51.9% of relatives who were respondents in this study were males while 48.1% of the relatives were females. The
average age of the relatives to retiree teachers was 45.46 years.
Self-Esteem and Adjustment to Retirement
The descriptive statistics analysis results were obtained by summarizing the responses of the retirees, the retirees’
spouses and relatives. The results on self-esteem and adjustment to retirement were based on the responses from
teacher retirees, spouses of teacher retirees and close relatives of the teacher retirees.
Retirees’ Responses on Self-esteem and Adjustment to Retirement
Descriptive statistics were used to analyze retirees’ responses to self-esteem and adjustment to retirement (Table 2).
The retirees tended to agree that they had hard time nurturing themselves, they had turned down invitations to
parties because they feared about themselves since retirement, supported others but belated themselves since they
retired, blamed themselves whenever things went wrong since retirement, they begun each day with a negative
attitude since retirement, felt like an imposter and felt that soon their deficiencies would be exposed and they had an
inner critic who was demeaning them.
They also agreed that they believed that being hard on themselves was the best motivation for change, they felt
unattractive, their good points seemed ordinary and their failings were all important, they felt lonely, they criticized
myself often, others criticized them, struggled with feelings of inferiority, hesitated to do things because of what
others might think
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Table 80: Retirees’ Responses on Self-esteem and Adjustment to Retirement
Variable
5
4
3
2
1
f
Med.
I have hard time nurturing myself
47
17
8
6
28
106
4
I turn down invitations to parties
46
22
11
4
23
106
4
because I fear about myself since
retirement
I support others but belittle myself
33
30
13
9
21
106
4
since retirement
I blame myself whenever things go
39
24
9
9
25
106
4
wrong since retirement
I begin each day with a negative
41
27
9
7
22
106
4
attitude since retirement
I feel undeserving since retirement
36
32
8
5
25
106
4
I feel like an imposter and soon my
44
23
13
6
20
106
4
deficiencies will be exposed
I have an inner critic who is
31
33
11
10
21
106
4
demeaning me since retirement
I believe that being hard on myself
43
29
8
10
16
106
4
is the best motivation for change
since retirement
I feel unattractive since retirement
27
34
18
6
21
106
4
My good points seem ordinary and
48
20
11
9
18
106
4
my failings all important since
retirement
I
feel
unappreciated
since
34
29
14
7
22
106
4
retirement
I feel lonely since retirement
39
30
8
8
21
106
4
I criticize myself often after
32
37
7
5
25
106
4
retirement
Others
criticize
me
since
41
24
14
5
22
106
4
retirement
I struggle with feelings of
33
32
11
4
26
106
4
inferiority since retirement
I hesitate to do because of what
48
23
7
7
21
106
4
others might think since retirement
Likert scale score strongly agree = 5, agree = 4, not sure =3, disagree = 2, strongly disagree = 1

Avg
3.49
3.63

sd.
1.68
1.57

3.42

1.5

5

3.41

1.61

5

3.55

1.56

5

3.46
3.61

1.57
1.53

5
5

3.43

1.48

4

3.69

1.46

5

3.38
3.67

1.44
1.53

4
5

3.43

1.51

5

3.55
3.43

1.53
1.54

5
4

3.56

1.53

5

3.4

1.56

5

3.66

1.57

5

Retirees’ Spouses Responses on Self-esteem and Adjustment to Retirement
Descriptive statistics was used to analysis the responses of retiree’s spouses on self-esteem and retirement based:
Table 3. The retirees spouses agreed that the retirees were supportive of others but belated themselves since
retirement, begun each day with a negative attitude since retirement, felt undeserving since retirement, felt like an
imposter and soon their deficiencies would be exposed, had an inner critic who was demeaning them since
retirement, believed that being hard on themselves was the best motivation for change since retirement, felt
unattractive since retirement, their good points seemed ordinary and their failings were all important since
retirement and felt unappreciated since retirement |Table 11|. However, they were not sure if the retirees had hard
time nurturing themselves since retirement, had ever turned down invitations to parties because they fear about
themselves since retirement and blamed themselves whenever things went wrong since retirement.
Retirees’ Close Relatives Responses on Self-esteem and Adjustment to Retirement
Close relatives to the retirees were interviewed on self-esteem and adjustment to retirement: Findings revealed that
relatives (35.85 %) had observed that the retirees experienced reduced self-confidence and reduced self-respect
among the retirees. Emptiness and despair among the retirees was also observed by 28.3 % of the relatives. These
results shows that retirement had negatively affected the retirees ‘self-esteem.
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mode
5
5

Table 3: Responses of Retirees’ Spouses’ on Self-esteem and Adjustment to Retirement
Variable
5
4
3
2 1
Freq
med
Avg
Your spouse have hard time nurturing 19
25
29
2 31
106
3
2.99
themselves since retirement
Your spouse has ever turned down 16
23
49
8 10
106
3
3.25
invitations to parties because he/she
fears about him/herself since retirement
Your spouse is supportive of others but 42
42
4
4 14
106
4
3.89
belated him/herself since retirement
Your spouse blames self whenever 14
31
26
1 25
106
3
3.01
things go wrong since retirement
0
Your spouse begins each day with a 38
24
26
7 11
106
4
3.67
negative attitude since retirement
Your spouse feels undeserving since 31
26
31
9 9
106
4
3.58
retirement
Your spouse feels like an imposter and 40
44
5
4 13
106
4
3.89
soon deficiencies will be exposed
Your spouse has an inner critic who is 24
41
26
4 11
106
4
3.59
demeaning him/her since retirement
Your spouse believes that being hard on 39
48
4
4 11
106
4
3.94
myself is the best motivation for change
since retirement
Your spouse feels unattractive since 22
39
30
5 10
106
4
3.55
retirement
Your spouse good points seem ordinary 40
39
12
4 11
106
4
3.88
and failings important since retirement
Your spouse feels unappreciated since 19
43
31
5 8
106
4
3.57
retirement
Your spouse feels lonely since 18
41
13
2 10
106
4
3.31
retirement
4
Likert scale score strongly agree = 5, agree = 4, not sure =3, disagree = 2, strongly disagree = 1

Sd
1.47

mode
1

1.1

3

1.33

4

1.36

4

1.31

5

1.23

5

1.3

4

1.19

4

1.23

4

1.16

4

1.26

5

1.08

4

1.26

4

Relationship between Self-Esteem and Adjustment to Retirement
Relationship between self-esteem and adjustment retirement was investigated inferentially using the Wilcoxon
signed rank test using the K10 scores for the self-esteem. The K10 scores for self-esteem obtained were graphically
presented in a histogram: The histogram was skewed to the right. This means that the scores were not normally
distributed. This justified the use of the Wilcoxon signed rank test which is non-parametric and does not require the
scores to be normally distributed.
The hypothesis tested using the obtained K10 scores was;
𝐻0 ∶ 𝑀 = 40 Self-esteem did not change after retirement
𝐻1 : 𝑀 > 40 Self-esteem changed after retirement
The result of showed that the computed value of the Wilcoxon signed rank test statistic was 4675.5 with a
probability value of 3.90E-12. The probability value for the test statistic was less than the level of significance (5
%).The hypothesis stated that there is no significant relationship between self-esteem and adjustment to retirement
among retiree teachers in Meru County Kenya. This means that the null hypothesis that self-esteem did not change
after retirement was rejected when at 5 % level of significance. This showed that there was a statistical significant
relationship between self-esteem and adjustment to retirement among retired teachers.
Different perspectives have characterized retirement either in terms of losses or in terms of potential gains, and the
pathways through which such losses and gains may impact retirees’ psychological well-being and self-concept
remain largely unclear. These perspectives argue can lead to psychological stress and potentially also to decreases in
retirees’ self-esteem, particularly for those who view their career as central to their identity. The results of this study
are similar to ones from a study that revealed that retirees experienced a change in self-esteem trajectory following
retirement (Bleidorn, &Schwaba, 2018). This was attributed to a reason that people who have invested a lot in their
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careers and neglected other areas of their lives suddenly feel emptiness and despair when they retire. People whose
sense of self-esteem and worth is dependent on the work they do are particularly at risk. They may feel that they
have lost their purpose for living, that they are worthless and do not have a role to play in the society. After looking
forward to retirement for a long time, when many retirees reach this phase they must deal with the feelings of being
let down. They realize that retirement is not a permanent vocation after all and that retirement brings along the
feelings of loneliness, boredom, feelings of uselessness and disillusionment. Others can sink into depression and
appear more likely to deepen their depression as time in retirement increases. Aging also tends to affect identity and
self-confidence in terms of what activities are possible. Another similar study on life without professional workperceptions about one’s self, interpersonal relations and social life after retirement, found out that retirement had a
significant impact on their perceptions of their life situation. Concerns resulting from retirement were further
described as a sense of the declining status in society (Dahlheim-Englund et al., 2019).
Studies reviewed have obtained similar results to the ones in this study. They have found out that some of the factors
that impact on self-esteem is; Education, income, health and employment status especially as people aged. People
who have higher incomes and better health in later life tend to maintain their self-esteem as they age. This could be
associated to the fact that it is possible that wealth and health are related to feeling more independent and better able
to contribute to one's family and society, which in turn bolsters self-esteem. Retirement affects income and
employment status leading to reduced self-esteem. Research findings also in agreement to this study have also
shown that self-esteem takes a bit of a dive around the age of retirement (Drummond, 2003). Midlife is a period
mostly associated with highly stable work, family and solid romantic relationships. Things change when one enters
retirement. It is a period that can mean that somebody is too old for many employers despite having the skills and
experience they required, and that can make somebody’s health starts to suffer as a result. It can be easy to think of
retirement as the end of somebody’s value. Retirees could have become so caught up in their work identity or their
worth as a parent that the idea of losing those identities can fill them with dread.
CONCLUSION
The study set out to establish if there was a statistical significant relationship between self-esteem and adjustment to
retirement among retiree teachers in Meru County. This was inferentially tested using the Wicoxon signed rank test.
These results led to rejection of the null hypothesis. It was thus concluded that adjustment to retirement affected the
self-esteem of the retired teachers. This was also evident from the analysis of the responses of the retirees, their
spouses and their close relatives.
RECOMMENDATIONS
The study recommend that it is necessary for The Teachers Service Commission to organize pre-retirement
counseling and preparedness training among teachers who are near retirement in Meru County to minimize the
effects of retirement on their self-esteem.
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ABSTRACT
Learning of preschool children continues to face numerous challenges where learners have registered and continued
to register dismal grades in basic numeracy, language and creativity skills. Thus, the study examined the influence
of teachers’ instructional practices in handling learners with diverse needs in Kiambu County, Kenya. The objective,
of the study was to investigate the influence of teachers’ instructional practices in handling learners with diverse
needs. The study adopted mixed methods approach, concurrent triangulation design. Target population comprised of
80 head teachers, 187 preschool teachers and 240 parents’ representatives and 2400 preschool learners all totaling to
2907. Stratified sampling was applied to create five strata based on number of zones. From each zone, two head
teachers and 11 preschool teachers were selected using purposive sampling. 4 parents’ representatives and 48
preschool learners were selected using simple random sampling. Questionnaires were used to collect data from
preschool teachers and interview schedules were used to collect data from head teachers. Focus group discussion
was used to collect data from parents’ representatives and observation checklists were used for collection of data
from preschool learners. Qualitative data was analyzed thematically along the objectives and presented in narrative
form whereas quantitative data was analyzed descriptively and inferentially using statistical package for social
science (SPSS 23) and presented using statistical tables. The study established that preschool teachers with positive
attitudes, interests and trained enhance learning in preschools. The study established that preschool teachers who
doesn’t engage learners in collaborative activities such as, mixed ability grouping, play, peer teaching, remedial
work ,provision of favorable learning environment and engaging parents do not enhance preschool learners’
language skills, numeracy skills and learners’ acquisition of creativity skills. The study recommends that teachers
should understand the effectiveness of positive attitudes, interests and training in harnessing learners’ academic,
disciplinary and behavioral skills.
Keywords: Learners with Diverse needs, instructional practices, Literacy, Numeracy, literacy, creativity
INTRODUCTION
Globally, teachers adopt a variety of instructional practices and provide tools, organize workshops and guidance for
individuals or children to adapt to new lifestyles. Cognizant of this assertion, Amarel (2008) and Ball (2000)
indicate that such practices involves children’s academic and social skills as they join school and teachers’
instructional practices to serve all children. Despite these assertions, little is known about how instructional practices
teachers adopt enhance learning in preschool settings which have become a virtual mantra of development.
Recently, largely as a result of the interest in the contribution of learning theories, researches are more able to
differentiate instructional practices by reference to developmental levels of children (Borrowman, 2001).
Combs, Blume, Newman and Wales (2000) define desires for children as a process by which learning is seen in a
holistic non-compartmentalized manner. The integral means of learning are Play, first-hand experiences and talk.
Children's ability to explore and imagine on their own is provoked by open-ended inquiries so as to cope with their
surroundings. Learners with disabilities have become part of the general education, receiving a meaningful
curriculum with necessary support, and being taught with effective strategies (Bennett, DeLuca & Bruns, 2011). The
underlying premise of the integration/inclusion is that principles of equity, social justice, anti-discrimination, and
basic human rights make it imperative that preschool learners with disabilities and special needs should enjoy the
same access as all other preschool learners to a regular school environment and to a broad, balanced and relevant
curriculum (Brackenreed, 2008). Over the past two to three decades, in most developed countries such as United
States there has been a significant trend towards the placement of preschool learners with special educational needs
in mainstream schools rather than in segregated special schools and special classes (Bunch, Lupart & Brown, 2007),
a move referred to variously as integration, mainstreaming and more recently, inclusion. The inclusion of children
with disabilities in mainstream classrooms has become the basis of extensive research in education. As attention
increases to ensure that all learners reach common standards, there is also more attention focused on integrating
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preschool learners with disabilities into general education classrooms (Bunch et al, 2007). However, it is important
to note, that the physical placement of preschool learners with disabilities in general education classes is not an end
in itself, but rather a means to an end.
It is common in public school environments for special and general education teachers to work primarily with
different groups of teachers and to utilize different strategies and methods to deliver instruction, intervene on student
behavior, and evaluate progress (Bunch et al, 2007) where teachers may even work in separate schools or different
parts of the building educators are being forced to step outside of their traditional roles and learn to work together by
the current movement toward inclusion of all students with disabilities in the general education environment.
The bedrock of inclusion process is the assumption that the general classroom teacher has certain knowledge and
understanding about the needs of different learners, teaching techniques and curriculum strategies. The result is both
academic and social benefits for all preschool learners, such as social interaction and providing opportunities for
communication. Teachers currently working within the public-school environment may be able to provide the best
insight into the supports that are necessary to facilitate successful collaboration between professionals (Idol, 2006).
From an educator’s perspective, several common supports have emerged.
Adequate time for planning and communication, instructional support, administrative support and the need for
training and professional development opportunities in collaboration are some of the emerging support systems.
While educators were able to identify that these supports would be beneficial in theory, in practice they were not
always available (Bradley et al, 2008). In most cases one must be present for the others to occur since these supports
are interrelated, for example, without administrative support, teachers will not receive adequate time for planning
and communication or opportunities for professional development. In addition, if there is not time for educators to
discuss and plan to implement new strategies and methods, there is no benefit to professional development.
The most frequently support identified by professionals needed to facilitate the inclusion of preschool learners with
disabilities was training, professional development opportunities in collaboration and co-teaching (Johnson, 2000).
Increased implementation of collaborative practices has been associated with training programs and professional
development in public schools. Determining the success of the programme the evaluation of teachers’ attitudes
towards inclusion appears to be a good method and for such inclusion to occur, strategies adopted by preschool
teachers come in handy. Cartledge and Kourea (2008) posit that teachers’ ability to handle and teach learners with
diverse needs is important aspect teachers’ characteristics. The achievement gap in outcomes for learners of color
and those with disabilities has fueled the discourse around methods of best preparing teachers to meet the needs of
the most vulnerable learner populations (Cartledge & Kourea, 2008; Trent, Kea, & Oh, 2008). A study conducted in
the Netherlands, Milner (2010) observed that preparing educators for effective teaching of learners of varying
academic abilities and culturally and linguistically diverse (CLD) backgrounds is one of the most challenging tasks
faced by general and special education teacher preparation programs. This indicates the need for a continued shift to
a more responsive and inclusive focus in teacher education programs for general and special education is evident. In
the field of special education teacher preparation in particular has evolved from medical models of disability and
distinct clinical approaches to more inclusive models of educational environments for instructional delivery to
learners with learning disabilities (LD) (Brownell, Sindelar, Kiely & Danielson, 2010). Legislative mandates
spanning the Education for all Handicapped Children Act in 1975 to the Individuals with Disabilities Education Act
(IDEA, 2004) indicate the changing concepts that have required adaptation of teacher preparation approaches.
Teachers’ ability to respond appropriately and flexibly to preschool learners’ different needs is reflected by quality
instruction therefore teachers should adjust their instructional practices to support individual preschool learners’
learning. Teachers may for example use cooperative learning in some tasks and provide multi-sensory stimuli in
some other tasks. Teachers need to possess rich knowledge and skills in using different strategies and content to
exercise activities such sound judgments to improve every preschool learner’s learning and achievement. Through
utility of such knowledge and skills teachers can make professional decisions on the most appropriate instructional
practices to support preschool learners under different circumstances.
In Sub-Saharan Africa, teachers who are not confident in their ability to teach challenging learners are more likely to
rate the general education classroom as an inappropriate setting to meet the needs of low performing and/or
racially/ethnically diverse learners (Podell & Soodak, 2003). Opportunities and ideas for building positive
relationships with learners and families from culturally diverse backgrounds can be enhanced by teacher diversity
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capital which is intended to employ the type of teaching enhancement that embraces emotion and drives teachers to
seek new knowledge. As a result, diversity capital can in turn afford teachers the knowledge, skills, and dispositions
needed for a sustainable commitment to, validation of, and exchange with culturally diverse students and families.
Though, in most countries in Sub-Saharan Africa, inclusion of preschool learners with special needs has been widely
researched in many countries, the available evidence is not consistent (Winzer, 2009).
Besides knowing the general characteristics of children with special needs, instructional practices for preschool
learners with special needs still need to be individualized. Therefore, it is important for teachers to realize their
expectations of their preschool learners. In a study conducted in Nigeria, Esteve (2000) indicated that preschool
learners with special needs such as autism often have spatial strengths. Cognizant of these assertions, teachers can
modify their instructional strategies in a number of ways. Teachers should demonstrate and model expected skills.
For example, if the teacher expects a preschool learner with special needs to place his or her book bag in his or her
cubby when he gets to class in the morning, the teacher should demonstrate exactly how this is done. This implies
that, underlying the process of inclusion is the assumption that, the general classroom teacher has certain knowledge
and understanding about the needs of different learners, curriculum strategies and teaching techniques. In addition,
teacher preparation courses need to incorporate more interpersonal communication skill building into curricula so
that teachers are better prepared to develop shared meaning with families.
In a review conducted in Ghana, Berkeley et al (2009) asserted that, while positive attitudes may be able to
transcend philosophical barriers to inclusion, they may not always translate into feeling prepared for the reality of
inclusive teaching. Berkeley et al (2009) concluded that although most teachers held positive attitudes toward
inclusion, teachers did not feel prepared for teaching students with exceptional needs, especially in the case of
learners with severe learning difficulties and behavioral/emotional disorders. On the other hand, little is known
about the effectiveness of teacher preparation programs in multicultural education and the effect such programs have
on teacher instruction, epistemologies and beliefs in regards to the instruction of learners.
Lack of preparation in preservice coursework or professional in-service programs may lead to feelings inadequate
once teachers engage in classroom environments where learner needs are diverse. In Kenya, the emphasis on
meeting the needs of learners in preschool settings coupled with the move towards more inclusive practices in
special education has led to the consideration of special education or disability as an “area of diversity” within many
teacher preparation programs (Ministry of Education, 2012). The Council for Exceptional Children recommended
diversity standards to be infused or embedded within courses across teacher education programs but are often
addressed as a separate unit on diversity within programs (MoE, 2012). Many researchers however have opposed
this approach and noted the importance of viewing disability as situated within a diverse sociocultural framework.
Mwangi and Njuguna (2011), in a review of the recent literature, found that the majority of the research on the
preparation of pre-service teachers for diversity was conducted within general education teacher preparation
programs. Inconsistent with such assertions, Okoth (2012) emphasized that such research should continue
particularly for addressing issues of equity, privilege, and social justice, but there should be an increased focus on
the relationship between teacher pedagogy and behaviors in the instruction of learners with within special education.
In Kiambu West Sub-county, the lack of emphasis on cultural diversity within special education teacher preparation
programs may also be related to the primary focus on strategy instruction targeted to categorical learner
characteristics and differentiation of instruction based on individual performance differences. Wilson (2010) asserts
that school teams spend precious time creating the foundations of inclusive programs for preschool learners with
disabilities. In addition, careful thought goes into training co-teaching partners scheduling co-taught classes, creating
balanced classroom rosters, developing collaborative relationships and providing appropriate supports for students
with disabilities (Wilson, 2010).
In Kiambu West Sub-county, however, even with well-planned inclusive services, general education teachers and
co-teaching teams often struggle with how to effectively instruct preschool learners with diverse needs in general
education classrooms. Despite these assertions, Wilson (2010) failed to specify the best inclusion strategies teachers
need to adopt in order to enhance academic performance of preschool learners with diverse needs. Further, Wilson
(2010) has not exhaustively indicated that teachers’ ability to handle and teach learners with diverse needs guarantee
quality of learning; a research gap which this study sought to address.
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Objective
To investigate Influence of Teachers Instructional Practices in Handling Learners with Diverse Needs on learning
among Preschool Children in Kiambu West Sub-county, Kenya
Research Hypothesis
Ho: There is no significant influence of teachers’ instructional practices in Handling Learners with Diverse Needs on
learning among Preschool Children in Kiambu West Sub-county, Kenya
METHODOLOGY
The study applied mixed methods approach, where, both qualitative and quantitative approaches were applied.
According to Creswell (2009), in qualitative approach, the researcher relies on the views of participants, asks broad,
general questions and collects data consisting largely of statements from the participants (Creswell,2009). In this
case, the researcher described and analyzed these statements based on the objectives of the study. This kind of data
was collected using an interview schedule guide, focus group discussion and an observation schedule. At the same
time, the researcher adopted quantitative approach. Concurrent triangulation design was applied in this study since it
is single-phase design in which the researcher implements the quantitative and qualitative methods during the same
timeframe and with equal weight (Creswell, 2009). This design generally involved the concurrent, but separate,
collection and analysis of quantitative and qualitative data so that the researcher may best understand the research
problem. The researcher merged the two data sets by bringing the separate results together in the interpretation
during the analysis.

Quantitative
Data
Collection

Quantitative
Analysis

Quantitative
Results
Qualitative
Results

Qualitative Data
Collection

Qualitative
Analysis

Qualitative
Results

Qualitative
Results

Figure 2. Concurrent triangulation design
Source: Adapted from Creswell (2009)
Using The Central Limit Theorem of sample size determination, a sample of 10 Preschools, that is, 12.5% of the
targeted 80 Preschools, was selected. The Central Limit Theorem states that, for any sample size, N≥30 (N is the
sample size), sampling distribution of means is approximately a normal distribution irrespective of the parent
population. It thus allows the researcher to select, N≥30 from the target population (Kothari, 2005). Thus, from The
Central Limit Theorem, the researcher sampled 326 respondents, that is, 11.2% of 2907. Stratified sampling was
applied to to create 5 strata based on the number of zones in Kiambu West Sub-county. From each stratum, 2 head
teachers and 11 preschool teachers were selected using purposive sampling. The inclusion criterion was based on the
Preschools which have registered low learning outcomes in basic numeracy, language and creativity skills.
Purposive sampling was appropriate due to the fact that the sampled respondents hold responsibilities as
implementers of ECD policies. Four parents’ representatives and 48 preschool learners were selected using simple
random sampling. This was appropriate since it eliminated bias and favoritism since there were equal chances of
inclusion in the sample. This sampling procedure enabled the researcher to realize a sample of 10 head teachers, 56
Preschool teachers and 20 parents’ representatives and 240 preschool learners.
Piloting of research instruments was conducted amongst 33 respondents (head teachers, preschool teachers, parents’
representatives and preschool children) from preschools in the neighboring Kiambu East Sub-county since it has
members of the relevant population, but not on those who formed part of the final sample. The purpose of piloting
was to check on suitability and the clarity of the questions on the instruments designed, relevance of the information
being sought and the language used and to test the reliability and validity of the instruments. The respondents who
participated in the piloting of instruments were not included during the actual data collection. Questionnaires were
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used for collection of data from preschool teachers. This was relevant since according to Morse (2000), a
questionnaire consists of a series of questions and other prompts for the purpose of gathering information from
respondents and is often designed for statistical analysis of the response. Nominal, ordinal and ratio data were also
collected. The questionnaire had three sections designed to acquire information on the different variables of the
study. Section A of the questionnaire gathered demographic information about preschool teachers’ gender and level
of education. Sections B, C, D, E and F of the questionnaire contained test items drawn from the study objectives.
The test items containing 5-point Likert type of questions based on the research objectives were relevant since
according to Creswell (2009), the Likert scale illustrates a scale with theoretically equal interval among responses.
The researcher also used structured interviews with open-ended test items to collect qualitative data from head
teachers where the researcher developed an interview guide with a set of questions on the research objectives.
Interviews were important for this study since it enabled the researcher to ask probing and supplementary questions
and develop a good rapport with the respondents and a goal-directed attempt by the interviewer to obtain reliable
and valid measures in the form of verbal responses from one or more interviewees. A focus group discussion was
used to collect information on perceptions, opinions, beliefs, and attitudes towards a product, service, concept,
advertisement, idea, or packaging of parents’ representatives. Questions are asked in an interactive group setting
where participants are free to talk with other group members.
The researcher divided the sampled parents’ representatives (20) into 4 groups each consisting of 5 members. The
questions for discussions were drawn from the objectives of the study. Observation Checklist for Preschool Learners
was also used in data collection from the learners. This is a data collection instrument where systematic observations
are made and results of such observations are recorded (Creswell, 2009). In this study, use of observation checklist
was appropriate for gathering information from preschool children based on the objectives of the study. The
researcher observed live lessons conducted by the preschool teacher and then assess the ability of preschool learners
in basic numeracy, language and creativity.
To improve the validity of the instrument, the researcher and supervisors assessed the consistency of the responses
on the piloted instruments to make a judgment on their reliability. The reliability of the instruments was established
using split-half method where the researcher administered a set of test items to a group of respondents once and then
divided the results into two categories, that is, halves, in odd and even patterns. Computation of the reliability
coefficient between the scores of the two halves was carried out using Pearson’s Product Moment Correlation
Formula. A reliability coefficient, r = 0.7was obtained which indicated that there was high internal reliability.
Data Analysis
Data was analyzed and then merged into one overall interpretation in which the researcher related the quantitative
results to the qualitative findings. Frequency counts of the responses were then obtained so as to generate descriptive
information about the respondents and to illustrate the general trend of findings on the various variables that were
under investigation. Qualitative data was analyzed thematically along the research objectives and the basic
quantitative data was analyzed descriptively using frequencies and percentages and inferentially analyzed using
Pearson’s Product Moment Correlation Test Analysis in Statistical Package for Social Science (SPSS V23).
Since the study involved concurrent triangulation design, the separately, but concurrently, collected data was
analyzed quantitatively and qualitatively and then merged into one overall interpretation in which the researcher
related the quantitative results to the qualitative findings. Frequency counts of the responses were then obtained so
as to generate descriptive information about the respondents and to illustrate the general trend of findings on the
various variables that were under investigation. Qualitative data was analyzed thematically along the research
objectives and the basic quantitative data was analyzed descriptively using frequencies and percentages and
inferentially analyzed using Pearson’s product moment correlation test analysis by use of Statistical Packages for
Social Science (SPSS Version 23). The quantitative findings of the study were presented using tables whereas
qualitative findings were presented thematically and in narrative forms.
FINDINGS AND DISCUSSION
The study intended to find out whether teachers are prepared to handle preschool learners with diverse needs and its
impact on learning processes in preschools. Data was collected from preschool teachers and organized into specific
thoughts and results are indicated as shown in the Table below;
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Summary of Test Items

N
%
69.1

R
%
19.4

Preschool teachers develop scheme of work and lesson
plan to teach learners with diverse needs e.g. use of mixed
ability grouping to assist slow learners
Preschool teachers interact with parents to assist learners 71.4
17.9
from low socio-economic backgrounds
Preschool teachers attend training to assist learners with 75.1
12.7
diverse needs
Preschool teachers interact with colleagues and parents to 67.4
13.0
assist learners with learning difficulties
Preschool teachers give more attention to slow learners to 72.3
10.9
enhance acquisition of numeracy, literacy creativity skills
Preschool teachers ensure interactive and collaborative 77.2
12.1
learning environment for learners from both genders
Preschool teachers administer complex tasks to the gifted 71.6
10.4
and talented learners to enhance acquisition of literacy,
numeracy and creativity
Preschool teachers provide remedial work for learners with 69.9
19.5
reading and writing difficulties
Preschool teachers ensure interactive and collaborative 70.9
11.3
learning environment for learners from varied cultural
backgrounds religious affiliations
Preschool teachers interact more with learners with 72.3
10.9
attention deficit to enhance their acquisition of literacy,
numeracy and creativity
Preschool teachers bond well with learners from both 77.2
12.1
genders i.e. boys and girls
Preschool teachers ensure
learners with physical 71.6
10.4
challenges participate in play
Preschool teachers ensure mild visually impaired learners 67.4
13.0
are positioned near the chalkboard
Key: N--Never R--Rarely S--Sometimes O--Often VF—Very Frequently

S
%
1.1

O
%
6.9

VF
%
3.5

2.3

5.2

3.2

2.7

6.1

3.4

2.1

7.3

10.2

1.3

8.7

6.8

2.2

4.9

3.6

1.1

10.7

6.2

3.9

3.5

3.2

4.7

5.9

7.2

1.3

8.7

6.8

2.2

4.9

3.6

1.1

10.7

6.2

2.1

7.3

10.2

The study that a fair majority (69.1%) of the preschool teachers responded in favor of the view that they do not
develop scheme of work and lesson plan to teach learners with diverse needs e.g. use of mixed ability grouping to
assist slow learners. At the same time, 19.4% rarely do. On the contrary, only a small proportion of 1.1% of the
preschool teachers indicated that they sometimes develop, 6.9% often develop whereas 3.5% very frequently
develop. The study also revealed that majority (71.4%) of the preschool teachers revealed that they never interact
with parents to assist learners from low socio-economic backgrounds as did 17.9% of the teachers who rarely
interact. However, 2.3% of the preschool teachers sometimes interact, 5.2% often interact whereas 3.2% very
frequently interact.
Similarly, majority (75.1%) of the sampled preschool teachers were in favor of the view that they do not attend
training to assist learners with diverse needs as did 12.7% of the teachers who rarely attend training. However, 2.7%
of the sampled preschool teachers sometimes attend, 6.1% often attend whereas 3.4% very frequently attend
training. Majority (67.4%) of the sampled preschool teachers revealed that they do not interact with colleagues and
parents to assist learners with learning difficulties as did 13.0% of the teachers who rarely do. However, 2.1% of the
sampled preschool teachers sometimes interact, 7.3% often interact whereas 10.2% very frequently interact.
The study also established that majority (72.3%) of the sampled preschool teachers revealed that they do not give
more attention to slow learners to enhance acquisition of numeracy, literacy and creativity skills. At the same time,
10.9% rarely give more attention. However, 1.3% of the sampled preschool teachers sometimes give more attention,
8.7% often give more attention whereas 6.80% very frequently give more attention.
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Majority (72.3%) of the preschool teachers responded in favor of the view that they never interact more with
learners with attention deficit to enhance their acquisition of literacy, numeracy and creativity skills as did 10.9%
who rarely do. On the other hand, 1.3% of the sampled preschool teachers indicated that they sometimes ensure
interactive ad collaborative learning environment, 8.7% often do whereas 6.8% very frequently ensure such
interactive and collaborative learning. An impressive majority (77.2%) of the sampled preschool teachers indicated
that they do not ensure interactive and collaborative learning environment for learners from both genders. At the
same time, 12.1% rarely ensure. However, 2.2% of the preschool teachers sometimes ensure, 4.9% often do whereas
3.6% very frequently ensure.
Majority (70.9%) of the sampled preschool teachers responded in favor of the view that they never ensure
interactive and collaborative learning environment for learners from varied cultural backgrounds religious
affiliations as did 11.3% who rarely do. On the other hand, 4.7% of the sampled preschool teachers indicated that
they sometimes ensure interactive ad collaborative learning environment, 5.9% often do whereas 7.2% very
frequently ensure such interactive and collaborative learning. The study also revealed that majority (71.6%) of the
preschool teachers indicated that they never administer more complex tasks to the gifted and talented learners to
enhance acquisition of literacy, numeracy and creativity skills as did 10.4% of the teachers who rarely administer.
On the other hand, 1.1% of the sampled preschool teachers sometimes administer, 10.7% often administer whereas
6.2% very frequently administer. A fair majority (69.9%) of the sampled preschool teachers indicated that they do
not provide remedial work for learners with reading and writing difficulties as did 19.5% of the teachers who rarely
provide. On the other hand, 3.9% of the preschool teachers indicated that they sometimes provide, 3.5% often
provide whereas 3.2% very frequently provide.
Majority (77.2%) of the sampled preschool teachers responded in favor of the view that they never bond well with
learners from both genders i.e. boys and girls as did 12.1% who rarely do. On the other hand, 2.2% of the sampled
preschool teachers indicated that they sometimes bond, 4.9% often do whereas 3.6% very frequently bond. Majority
(71.6%) of the sampled preschool teachers responded in favor of the view that they never allow learners with
physical challenges participate in play activities as did 10.4% who rarely do. On the other hand, 1.1% of the sampled
preschool teachers indicated that they sometimes allow, 10.7% often do whereas 6.2% very frequently allow.
Majority (67.4%) of the sampled preschool teachers responded in favor of the view that they never ensure mild
visually impaired learners are positioned near the chalkboard as did 13.0% who rarely do. On the other hand, 2.1%
of the sampled preschool teachers indicated that they sometimes ensure interactive ensure, 7.3% often do whereas
10.2% very frequently ensure. These findings lend credence to the findings of a study conducted in the Netherlands
in which Milner (2010) observed that preparing educators for effective teaching of learners of varying academic
abilities and culturally and linguistically diverse (CLD) backgrounds is one of the most challenging tasks faced by
general and special education teacher preparation programs.
The findings also corroborate the findings of NCES (2009) which indicated that when learners are taught with
culturally responsive techniques and content specific strategies they make significant academic gains, regardless of
teachers’ racial/ethnic background. Thus, the need for a continued shift to a more responsive and inclusive focus in
teacher education programs for general and special education is evident. These findings are also consistent with the
assertions of Individuals with Disabilities Education Act (IDEA, 2004) which indicates that general education
teachers frequently believe they cannot meet the needs of those learners who fall outside the norm and that placing
learners in special education is believed to be the best option for both the individual learner and the teacher. These
findings further lend credence to the findings of a review conducted in Ghana in which Berkeley et al (2009)
indicated that, while positive attitudes may be able to transcend philosophical barriers to inclusion, they may not
always translate into feeling prepared for the reality of inclusive teaching. Berkeley et al (2009) concluded that
although most teachers held positive attitudes toward inclusion, teachers did not feel prepared for teaching learners
with exceptional needs, especially for learners with severe learning difficulties and behavioral/emotional disorders.
Berkeley et al (2009) asserted that lack of preparation in pre-service program coursework or professional in-service
programs may translate into feelings of inadequacy once teachers enter classroom environments where learner needs
are diverse. In the same vein, these findings are also consistent with the assertions of Podell and Soodak (2003) that
teacher diversity capital is intended to name the type of teaching enhancement that embraces emotion and drives
teachers to seek new opportunities and ideas for building positive relationships with learners and families from
culturally diverse backgrounds. These findings corroborateassertions of Ministry of Education (2012) that, in Kenya,
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the Council for Exceptional Children recommended diversity standards to be infused or embedded within courses
across teacher education programs but are often addressed as a separate unit on diversity within programmes.
Inferential Findings on the Influence of Teachers’ Instructional Practices for Collaboration and Learning of
Pre-School Children
To verify the possibility of relationship between teachers’ instructional practices in handling learners with diverse
needs and preschool children’s performance, data was collected on how often preschool teachers have been trained
to handle such learners and learners’ academic performance in basic numeracy, language and creativity skills. The
results are shown in the Table below;
Frequency
Training
1
2
3
4
5
6

of

Academic Performance (Mean score, %)
Basic Numeracy
Language
43
27
58
42
66
63
60
55
63
62
70
69

Creativity
26
45
56
65
60
59

The results indicate that preschool teachers who have undergone several training sessions have their preschool
register impressive grades in basic numeracy, language and creativity skills. These findings were consistent with the
assertions of Individuals with Disabilities Education Act (IDEA, 2004) which indicates that general education
teachers frequently believe they cannot meet the needs of those learners who fall outside the norm and that placing
learners in special education is believed to be the best option for both the individual learner and the teacher. Such
learners are able to register good academic grades (IDEA (2004). These results were further subjected to Pearson’s
product Moment Correlation Test Analysis and results were as shown in the Table below:
Frequency
Basic Numeracy
Pearson
1
0.822*
Correlation
Sig. (2-tailed)
0.045
N
6
6
Basic
Pearson
0.822*
1
Numeracy
Correlation
Sig. (2-tailed)
0.045
N
6
6
Language
Pearson
*
0.890
0.966**
Correlation
Sig. (2-tailed)
0.017
0.002
N
6
6
Creativity
Pearson
*
0.818
0.858*
Correlation
Sig. (2-tailed)
0.046
0.029
N
6
6
*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
Frequency of
Training

Language
0.890

*

Creativity
0.818*

0.017
6

0.046
6

0.966**

0.858*

0.002
6

0.029
6

1

0.891*

6

0.017
6

0.891*

1

0.017
6

6

The results are presented in a matrix form such that the correlations are replicated. A Pearson Product-Moment
Correlation was run to determine the relationship between how often preschool teachers under training to handle
learners with diverse needs and preschool children’s academic performance in basic numeracy, language and
creativity skills. The test generated which generated correlation coefficients of r=0.822, 0.890 and 0.818 respectively
with corresponding and significant levels (p-values) of 0.045, 0.017 and 0.046 respectively which were less than the
predetermined level of significance, 0.05, that is, p-value =0.045, 0.017, 0.046<0.05. These findings were significant
and thus indicate that there is significant relationship between teachers’ instructional practices to handle learners
with diverse needs and preschool children’s acquisition of basic numeracy, language and creativity skills. Thus, the
Null Hypothesis, Ho, is rejected. These results were consistent with the findings of a study conducted in Kenya by
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Ministry of Education (2012) which generated a p-value of 0.042<0.05. These results affirm the fact that teachers’
instructional practices to handle learners with diverse needs enhance learning of preschool children process.
The interviewees and discussants also responded in favor of the view that preschool teachers do not develop scheme
of work and lesson plan to teach learners with diverse needs like use of mixed ability grouping to assist slow
learners do they interact with parents to assist learners from low socio-economic backgrounds. Most importantly, the
head teachers and parents’ representatives indicated that most preschool teachers do not attend training to assist
learners with diverse needs. Headteacher, H6 and parents’ representative, PR6, observed: ‘Preschool teachers do not
attend training on how to handle learners with diverse needs nor do they interact with colleagues and parents to
assist learners with learning difficulties’.
CONCLUSION
When learners are taught with culturally responsive techniques and content specific strategies they make significant
academic gains, regardless of teachers’ background. Thus, the need for a continued shift to a more responsive and
inclusive focus in teacher education programs for general and special education is evident. In the same vein, the
study has established that most preschool teachers do not give more attention to slow learners to enhance acquisition
of numeracy, literacy and creativity skills nor do they interact more with learners with attention deficit to enhance
their acquisition of literacy, numeracy and creativity skills.
These indicates that most preschool teachers cannot meet the needs of those learners who fall outside the norm and
that placing learners in special education is believed to be the best option for both the individual learner and the
teacher. Most preschool teachers do not ensure interactive and collaborative learning environment for learners from
both genders nor do they ensure interactive and collaborative learning environment for learners from varied cultural
backgrounds and religious affiliations. These findings attest to the fact that, while teachers’ positive attitudes may be
able to transcend philosophical barriers to inclusion, they may not always translate into feeling prepared for the
reality of inclusive teaching. Besides, although most teachers held positive attitudes toward inclusion, teachers do
not feel prepared for teaching learners with exceptional needs, especially in the case of learners with severe learning
difficulties and behavioral/emotional disorders. In other words, lack of preparation in pre-service program
coursework or professional in-service programs may translate into feelings of inadequacy once teachers enter
classroom environments where learner needs are diverse.
RECOMMENDATIONS
Teachers need to acquire skills necessary in handling learners with special needs. Preschool teachers need to
understand they ought not to work in isolation in order to enhance learning of preschool children. On the same
breath, parents need to be sensitized that they play critical roles on the education of their children and thus should
avoid hands-off approach and stand-aloof attitude.
The Ministry of Education and Policymakers should ensure that preschool teachers adopt collaboration strategies
which are learner-centered to improve basic numeracy, language and creativity skills amongst preschool learners.
Policies should be formulated to ensure that teacher education programmes are enriched with relevant co content to
make teachers more competent in handling learners with diverse needs.
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PERCEIVED CAUSES OF STUDENTS’ LOW ENROLMENT IN PHYSICS IN CO-EDUCATIONAL DAY
SECONDARY SCHOOLS IN MERU SOUTH SUBCOUNTY, KENYA
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ABSTRACT
Physics is an important science domain that enables learners to develop analytical skills neccessary for problem
solving in technical fields. Physics content is relevant to all learners irrespective of the careers in which they become
established since it provides information and skills that propel ingenuity. However there is a global decline in
enrolment and graduation rate in Physics at all levels. This study sought to establish the causes of low students’
enrolment in Physics in secondary schools in Meru south subcounty. The objective of the study was to establish
students’ and teachers’ perceptions on causes of low students’ enrolment in Physics. The study adopted a
descriptive survey design. The sample consisted of 10 co-educational day secondary schools obtained through
simple random sampling. The research instruments consisted of two questionnaires (A and B). The questionnaires
consisted of 15 items on selected factors that could likely cause students’ low enrolment and students / teachers
perceptions on the state of students’ enrolment rated on a likert scale. The pearson product moment coefficient was
performed to ascertain the reliability of the questionnaire. A reliability of 0.74 was obtained and the questionnaires
adapted. Collected data was analysed using SPSS software version 22. Descriptive statistics and Correlation analysis
(pearson product moment correlation coefficient) were used to establish the nature and magnitude of association
between study variables. Correlation test was done at 0.05 level of siginificance. The study established that some
topics in the form two syllabus were too abstract to the students while teachers expressed difficulty in explaining
certain concepts. The study revealed a strong positive correlation between school factors and students’ enrolment in
Physics. The study recommended training more female teachers in the field of science and inservicing of teachers
on the absract topics was recommended. Further, complex topics in form two to be moved to the form three
syllabus to allow learners to mature.
Keywords: Physics, Students enrolment, Coeducational school, Perception.
INTRODUCTION
Background Information
Physics is an area of science that deals with the study of matter and laws that govern nature. Its study enables
learners to develop anaytical skills neccessary for problem solving in various situations they encounter in life
(Adeoye, 2010). Physics content is relevant to all learners irrespective of the careers they find themselves later in
life. In the United States of America (USA), Monroe, O’kuma and Hein(2005) discussed the introduction of
different alternatives of physics subject based on the student’s futre career. This alternatives include physics for the
poets and physics for presidents. This move was towards motivating more learners to study physics despite its
abstractness. Mbamara and Eya (2015) in Nigeria expressed concern over the declining of many students from
persuing physics at secondary level. They pointed out that the effect of abandoning physics triggers consequences
such as stalling technological advancement, leading to inadequate number of physics teachers for the present and the
future generations, proliferation of the arts subjects and excessive demands for admissions and jobs in those areas,
while such demands in the area of physics remains low and sometimes totally lacking.
There is a decline in enrolment and graduation rate in physics at all levels in many countries including United states
of America (USA), United Kingdom (UK) and Netherlands (Osborne et.al 2003). A study in Australia by Lyons
(2005) found out that many students regard junior high school science as irrelevant, uninteresting and difficult
leaving them with few intrinsic reasons for enrolling in senior school physics courses. In Nigeria, West Africa
Examinations Council (2014) reported that percentage of students studying physics was less than 50% of total
number of candidates for over 80% of schools in Nigeria although percentage failure in physics was less than for
Biology and Chemistry.Studies in Kenya have shown that fewer numbers of students are opting to study physics
beyond form two level (Nderitu 2007). In 2016 KNEC examinations only 149,782 candidates sat the Physics exam
out pof a total of 570,278 candidates. This proportion represents 26.26% compared to 509,822 candidates that sat
biology exam representing 89.4%(Daily Nation 8 may 2019). At the University 187 degree programmes require
atleast a C+ in Physics. During placement of students in Universities in 2019, 107 programmes failed to attract
students. Some of this courses are physics related courses. The university managers warn that in the near future,
important courses that are core to the country’s development will be scrapped for lack of learners. Some
programmes at the universities have not attracted students due to poor subject performance and students shunning

347

them (Daily Nation 8 may 2019). Low enrolment or zero enrolment in this courses will affect the contribution of
science in national development and the achievement of vision 2030 and sustainable development goals(SGDs).
Most courses studied at the universities in Kenya require that a student should have done physics in the Kenya
National Examinations Council (KNEC) examinations. For some courses Physics is taken in place of Mathematics
where the student has not performed well in mathematics for a course that requires a good pass in Mathematics,
Joint Admissions Board (JAB 2011). In secondary schools in Kenya Chemistry is compulsory. Students either
choose between biology and physics or study both depending on the school. Table 1 below shows enrolment in
physics against total candidature in form three in a sample of 10 mixed day schools meru south subcounty over the
lass five years.
Table 1. Total candidature and student enrolment in physics between 2015 and 2019
Year
Total candidature
Physics
2015
680
214
2016
689
191
2017
691
180
2018
700
167
2019
728
154
Data revealed a slowly increasing total enrolment in form three within the sampled schools from 680 in 2015 to728
in 2019. However, the students’ enrolment in physics has been dropping systematically from 214 to 154 within the
same period. Existing studies have revealed some causes of students’ enrolment in physics. Considine and Zappala
(2007) in Australia, Akanbi, (2010) and Aina&Adedo(2013) in Nigeria, mekonnen (2014) in Ethiopia and Centre for
mathematics, science and Technology Education in Africa (2015) exposed several causes of enrolment in physics.
The causes identified relate to the school, home and learner. According to Centre for Mathematics , Science and
Technology Education in Africa (2015) students were not given opportunities to select the subjects they wanted.
The subjects were taken depending on what principals and career masters/mistresses reffered to as school policies.
In many schools chemistry and biology are compulsory. In some schools where the three sciences are accepted
biology and physics are blocked such that they are taught at the same time. In some of the schools the navigation
away from the physics subject is pegged on career requirements where by school heads reason that there are more
careers related to chemisty and biology than physics. In other schools in Africa, laboratory equipment and materials
have been cited as reasons for few students in physics (Nderitu 2007). Some teachers discourage students by
advising them to study more friendly subjects like the humanities instead of spending time on a complicated subject
like physics (CEMASTEA, 2015). As school policy in some secondary schools students who are challenged in
mathematics are not allowed to study physics. For this reason most schools in which students have low entry levels
have very small numbers of students persuing physics (Aina and Adedo, 2013). Curriculum expectations on
students are too high and too demanding for the learners. CEMASTEA 2015 discussed that the learners raised
concern over the abstractness of the physics content in secondary schools. This study will attempt to identify the
challenging areas in the physics form two syllabus in Kenya.
The home environment plays a crucial role in shaping academic orientation. Home related factors include the
physical facilities like a study room or space, lighting in the night and psychological stability. In the United states of
America and the United Kingdom learning continues even at home since lessons have been computerized. Learners
can watch lessons that are animated on television screens. Therefore learning does not stop in school. In the African
context some learners may be over engaged in home chores after school. For the period they are out of school they
get dettached from school work implying inability to complete school assignments (UNESCO 2015).
While at home learners engage more in household chores, playing, chatting and visiting friends. Most homes lack
role models from whom students can check themselves against (Omar 2017, Muhonja 2012). Parents have
convictions about what their children should become and have an influence on what subjects to study (Omar 2017).
There are prestigious proffessions such as law and medicine which are fronted to the learners by parents. This
pressure is likely to influence the learner’s choice on wether to study physics (CEMASTEA 2015).The study seeks
to establish if parental participation contributes to students enrolment in physics in Meru south subcounty. Considine
and Zappala (2007) in Australia and Mekonnen (2014) in Ethopia, identified some learner factors that affect
learners attitudes towards science in general. This factors were categorized under gender, personality traits
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curriculum variables and teacher characteristics. Lack of confidence in the knowledge a learner pocesses may affect
his/her level of activity in the classroom which results into passiveness and lack of interest in a subject. Girls
activity and interest in science activities has been observed to be lower than that of boys when other factors are held
constant (Akanbi,2010). Learners backgrounds play a key role in the learners readiness to pursue a course or subject.
Ministry of Education Science and Technology (2007) and Munene (2007) established that students from urban
backgrounds have significantly better academic orientations and interests than their counterparts from rural and
remote backgrounds. According to Aina and Adedo (2013) learner’s interest and motivation causes learners to make
the choices they make during subject selection. As a result of interaction with peers a learner may develop interest
in a subject of study. Past performances may have an effect on how learners percieve a subject. If others have not
performed in the past then “ we” may as well fail in future (Orodho 1996, Okpala 1988). Persistent low performance
in a subject may lead to a low attitude in the subject hence lowering the academic learning time in that subject
resulting into low performance and eventually no drive in the learner to study the subject (Nderitu, 2007).
Statement of the Problem
We live in a world that is increasingly dependant on Physics since technological advances are being fueled by
discoveries and applications of physics knowledge. Unfortunately the number of students getting interested in
studying physics is going down. The continous low enrolment in physics is affecting the contribution of science in
national development and the achievement of vision 2030 and sustainable development goals. This study addresses
the gap in Meru South Subcounty by exposing the perceptions of teachers and students on causes of low students’
enrolment in Physics. The information gathered will be useful in proposing possible mitigations against the
declining rate of students’enrolment in Physics.
Purpose of the Study
The purpose of the study was to find out the perceived causes of students’ low enrolment in physics among
secondary schools in Meru south sub county.
Objective of the Study
To determine if selected factors cause students’ low enrolment in Physics in day co-educational secondary schools
in Meru South subcounty
Research Questions
i. Do school related factors cause students’ low enrolment in physics in day secondary schools in Meru South?
ii. Do home related factors cause low students enrolment in physics in day secondary schools in Meru South?
iii. Do learner related factors cause low students enrolment in Physics in day secondary schools in Meru South?
METHODOLOGY
Research Design
The study adopted a descriptive survey research design. The design was suitable to this study since it allowed
collection of data necessary for establishing causes of low enrolment by physics students. The study was carried out
in Meru South subcounty located in Tharaka Nithi county of Kenya. This subcounty has many coeducational day
secondary schools which are accessible. There is reasonable distribution of qualified teachers in the schools so under
a normal circumstances it is expected that physics subject is taught in all the schools. The county consists of 37 day
secondary schools. The study was done on 220 form three students and 10 teachers in a sample consisting of 10
coeducational schools obtained by simple random sampling. Two questionnaires were used in data collection.
Questionnaire A containing items on students’ perceptions on causes of students enrolment in physics was used to
collect data from the students while questionnaire B on teachers perceptions on causes of students’ enrolment in
physics was used to collect data from teachers. Collected data was analysed using SPSS software version 22.
Descriptive analysis such as mean, standard deviation, frequencies and percentages were extracted. Correlation
analysis (pearson product moment correlation coefficient) was undertaken to establish the nature and magnitude of
association between study variables.
RESULTS AND DISCUSSIONS
The results obtained are represented on ferequency tables and discussed in the succeeding sub Sections
Gender of the student respondents
Results on the gender of the student respondents are represented in Table 2.
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Table 2: Gender of the student respondent
Frequency
Male
106
Female
98
Total
204

Percent

Valid Percent
52.0
48.0
100.0

52.0
48.0
100.0

Male and female students who responded were 106 and 98 corresponding to 52% and 48% respectively. This clearly
shows that male students were more than female students but each gender was adequately represented.
Students’ Year of Birth.
The age of an individual determines how the individual percieves a situation.
The results on the year of birth are as shown in Table 3.
Table 3: Year of birth of the student respondent
Frequency
1994
1
1995
2
1996
3
1998
9
1999
20
2000
52
2001
50
2002
47
2003
16
2004
4
Total
204

Percent

Valid Percent
0.5
1.0
1.5
4.4
9.8
25.5
24.5
23.0
7.8
2.0
100.0

0.5
1.0
1.5
4.4
9.8
25.5
24.5
23.0
7.8
2.0
100.0

Majority of the students were born in the year 2000 (52) with a percentage of 25.5 followed by 2001 (50) with a
percentage of 24.5 and 2002 (47) with a percentage of 23.0 and the least being born in the year 1994 (1) with a
percentage of 0.5. Thus majority of respondence were between 17 and 19 which is within the required level of
maturation for the form three syllabus.
Gender of the Teacher Respondents
Students perceptions on a subject may be influenced by gender of the teacher.
Results on the gender of the teacher respondent are presented in Table 4.
Table 4: Gender of the teacher respondent
Frequency
Male
Female
Total

Percent
7
3
10

Valid Percent
70.0
30.0
100.0

70.0
30.0
100.0

70% of the respondents were male teachers (7) and 30% were female teachers (3) showing that there is disparity
among the teachers in terms of gender.
Teachers’ Experience in Years
Teacher’s performance improves with the period of service of the teacher. The study sought to find out more about
teacher’s experience. Table 5 shows the number of years of experience of the teacher respondents.
From a total of ten teachers 5 teachers had more than 5 years of experience, with the longest serving teacher having
25 years of experience. The remaining 5 had less than 10 years of experience. This represents almost even
representation of teachers of physics in terms of experience.
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Table 5: Teachers’ Experience in Years
Frequency
1
2
3
4
6
10
16
17
20
25
Total

Percent
1
1
1
1
1
1
1
1
1
1
10

Valid Percent
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
100.0

10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
10.0
100.0

Students’ Perceptions on School Related Causes of Low Enrolment in Physics
Some causes of students perceptions are related to the school practices and policies. The study sought to find out
more about school related causes of students’ low enrolment in physics. The data on table 6 shows the students
perceptions on school related causes of low enrolment in Physics.
Table 6: Students’ perceptions on school related causes
SA
A
U
F
%
F
%
F
Many students in the 34
16.7 9
4.4
10
school do not study
physics therefore I
have not selected it
Previous
students 34
16.7 18
8.8
23
have
not
been
performing
well
therefore I fear to fail
Physics content is not 59
28.9 34
16.7
13
friendly hence no need
to strain
Other
teachers 23
11.3 15
7.4
14
discourage us from
studying physics
My physics teacher is 68
33.3 58
28.4
15
committed to help me
understand physics

%
4.9

D
F
50

%
24.5

SD
F
101

%
49.5

Total
F/%
204/100

11.3

63

30.9

66

32.4

204/100

6.4

47

23.0

51

25.0

204/100

6.9

64

31.4

88

43.1

204/100

7.4

26

12.7

37

18.1

204/100

Majority of student (49.5%) strongly disagreed that they did not choose to study physics at form three because many
students in their school did not study physics compared to 16.7% who strongly agreed. A reasonable percentage
(63.3) of the students indicated that they did not fear to study physics because previous students have not been
performing well in physics. Almost half of the student respondents (45.6%) admitted that physics content is abstract
and unfriendly therefore they strained. Most of the students (74.5%) disagreed that there teachers discourage them
from studying physics compared to 34.3% who agreed. A bigger proportion of respondents (61.7%) indicated that
their teachers were committed to helping them understand physics while 30.8% reported that their teachers were not
committed. From this discussion most students did not select physics based on its abstractness which concurs with
CEMASTEA (2015).
Teachers’ Perceptions on School Related Causes of Low Students’ Enrolment in Physics
The study sought to explore the teachers’ perceptions on school related causes of low students enrolment in
physics.Table 7 shows the responses of teachers towards school related causes of low students’ enrolment in Physics
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Table 7: Teachers’ perception on school related causes
SA
A
U
F
%
F
%
F
Students
influence 3
30
4
40.0
0
each other not to study
physics
Previous
students 4
40.0 0
0.0
0
have
not
been
performing
well
therefore I fear to fail
Physics content is not 1
10.0 4
40.0
0
friendly hence no need
to strain
Other
teachers 2
20.0 3
30.0
0
discourage
students
from studying physics
Teacher of physics are 1
10.0 1
10.0
0
not committed to
helping
students
understand physics

%
0.0

D
F
2

%
20.0

SD
F
1

%
10.0

Total
F/%
10/100

0.0

2

20.0

0

0

10/100

0.0

2

20.0

3

30.0

10/100

0.0

3

30.0

2

20.0

10/100

0.0

3

30.0

5

50.0

10/100

A large percentage of teachers (70) pointed at the fact that most students do not select physics as a result of
influence from other students contradicting the students’ view on the same. A reasonable proportion of teachers
(40%) indicated that students opt not to study physics for fear of failing since their predecessors have not been
performing well. The teachers were in agreement with the students that the physics content is abstract as indicated
by (50%) of the teachers. Half of the teachers indicated that teachers of physics are committed to helping the
students understand physics which was in support of the students’ perception.
Students’ Perception on Home Related Causes of Low Students Enrolment in Physics.
The study sought to find out students’ perception on home related causes of low students’ enrolment in physics.
Results on student’s perception on home related causes are as presented in table 8.
Table 8: Student’s perception on home related causes
SA
A
U
F
%
F
%
F
Environment at home 34
16.7 41
20.1
22
helps me to study
physics
My parents/guardians 27
13.2 32
15.7
25
encourage me to study
physics
I interact with senior 36
17.6 47
23.0
29
people who perform
well in physics
I
have
support 36
17.6 39
19.1
17
materials at home to
enable
me
study
physics
My parents
have 24
11.8 21
10.3
18
determined a career
for me which requires
physics

%
10.8

D
F
53

%
26.0

SD
F
54

%
26.5

Total
F/%
204/100

12.3

59

28.9

61

29.9

204/100

14.2

42

20.6

50

24.5

204/100

8.3

52

25.5

60

29.4

204/100

8.8

44

21.6

97

47.5

204/100

More than half of the respondents (52.5%) revealed that home environment did not help them to study physics
compared to 36.8% who found home environment supportive towards studying physics. Only 28.9% of respondents
agreed that parents and guardians at home encourage them to study physics compared to 58.8% who reported no
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encouragement. Majority of students (45.1%) did not interact with senior members of their families who have
performed well in physics. More than half of the respondents (54.9) have no support materials at their homes to
enable them study physics. Majority of students (69.1%) indicated that their parents have not determined a career
for them that requires physics. This discussion is pointing at the home environments for majority of students not
being supportive of students studying physics. This could be contributing to the decline in the number of students
selecting physics as a choice subject. This finding agrees with Omar 2017, Muhonja 2012 and UNESCO (2015)
Teachers’ Perception on Home Related Causes of Students’ Low enrolment in Physics
Teachers encounter students from different home backgrounds. The study sought to find out teachers perceptions on
home related causes of low students’ enrolment in physics. The results obtained on teachers’ perception on home
related causes are as shown in table 9.
Table 9: Teachers’ perception on home related causes
SA
A
U
F
%
F
%
F
Environment at home 1
10.0 3
30.0
4
helps students to
study physics
Parents/guardians
1
10.0 4
40.0
3
encourage students to
study physics
Students interact with 2
20.0 3
30.0
2
senior members in
their families who
perform
well
in
physics
Students have support 0
0.0
1
10.0
3
materials at home to
enable them study
physics
Parents
have 1
10.0 3
30.0
2
determined a career
for students which
requires physics

%
40.0

D
F
2

%
20.0

SD
F
0

%
0.0

Total
F/%
10/100

30.0

2

20.0

0

0.0

10/100

20.0

3

30.0

0

0.0

10/100

30.0

2

20.0

4

40.0

10/100

20.0

3

30.0

1

10.0

10/100

Only (20%) of the teachers agreed that home environment helps students to study therefore reinforcing students’
perception on the same. A similar percentage of teachers also disagreed that parents and guardians encourage
learners to study physics while 30% of teachers perceived that students interact with senior people who have
performed well in physics. Majority of teachers (60%) indicated that students have support materials from home.
Therefore parents provide some amount of support to their children towards studying physics.
Students Perception on Learner related Causes of Students Low Enrolment in Physics
Students may influence one another when making subject choices. The study sought to investigate learner related
causes on students’ low enrolment in physics. Results on students perception on learner related causes of students
low enrolment in physics are represented on table 10.
Almost one third (28.4%) of students expressed strongly that they do not have a liking for physics when studying it
compared to19.6% that expressed a liking for physics. Majority of students (56.3%) did not dislike physics as a
result of its likeness to mathematics. Only 19.6% of students aspire to study a physics related course compared to
36.8% who are strongly not looking forward to studying physics related courses. A reasonable proportion of 49.1 %
did not link the study of physics to relevant information required in life. In addition 30.4% of students strongly
expressed strain while studying physics. Averagly students do not attach an interest in studying physics. This
findings confirm
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Teachers Perception on Learner Related Causes of Students’ Low Enrolment in Physics
Table 11 shows the results for teachers perception on learner related causes of low students’ enrolment.
Table 10: Students’ perception on learner related causes
SA
A
U
F
%
F
%
F
I feel like am doing 40
19.6 35
17.2
25
what I want to do
while learning physics
I fear physics because 40
19.6 39
19.1
10
it is like mathematics
I aspire to study a 36
17.6 22
10.8
30
physics related course
after KCSE
Learning
physics 31
15.2 54
26.5
19
informs me about life
I strain while studying 62
30.4 36
17.6
16
physics
Table 11: Teacher’s perception on learner related causes
SA
A
U
F
%
F
%
F
Students feel like they 1
10.0 7
70.0
0
are doing what they
want to do while
learning physics
Students fear physics 4
40.0 5
50.0
0
because it is like
mathematics
Students aspire to 2
20.0 4
40.0
3
study
a
physics
related course after
KCSE
Students appreciate 2
20.0 3
30.0
0
that learning physics
informs them about
life
Students strain while 2
20.0 5
50.0
2
studying physics

%
12.3

D
F
46

%
22.5

SD
F
58

%
28.4

Total
F/%
204/100

4.9

48

23.5

67

32.8

204/100

14.7

41

20.1

75

36.8

204/100

9.3

45

22.1

55

27.0

204/100

7.8

38

18.6

52

25.5

204/100

%
0.0

D
F
2

%
20.0

SD
F
0

%
0.0

Total
F/%
10/100

0.0

1

10.0

0

0.0

10/100

30.0

1

10.0

0

0.0

10/100

0.0

4

40.0

1

10.0

10/100

20.0

0

0.0

1

10.0

10/100

A large percentage of teachers (70%) perceived that students feel like they are doing what they want to do while
studying physics conflicting the perception by students (19.6%). Almost all teachers (90%) perceived students’ fear
of physics to be associated with nature of physics being like that of mathematics unlike students who were on the
contrary. Thus teachers’ perception on the nature of physics is different from that of the students.
Half of the teacher respondents (50%) indicated that students appreciate the physics content. This is stronger than
the students’ perception (41.7%) on the same. The finding implies that physics content is relevant and useful to the
students however, there is strain by students while studying physics as perceived by 70% of teachers which confirms
the strong students’ perception discussed earlier. Therefore many students opted not to study physics due to the
strain experienced while studying physics this concurs with Aina & Adedo (2013), Nderitu (2007), Orodho (1996)
and Okpala (1988).
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Students Perception Concerning the state of Students’Enrolment in in Physics.
The study sought to find out students’ percepions on what they feel about the level of students’ enrolment in
physics.Table 12 shows the results of students perception concerning the state of students enrolment in physics in
their school.
Table 12: Student’s perception on enrolment in Physics in their school
SA
A
U
D
F
%
F
%
F
%
F
Students enrolment in 30
14.7 37 18.1 21
10.3
56
physics is at the
required standard
More students are 35
17.2 43 21.1 18
8.8
46
getting interested in
studying physics as a
choice subject
Many students prefer 102 50.0 60 29.4 13
6.4
13
biology to physics
when choosing the
science subjects

%
27.5

SD
F
60

%
29.4

Total
F/%
204/100

22.5

62

30.4

204/100

6.4

16

7.8

204/100

The data shows that 29.4% of the students strongly disagreed with the fact that student’s enrolment in physics is at
the required standard. Only 14.7% strongly agreed, 18.1% agreed, 10.3% were undecided and 27.5% disagreed. On
the account that more students are getting interested in studying physics as a choice subject, 30.4% of the students
strongly disagreed, 17.2% strongly agreed, 21.1% agreed, 8.8% were undecided, and 22.5% disagreed. However,
50% of the students strongly agreed with the fact that many students prefer biology to physics when choosing the
science subjects. Generally students are not satisfied with the state of students’ enrolment in their schools.
Teachers Perception on the state of Students Enrolment in Physics.
The study sought to establish the teachers’ perceptions on their evaluation of students’ enrolment in physics in their
schools. Table 13 shows results for teachers perception on state of students’ enrolment in physics
Table 13: Teacher’s perception observation on physics enrolment
SA
A
U
D
F
%
F
%
F
%
F
Students enrolment in 0
0.0
1
10.0 0
0.0
5
physics is at the
required standard
More students are 0
0.0
5
50.0 1
10.0
1
getting interested in
studying physics as a
choice subject
Many students prefer 4
40.0 5
50.0 1
10.0
0
biology to physics
when choosing the
science subjects

%
50.0

SD
F
4

%
40.0

Total
F/%
10/100

10.0

3

30.0

10/100

0.0

0

0.0

10/100

Half teacher representation (50.0%) disagreed with the fact that student’s enrolment in physics is at the required
standard. None strongly agreed, 10% agreed, 0% were undecided and 40.0% also strongly disagreed. This is
however almost similar to what students alluded concerning enrolment and standard required. On the account that
more students are getting interested in studying physics as a choice subject, 50.0% of the teachers agreed, 30.0%
strongly disagreed, 10.0% were undecided and the same percentage also disagreed. However, 40.0% of the teachers
strongly agreed and 50.0% agreed with the fact that many students prefer biology to physics when choosing the
science subjects. This implies that more students prefer to study Biology than Physics.
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Students Perceptions on Most Difficult Topics in Form Two Physics Syllabus
Based on the general opinion on the order of five most difficult topics in physics, the students’ perception showed
that the topic on hook’s law was the most difficult followed by fluid flow, reflection at a curved surfaces, magnetic
effect of force, equilibrium and centre of gravity and measurement II. On the other hand, majority of teachers also
pointed out that reflection at curved surfaces and hook’s law were the most difficult topics. Regarding the other
causes of low physics enrolment, the students pointed out that poor attitude towards physics and the physics teachers
were the major causes. Others pointed out that inadequate number of trained physics teachers makes it hard for them
to enroll for physics classes. However, teachers had a feeling that the introduction of very difficult topics to Form 1
and 2 syllabus resulted to low enrolment in physics by the students. In addition, teachers also pointed out that
majority of students have negative attitude towards the subject and the fact that there are insufficient trained
teachers of physics.
Correlation Test
This section entails the test of strength of relationship between independent variables and dependent variables. The
analysis was carried out and findings presented in Table 14.
Table 14: Correlation test of variables
Variables

School
related
causes
1
0.299
0.304
0.570

School related causes
Pearson Correlation
Learner related causes
Pearson Correlation
Home related causes
Pearson Correlation
Students
subject Pearson Correlation
preference
*. Correlation is significant at the 0.05 level (2-tailed).

Learner
related
causes
0.299
1
0.630
-0.034

Home
related
causes
0.304
0.630
1
0.156

Students
subject
preference
0.570
-0.034
0.156
1

The correlation between each variable and itself is 1. There is a weak positive correlation between school related
causes and learner related causes (0.299) and school related causes and home related causes (0.304) . However,
there is an averagely positive correlation between school related causes and student’s subject preference of 0.570.
Learner related causes and home related causes had a pearson correlation of 0.630, implying that they were highly
correlated. However, student’s subject preference and learner related causes had a strong negative correlation of
0.034 and the correlation between home related causes and student’s subject preference was 0.156, implying a weak
positive correlation amongst them. Low students enrolment in physics is caused more by school related causes rather
than home related and learner related.
CONCLUSION
The purpose of the study was to find out the students perceptions on the causes of low students’ enrolment in
Physics in co-educational day schools in Meru South subcounty. The study found out that
i.
Learners shy from studying physics due to its complex nature and mathematical nature
ii.
Students find content on magnetic effect of electric current, reflection at curved surfaces,waves, sound and
hook’s law to be complex.
iii.
Some teachers experience difficulties while teaching the topics on waves, magnetic effect, measurements 2
RECOMMENDATIONS
A deliberate attempt to be made by the curriculum developers to create other options of Physics that are relevant
to their future careers.
ii.
The Kenya Institute of Curriculmn Development (KICD) to make the Physics curriculumn more learner
friendly by looking keenly at the suggested areas of difficulty. Complex topics such as waves, sound, magnetic
effect of electric current, measurements 2 and reflection at curved surfaces to be moved to form three syllabus.
iii.
There is need for in servicing of teachers of physics on the main problem topic areas in physics which include
waves, sound, magnetic effect of electric current and measurements 2 and reflection at curved surfaces.
i.
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ABSTRACT
National Early Childhood Development Policy framework in Kenya has been in place since the year 2006
accompanied by a service guideline to promote its implementation. The goal of the policy framework was to
enhance access, equity, and quality services for all children from conception through 8 years. Furthermore, a new
pre-primary policy was introduced in 2017. However, even with the policies in place there are quality issues in PrePrimary Schools in Murang’a County. It is documented that Pre-primary schools in the County have poor
infrastructure coupled with poor delivery of content at this level. Therefore, the purpose of this study was to assess
the influence of county government support on Quality Service Delivery. Mixed methodology research approach
and concurrent triangulation design guided the study. The target population was 1,596 and a sample size of 194 was
used in this study. Data was collected using questionnaire for Pre-Primary teachers’, observation schedule for the
Pre-Primary schools environment, interview guides for Early Childhood Development officers, parents
representatives and Head teachers’/ECD managers. Qualitative data was analyzed thematically and presented in
discussion form while quantitative data was analyzed using descriptive and inferential statistics and presented using
tables and figures. Inferential analysis established that county government support at p<0.001 determined the quality
of services delivered in Pre-primary schools. Descriptive analysis revealed that more than half of the Pre-primary
schools sampled had benefited from county government in diverse ways toward enhancing quality service delivery.
However, thematic analysis brought out the other issues surrounding the support by county government like
inadequate funding and delays in release of funds to schools. In addition, private schools reported that they rarely
benefit from county government support. Thus, concluding that goals of the ECD policy may not be realized with
the current performance in ECD policy implementation. Subsequently, the study recommends that the County
government should ensure adequate funding for regular monitoring of both public and private pre-primary schools to
promote actualization of policy guidelines for quality services and enhanced positive child development outcomes.
Keywords: Quality service delivery, Early Childhood Development, policy framework, Implementation
INTRODUCTION
County government in Kenya is the decentralized unit of the national government which is meant to take charge of
policy implementation of various government policies on the ground. The process of Policy implementation varies
from one nation to another since it depends on particular political, economic and social context of a nation.
According to Payne (2008) successful implementation of school policies are evidenced by coherence, stability, peer
support, training and engagement of the implementers. This implies that for success to be realized a lot of
coordinated efforts should be put in place and appropriate model of implementation of policy employed,
stakeholders should be held accountable for reaching specific indicators of success within a specified duration and
adequate funding should be availed. This requires the support of a powerful actor like the government in order to
produce substantial impact through funding and enforcing compliance to the directives of the statutes (Fullan, 2009).
Several countries have ECD policies being implemented and the success is tangible due to effective collaboration
among stakeholders involved, effective monitoring and evaluations as well as adequate finance allocations.
Consequently, a lot can be learnt from them in implementation of ECD policies. On the lead are developed nations
like Australia, New Zealand, England and Sweden. The ECD programmes of these countries according to a review
of policy framework in ECD by UNICEF (2010) are mature and established. This has been catalyzed by adequate
financing, adherence to developed policy framework and appropriate policy focus from sectorial to comprehensive,
collaboration and networking as well as monitoring of quality standards consistently and coherently.
Policy context in Australia is also powerfully determined by division of duties among the three government levels
which are Federal, state/territory and local. Many occupations of ECD including instruction, youngster well-being,
and household provision are common across authorities and this has consequences on financing and amenity
provision and furthermore on supervisory. However, there exist overlapping roles of the three which call for need to
agree in order to enhance consistency and coherence. This has been a persistent issue in most nations therefore
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individual nations should strategize on how to deal with it issues for successful implementation of ECD policies.
The success of any nation in management of ECD and delivery of quality services largely depends on how able they
are in working differently individually, organizationally and collaboratively hence realizing their goals.
Canada, just like Australia, has three governmental structures involved that is the national government in partnership
with the province and territorial government. Canada implements an early childhood model with support for
households which encompass pre-natal support; early education openings; great collective, available and suitable
nurturing care for all children in rural and urban settings. The country seems to have a rich administration tendency
for devolving duty and expertise, reduced community amenities and denationalize activities as pointed out by
(Thompson et al., 1999). However, in some instances the government administrations withholds children and
household support for various child related programmes.
As a result, community based organizations end up alone in delivery of Early Childhood services. They may be
given the obligation to provide amenities and function within the guidelines of the administrative government. In
Ontario, for example it is the obligation of the forty-seven municipal authorities to provide amenities for young
children. On the same breadth, the regional government centralized additional duties for the institution structures.
Consequently, financing was lifted from native stuff levies to regional overall returns.
The top-down regional financing method for institutes has forced numerous early childhood care programs out of
school compound. This is common in many countries which thrust ECD programs to local governments even when
they lack the capacity to handle ECD programs. The local municipal governments in Canada are currently
responsible for child care and local school boards without financing power to cooperate and provide programmes
responsive to local needs (First call BC, 2008; Jane & Jane, 2000). The scenario is much similar to Kenya currently
with county governments which are relatively new and mandated to implement decentralization policy adopted in
1982 but encountering different contextual dynamics which this study addressed.
Other African countries such as Ghana, Namibia and Mauritania have developed and approved ECD policies but
they experience a number of common challenges. Some of these challenges include; insufficient monetary capitals,
minimal administrative support, absence of unified and all-inclusive organizing structures, absence of specific ECD
policies and lack of a specific ministry taking the lead in ECD. Furthermore, some ministries continue to work
sectorial and lack skilled personnel in ECD from management level through grass root level (Torkington, 2001).
According to a report by UNESCO (2004) on ECD policy development and implementation in Africa. Namibia is
highlighted as one of the African countries which pioneered in approving its ECD policy in 1996. Therefore, it
should be well down the road of policy implementation. The policy provides a compelling and comprehensive vision
of what ECD could be in Namibia, but it is not. Another report by Dalais, Etse, Pressoir, Vogelaar, UNESCO &
Regional Bureau for Education in Africa & Association for the Development of Education in Africa.(2010) shows
that the fabric of ECD support is unsteadily skinny and structures very flimsy. Sometimes one may observe very
well thought out ideas being implemented through collaborative effort. However in most instances the momentum is
not sustained and what seemed to be a great venture disappears taking back the nation to the drawing board. This
shows that there is always lack of commitment and consistency in supporting implementation of ECD policies from
both the national government and county government hence the precarious delivery of ECD services.
One of the impetus to such occurrences are changes of governmental structures like introduction of a new ministry,
for example shifting of ECD to a new ministry in 1998 saw the advances in ECD like training of trainers vanish in
the air due to inaction and mistrust. Also the shifting of government priorities has been an issue where
knowledgeable staffs are deployed to other sectors leaving behind knowledge and communication vacuums. These
changes take place quite often; some positive and others negative but whichever the case implementers tend to be
incapacitated in handling the changes so as to deliver positive outcomes. This indicates a lack of proper planning.
Despite the fact that a policy is in place to be adhered to there are always loopholes created which water down effort
towards delivery of quality ECD services. In Kenya, the county government as per the policy should support all
ECDE programs and services within their jurisdiction, support the inclusion of all children, sponsor Pre-Primary
teachers for training, pay Pre-Primary teachers, support barrier free infrastructure for ECDE, provide land for
recreation, provide recreation facilities and carry out advocacy (Republic of Kenya, 2006a). This is all that is
outlined in the policy guidelines but the actualization of the guidelines is still debatable to date.
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Statement of the problem
Effective and efficient county government support would be evidenced by presence of a standard physical
environment with adequate physical facilities, hiring of qualified and competent teachers who utilize appropriate
pedagogical practices as well as suitable nutritional and healthy social environment. However, according to
Murang’a County initiative (2015) it is documented that Pre-Primary schools have poor infrastructure and there is
poor delivery of content in some schools implying that children are receiving poor foundation of the basic learning
concepts. Consequently, Murang’a County has been experiencing low enrollment to primary schools, high levels of
repetition and drop-out in Early Childhood level of Education (Muchau, 2015).
The scenario indicates existence of a gap between policy guidelines and practice. This is despite the fact that Early
Childhood services are now devolved to Counties and one would expect that the situation has improved. However,
observations and reports from the County Director of Education in Murang’a indicate that the status quo has
persisted over the last five years. Therefore, the study sought to fill the gap by assessing if county government
support enhances delivery of quality services in Pre-Primary schools in Murang’a County.
Theoretical Framework
The study employed two theories; the first theory presented a model of policy implementation since the study was
dealing with ECD policy implementation and like any other policy it experiences ambiguities and conflicts during
the implementation process. Therefore, this theory illuminates the four levels of the policy implementation process
which include administrative, political, experimental, and symbolic levels relating to the policy in focus. In each of
the levels challenges are encountered in the process of implementation as well as various participants such as the
government, county government and other stakeholders’ take different roles in the process.
The second theory is by Urie Bronfenbrenner (1989) who records that individuals go through different experiences
in different levels of the environment as they interact with each other. The experiences do impact on an individual as
well as the institutions in terms of development. The theory was relevant to the current study because county
government is an institution which interacts with schools and teachers in delivery of services to young children. The
support offered by county government to pre-primary schools directly determines the quality of services being
delivered hence indirectly influencing experiences of the child at school as well as at home.
RESEARCH METHODOLOGY
The study was conducted in Murang’a County, Kenya.The participants included all pre-school teachers estimated at
800 in 614 pre-primary schools in Murang’a County, 614 ECD Managers/Head teachers and 614 parents’
representatives and 10 ECD County Officers. All the participants identified are involved in the running of ECDE in
the county in different ways. A sample size of 194 was arrived at using various sampling techniques which are
stratified random sampling, simple random and purposive sampling. The data was collected using questionnaires for
teachers, interview for parents’ representative and ECD officers and observation for pre-primary environment.
This study employed a mixed methodology approach in which concurrent triangulation design was employed. The
researcher collected and analyzed both quantitative and qualitative data sets simultaneously in a single data
collection and analysis phase. Therefore, timing of data collection, analysis, and interpretation of both data was done
at the same time (Creswell, 2008). The collected data was equally weighted since the researcher gave equal priority
to both quantitative and qualitative data as both were equal sources of information for the study.
Furthermore, collected data was analyzed separately then results from both data sets were mixed during
interpretation through comparisons in order to establish whether the results support or contradict each other
(Weisner, 2005). The rationale for this design is that one data collection form supplied strength to offset the
weaknesses of the other form hence depicting a clearer picture of the study problem. According to Creswell (2008)
the design was appropriate as it allowed the researcher to gather information that uses the best features of both
quantitative and qualitative data techniques.
RESULTS AND DISCUSSIONS
The study sought to: Find out the extent to which county government support influence quality service delivery in
Pre-primary schools in Murang’a County. The collected data was analyzed and presented descriptively, inferentially
and thematically as outlined in the following three sections

360

Descriptive Analysis
Descriptive analysis was done using the following terms and ratings; (Never)-1 meaning that the practice is not there
at all, (Rarely)-2 indicating that the practice recurs only after a long interval (more than one year), (Sometimes)-3
implying that the support is occasional and inconsistent, (often)-4 denoting it’s done on termly basis and (Very
often) - 5 meaning the support is on monthly basis. Descriptive analysis yielded frequencies in percentages about
involvement of county government in various activities which are meant to enhance quality service delivery in Preprimary schools. The information was as outlined in Table 1.
Table1: County Government Support for Pre-primary Schools in Murang’a County
SN ITEMS
N
R
1
2
23% 12%
1
Does the county government allocate resources to your ECD centre? 29% 2%
2
Does the county government conduct advocacy campaigns for 29% 15%
children in your locality/school?
3
Do county government officers visit your school to establish if there 49% 11%
are children issues in you center which needs advocacy
4
Do county government officers organize short courses which
support your continuous growth as a teacher?
22% 9%
5
Do county government officers organize seminar which supports 30% 10%
you in enhancing quality instructional environment?

S
3
20%
24%
23%

O
4
27%
27%
24%

VO
5
18%
19%
8%

18%

15%

7%

24%
29%
22%

16%
24%

14%

The averages in percentage in table 1 are presented graphically in figure 1 below to clearly depict a picture of the
extent to which the county government has been supporting Pre-primary schools in Murang’a County.
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RARELY

SOMETIMES

OFTEN

VERY OFTEN

Figure 1: Average Frequencies in % of county government support for Pre-primary schools
As per figure 16 it is clear that county government support on average is still minimal since most of the schools that
is 30% (n=26) reported that they never receive any support from the county government. Only 24% (n=21) are
supported often, 14% (n=12) very often, 22% (n=19) sometimes, and 10% (n=9) are rarely supported. The findings
indicate that a significant percentage of Pre-primary schools in Murang’a County do not receive support from the
county government consequently creating room for variation in quality service delivery in Pre-primary schools in
Murang’a County. The findings contradict the guidelines in the Republic of Kenya (2006b) which outline the roles
which should be undertaken by the county government. It is evident that most of the roles are never realised in a
significant number of Pre-primary schools. This raises concern whether the county government is committed in
actualization of the policy guidelines. According to a studies by Jane & Jane (2000) and First call BC, (2008) local
authorities lack the capacity to support early years programmes. This is attributed to the fact that county government
support tends to be erratic characterized by lack of consistency hence impeding delivery of quality services to young
children. This implies that a lot ought to be done by the county government especially in planning to ensure
sustainable and consistent support for Pre-primary schools in Murang’a County.
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Table 2: Pre-Primary Teachers’ Perceptions on the Influence of County Government Support on Quality
Service Delivery
SN
1
2
3
4
5
6

COUNTY SUPPORT
County government funds some activities in my ECD centre thereby
promoting quality physical environment.
County government pays my salary or supports my centre in ensuring
Pre-Primary teachers are paid ensuring quality service delivery.
County government supports infrastructure development in my centre
promoting quality physical environment.
County government advocates for children in my centre ensuring every
child is healthy to learn hence promoting a healthy environment.
County government organizes seminars which help me as a teacher to
improve my teaching practices.
County government sponsors me for short courses which aid me to
improve relationship with my learners.
Average

SD
1
26%

D
2
14%

NS
3
2%

A
4
36%

SA
5
22%

20%

7%

0%

24%

49%

23%

30%

7%

32%

8%

12%

11%

2%

49%

26%

14%

14%

6%

42%

24%

29%

37%

5%

20%

9%

21%

19%

4%

33%

23%

The researcher further established the perceptions of Pre-primary teachers regarding the impact of county
government support on quality service delivery in Pre-primary schools.
The average frequencies on Pre-Primary teachers’ views of county government influence on quality service delivery
in table 2 are illustrated in figure 2.

Strongly Agree
23%(n=20)

Strongly
disagree
21% (n=18)

Disagree
19% (n=16)
Agree
33% (n=28)

Not Sure
4% (n=3)
Figure 219: Average frequencies in % on Pre-Primary teachers’ perceptions on county government support
influence on quality service delivery in Pre-primary schools in Murang’a County
On average more than half of the pre-school teachers 55% (n=48) agreed that the county government is working in
diverse ways to support quality service delivery in Pre-primary schools in Murang’a County. This is because 23%
(n=20) strongly agreed, 33% (n=28) agreed. This means that there are some milestones that are vivid which the
county government has undertaken in support of quality service delivery for example in sponsoring feeding
programmes and paying Pre-primary teachers’ salary a burden that previously used to be on parents. However, a
larger percentage of 40% (n=34) of the Pre-primary schools have not felt the impact of county government support
on quality service delivery since 19% (n=16) disagreed and 23% (n=18) strongly disagreed. The findings had
significant percentage of Pre-primary schools not benefitting from county government support and most of them are
private. Therefore, a dialogue is necessary to ensure that all children benefit even those in private schools since all
children ought to access quality services irrespective of whether they are in private or public schools.
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Inferential Analysis on County Government support on quality service Delivery
To establish the influence of county government on quality service delivery in Pre-primary schools in Murang’a the
hypothesis below was tested. Ho1 There is no statistically significant influence of county government support on
quality service delivery in Pre-primary schools in Murang’a County. In analysis of the above hypothesis the
researcher first run a correlation test to establish if there is any association between county government support and
quality service delivery. This was followed by a regression analysis which was meant to establish if there is any
predictive association between county government support and quality service delivery in Pre-primary schools. This
first step established the relationship between county government support and quality service delivery using Pearson
test. The results were as outlined in Table 3.
Table 81 : Correlations between county government support and quality service delivery
Quality service delivery
county government support
Quality service delivery
Pearson Correlation
1
.529**
Sig. (2-tailed)
.000
N
86
86
county government support
Pearson Correlation
.529**
1
Sig. (2-tailed)
.000
N
86
86
**. Correlation is significant at the 0.01 level (2-tailed).
Table 3 indicates that a positive moderate correlation exists between county government support and quality service
delivery in Pre-primary schools. In addition, the correlation is significant since p<0.001 therefore p<0.05.The
findings indicate that as the support of the county government increases on the other hand quality service delivery in
Pre-primary schools also improves. To investigate if county government supports predicts quality service delivery
regression analysis was done and the results were presented in Table 4.
The second step established if county government support predicts quality service delivery in Pre-primary schools.
To achieve this regression analysis was conducted and the outcomes are as outlined in table 4.
Table 82: Regression Model, ANOVA & Coefficient of Determination on the influence of County Government
on Quality service delivery
Model
R
R Square
Adjusted R Square
Std. Error of the Estimate
1
.529a
.279
.271
17.59418
ANOVA on the influence of county government support on quality service delivery in Pre-primary schools
Sum of squares
Df
Mean Square
F
Sig.
Regression
10083.2
1
10083.2
32.573 .000b
Residual
26002.6
84
309.555
Total
36085.8
85
Coefficients of determination on influence of county government support on quality service delivery
Unstandardized
Standardized
Coefficients
Coefficients
T
Sig.
B
Std. Error
Beta
(Constant)
132.138
5.296
24.949 .000
county government support
2.009
.352
.529
5.707
.000
a)
b) Dependent Variable: Quality service delivery
c) Independent Variable: County government support
Results from table 4 show that R2 =0.279 meaning that county government support accounts for 27.9% of the
variation in quality service delivery in Pre-primary schools. The ANOVA results indicates that the model is
significant since (F=32.573, df=1, 84 & p<0.001). Finally, coefficient of determination results show that β=0.529,
t=5.707, p=0.001 this indicates that county government is a significant predictor of quality service delivery in Preprimary schools in Murang’a County. Therefore, the null hypothesis stating that county government has no
significant influence on quality service delivery was rejected.
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Thematic analysis Results on Influence of County Government Support on Quality Service Delivery
The researcher also conducted interviews amongst Head teachers, ECD county officers and parents’ representatives
to get more in-depth information about the influence of county government support on delivery of quality services in
Pre-primary schools. The interview guide for parents’ representatives had two questions which gathered
information on county government support. The first question in the interview guide asked parents: in what ways
does the county government support Pre-Primary schools and the researcher probed on some roles as outlined in the
ECD policy guidelines. The responses indicated that the county government has been supporting Pre-primary
schools in diverse ways as evidenced by the comments received. The majority 75% (n=6) of the parents
representative reported that the county government supports by funding the feeding programme in the school.
Though, this was from the majority the findings indicates presence of a small percentage 25% (n=2) of respondents
who did not acknowledge the fact that they are supported by the county government through feeding of their
children. Therefore, this implies that there are some Pre-primary schools in Murang’a County which do not benefit
from feeding programme funded by the county government. This could be attributed to the fact that some schools
are private hence they do not benefit from the feeding programme funded by the county government as was noted by
the researcher during observations.
The respondents further identified other ways in which the county government supports which included the
following; educating Pre-Primary teachers’ by organizing workshops and seminars this was echoed by all
respondents, provision of play and learning materials reported by 50% (n=4), and repairing classes reported by 13%
(n=1). The responses indicate that all parents know and appreciate the fact that the county government has been
supporting in diverse ways. However, it is important to note that some parents had this to say. Respondent P4:
“The county government provides play and learning materials but not often” while P7 noted that “the county
government provides learning materials but it provides inadequate resources and this happens sometimes”.
This means that the support by the county government is not consistent and does not fully meet the needs of children
at school hence support from other stakeholders is also essential for delivery of quality services in Pre-primary
schools. The second question still under the parents’ interview guide asked how the county government support
ensures that the school environment is appropriate and suitable for the child. Majority 50% (n=4) of the respondents
reported that the support from the county government enhances the instructional environment hence improved
academic performance through the provision of learning materials and paying of teachers making sure they are
adequately motivated to teach. Also, 37% (n=3) of the respondents reported that quality service delivery is enhanced
by the county government through monitoring and evaluation by ECD county officers who ensures that the required
standards in school are observed. However, this was contrary to respondent P8 who said:
“The county government does not enhance quality service delivery since even after allocating inadequate resources
does not follow up through monitoring”.
These sentiments were supported by one other respondent P3 who reported:
“The county government does not support quality service delivery since they rarely monitor standard of schools”.
The comments by these two respondents indicate inadequacy of monitoring and evaluation confirming descriptive
analysis findings which indicated that the practice is inconsistent and sometimes not there at all in some schools.
On the same issue 37% (n=3) of the respondents reported that the county government support enhances the quality
of physical environment. This is achieved through repairing of classes and furniture’s, supporting infrastructural
development through construction of classes to reduce congestion in classes. An analysis of the responses indicates
that majority of the parents’ representative believe that the county government do support in enhancing quality
service delivery in Pre-primary schools. This confirms inferential analysis findings which indicated that county
government support is a significant predictor of quality service delivery in Pre-primary schools in Murang’a County.
The researcher further gathered more information from head teachers and ECD county officers about county
government support for Pre-primary schools. The first question interrogated how the county government was
supporting Pre-primary schools and the researcher probed about resource allocation, advocacy for children and
frequency of training for ECD teachers. The responses indicated that privately sponsored Pre-primary schools are
never supported by the county government. Respondent W said that; “Our school does not benefit much from county
government since we are never allocated resources and our teachers do not benefit from trainings by the county
government the only support that the school has ever received involved deworming of children”.
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This was similar with other respondents who were in private schools who echoed the same sentiments. This
therefore pointed to the fact that private institutions do not benefit from county government initiatives which are
meant to promote the welfare of young children. The scenario creates room for variation in quality service delivery
and to have harmony private schools too should be supported by the county government.
The finding implied that private schools are not supported by the county government. The scenario is similar in
Uganda in a study by (Ejuu, 2011) it was established that at the local level individual entrepreneurs do not receive
any incentive to encourage the investment in ECD. This works against delivery of quality services and creates room
for more discrepancies in implementation of ECD policies. However, the government has a responsibility of
guarding education for all children whether in private or public hence a dialogue is important on how to improve
partnership since private sector also supports in realization of the policy goals.
On the other hand, respondents in public schools had a different story about the county government support. Both
the head teachers and ECD county officers were in agreement that the county government was remunerating ECD
teachers which was a significant milestone impressing all the stakeholders especially parents who used to bear the
burden of paying teachers. Also commendable was the fact that the county government was funding feeding
programmes and as a result increasing enrollment in Pre-primary schools in Murang’a County. However, it was
noted that every interviewee had critiques about the support from county government.
With regards to the feeding programme, Respondent X noted:
“Feeding programs are creating a dependency syndrome and not sustainable”.
Another respondent Y said:
“Funds for feeding are not released on time and they are temporal just being used for political purpose”.
In addition, respondent Z noted:
“Funds for feeding programs are always delayed and inadequate”.
The voices above indicate that the feeding supported by the county government may not be achieving its intended
goal of enhancing nutrition and health of young children since the resources availed do not cover the entire term. As
a result some of the children drop out of the school one month down the term once the feeding is disrupted due to
lack of finances. It was also noted that the diet was not the best and could not be varied due to the fact that the funds
availed could not allow provision of an adequately balanced diet.
On allocation of resources, ECD county officers unanimously reported that before introduction of the county
government they would get an allocation of funds from the Ministry of Education. This enabled them to conduct
sensitization meetings for parents and teachers as well as conduct monitoring and evaluation of the programme.
However, currently no funds are set aside for ECD county officers from the county government to facilitate the
smooth running of ECD programmes such as the feeding programme. Respondent Y noted:
“The county government spends a lot of money on primary and secondary schools especially through bursaries and
somehow neglects Pre-primary schools”.
As a result the ECD county officers are poorly facilitated for field visits and they are expected to operate with their
salaries which cannot support visits to Pre-primary schools under their jurisdiction. Consequently, the scenario has
led to prevalence of some Pre-primary schools with classes that are below the standard hence poor physical
environment. A certain respondent noted:
“Some classes are like Kalahari desert”.
Though the statement seemed farfetched the respondent meant that some ECD classes had no windows and the floor
is usually very dusty hence unhealthy for young children.
The second question established how the county government support influence quality service delivery in Preprimary schools in Murang’a County. On enhancing the quality of physical and instructional environment,
respondent Z said:
“County government does not support infrastructure development”.
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This was reported by all other head teachers and ECD county officers and this implied that some ECD classes were
far below the required standards. This was evident even during observations where infrastructure for other classes
would be very well maintained but for Pre-Primary classes they were quite neglected and the difference would be
notable from a distance. It was also noted that some of the schools did not have a kitchen though they had a feeding
programme. This means that the county government just provides the funds for food but does not bother to establish
a suitable place for cooking and feeding the learners. The report was contrary to that of 37% (n=3) of the parent’s
representatives who reported that the county government aids in instructional development. The contradiction is
attributed to ignorance among parents and failure by school administration to fully update parents about funding of
projects in schools.
In support of instructional environment it was reported that County government supports through provision of
learning materials and developing wash points to enhance health. However, it was noted that provision of learning
materials was well done at the inception of county governance but currently there are no provisions made hence Preprimary teachers have been utilizing resources from the primary section. This brings out the inconsistencies which
exist as far as support from county government is concerned. The support is erratic hence cannot be fully relied upon
and this has the potential of influencing the quality of services being delivered in Pre-primary schools.
The conversations with the head teachers as well as the ECD county officers revealed that the county government
has made some attempts to support Pre-primary schools in Murang’a County. However, there are many challenges
and still a lot is expected from the county government to enhance delivery of quality services in Pre-primary
schools. Stakeholders have very high expectations from the county government and the issues being experienced can
be handled with improved collaborations among stakeholders like teachers’ parents, ECD county officers and head
teachers. The challenges highlighted are related to decentralization of ECD services and are similar to findings
reported by (UNICEF Eastern and Southern Africa, 1997). The report documented factors which impede service
delivery at the local level like responsibilities assigned without the requisite resources, limited human resource and
institutions, inadequate participation of stakeholders, democracy and accountability. All these are the grievances that
were echoed by the respondents and they all require dialogue to forge the way forward.
In another study by Ejuu (2011) on determinants of public investment in early childhood development within the
education sector at national and local levels in Uganda. It was established that there exists a very low level of
investment in ECD which implies less attention for children’s education needs. This agrees with the findings of this
current study as some respondents even noted that more resources are directed to primary and secondary schools and
very little goes to Pre-primary. This point to the fact that support for Pre-primary education by the county
government is inadequate especially in allocation of funds in support of various activities meant to enhance quality
service delivery. Therefore, quality issues in Pre-primary schools are likely to persist unless the county and national
government increase funds for support of Pre-primary education.
Triangulation and interpretation of qualitative and quantitative results
The analysis of data using the various techniques revealed that county government is a significant predictor of
quality service delivery in Pre-primary schools in Murang’a. Descriptive analysis revealed that more than half of the
Pre-primary schools sampled has benefited from county government in diverse ways toward enhancing quality
service delivery. In addition, most of the Pre-primary teachers believe that the county government has the potential
to influence delivery of quality services in Pre-primary schools. This was confirmed by inferential analysis which
revealed that a positive moderate correlation (r=0.529) exist between county government support and the support
was a significant predictor of quality service delivery in Pre-primary schools. Furthermore, various respondents
interviewed reported that the county government supports in enhancing quality service delivery. However, thematic
analysis brought out the other issues surrounding the support by county government like inadequate funding and
delays which were working against efficiency in delivery of quality services in pre-primary schools.
SUMMARY AND CONCLUSIONS
The study established that county government support on average is still minimal since most of the schools that is
30% reported that they never receive any support from the county government. Only 38% of the schools which get
supported often and very often while the remaining get support occasionally and inconsistently (22%) and some
after very long intervals (10%). This indicated that the county government roles are yet to be realized by some Preprimary schools in Muranga and hence quality service delivery in some Pre-primary schools is yet to be realized.
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Regarding the influence of county government support on quality service delivery more than 50 percent of the preschool teachers agreed that the county government is working in diverse ways to support quality service delivery in
Pre-primary schools in Murang’a County. This means that there are some milestones that are vivid which the county
government has undertaken in support of quality service delivery for example in sponsoring feeding programmes
and paying Pre-Primary teachers’ salary a burden that previously used to be on parents. However, a larger
percentage of 40% of the Pre-primary schools have not felt the impact of county government support on quality
service delivery. Inferential analysis indicated a positive moderate correlation exists between county government
support and quality service delivery in Pre-primary schools. In addition, the correlation was significant hence the
study concluded that County government support is a significant predictor of quality service delivery in Pre-primary
schools. The study revealed that the county government support significantly determines the quality of services
delivered in Pre-primary schools. This is despite the fact that the county government have not yet fully taken up all
their obligations in support of Pre-primary schools in Murang’a County. Therefore, if county government would
take up their roles fully more advancement can be realized in delivery of quality services in Pre-primary schools.
RECOMMENDATIONS
The county government should empower Pre-Primary teachers’ more through short courses and seminars to keep
them abreast with policy issues and to enhance their ability to engage other stakeholders’ more through mobilization
of resources for augmented quality of physical environment, health and nutritional environment.
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ABSTRACT
Teachers are the implementers of curriculum hence play a significant role in developing and transforming a learner.
Teachers’ competencies such as knowledge and skill in the use of digital devices in all areas of the curriculum
delivery is crucial in order to make learning more captivating. The purpose of the study was to investigate teachers’
information communication and technology (ICT) preparedness on implementation of the competency-based
curriculum. The study was carried out in public primary schools in Meru South Sub County, Kenya and adopted
descriptive survey design. The target population was all preschool teachers in the Sub County. Simple random
sampling technique was used to sample participating schools and pre-school teachers and head teachers. The sample
comprised of 105 respondents, 75 preschool teachers and 30 head teachers. Data was collected using questionnaires
and interview schedule. The research findings were analysed both quantitatively and qualitatively. The quantitative
data was processed and analysed with the help of the SPSS software version 22 and summarised into frequency
tables and percentages. The findings of the study revealed that majority of the teachers had not been exposed to
information communication and technology and most of them were not competent as they lacked technological
skills. Hence, lack of information communication and technology skills among the teachers may hinder effective
implementation of the competency-based curriculum. The study recommend that the Ministry of Education and
Kenya Institute of Curriculum Development to organise for in-service training for teachers to adequately equip them
with ICT skills and secondly the Ministry of Education should provide adequate ICT facilities ,employ technical
support team for repair and maintenance of the ICT facilities and offer ICT technical support to teachers for efficient
implementation of competency based curriculum.
Keywords: ICT, Preparedness, Implementation, Competency Based Curriculum
BACKGROUND TO THE STUDY
Information and Communication Technology (ICT) is defined as a diverse set of technological tools and resources
used to communicate, create, disseminate, store, and manage information that support teaching- learning such as
computers, projectors and laptops. (Harriet, 2018). The introduction of ICT into schools and in the learning process
was driven by global forces which are beyond the school-based decision making (Voogt, 2010). The expansion of
technology across a wide range of areas including educational institutions, schools and universities came with the
main intention of improving the teaching and learning environment (Al-Qahtani & Higgins, 2012). The
implementation of ICT in education is to transform the teaching and the learning process from the traditional
instructional teacher-centered endeavour to a learner-centered approach with active participation of the learner
(Voogt, 2010). Teachers’ role is to create a technology-based environment to facilitate the teaching and learning
process (Lim, Chai & Churchill, 2011). In Kenya, there is a government policy that all schools should integrate ICT
in learning to facilitate curriculum delivery in line with vision 2030 (Ministry of Education Strategic Plan, 2006).
The desire to build up a society that is knowledgeable and the need to expand regional and global competition in the
job markets has called for a move to a competency-based curriculum to address the demand and shortage of skilled
labour in the education system. The competency-based curriculum in education seeks to develop learner’s ability to
apply appropriate skills and knowledge to successfully perform a function (Republic of Kenya, 2016). The
introduction of competency-based curriculum in Kenya has raised a question on the capacity and teachers’
preparedness in ICT skills in readiness for implementation of the new curriculum. The implementation of the
competency-based curriculum in its first phase is facing quite a number of challenges. According to Kaviti (2018),
the competency-based curriculum was hastily crafted and rushed through a pilot that was done in 2017. The study
further shows that the pilot system of the new curriculum took an average of ten weeks, whereby less than 2000
teachers of the total 160,000 teachers implementing basic education in Kenya were trained. A report on
competency-based curriculum activities by KICD (2018) on teachers trained on ICT integration indicated that 61
percent of teachers are not trained on ICT. Teachers should be equipped with ICT skills since digital literacy is one
of the core competencies of the competency-based curriculum. Makuna (2013) observes that in the past Kenya has
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made many curriculum changes that have either not been implemented or taken too long to be implemented.
Researchers have given many obstacles which include teachers’ resistance to implement the new curriculum due to
incompetence of teachers, lack of training prior to introduction of the new curriculum and inadequate ICT skills
(Kinuthia, 2009; Andemia, 2020; Waweru, 2018; Momanyi & Rop,2020). Therefore, there lacks clear evidence on
whether teachers have been adequately prepared for the implementation of the competency-based curriculum.
In spite of the Government’s efforts of substantially investing considerable resources in enhancing ICT integration
in primary schools in Kenya, research has shown that ICT integration in public primary schools is growing at a very
slow pace (Muriithi, 2017). Researchers argue that mere installation of technological tools such as computers,
laptops, projectors hubs, routers, and the accompanying peripherals is not sufficient for educational reforms and may
not automatically lead to integration of ICT in schools unless the government addresses teacher- factor that largely
influence integration of ICT in schools (Wanyoike, 2016). According to Laaria (2013), teachers are the key players
in implementing the ICT program but the ICT strategy adopted by the Kenya government did not factor in teachers’
levels of preparedness in readiness to integrate ICT in teaching-learning process in public primary schools and this
could have a serious negative effect on the implementation process
According to Schaffer and Richardson (2004), when technology is introduced into teacher education programs, the
emphasis is often on teaching about technology instead of teaching with technology. A study by Andoh (2012)
reported that teacher training institutions emphasized training about technology as opposed to how teachers could
use technology to teach. Hence, inadequate preparation to use technology is one of the reasons that teachers do not
systematically use ICT in their classes. Alazam, Bakar, Hamzah and Asmiran (2012) study examined teachers' ICT
skills and ICT integration in the classroom, the case of vocational and technical teachers in Malaysia. The study has
indicated that teachers’ ICT skills were at moderate levels, and that a vast majority of teachers who participated in
this study were moderate users of ICT in classroom teaching. Mcalister (2005) conducted a study to establish the
relationship between teacher’s use of ICT and training and found out that there is a positive relationship between
ICT training and ICT use. The conclusion was that quality training should be offered to teachers as they are the key
players in implementation. Efficient training and support in ICT should be given to teachers, and more
considerations should be put in place on the teachers as they are role models for students.
According to a study by Pelgrum (2001), teachers’ lack of knowledge and skills was the second most inhibiting
obstacle to the use of ICT in schools. Pelgrum (2001) further noted that the success of educational innovations
depends largely on the skills and knowledge of teachers. Similarly, in the United States, Knezek and Christensen
(2000) hypothesized that high levels of skills and knowledge would produce higher levels of technology integration
that will reflect on student achievements positively. Their model postulated that educators with higher levels of skill,
knowledge, and tools would exhibit higher levels of technology integration in the classroom. Moreover, Berner
(2003) studied the relationship between ICT skills and computer use in the classroom and found that the faculty’s
belief in their computer competence was the greatest predictor of their use of computers in the classroom.
Preparedness in readiness to integrate ICT in teaching calls for teachers’ ability to handle computers and other ICT
gadgets and associated software. In this regard, Drent and Meelisen (2008) established that the quality and level of
teacher training influences effective adoption and use of ICT in schools. Simonson (2008) found that teachers’ skills
are related to their use of ICT in the teaching-learning process. Further, Bordbar (2010) reported that teachers’
competence in computer use is a good predictor of ICT integration in teaching. Research shows that training must be
relevant if teachers are to be well equipped to use ICT. These findings echoed Muriithi (2005) who reported that
ICT training in Kenya was limited to ICT literacy. Similarly, Mingaine (2013) reported that secondary school
teachers did not have sufficient skills on how to integrate ICT in teaching and learning. Ayere et.al 2010 reported
that 55% of teachers in secondary schools did not have any ICT training at all of those who had training in ICT, 51%
obtained training through personal initiatives after employment as teachers.
Kamaruddin et.al (2017) studied on Teachers’ level of ICT integration in teaching and learning, a survey in
Malaysian private preschool. A total 61 teachers from 10 private preschools in the district of Mualim in the state of
Perak Malaysia were randomly chosen in this survey research. The findings revealed that most of the experienced
teachers were not knowledgeable about the educational ICT application. The findings revealed that the teachers'
level of ICT integration is still at the low level. This is based on the results of a study that most of the experienced
teachers are normal users of ICT and ICT application was used for their own work rather than using it in their
teaching and learning in the classroom. The government Kenya government in realizing vision 2030 envisages a
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technologically empowered nation as basis on which Kenya can gain the status of a knowledge economy. Teachers
need to be prepared for the new curriculum for them to transit smoothly from the traditional teaching materials to
more innovative and digital resources. They would be equipped with all the teaching and technical skills that will
help them effectively and efficiently adopt and integrate ICT into the school curriculum (Al-Awidi & Aldhafeeri,
2017). Teachers’ readiness and willingness is fundamental for successful adoption and implementation of ICT into
the learning and teaching activities and curriculum (Singh & Chan, 2014). Thus, if teachers are not well prepared,
ICT integration to the curriculum may or may not be adequately implemented.
Teachers’ readiness and willingness is fundamental for successful adoption and implementation of ICT into the
learning and teaching activities and curriculum (Kinuthia, 2009). Thus, if teachers are not well prepared and
engaged in all phases of their integration to the curriculum, digital technology may or may not be adequately
implemented. A study conducted by Chege (2014) on factors influencing teachers’ readiness to use ICT in teaching
in public secondary schools in Gatundu North District, revealed that only 13.75 percent of the teachers were very
confident about their ability to use ICT in teaching in the classroom. This means that majority of the teachers do not
have enough technological skills to implement ICT in classroom. The study also found that majority of the teachers
recommended training to make teachers more knowledgeable on ICT. A study carried out by Higgins and Moseley
(2011), found that when teachers lack an understanding of why they should use ICT in teaching and how to use it
hinders its implementation. Most educational and training institutions focus more on what ICT is, rather than
focusing on how to use or apply it during classroom instruction. Thus, in-service training for teachers already in the
profession should offer teachers basic ICT skills and train them on how to use it during learning.
A study carried out in Kenya by Salvan (2018) on teachers’ preparedness for implementation of the competency
based curriculum in private schools found out that teachers felt that they were not well equipped and sufficiently
prepared with the ICT skills fundamental for handling and use of technological tools for effective implementation of
technology in classrooms. Even though teachers had received formal training in instructional technology, majority
of teachers had little knowledge on integration of computer technology into classroom instruction. It was found that
majority of the teachers could not use technology during teaching. This was because the teachers had not been
adequately equipped and made competent with technological skills for effective application in their practices.
Muriithi (2017) study examined on factors affecting implementation of ICT Education in Public Primary schools in
Kajiado North Sub-County, Kenya.
The study established that more than half (53.9%) of the respondents indicated that good match of training and
skills are important to support ICT implementation in schools and poor school ICT policies have negatively affected
implementation ICT education. A study by Malcolm and Godwyl (2008) reported that lack of professional
development programs for teachers to upgrade their skills on emerging technologies is a hindrance to ICT
implementation. Low levels of skills and the need to train users influenced ICT implementation. ICT skills are
required for empowerment to enhance value and create opportunity through new technologies. Human capital must
be developed through training, research and capacity building.
Leadership plays a key role in ICT integration in education. Sife et al (2007) argued that lack of technical,
administrative and financial supports were problems that hinder teachers from making use of computers in their
instruction. The support of the school head teacher or administrator can increase teachers‟ acceptance to use the
computers in the teaching and learning process. Therefore, the role of the school leadership is critical in creating
impetus, sustaining and an environment that enhances the use of computer in the teaching learning process. Priscilla
et al (2008) affirmed that guidance from a head of department is key in encouraging the preparation of electronic
lesson materials which encourage computer use for a certain subject in the instruction process. The study established
that the success of integrating ICT into the instruction process among school teachers depends on the support
provided by the head of the school.
Sife et al. (2007) found that for adoption of ICT to be successful and sustainable, head teachers as lead professionals
should lead in the use of the technology, as well as have broad mastery of pedagogical, technical, administrative and
financial dimensions of ICT in education. The study by Sife et al (2007) further state that it is imperative that
administrators provide the conditions that are needed, such as ICT policy, incentives and resources. Kariuki (2004)
argues that teachers who receive adequate ICT support from the administrators are more likely to use ICT in the
teaching practice while those who do not get support are less passionate in using computer or do not incorporate
technology in anyway. This assertion is also supported by Wang (2010) who affirms the fact that commitment and
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interest of an institution’s top management and other leaders at every level is the most critical factor for successful
implementation of ICTs within the institutions. Yee (2000) believed that a leader who implements technology plans
and also shares a common vision with the teachers stimulate them to use technology in their lessons.
Technical support in relation to ICT integration entails installation, operation, maintenance, network administration
and security of the tools (Sife, Lwoga & Sanga, 2007). These form an important component of the implementation
and integration of ICT tools. According to Murithi (2017) lack of technical support for a school’s technology results
to teachers’ frustration and unwillingness to use the technology tools. Sife et al. (2007) argued that lack of technical,
administrative and financial support were problems that hinder teachers from making use of computers in
instruction. According to Aryatuha (2007) for a successful ICT adoption, adequate computer hardware and software
must be accompanied with training of the users and continuous technical support. Without this, however high the
quality of hardware and software deployed there will only be under-utilization and wastage of these resources.
It is therefore crucial that technical support be availed to enable repair and maintenance that would ensure the
continued use of ICT tools in schools. Availability of technical support may minimize time wasting in
troubleshooting hardware and software problems. Hence, the Kenya government in realizing vision 2030 needs a
technologically empowered nation as basis on which Kenya can gain the status of a knowledge economy.
Statement of the Problem
The government of Kenya introduced 8-4-4 system of education in order to produce graduates who are self- reliant.
However, the 8-4-4 system of education became too much examination oriented therefore paving the way for the
newly launched competency-based curriculum currently being implemented in Pre-primary 1, Pre-primary 2, grade
1-2 and being piloted for grade 3 and 4. For teachers to fully implement a curriculum they need to have acquired
knowledge, skills and competency to handle the curriculum. The teacher act as a facilitator in the teaching learning
process. However, since the introduction of competency-based curriculum, there is no evidence that a study has
been conducted to establish the level of teachers’ ICT preparedness to implement the CBC in Kenya and
specifically in Meru South Sub County. This study therefore sought to establish the level of teachers’ ICT
preparedness in the implementation of competency-based curriculum in public schools in Meru South Sub-county.
Objectives of the study
To establish teacher’s technological skills for implementation of the competency-based curriculum in public
primary schools in Meru South Sub county
METHODOLOGY
Descriptive survey research design method was adopted for this research because it involved studying conditions or
events that had already occurred. The researcher collected information for the respondents concerning ICT
preparedness for implementation of competency-based curriculum without manipulation of the variables hence
making the design appropriate for the study. The target population was 1,648 teachers in public primary schools.
The accessible population was 524 teachers. Simple random sampling technique was used to select a sample of 105
teachers which comprised 75 pre-school teachers and 30 head teachers. This sample was above the minimum of 100
respondents recommended by Borg and Gall (1995) in a survey study. To ascertain validity, the researcher sought
assistance of experts, who helped to ensure construct and content validity of the instrument.
To determine the reliability of the research instruments, the study respondents were issued with questionnaires for
them to fill. The same questionnaires were again subjected for retest. After the two tests, the Pearson’s Product
Moment Co-efficient was computed to establish the correlation coefficient. The Pearson Coefficient correlation
yielded a 0.76 of pre-school teachers’ questionnaire and 0.81 of the head teachers’ interview schedule. According to
Mugenda and Mugenda (2003), a correlation co-efficient of 0.7 or above is considered appropriate and hence
reliable for collecting data. Data was analysed using the statistical package for social sciences (SPSS). Qualitative
data was analysed using thematic approach while quantitative was analysed using percentages and frequencies. The
results for the data analysis were then presented in frequency tables.
Demographic Information of Respondents
The pre-school teachers were requested to give information about their gender, age, academic qualification and
years of service. The information was as presented in the subsequent sections.

371

Gender of Pre-school Teachers
The female gender constituted the highest percentage (88.6%) and male constituted (11.4%) in terms of number of
pre-school teachers as summarized in Table 1. This negatively affects the education of a boy child since there are no
male pre-school teachers to act as role models for the boys.
Table 1 Gender of pre-school teachers
Gender
Male
Female
Total

Frequency
12
93
105

Percentage (%)
11.4
88.6
100.0

Age of the Pre-school Teachers
Majority of the pre-school teachers (42.9%) are 50 and above years, (9.5%) are between age 20-29, (20.0%) are
between age 30-39, and (27.6%) are between age 40-49. This means that most of the pre-school teachers (70.5%)
are above the age of 40 years as illustrated in Table 2.
Table 2 Age of Pre-school teachers
Age
20-29
30-39
40-49
50 and above
Total

Frequency
10
21
29
45
105

Percentage (%)
9.5
20.0
27.6
42.9
100

Pre-school Teachers’ Academic Qualification
The pre-school teachers were requested to give information about their academic qualifications. Majority of the preschool teachers are certificate holders (49.5%) and diploma holders (41.9%). Very few pre-school teachers (8.6%)
are degree holders as indicated in Table 3. The findings imply that pre-school teachers have the minimum
qualifications required for the education of pre-school children.
Table 3 Pre-school teachers’ academic qualifications
Academic qualification
Frequency
Certificate
52
Diploma
44
Degree
9
Total
105

Percentage (%)
49.5
41.9
8.6
100.0

Pre-school Teachers’ Number of Years in Service
The pre-school teachers were asked to indicate the number of years they have taught at pre-school level. Majority
of the pre-school teachers (95.2%) have taught more than five years as illustrated in Table 4. This implies that most
of them are experienced in teaching.
Table 4 Pre-school teachers’ response on number of years of service
Years of service
Frequency
0-4
5
5-9
6
10-14
11
15-19
29
20 and above
54
Total
105

Percentage (%)
4.8
5.7
10.5
27.6
51.4
100

Pre-school Teachers Number of In-service Training
Majority of the pre-school teachers (46.7%) had attended oone in-service training with most of the pre-school
teachers having attended less than four trainings for the competency-based curriculum as summarized in Table 5.
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This implies that majority of pre-school teachers may not be well versed about the competency-based curriculum.
This was in concurrence with a report on competency-based curriculum activities by KICD (2018) on teachers
trained on ICT integration that indicated that 61 percent of teachers are not trained on ICT. According to Mcalister
(2005) who conducted a study to establish the relationship between teacher’s use of ICT and training, there is a
positive relationship between ICT training and ICT use. This implies that in readiness for the implementation of
competency-based curriculum quality training in ICT should be offered to teachers as they are the key players in
implementation of curriculum. Efficient training and support in ICT should be given to teachers, and more
considerations should be put in place on the teachers as they are role models for students.
Table 5 Pre-school teachers’ number of in-service trainings attended
Number of in-service
Frequency
One
49
Two
27
Three
11
Four and above
18
Total
105

Percentage (%)
46.7
25.7
10.5
17.1
100.0

Readiness to Implementation Competency Based Curriculum
The researcher sought to find out teachers’ readiness for the implementation of competency-based curriculum. The
results are presented inform of frequencies tables.
Pre-school Teachers’ Exposure to ICT Facilities
The study sought to establish the pre-school teachers’ technological skills for implementation of the competencybased curriculum. Majority of the pre-school teachers (81.9%) have not been exposed to ICT facilities as indicated
in Table 6.
Table 6: Pre-school teachers’ response on whether they have been exposed to ICT facilities
Exposed to ICT facilities
Frequency
Percentage (%)
No
86
81.9
Yes
19
18.1
Total
105
100.0
This implies that pre-school teachers may not adequately implement digital literacy which is one of the core
competencies of the competency-based curriculum because of inadequate technological skills. A study by Malcolm
and Godwyl (2008) reported that lack of professional development programs for teachers to upgrade their skills on
emerging technologies is a hindrance to ICT implementation. Low levels of skills and the need to train users
influenced ICT implementation. ICT skills are required for empowerment to enhance value and create opportunity
through new technologies. Human capital must be developed through training, research and capacity building.
Therefore, to make teachers conversant and effective in use of ICT for instruction, they should be exposed to
different ICT facilities for effective implementation of competency-based curriculum.
Pre-school Teachers’ Level of Competency
Majority (49.5%) are fairly competent in the use of ICT, (44.8%) are poor and only (5.7%) are good in the use of
ICT as summarized in Table 7.
Table 7: Pre-school teachers’ response on the level of competence in the use of ICT
Competence in use of ICT
Frequency
Percentage (%)
Poor
47
44.8
Fair
52
49.5
Good
6
5.7
Total
105
100.0
This is an indication that most of the teachers do not have technological skills required for implementation of digital
literacy. This was in agreement with a report by KICD (2018) which revealed that (61%) of the teachers had not
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been trained on ICT hence were not competent. According to a study by Pelgrum (2001), teachers’ lack of
knowledge and skills was the second most inhibiting obstacle to the use of ICT in schools. Pelgrum further noted
that the success of educational innovations depends largely on the skills and knowledge of teachers. This is not a
good reflection since digital literacy is one of the core competencies in the competency-based curriculum.
Therefore, this implies that teachers may not be prepared for implementation of competency-based curriculum.
Pre-school Teachers’ Overhead projector use.
Majority of the pre-school teachers (91.4%) never use projectors for classroom instruction, (6.7%) rarely use
projectors and only (1.9%) always use projectors when teaching as indicated in Table 8.
Table 8: Pre-school teachers’ response on the frequency of using a projector to teach
Frequency of projection
Frequency
Percentage (%)
Never
96
91.4
Rarely
7
6.7
Always
2
1.9
Total
105
100.0
The low percentage of teachers using the projectors in teaching implies that teachers may not be competent in the
use of projectors or overhead projectors may be inadequate in schools. This is in line with a study by Muriithi
(2017) on factors affecting implementation of ICT education in public primary schools in Kajiado North SubCounty, Kenya where More than half (53.9%) of the respondents indicated that good match of training and skills are
important to support ICT implementation in schools. This implies that teachers need to be trained on use of ICT
devices likely to facilitate delivery of the competency-based curriculum.
Pre-school Teachers’ Computer Use
Majority of the pre-school teachers (65.7%) disagreed that they use computers for instruction as indicated in Table 9
below.
Table 9: Pre-school teachers’ response on whether they use computers in classroom teaching
Use computers in teaching
Frequency
Percentage (%)
Disagree
69
65.7
Neutral
27
25.7
Agree
9
8.6
Total
105
100.0
This implies that most schools either have computers which they don’t use for teaching or they do not have
computers for classroom teaching. This contradicts the provisions of the competency-based curriculum on digital
literacy the realization of vision 2030 where application of ICT is critical. This is in agreement with a study by
Salvin (2018) that revealed that teachers were not well equipped and sufficiently prepared with the ICT skills
fundamental for handling and use of technological tools for effective implementation of technology in their
classrooms. This means that majority of teachers were not using computers despite the fact that ICT has been given
a priority in the implementation of the competency-based curriculum.
Pre-school Teachers’ Rating of Support Received
The study established pre-school teachers’ views on level of head teachers support in use of ICT for implementation
of the competency-based curriculum. Majority of the pre-school teachers (72.4%) are poorly supported, (18.1%) are
fairly supported and only (9.5%) are well supported by their head teachers on use of ICT as illustrated in Table 10.
Table 10: Pre-school Teachers’ rating on head teachers support on use of ICT
Competence in use of ICT
Frequency
Percentage (%)
Poor
76
72.4
Fair
19
18.1
Good
10
9.5
Total
105
100.0
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Thus most pre-school teachers are not receiving support on ICT from their headteachers which is a requirement for
implementation of digital literacy. Kariuki (2004) argues that teachers who receive adequate ICT support from the
administrators are more likely to use ICT in the teaching practice while those who do not get support are less
passionate in using computer or do not incorporate technology in anyway. This is in agreement with Wang (2010),
who affirms that commitment and interest of an institution top management is the most critical factor for successful
implementation of ICT within the institution. This is a clear indication that head teachers need to lead and support
teachers in the use of ICT in schools in readiness and effective implementation of competency-based curriculum.
Head teachers’ Responses
Adequacy of Facilities and Support
The study sought to establish the availability and adequacy of ICT facilities in readiness for implementation of
competency based curriculum. From the findings, majority of the head teachers (99.5%) revealed that they had
inadequate computers and projectors. Only (0.5%) agreed that they had adequate computers and projectors. This
implies that teachers may be lacking adequate resources for the implementation of literacy skills. Hence the school
management ought to provide adequate ICT resources for teachers use. This is in line with Sife (2007) who
indicated that it is imperative that administrators provide the conditions that are needed, such as ICT policy,
incentives and resources for successful integration of ICT in schools. All the head teachers revealed that their
schools lacked personnel to offer technical support in ICT. This may hinder teachers’ use of ICT devices because
they may not be able to trouble shoot technical problems whenever they arise. This is in agreement with Muriithi
(2017), who indicated that lack of technical support for a school’s technology results to teachers’ frustration and
unwillingness to use the technology tools. According to Aryatuha (2007) for a successful ICT adoption, adequate
computer hardware and software must be accompanied with training of the users and continuous technical support.
Without this, however high the quality of hardware and software deployed there will only be under-utilization and
wastage of these resources. This implies that lack of adequate ICT skills and technical support may be hindering
teacher’s preparedness in readiness of implementing the competency-based curriculum.
Level of Competence in the use of ICT
From the findings, majority of the head teachers (60%) were not skilled and knowledgeable regarding ICT. They
revealed that they had some theoretical knowledge about ICT, but the practical part was missing. Only a few head
teachers (40%) were competent in the use of ICT. This was in line with a study conducted by Chege (2014) which
revealed that only 13.75 percent of the teachers were very confident about their ability to use ICT in teaching in the
classroom implying that majority of the teachers lacked adequate technological skills to implement ICT in
classroom. This was also in concurrence with a study carried out by Higgins and Moseley (2011) which found that
when teachers do not know how to use ICT, it hinders its implementation. Digital literacy being one of the core
competencies of the competency-based curriculum head teachers should be well equipped with ICT skills to ensure
effective implementation of the competency-based curriculum.
CONCLUSIONS
Based on the findings of the study, it was concluded that majority of pre-school teachers and head teachers have not
been exposed to ICT. Majority of the pre-school teachers confirmed that their level of competence in the use of ICT
was below average and that they lacked technological skills. The findings also revealed that majority of the teachers
have never used a projector and a computer during classroom instruction. This could be attributed to inadequacy of
computers and projectors and inadequate technological skills among the pre-school teachers in the schools in Meru
south Sub County. Majority of the pre –school teachers revealed that they receive poor ICT support from their head
teachers and this may be due to the head teacher’s incompetence in use of ICT. This implies that facilitation and
delivery of the competency-based curriculum may not be adequately implemented due to teachers’ inadequate
technological skills and inadequate ICT facilities in schools.
RECOMMENDATIONS
Based on the findings of the study, the following are the recommendations for the study: The Ministry of Education
and Kenya Institute of Curriculum Development to orgarnise for more in-service training for teachers to adequately
equip them with ICT skills to facilitate implementation of competency-based curriculum. The Ministry of Education
through the government of Kenya to provide adequate computers and projectors for efficient implementation of
competency-based curriculum. The Ministry of Education through the government of Kenya to employ technical
support team for repair and maintenance of ICT facilities and to offer ICT technical support to teachers.
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ABSTRACT
The fundamental challenge facing the teaching and learning of physics as a science in Kenya secondary schools is
how to enhance students’ affective characteristics associated with teaching and learning process. The challenge is
clearly depicted by low enrolment of students taking physics in schools. Thus, application of new teaching strategies
that will not only improve students’ achievement in physics but also positively change their attitude towards physics
as a subject should be used. One of these teaching strategies is experiential concept mapping. The purpose of the
study was to investigate the effectiveness of using experiential concept mapping teaching and learning strategy on
students’ attitude in physics in secondary school. The target population of the study was 8430 physics student in
Maara Sub County. Accessible population was 3137 form one students, from purposively sampled co-educational
secondary schools in Maara sub-county. Solomon’s Four Group Non–Equivalent Control Group Design was used in
the study. Based on the design, four co-educational schools forming the sample size of about 182 form one students,
was randomly sampled. The researcher ascertained the validity of the instruments by seeking opinions from experts
in the field of study as well as assistance from supervisors. The experimental groups were taught using experiential
concept mapping teaching and learning strategy while the control groups were taught using other conventional
methods of teaching. The instrument used to collect data was Student Attitude Towards Physics Learning
Questionnaire (SATPQ). Piloting was conducted prior to data collection to improve reliability of the instruments.
Reliability of the instrument was computed using Cronbach Alpha formula. Reliability coefficient of 0.705 was
obtained. The raw data obtained was scored, coded and analysed using descriptive statistics (mean, standard
deviation and percentages) as well as inferential statistics (ANOVA, and t-test). Hypothesis was tested at the alpha
(α) value of 0.05 level of significance using Computer Statistical Package for Social Sciences (SPSS) version 20.
The results from the current study showed that students attitude towards teaching and learning of physics was
influenced by the method of instruction. The analysis of items in the SATPQ revealed that students in the
experimental groups that were instructed using ECMTLS had positive attitude towards physics as compared to those
in control group that were instructed using CTM. From the study there was evidence that experiential concept
mapping influence students’ attitude towards physics learning. The researcher therefore recommends the inclusion
of ECMTLS as a strategy in teaching to improve attitude in physics.
Keywords: Experiential, concept mapping, attitude, co-educational schools, affective characteristics
INTRODUCTION
Trends of development in Kenya show that careers in Physics have contributed to socio-economic and technological
transformation and especially in this era of information, communication and technology (Munishi, et al 2006). The
world is increasingly dependent on physics, fueled by breakthroughs in physics research. Socio-economic and
technological transformation requires the fundamental principles of Physics education taught in Secondary Schools.
In addition, it prepares learners for scientific and technological vocations. However, in spite of this importance of
physics, there is increased students’ apathy to physics as a science subject. Students view science particularly
physics as uninteresting and uninspiring (Smithers & Robinson, 2006). Less and less students are studying physics,
which is causing the general public to mitigate their understanding about scientific concepts (Smithers & Robinson,
2006). Students’ attitude in Physics has been poor. Smithers & Robinson (2006) noted that the study of Physics in
secondary schools and universities is spiraling into decline as teenagers believe it is too difficult. There is a
perception among most students that physics concepts are difficult to grasp, conceptually (Changeiywo et al, 2011).
Williams et al (2003), observed that major reasons for students finding Physics uninteresting are that it is seen as
difficult and irrelevant. Another reason identified is that the teaching method used may not be interesting thereby
resulting in more students dropping Physics in upper secondary schools (Gunasingham, 2009; Changeiywo 2011).
According to (Broggy & Mc Clelland, 2008), teaching and learning method used are the ones that make learners to
be uninterested with science especially physics since they are teacher centred and the learners are passive.
Asikhia (2010) points out that the role of secondary education is to lay a foundation for further education and if a
good foundation is laid at this level there are likely to be no problems in the subsequent levels. The secondary school
students therefore need to be guided carefully as mistakes at this stage would seriously affect the life of the
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individual forever (Asikhia 2010). Methods of teaching science can be defined as the process of delivering
knowledge and transmitting skills to learners by the teacher with an aim of making the learner comprehend and be
able to apply the content and processes of science (SMASSE, 2007,
Kenyan learners may be graduating with lack of practical skills and desired attitude and values due to over
concentration on theoretical knowledge and skills. (Otieno, 2010). SMASSE (2007) asserted that attitude has been
the major hindrance to proper teaching of science and mathematics. The amount of learning in science classroom
relate positively to initial interest and attitude that the learner will bring into classroom. SMASSE (2007) points out
that the teacher’s role is to bring about a child’s self-esteem so that the child feels good about themselves, to be able
to set and achieve appropriate educational goals, discovery of new vocation or destiny and acquire knowledge of
values among others. Asikhia (2010) points out that the role of secondary education is to lay a foundation for further
education and if a good foundation is laid at this level there are likely to be no problems in the subsequent levels.
The secondary school students therefore need to be guided carefully as mistakes at this stage would seriously affect
the life of the individual forever (Asikhia 2010). Methods of teaching science can be defined as the process of
delivering knowledge and transmitting skills to learners by the teacher with an aim of making the learner
comprehend and be able to apply the content and processes of science (SMASSE, 2007). Scientists and science
educators have come to a conclusive agreement that teaching of science needs to involve students in the learning
process. Science educators have come up with concept maps as one of such teaching learning techniques (Okoye &
Okechukwu, 2006; Kinchin, 2000; Markow & Lonning, 1998). According to Novak and Canas (2006), concept
maps are graphical tools for organizing and representing knowledge.
According to Chacko (2000), the kind of attitude the student has will affect learning. If one has a positive attitude
about teacher and likes the subject, these students will experience some success and through reinforcement will
work more effectively and achieve more. The influence of attitude on perception leads to the student seeing tasks to
be learned as pleasant and important or unpleasant and useless. According to Krogh and Thomsons (2005), personal
teacher support is the key predictor of learners’ attitude to physics. Novak and Canas (2006) stated that knowledge
creation is a process involving both knowledge and emotion or the drive to create new meaning and new ways to
represent things. Broggy and Mc Clelland (2008) stated that the main finding from year –long study showed that
there was a strong inclination that students attitude toward physics improve after working with concept maps.
Karakuyu (2010) after carrying a research concluded that student who used concept maps where observed to have a
tendency of more positive attitude than the control group students. Generally positive attitude among students is an
important goal of science education in many jurisdictions (Mayer et al (2000).
Statement of the Problem
Physics is an important subject in secondary school curriculum. Technological transformation requires fundamental
principles of physics education. Physics prepares learners for scientific and technological vocations. Despite its
importance, most students view physics as difficult and uninteresting. Students’ attitude in physics has been poor.
The teaching and learning strategy employed by teachers has been identified as one of the factors contributing to
negative attitude in physics. The conventional teaching methods employed by physics teachers are teacher centred
making the learners passive. Therefore, it is necessary for effective strategies that enhance learning to be adopted in
teaching the subject. Experiential concept mapping teaching and learning strategy has been shown to improve
attitude in learning, however there is limited information on its effectiveness on attitude in physics by secondary
school students. The current study sought to investigate effectiveness of experiential concept mapping teaching and
learning strategy on attitude in physics by secondary school students in Maara sub-county, Kenya.
Objectives of the Study
The study was guided by the following objectives: To determine the effectiveness of experiential concept mapping
teaching and learning strategy on secondary school students’ attitude towards physics.
Hypothesis
There is no statistically significance difference in attitude towards physics subject between students exposed to
experiential concept mapping teaching and learning strategy and those taught using conventional teaching methods.
Significance of the Study
The finding of the study may provide useful information to policy makers and stakeholders in education sector to
help put policies in place which may improve learners’ performance as well as attitude, hence may increase the
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number of student who choose physics. The teacher training colleges and universities may greatly benefit from the
findings which may help them to train teachers with effective strategies to use when teaching physics concepts. The
finding may also form a point of reference by quality assurance and standards officers in organizing in-service
courses for physics teachers. The findings may also greatly help upcoming researchers as a source of references.
Scope of the Study
The study was carried out in secondary schools in Maara Sub-County in Tharaka Nithi County. The accessible
population of the study comprised of form one students from co- educational secondary schools within the SubCounty. The physics concept covered was electrostatics 1 in form one syllabus. The subject of the study were form
one physics students. The effectiveness of experiential concept mapping teaching and learning strategy on attitude in
physics by form one students in Maara Sub-County was investigated.
Conceptual Framework
The researcher sought to investigate the effectiveness of experiential concept mapping teaching and learning
strategy on attitude in physics by secondary school students. Figure 1 gives a model showing relationship among
study variables which include the independent, variables, extraneous variables and dependent variables.

Experiential concept
mapping teaching and
learning strategy
Conventional teaching
methods
Independent Variables

Learners’ characteristics
 Gender.
 Ability

Extraneous Variables

 Students’ attitude.

Dependent variables

Figure 1: Conceptual Representation of Variables
Mugenda and Mugenda (1999) defines independent variable as variables that a researcher manipulates in order to
determine its effect or influence on the other variables. Independent variable also called predictor variable, predicts
the amount of variation that occurs in another variable. In this research the independent variable was conventional
methods and experiential teaching and learning strategy. Mugenda and Mugenda (1999) defines dependent variables
as a variable that attempt to indicate the total influence arising from the effect of independent variable. They vary as
a function of independent variable. In this study the dependent variable was students’ attitude towards physics.
Extraneous variables include; Learners’ characteristics; girls usually tend to feel that sciences are for boys. This
could affect both attitude towards physics subject. Also, due to difference in psychological development, different
learners of particular age may comprehend the technique of concept mapping at different rates.in a classroom,
learners are usually of mixed ability. The study intended to minimize this by selecting form one students who were
assumed to be of same age and almost similar entry behaviour.
METHODOLOGY
Research Design
The study is a quasi-experimental research, because the unit of sampling was a class in secondary school level.
Solomon’s Four Non- Equivalent Control Group Design was used since the subject were already constituted and
classes once constituted exist intact and the researcher works with existing streams (Nachmias & Nachmias, 2004).
The SFNECG Design was used since it enables the researcher to control and measure the main effects of testing.
Solomon’s Four Non- Equivalent Control Group Design is also considered rigorous for quantitative studies since it
involves two control groups as compared to other experimental designs (Ogunniyi, 1992; Borg & Gall, 1989).
Solomon’s Four Non-Equivalent Control Group Design makes it possible to evaluate the main effect as well as the
reactive effects of testing, history and maturation (Fraenkel & Wallen, 2000). It also allows the researcher to exert
complete control over the variables and to check that the pre-test will not influence results (Shuttleworth, 2009).
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The Solomon’s four non-equivalent group design is as presented as shown.
Group
Pre-test
Treatment
Experimental group
E1
O1
X
Control group
C1
O3
Experimental group
E2
X
Control group
C2
Source: Shuttle Worth (2009)

Post-test
O2
O4
O5
O6

O1 and O3 was the pretest while O2, O4, O5 and O6 was posttests. X was the treatment where students was taught
using ECMTLS in the topic of electrostatics in physics. E1 was the experimental group which received pretest,
treatment and post-test. C1 was the true control group that received the pretest followed by the control conditions
and finally post-test. E2 is the experimental group two that received treatment followed by post-test. C2 received
posttest only. C1 and C2 was taught using CTM.
The study was donein Maara in Tharaka Nithi County. The sub county has a variety of schools; National, Extra
County and County level secondary schools. Co-educational Secondary Schools were selected for the study. The
target population of this study include 8430 physics students in Maara Sub County. Accessible population was 3137
Form one students from purposively sampled co-educational school in the sub county. About 182 form one students
in Maara Sub County was randomly sampled for the study. Form one students are chosen because in most secondary
schools, at this level physics is compulsory and the topic electrostatic 1 is taught in form one. Reports from Kenya
National Examination, KNEC (2017), also reveals that questions on electrostatic 1 were dismally performed.
The researcher listed all 52 secondary schools in Maara sub-county. The researcher then purposively sampled the
co-education schools. Four schools were then be selected by simple random sampling. Sampling was done to
minimize experimental contamination by making sure that the selected schools are far apart and to ensure
homogeneity in characteristics of selected schools. The form one student from each of the four selected school
formed the four groups of the study. The assignment of the four groups to either experimental or control groups was
done through simple random sampling. The sample size for the study was about 182 students. This is in agreement
with Mugenda and Mugenda (2006) who suggests that for experimental study, at least 30 subjects are recommended.
This implies that the researcher had to choose only those schools that have 30 students per class or more. A
summary of sample size stratification is shown in Table 1
Table 1: Summary of Sample Size Stratification
Group
Experimental/Control
I
Experimental(E1)
II
Control
(C1)
III
Experimental(E2)
IV
Control
( C2)
Total

Number of Students
48
45
43
46
182

Research Instruments
One research instruments was developed and used to collect data; student attitude towards physics learning
questionnaire (SATPQ). Involved in concept map construction, psychomotor domain was also utilized. Student
Attitude towards Physics Learning Questionnaire (SATPQ) dealt with affective domain.
Kless and Bloomquist (1985) observed that questionnaires offer considerable advantage in the administration. It
presents an even stimulus potentially to a large number of people simultaneously. It also provides the investigation
with an easy accumulation of data. Questionnaire gives respondent freedom to express their views and opinion and
also make suggestions (Gay, 1992).
Student attitude towards physics learning questionnaire (SATPQ) consisted of 30 items. The thirty (30) items were
on five-Likert scale indicating students’ attitude. The scale ranged from strongly agree to strongly disagree with 5 =
strongly agree, 4= agree, 3= undecided, 2= disagree, 1 = strongly disagree. The responses given by students on their
views on questionnaire were used by researcher to obtain information on whether ECMTLS has any impact on
students’ attitude.
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Piloting was done prior to data collection in a school with almost similar characteristics to those in the study, in the
neighboring Meru South Sub-County to establish reliability. The school was selected by simple random sampling.
The pilot study was used to determine validity and test reliability of research instruments (Kombo & Tromp, 2006).
Reliability coefficient of the instrument was computed using Cronbach alpha formula. The reliability coefficient of
0.705 was obtained for SATPQ .Thus the instrument were reliable since according to Fraenkel and Wallen, (2009),
reliability of 0.70 and above could be considered suitable to show the reliability of the instrument
Data Analysis
SATPQ was scored and data generated. Data was then analyzed using both descriptive and inferential statistics.
Descriptive statistics enabled the researcher to meaningfully describe a distribution of measurements (Mugenda &
Mugenda, 1999). Descriptive statistics which include mean, percentage standard deviation and variance were used to
analyze the raw data. Inferential statistics deals with analysis, interpretation and decision on the basis of results
(Nassiuma & Mwangi, 2004). Inferential statistics were used to analyse quantitative data.
The inferential statistics employed included one-way analysis of variance (ANOVA) and t-test, with an aid of a
computer statistical package for social sciences (SPSS) version 20. ANOVA was used to test the statistical
significance difference between and among the means in the post-test scores for the groups exposed to experiential
concept mapping teaching and learning strategy (ECMTLS) and those exposed to conventional teaching methods
(CTM). A t-test was used to test whether there is any significant difference between boys and girl scores when
exposed to ECMTLS, this is because of its superior quality in detecting the differences between the two means
(Coolican, 2018, Borg & Gall, 1996). The hypothesis was tested at the alpha (α) value of 0.05 level of significance.
Summary of data analysis is as shown in the Table 2.
Table 2: Summary of Data Analysis
Hypothesis
H01: There is no statistically significance
difference in attitude towards physics as a
subject between students exposed to
ECMTLS and those taught using CTM

Independent Variable
Experiential
Concept
mapping
teaching
and
learning. Strategy
CTM

Dependent Variable
Students
Attitude

Statistical Test
One
way
ANOVA

RESULTS ANALYSIS AND DISCUSSION
Students were asked to state their gender. The distribution of students by gender is presented in Table 3.
Table 3: Distribution of Students by Gender
Gender
Frequency
Boys
98
Girls
84
Total
182

Percentage (%)
54
46
100

Results in Table 3 illustrates the gender composition of the students’ sample was 98 boys and 84 girls representing
54% and 46% respectively. This shows that more boys (54%) than girls (46%) were involved in the study. Thus the
more boys than girls were enrolled in the sampled schools. A total of 182 students participated in the study.
Effectiveness of Experiential Concept Mapping Teaching and Learning Strategy on Students’ Attitude
towards Physics Learning
The objective of the study was to determine the effectiveness of experiential concept mapping teaching and learning
strategy on secondary school students’ attitude towards physics. The questionnaires (SATPQ) were administered to
the students to find out their attitude towards teaching and learning of physics subject. The thirty (30) items were on
5 point Likert scale ranging from strongly agree to strongly disagree with 5 = strongly agree, 4= agree, 3=
undecided, 2= disagree, 1 = strongly disagree. The responses given by students on their views on questionnaire
items were used by researcher to obtain information on students’ attitude.
SATPQ Pretest Mean Scores for E1 and C1
To assess students’ attitude in physics prior to treatment analysis of student pretest scores in SATPQ was carried
out. The mean and standard deviation for experimental group E1 and control group CI are presented in Table 4.
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Table 4: Pretest Means Scores on SATPQ
Group
N
E1
48
C1
45

Mean
2.12
2.21

SD
.46
.40

Key
E1-Experimental group with pretest and posttest
C1-control group with pretest and posttest
The results in Table 4 indicates the values of sum, mean and standard deviation for experimental group (E1) and
control group (C1) values. Results in table 7 show the mean and standard deviation for Experimental group (E1)
was 2.12, and 0.46 respectively. On the other hand, control group (C1) had 2.21, and 0.40 as values of, mean and
standard deviation. From the results of analysis, it was evident that the control group (C1) pretest data had a slightly
higher mean values as compared to the experimental group (E1) pretest data (2.21 and 2.12 respectively). A t-test
was performed to determine whether there was any significant difference in the mean scores for the groups E1 and
C1. Results are presented in Table 5
Table5: The t- test of Pretest Scores on SATPQ based on Groups E1 and C1
Group
N
Mean
S.D
df
E1
48
2.12
0.46
91.00
C1
45
2.21
0.40

t- value
1.02

Sig(2-tailed)
.312

Key
E1-Experimental group with pretest and posttest
C1-control group with pretest and posttest
The results on Table 5 shows that the t-(91) = 1.02, P=0.313, P˃ 0.05) and so the two SATPQ pretest mean sores for
E1 and C1 were not statistically different. This implies that the level of student’s attitude towards teaching and
learning of physics prior to administration of teaching strategy, for both experimental group and control group were
similar. This implies that the experimental group and control groups were equivalent and suitable for the study.
SATPQ Posttest Scores for E1 and C1
Posttest SATPQ scores were also generated. Table 6 shows SATPQ scores for students in E1 and C1.
Table 6: Posttest Values for E1 and C1
E1
C1

N
48
45

Mean
3.53
2.33

SD
.57
.47

Key:
E1-Experimental group with pretest and posttes.
C1-control group with pretest and posttest
The Table 6 indicate the values of sum, mean and standard deviation for experimental group (E1) and control group
(C1) posttest values. Experimental group (E1) posttest data had 48, 3.53, and 0.57 as values of sum, mean and
standard deviation respectively. On the other hand, control group (C1) posttest data had 45, 2.33, and 0.47 as values
sum, mean and standard deviation. From the results of analysis, it was evident that the experimental posttest data
had a higher mean as opposed to the control posttest data. This implies that the group that was taught using
ECMTLS had higher mean than the control group that was taught using CM implying that ECMTLS when used can
improves learner attitude towards physics learning.
SATPQ Posttest Scores for Experimental and Control Groups
Information in table 7 shows the posttest mean scores obtained in the study groups when students were exposed to
experiential concept mapping teaching and learning strategy in experimental groups and to conventional methods in
control groups.
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Table7: Mean Scores in SATPQ Posttests for Experimental Groups and Control Groups
Variable
N
Mean
C2
46
2.13
C1
45
2.33
E2
43
3.55
E1
48
3.53

SD
0.43
0.47
0.66
0.57

Key
E1- experimental group with pretest and posttest after treatment
C1- control group with pretest and posttest
E2- experimental group with posttest after treatment
C2- control group with posttest
The information on Table 7 reveals that the control group (C2) had a sum, mean and standard deviation values of 46,
2.13 and 0.43 respectively. Control group (C1) on the other hand had 45, 2.33 and 0.47 as values of sum, mean and
standard deviation respectively. The experimental group (E2) data had 43, 3.55, and 0.66 as values of sum, mean
and standard deviation respectively while experimental group (E1) had sum, mean and standard deviation values of
48, 3.53 and 0.57 respectively. Comparing the attitude between experimental groups and control groups, the
experimental groups that were instructed using ECMTLS had higher mean scores as compared to control groups that
were instructed using CTM.
One Way ANOVA for Posttest Mean Scores on SATPQ
To determine whether there was any significant difference in attitude towards physics ANOVA test was run. The
result are shown in Table 8.
Table8: ANOVA Table for SATPQ
group
Sum of Squares
Between group
67.70
Within group
52.01
Total
119.71

df
3
178
181

Mean Square
22.23
0.29

F
77.23

Sig.
.000

From the Table 8, F (3,178) =77.23, P=0.00, P<0.05. Therefore, the null hypothesis that there is no statistically
significant difference in student’s physics attitude scores between those who are taught through Experiential
Concept Mapping Teaching and Learning Strategy and those taught using Conventional Teaching Methods was
rejected.
This is in agreement with the Studies by Crawley and Black, (1990); Lyons, (2005); Nahashon, (2003); Cleaves,
(2005); Munro and Elsom, (2000); Woolnough and Cameron ,(1991) that shows schools and science teachers have
been identified to exert important influences on students’ decisions about taking physics by providing students with
enabling learning environment, interesting teaching methods and career information. The results of the study is also
in agreement with findings by Changeiywo et al., (2011), who found out that if the teaching method used is not
interesting leads to more students disliking physics and dropping Physics in upper secondary schools. Thus,
experiential concept mapping teaching and learning strategy has proved to have positive effect on students’ attitude
towards physics learning and so it is an effective teaching strategy .It was therefore evident that those students
exposed to ECMTLS had a more positive attitude as compared to those students under CTM.
CONCLUSIONS
The study determined effectiveness of experiential concept mapping teaching and learning strategy on attitude in
physics by secondary school students in Maara, Kenya. Based on the results of ANOVA, significant differences
were found between the means of groups taught using experiential Concept Mapping Teaching and learning strategy
(ECMTLS) and those taught using conventional methods of teaching (CTM).The study indicated that ECMTLS was
effective on students’ attitude towards physics learning. Students in experimental groups that were instructed using
ECMTLS have attitude improved significantly towards learning of physics as compared to their counter parts in
control group that were instructed using CTM. Thus the attitude of students who were exposed to ECMTLS is
statistically significance as compared to the attitude of students instructed using CTM. There was statistically
significant difference in attitude when students were instructed using ECMTLS and those instructed using CTM.
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RECOMMENDATIONS
Learning should be made as natural as possible with learners being allowed to be actively involved in the learning
experiences so as to make learning enjoyable. Based on the finding and conclusions made in the current study, it is
recommended that the use of ECMTLS be adopted for physics instruction and evaluation of education goals of
physics. Due to positive influence exerted on students’ attitude in physics when ECMTLS is used, massive
restructuring of curriculum should be done to incorporate the use of ECMTLS on various topics in physics. Teacher
training institutions should provide pre-service and in-service programs that use ECMTLS. Training sessions and
professional development for ECMTLS that require concerted response from all stakeholders including school
principals, school authorities and teachers should be done.
REFERENCES
Asikhia O. A. (2010). Students and Teachers’ Perception of the Causes of poor academic Performance in Ogun State
Secondary Schools: Implications for Counselling for National Development. In European Journal of Social
Sciences 13(2): 229 - 242.
Ausubel, D. P. (1963). The Psychology of Meaningful Verbal Learning. New York: Grune and Stratton
Broggy, J., & Mc Clelland, G. (2008). Understanding Students Attitude towards Physics after a Concept Mapping
Experience: University of Limerick, Ireland. California: Academic Press. Cautionary tale. Chemistry
Education Research and Practice, 7.
Chacko, I. (2000). Mathematics as Seen by Pupils and Teachers. A Way Forwards. Zimbabwe Africa University.
Changeiywo, J. M. Wambugu, P.W. & Wachanga, S.W. (2011). Investigations of Students’ Motivation towards
Learning Secondary School Physics through Mastery Learning Approach. International. Journal of Science
and Mathematics Education, 9, 1333-1350.
Cleaves, A. (2005). The Formation of Science Choices at Secondary School. International Journal of Science
Education, 27 (4), 471 -486
Cohen, L., Munion, L., & Morrison, K. (2007). Research Methods in Education. (6thEdition) New York. Routledge.
Coolican, H. (2018). Research methods and statistics in psychology. Routledge.
Crawley, F.E., & Black, C.B. (1990). Attitude and Secondary School Science Student’s Intention to Enroll in
Physics: An Application of the Theory of Planned Behavior. Paper Presented at the Annual Meeting of the
National Association for Research in Science Teaching.
Fraenkel, J. R., & Wallen, N. (2000). How to design and evaluate research in education (4th ed.). NY: McGraw-Hill.
Fraenkel, J. R., & Wallen, N. E. (2009). How to design and evaluate research in education (7th ed.). Boston:
McGraw Hill Higher Education
Gall, M. D., & Borg, W. R. (1989). Educational Research. A Guide for Preparing a Thesis or Dissertation Proposal
in Education. Longman, Inc., Order Dept., 95 Church Street, White Plains, NY 10601 Stock No. 78164-6.
Gay, L. R. (1992). Educational Research Competencies for Analysis and Application. Ohio: Chzrles E. Merrill
Publishers co.
Gunasingham (2009). Why Singapore needs more People to Study Physics. Strait Times Science PDIO. National
University of Singapore.
Karakuyu, Y. (2010). The Effect of Concept Mapping on Attitude and Achievement in a Physics Course.
International Journal of Physical Science, 5 (6): 724-737.
Kenya National Examination Council (2017). 2016 KCSE Examination Report. Nairobi: Kenyatta University,
Nairobi.
Kinchin, I.M. (2000). Using Concept Maps to Reveal Understanding. A Two-Tie Analysis School Science Review.
81:41–46.
Kombo, D., & Tromp, A. (2006). Proposal and Thesis Writing: An Introduction. Nairobi: Paulines Publications
Africa.
Krogh, L. B., & Thomson (2005). Studying Students Attitudes towards Science from a Cultural Perspective but with
Quantitative Methodology. Border Crossing
Lyons, T. (2005). The Puzzle of Falling Enrollments in Physics and Chemistry courses: Putting Some Pieces
Together (Electronic Version). Research in Science Education, 36, 285-311
Markow, P.G., & Lonning, R.A. (1998). Usefulness of Concept Maps in College Chemistry Laboratories: Students’
Perceptions and Effects on Achievement, a Journal of Research in Science Teaching, 35 (9): 1016 – 1029.
Retrieved 18-2-2014.
Mayer, D. P., Mullen, J. E., & Moore, M. T. (2000). Monitoring School Quality: An Indicator Report. Nces 2001030. Washington Dc: National Center for Education Statistics.

385

Mugenda, M. O., & Mugenda, G. A. (1999). Research Methods Quantitative and Qualitative Approach. Kenya
Nairobi. Act Press.
Mugenda, M.O., & Mugenda A. G. (2006). Research Methods (5th Edn) Oxford University Press, Nairobi.
Munishi, O., Muni, E. K., Okumu, O., Mutai, P., Mwangasha, G., Omolo, H. & Munyeke, F., (2006). Secondary
Physics Form 1. Kenya Literature Bureau (KLB).
Munro, M., & Elsom, D. (2000). Choosing Science at 16 (NICEC Project Report Briefing). Cambridge: CRAC.
Nachmias, C. F., & Nachmias D. (2004). Research Methods in Social Sciences. 5th Ed. London Replica Press Ltd.
44,337.
Nahashon, S. M. (2003). The status of Physics 12 in BC: Reflections from UBC science teacher Candidates. Paper
presented at the Annual Meeting of the National Association for Research in Science Teaching,
Philadelphia, PA.
Nassiuma, D. K., & Mwangi, J. R. (2004). Statistical Methods for Information Analysis Njoro Egerton University
Pres
Novak, J. D., & Cañas, A. J. (2006). The theory underlying concept maps and how to construct them. Florida
Institute for Human and Machine Cognition, 1(1), 1-31.
Ogunniyi, B.M. (1992). Understanding Research in Social Sciences. Nigeria. Ibadan University Press.
Okoye, N. S., & Okechukwu, R.N. (2006). The Effect of Concept Mapping and Problem-Solving Teaching
Strategies on Achievement in Genetics among Nigerian Secondary School Students. African Journal of
Educational Studies in Mathematics and Sciences Vol. 4, 93 – 100. `Retrieved 28th June 2013 From
Http.//Findarticles.Com/Plarticles/Mi.
Otieno, K. O. (2010). Teaching/learning resources and academic performance in mathematics in secondary schools
in Bondo District of Kenya. Asian social science, 6(12), 126
Shuttleworth, M. (2009). Solomon Four Group Design Retrieved On 11th March 2011 From Http:// Www.
Experiment Resource. Com Solomon Four Group Design. Htm.
SMASSE (2007). Strengthening of Mathematics and Science in Secondary Education. 1st Cycle Meru South District.
Smithers, A., & Robinson, P. (2006). Physics in Schools and Universities. Buckingham: Camichael Press.
Williams, C., Strainstreet, M., Spall, K., Boyes, E., & Dickson, D. (2003). Why Aren’t Secondary Students
Interested in Physics? Physics Education, 38 (4), 324-329.
Woolnough, J.A., & Cameron, R.S. (1991). Girls, Boys and Conceptual Physics: An Evaluation of a Senior
Secondary Physics course. Research in science Education, 21, 368-374.
**********

386

INFLUENCE OF TEACHERS’ IMPROVISATION OF SOUND-PRODUCING MATERIALS ON
ACQUISITION OF SCIENCE SKILLS AMONG PRE-PRIMARY SCHOOL LEARNERS IN KIAMBU
COUNTY, KENYA
Millicent Wandia Githui, Peter Kibet Koech and Ruth Thinguri
Mount Kenya University, P. O. Box 2574-01000, Thika, Kenya
ABSTRACT
Acquisition of science skills among pre-primary school learners has had its fair share of challenges with many preprimary school learners manifesting low competencies in manipulation, experimentation and observation skills. The
purpose of this study was to assess the influence of teachers’ improvisation of sound-producing materials on
acquisition of science skills among pre-primary school learners. The study was guided by Social Constructivism and
Instructional Theories. The study adopted mixed methodology and applied concurrent triangulation research design.
Qualitative data were analyzed thematically along the objectives and presented in narrative forms. Quantitative data
were analyzed descriptively and inferentially using linear regression analysis with the help of Statistical Packages
for Social Science (SPSS 23) and presented using tables. The study established that pre-primary school learners
manifest low science skills. That is, their manipulation, experimentation and observation skills are still below
average. The study findings also showed that teachers still have challenges in improvisation of sound-producing is
still low. The study recommends that pre-primary curriculum developers emphasize the improvisation of soundproducing materials as much as possible and frequent inspections are carried out. For future studies, researchers may
put greater interest in conducting a similar study with national scope to certain the influence of improvised
instructional materials on the levels of science skills among pre-primary learners.
Keywords: Improvisation of sound-producing materials, acquisition of science skills
INTRODUCTION
Effectiveness of using locally improvised materials to teach young children science concepts cannot be
overemphasized. Such locally improvised materials include; strings, drums, shakers, hollow sticks, clapping and
water. In San Diego, Horne (2010) conducted a study which revealed that locally improvised materials have effect
on sound production. Traditionally, these materials were collected from almost all areas of the country and were
then traded through long-established routes to various centers where the instruments would be assembled and used
for learning different science skills. Pre-primary school learners benefit from improvisation of sound-producing
instruments through the bilateral access of the brain.
Improvised sound-producing materials stimulate both the right and left sides of the brain, producing better results in
standardized test scores and understanding of subjects like math and science. In addition, drumming helps with
decision-making skills, impulse control and increases memory. In the same vein, in a longitudinal study conducted
in China, Zeece (2009) revealed that among the many traditional musical instruments of China, the most popular
nowadays include the stringed instruments called the erhu, pipa, and guzheng, and the dizi flutes. The stringed
instruments originated in foreign regions and were culturally modified for application in classroom situation to
enhance children’s mastery of science concepts. Zeece (2009) asserted that culturally improvised string instruments
make sound with vibrating strings and the pitch is modified by the thickness, tension, and length of the string which
has been adopted to teach science skills.
In Brazil, pernambuco wood, a tropical hardwood from Brazil, has, traditionally, been the primary source of violin
bows. In most countries in Sub-Saharan Africa, Balogun (2015) posit that, in wind instruments, like the flute and
trumpet, vibrating air makes the sound. The air particles move back and forth creating sound waves. Balogun (2015)
indicated that blowing across a flute's blowhole sets up slinky-like waves in the tube which can help pre-primary
school learners acquire manipulation skills in science. In the clarinet, a vibrating reed, that is, a thin piece of wood
set in the mouthpiece, gets the waves started (Balogun, 2015). That is, different pitches are played by pressing keys
that open or close holes in the tube making the air column inside the tube longer or shorter. In Nigeria, stringed
instruments improvised by pre-primary school teachers are played by pressing the fingers down on the strings
(Dogara & Ahmadu, 2012). This pressure changes the strings' length, causing them to vibrate at different
frequencies and making different sounds.
Dogara and Ahmadu (2012) posit that in the process, pre-primary school learners are able to master manipulation
skills as a way of producing sound. This points to the fact that manipulation of strings is a concept that can bused to
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teach science skills to pre-primary school learners. In a study conducted in KwaZulu Natal Province in South Africa,
Land (2009) revealed that building social skills is an important part of pre-primary school science curriculum.
Children often learn science through modeling skills and behaviors, from sharing toys or crayons to accepting and
appreciating the differences in other learners. Drumming improvisation provides a hand-on demonstration of how to
work as a group, interact on an equal level and become a full part of the cooperative illustration that the myriad of
drums can provide as pre-primary school learners each add a unique voice to a collective song (Land, 2009).
Furthermore, these social skills help build self-confidence as well as a feeling of belonging among peers.
For pre-primary school learners with communication disabilities, whether from disorders like autism or ADD,
emotional or language problems, drumming give a voice to those who struggle with one of the most important life
skills in science. In Kenya, through the various drums available that promotes core strength and requires learners
stand while playing, drums help with gross and fine motor skills, as well as hand-eye coordination (MoE, 2009). The
action of drumming itself, either with the hands, sticks or mallets and the physical demands for holding and
steadying drums, increases the ability of children to physically move and function on par with peers.
In a study conducted in Kisumu East District, Burnett (2010) revealed that children’s sound-producing toys were
and still are an integral part of children’s world. Burnett (2010) further asserted that traditional sound producing
materials are used to make from various materials in their environment, that is, wood, horn, reed, feathers and
leaves. Such improvised sound-producing materials were part of children’s everyday life and many of them are still
found as souvenirs. In Kiambu County, improvised sound-producing objects really attract primarily the interest of
learners (Wilson, 2013). Children used to make in order to produce sound from the simplest small boards on a string
producing a buzzing sound when rotating, plant leaves, dug out and debarked branches to guslice made from maize
stalks. However, there are hardly any information about the organization of improvised sound, instrument handling
and, generally, the sound/musical effect and how such concepts can be applied to teach science skills; a concept that
calls for further interrogation.
Statement of the Problem
Early exposure to improvisation of materials for teaching and learning sound production prepares pre-primary
school learners for science skills since learners acquire knowledge through interaction with familiar materials within
the environment. It is also evident that when sound-production instructional materials are effectively utilized, preprimary school learners are motivated to learn and able to understand the science skills being taught. However, in
Kiambu, the situation is quite different with acquisition of science skills by pre-primary school learners being low.
as indicated in the background, a survey conducted by Uwezo (2010) revealed that 60% of the pre-primary school
learners do not have the basic manipulation skills, while 34% of the learners could not perform simple tasks that
demonstrate science skills. A report by KNEC (2018) to monitor learner’s achievement in literacy and numeracy had
revealed that 52% of pre-primary school learners were incompetent in manipulation, experimentation and
observation skills. The Education Network in Kenya (2011) also pointed out that 19.8% of pre-primary school
learners in Kiambu do not possess the science skills required to enter grade one. Despite these statistics, few
empirical studies had interrogated the extent to which teachers’ improvisation of sound-producing materials
influences acquisition of science skills among pre-primary school learners, hence the study.
Theoretical Framework
The study was guided by the instructional theory which was postulated by Robert Gagne (1999) and offers explicit
guidance on how to help people learn and develop. Instructional theories focus on how to structure material for
promoting the education of human beings, particularly pupils and learners. It outlines strategies that the teacher may
adopt to achieve the learning objectives. Instructional theories are adapted based on the concept being taught and
more importantly, as per the learning style of the pupils. The rationale of using instructional theory is that it
appreciates the role of the teacher in instruction and it is important that the teacher make sure that pupils have the
necessary skills in order to accomplish the task. Independent study is very flexible and can be used as the major
instructional strategy with the whole class, in combination with other strategies, or it can be used with one or more
individuals while another strategy is used with the rest of the class. This theory appreciates the fact that
improvisation allows full participation of pre-primary school learners in activities, enhances socialization, enhances
cognitive development, allows children learn new science concepts through discovery, exploration and
experimentation, it enables sharing of ideas and promotes self-confidence and self-esteem.
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In the use of locally improvised materials to teach science skills, pre-primary school learners are exposed to various
experiences, allowed to fully participate in activities, socializes, allow children learn new science concepts through
discovery, exploration and experimentation and finally build self-confidence and self-esteem. The study was also
guided by The Social Constructivism Theory which was postulated by Vygotsky (1978) giving rise to the premise
and idea that learners are not passive recipients of information, but that they actively construct their knowledge in
interaction with the environment and through the reorganization of their mental structures. Learners are therefore
viewed as sense-makers, not simply recording given information but interpreting it. This view of learning led to the
shift from the “knowledge-acquisition” to “knowledge-construction” metaphor. The rationale of using social
constructivism theory is that it underscores the fact that acquisition of science skills is a dynamic, continuous
process of change where new learning results in and affects learning environments through improvisation.
Delimitations of the Study
This study was carried out in public pre-primary schools in Kiambu County. The study focused on the influence of
teachers’ improvisation of sound-producing materials on acquisition of science skills among pre-primary school
learners. Mixed methodology was used and thus concurrent triangulation research design was applied. In this study,
questionnaires were used to collect quantitative data from pre-primary school teachers whereas interviews were used
to collect qualitative data from headteachers and sub-county directors of education as did observation checklists for
pre-primary school learners.
RESEARCH METHODOLOGY
The study adopted mixed methodology and applied concurrent triangulation research design. The target population
comprised of 12 sub-county directors of education, 438 headteachers, 1500 pre-primary school teachers and 40, 595
pre-primary school learners totaling to 42, 534 respondents from which a sample of 396 respondents were selected
using the Central Limit Theorem. Stratified sampling was applied to create 12 strata based on the number of subcounties in Kiambu County. From each sub-county, the sub-county director of education and one headteacher were
selected using purposive sampling. However, from sub-county, three pre-primary school teachers and 28 preprimary school learners were selected using simple random sampling.
This procedure enabled the researcher to sample 12 sub-county directors of education, 12 headteachers, 36 preprimary school teachers and 336 pre-primary school learners. Questionnaires were used to collect quantitative data
from teachers, interview schedules for headteachers and sub-county directors whereas observation checklist were
used to gather qualitative data from pre-primary school learners. Qualitative data were analyzed thematically along
the objectives and presented in narrative forms. Quantitative data were analyzed descriptively and inferentially using
linear regression analysis with the help of SPSS version 23.
RESULTS AND DISCUSSIONS
The study sought to:
i. Assess the levels of acquisition of science skills among pre-primary school learners in Kiambu County, Kenya
ii. To examine the influence of teachers’ improvisation of sound-producing materials on acquisition of science
skills among pre-primary school learners in Kiambu County, Kenya.
Response Rate
In this study, 36 questionnaires were administered to teachers out of which 32 questionnaires were filled and
returned. The researcher also interviewed nine headteachers and ten sub-county directors of education and also
conducted observation schedules among 293 pre-primary school learners. This yielded response rates in Table 1.
Table 1: Response Rates
Respondents
Headteachers
Pre-primary School Teachers
Sub-county Director of Education
Pre-primary School Learners
Total

Sampled
Respondents
10
36
12
336
396

389

Those Who
Participated
9
32
10
293
344

Achieved Return Rate (%)
90.0
88.9
83.3
87.2
86.9

Table 1 shows that headteachers, pre-primary school teachers, sub-county director of education and pre-primary
school learners registered a response rate of 86.9%. This affirmed the assertions of Creswell (2014) that a response
rate above 75% is adequate and suitable to allow for generalization of the outcomes to the target population.
Levels of Pre-primary School Learners’ Science skills
The study sought to assess the levels of pre-primary school learners’ science skills. This was assessed by conducting
observation schedules during science activities in their pre-primary schools and were measured in terms of
manipulation skills, experimentation skills and observation skills. The results are shown in Table 2;
Table 2: Levels of Pre-primary School Learners’ Science Skills
Science Skills
Excellent
Very Good
Good
%
%
%
Manipulation skills
14.3
4.8
2.3
Experimentation skills
7.1
7.1
25.0
Observation skills
25.0
10.7
35.7

Fair
%
35.7
39.3
21.4

Below Average
%
42.9
28.6
7.2%

Table 2 shows that 42.9% of the pre-primary school learners manifest manipulation skills which were below
average, 35.7% were fair, 2.3% were good, 4.8% were very good whereas 14.3% manifested excellent manipulation
skills. Similarly, 28.6% of the pre-primary school learners exhibited experimentation skills which were below
average. 39.3% were fair, a quarter (25.0%) were good, 7.1% were very good whereas 7.1% had excellent
experimentation skills. However, a quarter (25.0%) of the pre-primary school learners had excellent observation
skills, 10.7% were very good, 35.7% were good, 21.4% were fair with only 7.25 of the learners manifesting
observation skills which were below average. These findings indicate that science skills are privileged domains, that
is, domains in which children have a natural proclivity to learn, experiment, and explore, they allow for nurturing
and extending the boundaries of the learning in which children are already actively engaged. Thus, developing and
extending children’s interest is particularly important in the pre-primary school years, when attention and selfregulation are nascent abilities.
Teachers’ Improvisation of Sound-Producing Materials and Acquisition of Science Skills among Pre-primary
School Learners
The study assessed how often pre-primary school teachers improvise sound-production materials and the extent to
which such improvisation influences acquisition of science skills among pre-primary school learners. Descriptive
data were collected from pre-primary school teachers, organized, summarized and the results are shown Table 3.
Table 3: Descriptive Findings on Teachers’ Improvisation of Sound-Producing Materials in Pre-primary Schools
Test Items
Ratings
SA
A
U
D
SD
Mean
Std. Dev.
%
%
%
%
%
Pre-primary school teachers frequently swirl 56.5
10.5
4.5 13.5
15.0
3.906
1.444
strings or ropes in order to generate sounds
during science activities
In many pre-primary schools, teachers rarely 51.5
8.5
7.5 9.0
23.5
3.560
1.316
blow hollow sticks to produce sound while
teaching science skills
In many pre-primary schools, teachers
55.5
12.5
3.5 14.5
14.0
3.837
1.418
frequently clap their palms using dry pieces
of wood during science activities
Teaching of sound production activities has
35.5
4.5
2.5 4.0
53.5
3.699
1.367
not been easy when pre-primary school
teachers improvise a variety of materials
During science activities, pre-primary school 27..5
4.5
3.5 7.0
57.5
3.975
1.470
teachers do not frequently improvise soundproducing materials
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Table 3 reveals that 18(56.5%) of the pre-primary school teachers strongly agreed with the view that they frequently
swirl strings or ropes in order to generate sounds during science activities as did 4(10.5%) who agreed. Only a paltry
2(4.5%) were undecided, 5(13.5%) disagreed whereas 3(15.0%) strongly disagreed. These findings corroborate the
findings of a study carried out by Horne (2010) that sound-producing materials have a positive impact on acquisition
of science competencies.
Horne (2010) observed that traditionally, materials were gathered from all parts of the country and were then
exchanged through since a long time ago settled courses to different centers where the instruments would be
assembled and used for learning different science competencies. Horne (2010) said pre-primary learners who have a
broad base of experience in domain-specific knowledge and move more rapidly in acquiring more complex skills.
Thus, these findings indicate that children are inclined to learn, analyze, and investigate, as well as take into
consideration supporting and augmenting the limits of the learning in which kids are now effectively locked in.
Slightly more than half, 17(51.5%) of the pre-primary school teachers strongly agreed with the view that, in many
pre-primary schools, teachers rarely blow hollow sticks to produce sound while teaching science skills. 3(8.5%)
agreed. 2(7.5%) were undecided, 3(9.0%) disagreed whereas 8(23.5%) strongly disagreed. These findings
corroborate the assertions of Anini (2011) who said improvisation of sound-producing materials provides learners
with opportunities to expand and deepen their understanding by providing several choices and developmentally
suitable experiences. These findings are indicative of the fact that hollow sticks could have been difficult to find
from the environment of the participants for use in the teaching and learning process and this explains clearly why
they were rarely used by the participants.
The findings of the study established that the teachers utilized clapping of hands more than they used strings and
hollow sticks. In light of these findings it is evident that the learners were not exposed to varied stimulus variation
on teaching and learning of sound-production. The learners’ acquisition of scientific procedure skills might have
been compromised. This is so since science teaching needs variation of teaching strategies to enhance acquisition.
Slightly more than half, 18(55.5%) of the pre-primary school teachers strongly agreed with the view that, in many
pre-primary schools, teachers frequently clap their palms using dry pieces of wood during science activities.
4(12.5%) agreed. However, 1(3.5%) were undecided, 5(14.5%) disagreed whereas 5(14.0%) strongly disagreed.
These findings corroborate the assertions of Balogun (2015) who concurs with this view and adds that wide-ranging
selections of sound producing materials produce distinctive pitches which appeals different to the individual tastes
of the learners. According to Balogun (2015), the use of clapping to improvise sound production may have two
implications: it may help the learners to understand their bodies more and secondly it may also be an indication that
the teachers were not conducting adequate research of other available materials in the students’ environment.
These findings indicate that pre-primary learners benefit from improvisation of sound-producing instruments
through the bilateral access of the brain. Improvised sound-producing materials stimulate both the right and left
sides of the brain, creating better results in standardized test scores and comprehension of skills. However, the
findings show that clapping using a piece of wood was more preferred in teaching learners’ experimental skills.
Hence, there is need to do more and more research in the environments where teachers and learners come from
exhaustively. The study, however, revealed that 12(35.5%) of the pre-primary school teachers strongly agreed with
the view that teaching of sound production activities has not been made easy when pre-primary school teachers
improvise a variety of materials.
A paltry 2(4.5%) agreed. 1(2.5%) were undecided, 2(4.0%) disagreed whereas 17(53.5%) strongly disagreed.
9(27.5%) strongly agreed with the view that, during science activities, pre-primary school teachers do not frequently
improvise sound-producing materials. 2(4.5%) agreed. 1(3.5%) were undecided, 3(7.0%) disagreed whereas
19(57.5%) strongly disagreed. These findings lend credence to the findings of a study conducted in San Diego in
which Horne (2010) revealed that locally improvised materials have effect on sound production. These findings
affirm he fact that the effectiveness of using locally improvised materials to teach young children science concepts
cannot be overemphasized. Such locally improvised materials include; strings, drums, shakers, hollow sticks,
clapping and water.
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Inferential Findings on the Influence of Teachers’ Improvisation of Sound-Producing Materials on
Acquisition of Science Skills among Pre-primary School Learners
To verify the relationship between teachers’ improvisation of sound-producing materials and acquisition of science
skills among pre-primary school learners, data were collected on how often pre-primary school teachers improvise
sound-producing materials (very often =5, often = 4, sometimes = 3, rarely = 2 and never = 1) and learners’
outcomes in science activities. The results are shown in Table 4:
Table 4 shows that pre-primary school teachers who frequently improvise sound-producing materials during science
activities have their learners register impressive outcomes and competencies in difference science skills. These
results were subjected to linear regression analysis to test the null hypotheses and results are shown in Table 5:
H01: There is no significant influence of teachers’ improvisation of sound-producing materials on pre-primary
learners’ acquisition of science skills in Kiambu County.
Table 4: Results of How Often Pre-primary School Teachers Improvise Sound-Producing Materials and
Learners’ Outcomes in Science Activities
How Often Pre-primary School Teachers
Learners’ Outcomes in Science Activities
Improvise Sound-Producing Materials
(Marks out of 50)
1
19
1
21
1
25
2
27
2
29
3
33
4
40
4
44
5
45
Table 5: Relationship Between Teachers’ Improvisation of Sound-Producing Materials and
Science Skills among Pre-primary School Learners
Model
Unstandardized
Standardized
t
Coefficients
Coefficients
B
Std. Error
Beta
1 (Constant)
15.488
1.592
9.726
Frequency of Teachers’
6.244
.544
.974
11.469
Improvisation of SoundProducing materials
a. Dependent Variable: Acquisition of Science Skills by Pre-primary School Learners

Acquisition of
Sig.

.000
.000

Table 5 shows a linear model of the form; Acquisition of Science Skills = 15.488 + 6.244Frequency of
Improvisation of Sound-Producing Materials. These results from the linear regression equation indicates that the
coefficient for acquisition of science skills attributed to the frequency of teachers’ improvisation of sound-producing
materials is 6.244. This implies that, for every additional increase in the frequency of improvisation of soundproducing materials, acquisition of science skills is expected to increase by a factor of 6.244 marks. In the same
token, the value 15.488 indicates that acquisition of science skills among pre-primary school learners is not only
dependent on teachers’ improvisation of sound-producing materials, but a multiplicity of other factors such as
learner readiness, teacher factors and availability of scholastic materials amongst others.
Similarly, from the results in Table 5, the p-value, 0.000 is less than 0.05, that is, a low p-value (0.000< 0.05).
Hence, the Null Hypothesis, H01, is rejected. These results indicate that there is significant relationship between
teachers’ improvisation of sound-producing materials and acquisition of science skills among pre-primary school
learners. These results indicate that improvised sound-producing materials stimulate both the right and left sides of
the brain, creating better results in standardized test scores and comprehension of subjects like math and science.
Consequently, the use of improvised sound producing materials could be among the variables contributing to preprimary learners’ acquisition of science competencies.
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Thematic Analysis: Influence of Teachers’ Improvisation of Sound-Producing Materials on Acquisition of
Science Skills among Pre-primary School Learners
The researcher also sought the view of headteachers and the sub-county directors of education on the influence of
teachers’ improvisation of sound-producing materials on pre-primary learners’ acquisition of science skills. During
the interviews, headteachers indicated that pre-primary school teachers always improvise teaching materials to teach
sound production. Headteacher, H1, remarked,
“We have a limited assortment of improvised sound producing materials; this obviously
limits stimulus variation in content delivery to our pupils. There is need for more
instructional materials for effective teaching of science skill. The shortage is so dire that in
most lessons teachers simply use the clapping of hands which becomes monotonous and dues
not appeal to the inquisitiveness of the pupils. This practice has to be improved such that
teachers in our pre-primary centres can widen up their thinking and explore ways and means
of improvising teaching aids.”
The investigator engaged the county director of education the same issue. Asked about the sound producing items,
the county director of education, SCDE1, observed;
“The syllabus advocates for pre-primary school teachers utilize varied teaching materials of
teaching. In this regard the teachers are expected to use their resourcefulness and creativity
and make do with the materials that are most familiar with the learners so as they give room
for stimulus variation. We expect pre-primary school teachers to be more and more creative
in improvising any piece of materials they get in their environment without ignoring any”
The head teachers were also interviewed on materials their teachers always improvised to teach sound production.
When the participants were asked what were the materials used by teachers having been improvised for teaching
sound production, the answers were varied from classroom furniture such as chairs and tables, body parts, sticks,
carton boxes, cardboard guitars, paper plates among others. Headteacher, H2, said:
“The sound improvised materials are things like the learners strumming on cardboard
guitars, listening to a paper plate of rice placed on a loud speaker among others. Teaching
sound makes itself to fun classroom activities. But as we use it to teach, the topic – the
learners are informed how sound is made and how it travels. This is very fundamental to the
science curriculum. There is no doubt that there are challenges coming with this kind of
improvisation. One challenge is the availability of the items to be improvised.”
About how improvisation of sound-producing materials enabled the pre-primary teachers to teach and enhance
acquisition of science competencies, the head teachers felt that it all depended on engaging the learner’s practically
inside and outside the classes. Every bit of improvised sound-producing material must be felt by each individual
learner rather than watching the teacher or other learners’ practice. Regarding how sound producing materials were
improvised, sub-county director of education, SCDE2, mentioned:
“Our teachers kick things off with a lively activity. Asking the learners to hum their favorite
song while gently touching their necks will be attention raising. The teacher then finds out
from the learners what they can feel. Next, the teacher plays some music through an
improvised speaker that has some grains on a paper plate. The teacher then adjusts the
volume up and down asking the learners to see the behavior of the grains. The learners
always respond with answers in what they have “felt” or “seen”. This, I believe, is quite
interesting way of teaching through children playing actually”.
On modalities how teachers interact with pre-primary children to improvise teaching aids, headteacher, H3, narrated,
“As a follow-up activity, teachers ask the learners to make different sounds with their bodies.
The learners whistle, clap or sing. The teachers then ask them to change the volume of these
sounds and note the differences in effect. The teachers also ask the learners to introduce a
range of instruments accessible to them. Learners improvise instruments such as threads
tight apart as guitars, use elastic bands of different lengths, change their stretch levels, and
scrub against their milk bottles filled with different amounts of water. This becomes perfect
when it is applied to learning.”
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The study revealed various themes in improvisation of sound producing materials among pre-primary learners in
Kiambu County. The study established that teachers utilized clapping of hands, hollow sticks and strings to teach
science competencies. The respondents emphasized that improvised sound producing materials are important in the
teaching and can improve quality of teaching and educational outcomes. Asked if clapping palms as well as blowing
hollow sticks and swirling strings were activities that pre-primary teachers used in Kiambu County, but with
different level of emphasis, the county director of education, SCDE3, put it,
“We don’t mean that our teachers do not use items like hollow sticks, palms and strings.
What we are saying is that you find the magnitude for each of these items is different when
you consider different teachers. Palms are always available and there is every reason to
believe that these should be the most commonly used teaching aids.”
The county director of education thought that may be pre-primary teachers were not motivated enough to explore
their environment or were just too lazy to do it. When asked why pre-primary school teachers were not improvising
teaching aids it was discovered that,
“One of the reasons why pre-primary teachers don’t use improvised items could be that they
are not properly motivated. Another reason is that they may be just lazy and they don’t want
to struggle looking for teaching aids. It should be noted that a teaching aid is worthy many
words as they say, “A picture is worth a thousand words.”
The words of the county director of education were echoed by one of the head teachers. When asked if they
encourage the use of improvised teaching aids, headteacher, H4, had this to say,
“We always emphasize that our pre-primary teachers should use teaching aids as much as
possible to capture the five senses. Even in colleges we are advised to use teaching aids.
More so, the type items we are talking about are readily available in our environments. All
they need is to take time and improvise them.”
These results show that majority of pre-primary teachers improvised materials from the pupils’ immediate
environment. The findings of the study established that the teachers improvised clapping of hands (which was more
available) more than they improvised strings and hollow sticks. In light of these findings it is evident that learners
were not adequately exposed to varied stimulus variation in sound production.
CONCLUSIONS
From the study findings, it is evident that improvisation of sound producing materials is associated with high levels
of science skills among pre-primary learners; positive increase in teachers’ improvisation of heat producing
materials results in an increase in pupils’ science skills. These materials were available in the local environments
where pre-primary teachers and children came from. There was need then to utilize whatever was available and
cheap. pre-primary teachers in the study county were to be encouraged and motivated to use sound producing item
more frequently than ever.
RECOMMENDATIONS
The study recommends that the pre-primary curriculum developers emphasize the improvisation of heat-producing
materials as much as possible and frequent inspections are carried out. For future studies, researchers may put
greater interest in conducting a similar study with national scope to certain the influence of improvised instructional
materials on the levels of science skills among pre-primary learners. The Ministry of Education should organize for
in-service training for pre-primary science teachers. In-service training for teachers is important to ensure that the
teachers keep pace with technological changes in improvisation of sound-producing materials for instruction as
opposed to relying on traditional archaic materials that are sometimes lacking in the learner’s immediate
environment. For instance, improvisation does not only mean using simple available materials in daily possession.
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INFLUENCE OF TEACHERS’ IMPROVISATION OF HEAT-PRODUCING MATERIALS ON
ACQUISITION OF SCIENCE SKILLS AMONG PRE-PRIMARY SCHOOL LEARNERS IN KIAMBU
COUNTY, KENYA
Millicent Wandia Githui, Ruth Thinguri and Peter Kibet Koech
Mount Kenya University, P. O. Box 2574-01000, Thika, Kenya
ABSTRACT
Acquisition of science skills among pre-primary school learners has had its fair share of challenges with many preprimary school learners manifesting low competencies in manipulation, experimentation and observation skills. The
purpose of this study was to assess the influence of teachers’ improvisation of heat-producing materials on
acquisition of science skills among pre-primary school learners. The study was guided by Social Constructivism and
Instructional Theories. The study adopted mixed methodology and applied concurrent triangulation research design.
Qualitative data were analyzed thematically along the objectives and presented in narrative forms. Quantitative data
were analyzed descriptively and inferentially using linear regression analysis with the help of Statistical Packages
for Social Science (SPSS 23) and presented using tables. The study established that pre-primary school learners
manifest low science skills. That is, their manipulation, experimentation and observation skills are still below
average. The study findings also showed that teachers still have challenges in improvisation of sound-producing is
still low. The study recommends that the pre-primary curriculum developers emphasize the improvisation of heatproducing materials as much as possible and frequent inspections are carried out. For future studies, researchers may
put greater interest in conducting a similar study with national scope to certain the influence of improvised
instructional materials on the levels of science skills among pre-primary learners.
Keywords: Improvisation of heat-producing materials, acquisition of science skills
INTRODUCTION
Teaching the concept of heat production to learners in pre-primary school settings has been based and aided by
commercial and standard. However, from early beginnings, humans developed the skills and equipment necessary to
make and sustain heat from fire. Johnson (2012), in a longitudinal study conducted in the United States of America,
indicated that heat and fire-production could be achieved by using friction, that is, by rubbing palms, dry stones and
dry wood or sticks. Johnson (2012) asserted that pre-primary school teachers who adopt such techniques of
improvisation in order to teach enhance young learners’ procedure, manipulative, experimentation, observation,
interpretation and prediction skills.
In a seminar conducted in Venezuela, Harlen (2000) noted that teaching children science skills on heat production,
many pre-primary school teachers need to use the concept of friction of drilling or sawing sticks to create fire. One
wooden stick known as the drill, plough or saw is twisted or rubbed against another known as the hearth. This
motion generates heat and kindles dry materials such as tinder placed where the two objects touch.
Substances like grit are often placed at the point of contact to create extra abrasion. This method is employed all
over the world. Because the principle behind all heat and fire sticks is the same, the objects look very alike. Harlen
(2000) noted that such practical improvisation of culturally available materials when transferred to classroom
situation serve to have science concepts glued firmly in the memory of the learners. These findings affirm the view
that improvisation is applicable to almost all facet of science knowledge like manipulation, observation,
interpretation and prediction and other non-academic spheres. In other words, the process of acquisition of science
skills requires a good deal of improvisation since it touches the cognitive, affective and psycho-motive domains of
pre-primary school learners.
In most countries in Sub-Saharan Africa, Abdulahi (2010) indicated that when improvisation is utilized in a small
group collaborative teaching and learning science activities in a learner-centered environment, it can be a powerful
teaching tool. Abdulahi (2010) demonstrated that it can promote spontaneity, intuition, interactivity, inductive
discovery, attentive listening, non-verbal communication, ad-libbing, role-playing, risk-taking, team building,
creativity and critical thinking amongst pre-primary school learners. In a study conducted in Ethiopia, Mohammed
(2014) indicated that pre-primary school learners can easily master the fundamentals of friction, and even conduct
simple experiments in order to discover most of the fundamental science ideas and skills for themselves.
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Mohammed (2014) indicated that explaining everyday things and encouraging young children to gain practical
knowledge in science concepts like heat production and transfers by experiments at an early age develops a positive
attitude to learning science the practical way. Kaggwa (2009), in a study conducted in Uganda, revealed that
suggesting to young children rub their hands and feet together briskly, or jog briskly in one place for about 10
minutes generate heat. In other words, when they are hot, then one needs to explain that rubbing of arms and body
parts together produced heat due to friction. These findings affirm that improvisation and innovation is a must for
enhancing learners’ competitive edge when facing the challenges of acquisition of science skills. However,
innovation can only be created through education that focuses on cultivating creativity for both pre-primary school
teachers and young children.
In Kenya, due to gross inadequacy of media and equipment meant to enhance the effectiveness of science and
technology education in the area of teaching and learning of heat, many teachers develop wrong attitude towards the
preparation and use of improvised and fabricated local equipment and materials (Ndirangu et al, 2013). Nafula
(2010), in a study conducted in Busia West Sub-county, indicated that natural environment is richly endowed with
materials such as dry wood, sticks or stones that can be employed in the school to make teaching of science of heat
production real and lively. Nafula (2010) suggested that efforts should therefore, be stepped up to provide
improvisation and fabrication material very abundant in our schools more so that emphasis nowadays is placed on
relating what is taught to the worldview of the learners.
In Kiambu County, the idea of adopting improvisation as an instructional tool is very important to pre-primary
school teachers’ day to day teaching and learning activities and in order to make the process of instruction
interesting, active and participatory, teachers’ need adequate knowledge about it (Wilson, 2013). Wilson (2013)
indicated that the process of improvisation gives teachers’ the knowledge of creativity, manipulative skills, and
critical thinking. Wilson (2013) further indicated that improvisation encourages self-reliance and a feeling of
confidence during teaching of concepts in heat production. However, Nafula (2010) and Wilson (2013) have not
indicated how improvisation of heat production materials, besides teachers, would enhance learners’ acquisition of
science skills. The study does not indicate how improvisation would enable learners to display their skills of
creativity in teaching and learning activities for better understanding and assimilation of heat production concepts
being taught in the classroom; research were the gaps which this study intended to address.
Statement of the problem
Early exposure to improvisation of materials for teaching and learning heat production prepares pre-primary school
learners for science skills since learners acquire knowledge through interaction with familiar materials within the
environment. It is also evident that when instructional materials are effectively utilized, pre-primary school learners
are motivated to learn and able to understand the science skills being taught. However, in Kiambu County, the
situation is quite different with acquisition of science skills by pre-primary school learners being low. A survey
conducted by Uwezo (2010) revealed that 60% of the pre-primary school learners do not have the basic
manipulation skills, while 34% of the learners could not perform simple tasks that demonstrate science skills.
A report by KNEC (2018) to monitor learner’s achievement in literacy and numeracy had revealed that 52% of preprimary school learners were incompetent in manipulation, experimentation and observation skills. The Education
Network in Kenya (2011) also pointed out that 19.8% of pre-primary school learners in Kiambu County do not
possess the science skills required to enter grade one. Despite these statistics, few empirical studies had interrogated
the extent to which teachers’ improvisation of heat-producing materials influences acquisition of science skills
among pre-primary school learners, hence the study.
Theoretical Framework
The study was guided by the instructional theory which was postulated by Robert Gagne (1999) and offers explicit
guidance on how to help people learn and develop. Instructional theories focus on how to structure material for
promoting the education of human beings, particularly pupils and learners. It outlines strategies that the teacher may
adopt to achieve the learning objectives. Instructional theories are adapted based on the concept being taught and
more importantly, as per the learning style of the pupils. The rationale of using instructional theory is that it
appreciates the role of the teacher in instruction and it is important that the teacher make sure that pupils have the
necessary skills in order to accomplish the task. Independent study is very flexible and can be used as the major
instructional strategy with the whole class, in combination with other strategies, or it can be used with one or more
individuals while another strategy is used with the rest of the class. In the same vein, this theory appreciates the fact
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that improvisation allows full participation of pre-primary school learners in activities, enhances socialization,
enhances cognitive development, allows children learn new science concepts through discovery, exploration and
experimentation, it enables shaving of ideas and promote self-confidence and self-esteem.
In the use of locally improvised materials to teach science skills, pre-primary school learners are exposed to various
experiences, allowed to fully participate in activities, socializes, allow children learn new science concepts through
discovery, exploration and experimentation and finally build self-confidence and self-esteem. The study was also
guided by The Social Constructivism Theory which was postulated by Vygotsky (1978) giving rise to the premise
and idea that learners are not passive recipients of information, but that they actively construct their knowledge in
interaction with the environment and through the reorganization of their mental structures. Learners are therefore
viewed as sense-makers, not simply recording given information but interpreting it. This view of learning led to the
shift from the “knowledge-acquisition” to “knowledge-construction” metaphor. The rationale of using social
constructivism theory is that it underscores the fact that acquisition of science skills is a dynamic, continuous
process of change where new learning results in and affects learning environments through improvisation.
Delimitations of the Study
This study was carried out in public pre-primary schools in Kiambu County. The study focused on the influence of
teachers’ improvisation of heat-producing materials on acquisition of science skills among pre-primary school
learners. Mixed methodology was used and thus concurrent triangulation research design was applied. In this study,
questionnaires were used to collect quantitative data from pre-primary school teachers whereas interviews were used
to collect qualitative data from headteachers and sub-county directors of education as did observation checklists for
pre-primary school learners.
RESEARCH METHODOLOGY
The study adopted mixed methodology and applied concurrent triangulation research design. The target population
comprised of 12 sub-county directors of education, 438 headteachers, 1500 pre-primary school teachers and 40, 595
pre-primary school learners totaling to 42, 534 respondents from which a sample of 396 respondents were selected
using the Central Limit Theorem. Stratified sampling was applied to create 12 strata based on the number of subcounties in Kiambu County.
From each sub-county, the sub-county director of education and one headteacher were selected using purposive
sampling. However, from sub-county, three pre-primary school teachers and 28 pre-primary school learners were
selected using simple random sampling. This procedure enabled the researcher to sample 12 sub-county directors of
education, 12 headteachers, 36 pre-primary school teachers and 336 pre-primary school learners. Questionnaires
were used to collect quantitative data from teachers, interview schedules for headteachers and sub-county directors
whereas observation checklist were used to gather qualitative data from pre-primary school learners. Qualitative data
were analyzed thematically along the objectives and presented in narrative forms. Quantitative data were analyzed
descriptively and inferentially using linear regression analysis with the help of Statistical Packages for Social
Science (SPSS 23) and presented using tables.
RESULTS AND DISCUSSIONS
Response Rate
In this study, 36 questionnaires were administered to teachers out of which 32 questionnaires were filled and
returned. The researcher also interviewed nine headteachers and ten sub-county directors of education and also
conducted observation schedules among 293 pre-primary school learners. This yielded response rates shown in
Table 1.
Table 1: Response Rates
Respondents
Headteachers
Pre-primary School Teachers
Sub-county Director of Education
Pre-primary School Learners
Total

Sample
10
36
12
336
396

Participants
9
32
10
293
344
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Achieved Return Rate (%)
90.0
88.9
83.3
87.2
86.9

Table 1 shows that headteachers, pre-primary school teachers, director of education and pre-primary school learners
registered a response rate of 86.9%. This affirmed the assertions of Creswell (2014) that a response rate above
75.0% is adequate and of suitable levels to allow for generalization of the outcomes to the target population.
Levels of Pre-primary School Learners’ Science skills
The study sought to assess the levels of pre-primary school learners’ science skills. This was assessed by conducting
observation schedules during science activities in their pre-primary schools and were measured in terms of
manipulation skills, experimentation skills and observation skills. The results are shown in Table 2.
Table 2: Levels of Pre-primary School Learners’ Science Skills
Science Skills
Excellent
Very Good
Good
%
%
%
Manipulation skills
14.3
4.8
2.3
Experimentation skills
7.1
7.1
25.0
Observation skills
25.0
10.7
35.7

Fair
%
35.7
39.3
21.4

Below Average
%
42.9
28.6
7.2%

Table 2 shows that 42.9% of the pre-primary school learners manifest manipulation skills which were below
average, 35.7% were fair, 2.3% were good, 4.8% were very good whereas 14.3% manifested excellent manipulation
skills. Similarly, 28.6% of the pre-primary school learners exhibited experimentation skills which were below
average. 39.3% were fair, a quarter (25.0%) were good, 7.1% were very good whereas 7.1% had excellent
experimentation skills. However, a quarter (25.0%) of learners had excellent observation skills, 10.7% were very
good, 35.7% were good, 21.4% were fair with only 7.25% of the learners manifesting observation skills which were
below average. These findings indicate that science skills are privileged domains, that is, domains in which children
have a natural proclivity to learn, experiment, and explore, they allow for nurturing and extending the boundaries of
the learning in which children are already actively engaged. Thus, developing and extending children’s interest is
particularly important in the pre-primary school years, when attention and self-regulation are nascent abilities.
Teachers’ Improvisation of Heat-Producing Materials and Acquisition of Science Skills among Pre-primary
School Learners
The study sought to examine the influence of teachers’ improvisation of heat-producing materials on acquisition of
science skills among pre-primary school learners. Descriptive data were collected from pre-primary school teachers
and results are shown in Table 3;
Table 3: Descriptive findings on teachers’ improvisation of heat-producing materials in pre-primary schools
Test Items
Ratings
SA
A
U
D
SD
Mean
Std. Dev.
%
%
%
%
%
During science activities, pre-primary school 60.5
12.5
4.5
9.5
13.0
4.183
1.546
teachers usually rub dry sticks as a strategy
of improvising heat production
In many pre-primary schools, teachers do
10.5
7.5
3.5
21.0
57.5
3.975
1.470
not frequently rub their palms against
surfaces to improvise heat production during
science activities
In many pre-primary schools, teachers
69.5
12.0
2.0
10.0
6.5
4.805
1.776
usually teach heat production by rubbing dry
stones during science activities
Teaching of heat production in pre-primary
11.5
16.5
2.5
13.5
56.0
3.871
1.431
schools has not been made easy through
improvisation of heat production materials
Table 3 reveals that 20(60.5%) of the pre-primary school teachers strongly agreed with the view that, during science
activities, they usually rub dry sticks as a strategy of improvising heat production as did 4(12.5%) who agreed.
However, only a paltry 2(4.5%) were undecided, 3(9.5%) disagreed whereas 4(13.0%) strongly disagreed. These
findings are consistent with the assertions of Abdullahi (2010) who observed that improvisation of materials from

399

the learners’ environment facilitated acquisition of experimental skills as learners had the opportunity to extend
learning outside the classroom and hence advance spontaneity, instinct, intelligence, acting, risk-taking, group
building, imagination and basic deduction among pre-primary learners. The study also found out that 4(10.5%) of
the pre-primary school teachers strongly agreed with the view that, in many pre-primary schools, teachers do not
frequently rub their palms against surfaces to improvise heat production during science activities. 3(7.5%) agreed.
1(3.5%) were undecided, 7(21.0%) disagreed whereas 19(57.5%) strongly disagreed. This implies that while the
technique is applied, there are a significant proportion of learners that are yet to benefit from the improvisation.
These observations indicated that palms might have been commonly improvised by pre-primary teachers to instruct
pre-primary learners on observation and recording skills as they were commonly available. The findings of the study
indicate that teachers commonly improvised palms to teach learners observation and recording skills. These findings
affirm the view that improvisation is applicable to a wide array of materials available in the school environment and
could be a contributing variable to learners’ acquisition of observation and recording skills. In other words, the
process of acquisition of science competencies requires a good deal of improvisation since it touches the cognitive,
affective and psycho-motive domains of pre-primary learners. 23(69.5%) of the pre-primary school teachers strongly
agreed with the view that, in pre-primary schools, teachers usually teach heat production by rubbing dry stones
during science activities. 4(12.0%) agreed. 1(2.0%) undecided, 4(10.0%) disagreed 2(6.5%) strongly disagreed.
From Table 3, 4(11.5%) strongly agreed with the view that teaching of heat production in pre-primary schools has
not been made easy through improvisation of heat production materials. 5(16.5%) agreed. 1(2.5%) were undecided,
4(13.5%) disagreed whereas 18(56.0%) strongly disagreed. These findings lend credence to the findings of a study
carried out by Mohammed (2014) which concur with this view and maintains that pre-primary learners can without
much effort attain the essentials of friction, and even do basic experiments to find the vast majority of the key
science ideas and skills for themselves. These findings show fact that the technique was significantly used to
enhance preprimary learners` prediction skills but there is need for improvement. The findings further show that preprimary teachers extensively improvised dry stones to enhance learners’ procedure skills. This movement creates
heat and arouses interest among the learners and this ultimately enhances the learners’ acquisition procedure skills.
Inferential Statistical Findings on the Influence of Teachers’ Improvisation of Heat-Producing Materials on
Acquisition of Science Skills among Pre-primary School Learners
To verify the relationship between teachers’ improvisation of heat-producing materials and acquisition of science
skills among pre-primary school learners, data were collected on how often pre-primary school teachers improvise
heat-producing materials (very often =5, often = 4, sometimes = 3, rarely = 2 and never = 1) and learners’ outcomes
in science activities. The results are shown in Table 4:
Table 4: Results of How Often Pre-primary School Teachers Improvise Heat-Producing Materials and
Learners’ Outcomes in Science Activities
How Often Pre-primary School Teachers Improvise HeatLearners’ Outcomes in Science
Producing Materials
Activities (Marks out of 50)
1
19
2
21
2
25
2
27
3
29
5
33
5
40
5
44
5
45
Table 4 shows that pre-primary school teachers who frequently improvise heat-producing materials during science
activities have their learners register impressive outcomes and competencies in difference science skills. These
results were subjected to linear regression analysis to test the null hypothesis and results are shown in Table 5:
H01: There is no significant influence of teachers’ improvisation of heat-producing materials on pre-primary
learners’ acquisition of science skills in Kiambu County.
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Table 5: Relationship Between Teachers’ Improvisation of Heat-Producing Materials and
Science Skills among Pre-primary School Learners
Model
Unstandardized
Standardized
t
B
Std. Error
Beta
(Constant)
13.465
3.085
4.364
Frequency of teachers’ improvisation
5.394
.838
.925
6.437
of heat-producing materials
a. Dependent Variable: Acquisition of Science Skills by Pre-primary School Learners

Acquisition of
Sig.
.003
.000

Table 5 shows a linear model of the form; Acquisition of Science Skills = 13.465 + 5.394Frequency of
Improvisation of Heat-Producing Materials. These results from the linear regression equation indicates that the
coefficient for acquisition of science skills attributed to the frequency of teachers’ improvisation of heat-producing
materials is 5.394. This implies that, for every additional increase in the frequency of improvisation of heatproducing materials, acquisition of science skills is expected to increase by a factor of 5.394 marks. In the same
token, the value 13.465 indicates that acquisition of science skills among pre-primary school learners is not only
dependent on teachers’ improvisation of heat-producing materials, but a multiplicity of other factors such as learner
readiness, teacher factors and availability of scholastic materials amongst others.
Similarly, from the results in Table 5, the p-value, 0.000 is less than 0.05, that is, a low p-value (0.000< 0.05).
Hence, the Null Hypothesis, H01, is rejected. These results indicate that there is significant relationship between
teachers’ improvisation of heat-producing materials and acquisition of science skills among pre-primary school
learners. These findings affirm the fact that improvisation of heat producing skills by pre-primary teachers using
materials in the pupils’ immediate environment may be among the variables encouraging pre-primary children
acquisition of practical knowledge in science like heat production and transfers by experiments at an early age
develops a positive attitude to learning science the practical way.
Thematic Analysis: Influence of Teachers’ Improvisation of Heat-Producing Materials on Acquisition of
Science Skills among Pre-primary School Learners
The qualitative analysis was conducted using the interviews from the headteachers and the county director of
education. Asked the importance of improvised heat producing items for teaching. Headteacher, H1, remarked,
“Improvisation of heat producing material undoubtedly elicits learners’ interest and increases their
knowledge base. This is because the generation of pre-primary children has been accustomed to
belief that heat production as predominantly from match boxes, electrical installations, solar
appliances among other commercial devices. As a consequence, the learners find it marvelous that
heat can also be produced from improvisation of locally available materials and promotes their
grasp of the subject. As much as possible, pre-primary teachers should improvise heat producing
items frequently so as to enhance meaningful science learning”
In another response stating some of the available heat producing materials which teachers always improvised and
utilized to teach various science competencies, head teachers had various opinions. When asked to state some of the
items improvised by teachers. Headteacher, H2, observed,
“Our teachers improvise variety of heat producing materials to teach science. For instance, rubbing
a stick on another, rubbing palms together, rubbing stones among others. Because of insufficient
funds to buy some scientific laboratory materials for illustrating the het production, we urge our
teachers to use what is available to them and to the learners. This is because we don’t need funds to
buy sticks, or small stones or even the palms. Items that cost nothing and are available in the
environment are most relevant for pre-primary teachers to utilize.”
Improvisation of heat-producing materials enabled teachers to enhance acquisition of science competencies among
the learners. Asked how teachers employ heat producing in teaching. Headteacher, H3, remarked,
“The teachers ensure that the illustration is as practical as possible. In order to achieve the feeling
of the heat production, teachers form groups among the learners. One learner in each group is
selected as the “actor”. At the beginning, the rest of the members are asked to touch the hands of the
actor to note the temperature. The actor then carries out the heat producing activity while others
watch. After an instructed period of time of the activity, the other group members are asked to feel
the temperate after the activity. The learner’s then report on any noticed difference.”
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There are always challenges in improvising heat producing efforts materials. When asked if there were any
challenges in heat producing items. Headteacher, H4, said,
“While heat producing materials are very important, it takes time for the teachers to find them and
organize how to improvise them. There is no doubt that these materials help in teaching of children
in our pre-primary classes.”
Pre-primary learners are interested in such heat producing items such that they would assist the teachers in getting
them from their homes. Children are eager to learn and find joy in finding items from their environment. Asked
about the interest of children, headteacher, H5, noted,
“Sometimes the interest created among pre-primary children makes possible for them to look for
such materials in their environments. This makes it easier for the teachers to work on these items
once they are made available by the children. Curiosity makes children learn using fun and play.”
Security is paramount in pre-primary centers. When making any fire, care should be taken to ensure that there will
be no danger to the learners. There is also the danger of starting fires unintentionally as care need to be taken. When
asked about the caution that teachers need to observe when dealing with heat items, headteacher, H6, said,
“We are aware that heat producing items could be very dangerous since they could be a cause for
fires. Once fires burst, it may be very difficult to put them out. There are always precautions to be
made to ensure that there is no danger to the children as fire is produced.”
It was not difficult to get dry stones and dry sticks. Human palms were available twenty-four hours in a day. This
was emphasized by the county director of education. When asked about the availability of the items, the county
director of education, SCDE1, observed,
“When you talk of teaching items like human palms it becomes laughable. Who doesn’t have palms?
When you look around here, how many kilometers do need to go to find out where to get dry sticks
and dry stones? Its time our teachers have done something about improvising teaching aids without
bothering the head teachers or the government.”
Local materials from the environments are more realistic than items bought from the shops. The children learn how
to use their environment as they search for teaching aids. This was emphasized by the county director of education.
Asked about improvised realia in the study area, the county director of education, SCDE2, said,
“Items from the compounds are real. This is the use of what we call realia in education. Realia
materials are more appealing to the eyes and consequently the brain. What is seen by the eye goes
straight to the brain. We learn through the sense of sight.”
The words of the county director of education were echoed by one of the head teachers by supporting the idea of
sight. Asked how these teaching aids helped children in learning, headteacher, H7, noted;
“When one sees he believes, they say. What learners see in form of teaching aids, local or otherwise,
it will remain in their memory for a long period of time. Failure to make children “look” at things is
failure to communicate ideas to them.”
The study revealed various themes in the use of improvised heat producing materials in pre-primary in Kiambu
County. Among the common themes that emerged from the respondent’s views were; that teachers commonly used
palms and improvised dry sticks to teach learners science competencies. Most heat producing materials are
applicable to a wide array of activities required in class and the head teachers were cautious that there was danger of
starting fires and therefore rubbing palms together remained the safest approach to teach learners acquisition of
science competencies. A common perspective among the respondents was that improvisation of heat producing
materials was important in arousing the interest of pre-primary learners that alternative/innovative methods could
also be used in heat production.
The concept of heat production to learners in pre-primary settings has been based and aided by commercial
materials. The results indicate that there were no major differences in the teachers’ choice of improvised heat
producing materials, although there was a slightly higher preference of rubbing hands. Teachers’ utilization of heat
production materials in their classes is a demonstration of practice of available options from the child’s environment
to encourage learning. The findings of the study indicate that teachers commonly improvised dry sticks and palm to
teach learners observation and recording skills. These findings affirm the view that improvisation is applicable to a
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wide array of materials available in the school environment and could be a contributing variable to learners’
acquisition of observation and recording skills. The findings revealed that teachers commonly improvised stick,
stones and palms to enhance pre-primary learners' experimental skills. Improvisation materials-oriented teaching
and learning of science in a learner-focused environment can be an effective teaching tool. Linear regression
analysis revealed that a medium positive relationship exists between pre-primary teachers’ improvisation of heat
producing materials and pupils’ acquisition of science competencies; increase in teachers’ improvisation of heat
producing materials results in an increase in pupils’ science competencies.
SUMMARY OF FINDINGS AND CONCLUSIONS
From the study findings, it is evident that improvisation of heat-producing materials contributed to positive increase
in teachers’ improvisation of heat producing materials results in an increase in pupils’ science skills. Science
learning using improvised items was found to be not only possible, but also enjoyable to the learners. Heat
producing items could be dangerous sometimes if not handled carefully. The security of learners in the pre-primary
centres is quite paramount. Any time these items are used extra care should be taken to avoid fire bursting into the
classroom. There was need then to encourage pre-primary teachers to use heat producing items more often. This
would improve science teaching performance significantly.
RECOMMENDATIONS
The study recommends that the pre-primary curriculum developers emphasize the improvisation of heat-producing
materials as much as possible and frequent inspections are carried out. For future studies, researchers may put
greater interest in conducting a similar study with national scope to certain the influence of improvised instructional
materials on the levels of science skills among pre-primary learners. The Ministry of Education should organize for
in-service training for pre-primary science teachers. In-service training for teachers is important to ensure that the
teachers keep pace with technological changes in improvisation of sound-producing materials for instruction as
opposed to relying on traditional archaic materials that are sometimes lacking in the learner’s immediate
environment. For instance, improvisation does not only mean using simple available materials in daily possession.
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ABSTRACT
Teacher training equips teachers with skills that help them to substantially develop learner knowledge, skills and
attitudes that translate to quality education and eventual development of a nation. The professional preparation of
teachers requires that the individual being trained as a teacher should gain skills and abilities that are required to
teach in a real classroom setting. To improve the acquisition of basic teaching skills, most initial teacher training
programs include practice sessions through microteaching. It is notable that in most developing countries, there are
serious resource constraints with many institutions lacking basic facilities such as microteaching laboratories,
enough personnel for practice and adequate technological support. However, the importance of microteaching in
teacher training is highly emphasized in many countries including Kenya. It is therefore important to determine
whether microteaching carried out during teacher training is helpful in imparting intended skills. This study seeks to
describe the teaching skills that are gained during microteaching, the perception of teacher trainees towards the
effectiveness of microteaching in imparting the skills and the practices during microteaching process that assist in
skill acquisition. Sixty Chemistry teacher trainees participated in the study. Descriptive research design was used.
Questionnaires, microteaching lesson observation guide and focus group discussions were used to collect data from
the participants. Over 85% of the student teachers indicated that microteaching helped them develop and practice
teaching skills to a great extent. Many teaching skills were observed during the microteaching sessions and the
participants were of the opinion that peer collaboration and lesson review were key activities in improving teaching
skills. Teacher trainers should focus on improving specific teaching skills through microteaching. Teacher training
should allocate more time and resources (detailed guides), in microteaching for quality teacher preparation.
Key words: Microteaching, Teaching skills, Teacher training, Microteaching skills
INTRODUCTION
The quality of education highly depends on the quality of teaching provided to the young generation. Teaching is a
demanding task that requires well trained teachers. The professional preparation of teachers therefore involves
formal coursework and practice in teaching. Basic practice in classroom teaching starts with a teacher training
program where teaching is done within a simulated setting where individual teacher trainees teach a small group of
peers for a short duration of time and then reflects on their teaching afterwards (Reddy, 2019). This practice is
commonly referred to as Microteaching. The small group of peers take the role of learners during the teaching
process after which each of the students provide peer evaluation of the lesson taught and provide suggestions for the
improvement of the lesson. The key foundation of microteaching protocol is the ability to practice teaching and
provide immediate, focused feedback and encouragement, combined with the opportunity to practice the suggested
improvements in the same training session (Allen, 1969).
Microteaching is regarded as a key feature of teacher training program in many countries. It is considered as an
indispensable technique for learning teaching skills as well as a professional developmental tool. It is an efficient
technique in learning effective teaching techniques and developing competence in teaching skills (Ramesh, 2013;
Reddy, 2019). Teaching is generally a complex task that involves many skills and its effectiveness may only be
achieved through proper training, experience and competence. Microteaching, which is the first experience in
teaching should be simplified and properly organized to allow trainee teachers to gain a variety of experiences and
competencies from the practice (Koross, 2016). According to Reddy (2019), microteaching helps teachers in
understanding the processes of teaching and learning and provides the opportunity to learn teaching. The teacher
trainee is able to practice the transfer of theories learnt into practice within a relatively simple, controlled
environment that provides a feeling of safety and confidence (Godek, 2016; Banga, 2014). Microteaching helps
teachers learn and practice techniques for active learner involvement, communication (both verbal and non-verbal),
class control, as well as design and use of teaching resources in the classroom. It also helps to expose the student
teachers to best practice through collaboration and observation. (Ijioma et al, 2014). It has been forwarded that
micro-teaching does not only contribute to teaching skills but also improves attitudes towards the profession (Atav
et al., 2014).
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Various studies have described the importance of microteaching in integrating theory into practice, learning and
gaining experience in teaching skills, provision of repeated practice, as well as provision of expert supervision and a
constructive feedback (Reddy, 2019; Bakır, 2014; Ijioma et al, 2014; Ramesh, 2013; Chuanjun & Chunmei, 2011;
Banga, 2014). Other studies have focused on the experiences of teacher trainees during microteaching (Godek,
2016; Sentumbwe, 2018) and attitude and perceptions of teacher trainees regarding microteaching (Koross, 2016;
Vandana et al, 2016; Sumeyra, 2015). A study by Gödek (2016) on science teacher trainee’s microteaching
experiences in Turkey shows that use of microteaching to integrate theory and practice in teacher training is a
worthy course. The study however does not focus on the skills gained during the practice. Ijioma et al (2014) studied
integrating microteaching theory and practice in concurrent and consecutive teacher education programmes, with
focus on benefits and challenges in Nigeria. The study argues that discussion of theories does not provide the critical
answers to how best classroom teaching should be carried out. It views microteaching practical as the only
experience that brings practical skill experience to teacher training. With this important emphasis, the study
recommends that micro teaching laboratories should be established in all the faculties of education. Chuanjun &
Chunmei (2011) carried out a study to examine the extent to which microteaching could contribute to teacher
trainees’ professional development and possible practical constraints that needed to be addressed to maximize its
positive effect. It was found that microteaching was useful for pre-service teacher’s development.
Koross, (2016) studies the experiences, competencies, and perceptions of 100 pre-service teacher trainees from the
Kiswahili language Education program in the school of education, University of Eldoret Kenya. The findings
indicate that majority of the teacher trainees have positive attitudes toward microteaching as a training technique and
that they acquired a variety of experiences and competencies from microteaching. The study recommended
increased use of microteaching sessions and use of modern technologies. Wambua et al (2011) carried out a survey
on the perception of micro teaching on 200 undergraduate students taking education course at Kenya Methodist
University in Kenya. The study concluded that the students considered the micro-teaching experience as effective in
preparing them for the teaching practice and future teaching profession. The study recommended an emphasis on the
teaching skills and development of microteaching rooms and infrastructure for ICT integration in micro teaching
sessions. These studies however did not focus on the specific skills acquired during microteaching within the
limitations of the teaching facilities and application of technology.
Kafu (2011) examined the present status of teacher education as practiced in Kenya and observes that the issue of
facilities and resources for preparing school teachers is critical. The status of current materials for preparing school
teachers is pathetic. The study argues that they are inadequate, obsolete, dilapidated and unsuitable for producing a
competent teacher who can operate in this century. We can therefore not underestimate the challenges experienced
in teacher training programs in developing countries and specifically Kenya. Due to the challenges in teacher
training, many have raised issues concerning the components and quality of teacher education curriculum, as well as
the effectiveness of the microteaching sessions in equipping teacher trainees to become skilled teachers (Reddy,
2019; Vandana et al, 2016), while others question professionalism of teaching as practiced in Kenya (Kafu, 2011).
In respect to these arguments, teacher training should be guided to transmit the best of skills through microteaching
regardless of the challenges faced by the training facilities. This study seeks to establish and guide on the
microteaching aspect of teacher training that is adversely affected by these limitations. The concept of
microteaching technique in teacher training is to helps the teacher trainee to master the teaching skills. Most of the
studies however did not focus on efficiently describing the efficacy of specific microteaching skills especially in the
Chemistry teacher training particularly in Kenya. This study therefore focuses on the aspect of acquisition and
practice of teaching skills through microteaching by the Chemistry teacher trainees during their training within the
limitations in practice.
Background: (i) The Process of Microteaching
The overall process of microteaching involves three different phases which are; knowledge acquisition (pre-active
phase), skill acquisition (inter-action phase), and transfer (post-active phase). Knowledge acquisition phase is the
preparatory phase in which the student teacher gets trained on the knowledge, skills and components of teaching
through lectures, discussion, illustration, and demonstration of the skill by the experts. In the interactive, skill
acquisition phase, the teacher plans a micro-lesson for practicing the demonstrated skills. Skill transfer involves
integration of learnt skills in a real classroom situation (Reddy, 2019; Kumar, 2016; Banga, 2014)
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The focus of this study is on the microteaching procedure during skill acquisition phase which requires that the skill
is defined and demonstrated by the trainer, the learners are then allowed to plan for the lesson, teach /implement the
lesson to a small group of peers who act as the learners during the lesson presentation, receive feedback from peers
and the supervisor and then re-plan and re-teach the lesson to another group. These steps could be repeated until the
learner acquires competency in the specific skill. Micro-teaching is therefore a cyclic process that involves six basic
steps (Reddy, 2019; Koross, 2016; Kumar, 2016; Banga, 2014).
These are:
i.
Defining the skill-The trainer defines and explains the particular skill to be practiced. The trainer explains the
purpose of the skill as well as teaching behaviours that indicate the skill. Relevant examples may be used to
describe the expected skill. A microteaching lesson may focus on a single teaching skill or on several skills.
ii.
Demonstrating the skill-the teacher trainer who should be an expert in the particular area of training should then
demonstrate the application of the skill in a simulated setting. Video lessons can be used to demonstrate the
expected skill.
iii.
Lesson planning- the trainee then selects the content area and plans for a short lesson (5-10 minutes) that will be
used to demonstrate the particular skill discussed. The lesson should focus on a single concept to be taught so
that the objectives stated can be achieved. The duration of the lesson should be agreed on between the
trainer/supervisor and the trainee teacher. Depending on the supervisor/trainer, the trainee may be required to
prepare a written sample of scheme of work as well as the lesson plan. The trainee teacher also plans for
resources to use during the presentation of the lesson.
iv.
Lesson presentation-the teacher trainee teaches the lesson to a small group of peers (five to ten). The situation
simulates the actual classroom for which the skill is being developed such as a preschool classroom, primary
school classroom or the secondary school classroom in Kenya. The peers act as the learners during the teaching
period and the presenting individual should be able to handle the class situation confidently and effectively.
v.
Lesson observation- during the presentation, the lesson is observed by the supervisor and the peers who double
up as students and peer-evaluators. The lesson could be video recorded for the teacher trainee to be able to
observe after the presentation.
vi.
Provision of feedback- after lesson presentation, constructive feedback based on observations made is provided.
This may start with viewing of the video recording followed by comments on the teacher’s observable behavior
and suggestions for improvement. It is important the presenter him/herself gives the first comments first,
followed by peers and the supervisor. It is also advisable to first point out the positive points of strength before
the areas of weakness. The supervisor’s comments should include a recognition of instances of effective use of
skill and areas that may need improvement. Since feedback is focused on improving the lesson, it is important
for members not to repeat pointing out the area of weakness already mentioned by the presenter or other peers.
After step (vi), re-planning, re-teaching and re-feedback is done to make it a cyclic process. From the feedback
provided, the teacher trainee should re-plan the lesson, re-teach the lesson to a different group of peers and get
feedback for further improvement. Teaching can be done to the same group of pupils if the topic is changed. This
cycle can be repeated until the teacher trainee is able to master the specific teaching skill.
Variations of microteaching protocols have also been adapted, some due to limitations of facilities and trainers.
Videotaping of the microteaching lesson is usually very beneficial for the learners to be able to view their own
lessons. However, some teacher training institutions in the developing countries lack sufficient facilities for this
application (Kafu, 2011). The effectiveness of the microteaching skill may be affected when microteaching process
is not adequately followed. Also, a number of skills may be learnt and practiced together. The number of cycles of
re-planning, re-teaching and further feedback depends on the resources available as well at time duration set aside
for the microteaching process (Reddy, 2019).
Development of Teaching Skills During Microteaching
Teaching as a profession has key basic teaching skills that trainees ought to acquire before being sent out to practice
in the actual classroom. The skills may include personal characteristics, interpersonal skills, subject matter skills and
teaching skills (Godek, 2016). This study focuses on teaching skills acquired during training. These skills are
practiced during microteaching sessions and are in this study referred to as teaching skills or microteaching skills.
The term skills refer to the ability to do something well or expertly. Teaching skills therefore include a set of
teachers’ behaviours that are specially effective in bringing about the desired changes in the learners. Teaching skills
are described by Ajileye (2013), as behaviours and actions that teachers acquire through practice and experiences
which are used during classroom teaching in order to make the lessons contents easier for the learners to understand.
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Kumar (2016), noted that teaching constitutes a number of verbal and nonverbal teaching acts like questioning,
giving information, listening, accepting pupil responses, rewarding, smiling, facial expressions, movements and
gestures. Kumar (2016) further noted that microteaching applies to observable, demonstrated and quantifiable skills.
Bakir (2014), argues that microteaching has been noted to impact effective lesson teaching in the areas of: lesson
introduction, classroom management, lesson conclusion, self-confidence, planning and effective communication. It
also helps learners to detect their own deficiencies thus self-improvement. Banga (2014) proposes the development
of teaching skills such as lecturing skill, skill of black-board use and the use of questions. Further, the teacher is
responsible for planning, implementing, making management decisions in the classroom and evaluating classroom
activities (Cooper et al, 2010).
The number of microteaching skills may depend on specific educators: Reddy (2019) identified 11 skills which are;
lesson planning, introduction skill (set induction), presentation and explanation skills, skill of stimulus variation,
proper use of audio-visual aids, skill of black-board writing, reinforcement, skill of probing questions, silence and
nonverbal cues (body language), classroom management, skill of achieving closure. Sentumbwe (2018) identifies
lesson planning, communication, content knowledge, use of teaching aids, classroom organization and management.
Ajileye (2013), identified; set induction, stimulus variation, planned repetition, reinforcement, non-verbal
communication, questioning, closure and evaluation, planning, classroom management, use of instructional
materials and use of chalkboard. Kumar (2016) focuses on use of probing questions, explaining clarity illustrating
with examples stimulus variation reinforcement classroom management and use of blackboard.
From combining views of various educators and researchers, nine micro-teaching skills were consolidated for the
purpose of this study. This study therefore focused the following key skills applicable during teaching that can be
practiced in microteaching: i) Lesson planning, ii) Lesson introduction skill (Set induction) iii) skills in Presentation
and explanation, iv) use of stimulus variation, v) proper use of teaching aids and vi) black-board writing, vii) use of
question/answer technique and reinforcement, viii) classroom management and, ix) proper lesson conclusion. A
discussion of what each of these skills entail in a microteaching lesson is provided in the paragraphs that follow.
Planning what to teach, is a decision making leadership aspect of teaching that involves understanding, using and
reconstituting curriculum frameworks and standards, interpreting educational objectives as well as constructing and
using instructional objectives, it also involves constructing effective use of time and space (Arends, 2012). Planning
involves setting out clear, specific, measurable, achievable, relevant statements of expected outcomes that learners
will achieve within the specified time duration. It also involves selection of the content that is appropriate, relevant,
concise and sufficient for the given duration of time and to achieve the set objectives. It is important to note that
lesson planning is a key teaching skill with an influence on overall teaching. This is because the lesson plan serves
as a frame of reference and guide for the entire lesson process (Ajileye, 2013). The trainees plan for suitable learning
activities and organize knowledge to be learnt appropriately. According to Arends (2012) planning influences what
learners learn. It helps the teacher to be sensitive to the needs of the learners and provides direction for instructional
processes which leads to a smooth flow of learning in the classroom. Learners practice planning for a short 5-10minute lesson period and train to expand the experience to larger durations of time such as the usual 40-minute
lesson time for a secondary school class period in Kenya. The learners are allowed to plan before the lesson
presentation. The observer/trainer may not be available during planning but can check on planning abilities through
a careful study of the lesson plan and the scheme of work used during the microteaching lesson.
The skill of lesson introduction and set induction involves capturing learner attention, developing a rapport, focusing
the attention on the lesson and understanding learner pre-requisite knowledge, unveiling required background
information as well as linking the content to the existing knowledge (Reddy, 2019; Ajileye, 2013). Presentation and
explanation skills make the difference between what learners may refer to as an interesting teacher and a “boring”
teacher. It encompasses teacher enthusiasm, explanation, narration, giving appropriate illustrations and examples,
and encouraging learner participation. The teacher should ensure clarity, continuity, relevance to content using
beginning and concluding statements and covering essential points (Kumar, 2016).
Teacher communication skills were considered in this category of skills. In order to increase learners’ understanding
and retention of taught content, classroom teaching should be highly characterized by a teacher who is active and
explains the content in a simple, relevant and interesting way as well as students who are active listeners and
responders (Reddy, 2019; Cooper et al, 2010, Arends, 2012). Stimulus variation is meant to capture and sustain
learner attention throughout the lesson. This can be achieved through skillful change in situations such as teaching
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style, teaching behaviours or learning activities (Cooper et al, 2010). This can be achieved through use of various
teaching aids, proper use of verbal communication such as voice tone variation, modulation of speed and volume
and change in speech pattern and emphasis on key points through planned repetition. Non-verbal patterns of
reinforcement such as movement in the classroom space, changing interaction patterns, use of gestures and facial
expressions can also be used (Reddy, 2019; Kumar, 2016)
Proper use of relevant teaching aids and audio-visual resources is a key skill in teaching. Visual resources should be
well written, properly legible, neat, appropriate size to be seen by all members of the class and should facilitate
transmission of content ideas designed for the particular class. Innovativeness and its method of use such as
displaying increase learner interest and attention in class. The writing board is a key resource in every science
classroom and should therefore be appropriately used. The key skills included in writing on the board are use of
appropriate size of letters, the legibility, alignment and spacing of lines. The teacher should also train to utilize the
writing board space appropriately, use appropriate colour pen or chalk for contrast, write key points on board, stand
in an appropriate position for learners to see the board and ensure that eye-contact with the learners is constantly
sustained. Question and answer technique is integrated into all methods of teaching. The teacher uses question to
acquire feedback on learners’ knowledge and understanding, develop a lesson systematically and encourage learners
to participate. It may also help the teacher discover scientific misunderstanding of some chemistry concepts. The
teacher should therefore practice the art of using open ended structured questions, proving, re-phrasing, refocusing,
re-directing, giving cues and using appropriate verbal and non-verbal reinforcement during teaching (Kumar, 2016).
It is essential for the teacher to maintain appropriate and acceptable behavior in class. The teacher should create an
orderly learning environment and deal with student behavior appropriately. Arends (2012) argues that classroom
management is one of the key challenges beginning teachers face, yet classroom management and instruction are
highly interrelated. Practice in class management and control is therefore an indispensable skill during the
microteaching lesson. This may be observed in the teacher giving appropriate and adequate instructions, calling
learners by name and restricting inappropriate behavior in the classroom. Kumar (2016), explains that the teacher
should make norms of classroom behaviour, reinforce attending behaviour, provide clarity of direction, check nonattending behaviour, keep pupils in ‘Eye Span’ and check inappropriate behaviour immediately. The method of
concluding the lesson should ensure to bring relevance to what has been learnt. The lesson conclusion should be able
to bring out a summary of key learning points, connect the lesson with the past and show ability of applying the
knowledge in future learning. Time management is also key. The lesson should be covered within the stipulated time
period (Reddy, 2019). These were the key skills on which the study focused.
Theoretical basis
The study is based on social cognitive theory advanced by Albert Bandura that proponents that knowledge
acquisition of an individual is influenced by social interactions and experiences. The theory proposes that the
behavior of and individual can be guided by observing a model performing a behavior and the consequences of the
behavior (Nabavi, 2012). The theory has often been called a bridge between behaviorist and cognitive learning
theories because it encompasses attention, memory, and motivation. It is a development of Skinnerian theory of
shaping where the process of microteaching borrows from Skinnerian operant conditioning that means responses
that occur are followed by reinforcement. (Kumar, 2016).
Statement of the Problem
The function of microteaching in improving teaching skills cannot be over emphasized. Since classroom teaching
involves facilitation of learning by use of various skills, microteaching has been incorporated in the teacher training
program in Kenya with an aim of exposing teacher trainees to as many skills of teaching as possible. Microteaching
has been seen as a requisite condition of teacher education aimed at providing professional experience and teaching
competence to teacher trainees. Even with its importance emphasized, many teacher training institutions especially
in the developing countries like Kenya lack some basic facilities such as Microteaching rooms and enough personnel
for this practice. Many scholars have questioned the quality of teacher training as well as the effectiveness of
microteaching practice. This raises concern as to whether microteaching done during teacher training is effective in
ensuring that the trainees acquire basic teaching skills expected of them before going to the actual classroom
practice. This study therefore explored the experiences of chemistry teacher trainees with a focus on gathering
information on the skills they were able to acquire during microteaching practice that would help them in the
profession of teaching.
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Purpose of the Study
This study was carried out to explore the experience and skills acquired by chemistry teacher trainees during
microteaching and therefore to guide teacher trainers as well as learners on protocols and skill areas to focus on
during microteaching sessions for the purpose of improving the quality of teacher training. This study emphasizes on
the need to use microteaching to enable teacher trainee learn and practice primary teaching skills efficiently with
minimum available resources and facilities.
Objectives of the Study
The study was guided by the following objectives:
1. To explore the student teacher perception towards skill learning during microteaching lesson in teacher
training.
2. To describe effectiveness of the application of teaching skills during a microteaching lesson.
3. To determine the importance of various aspects of micro-teaching in assisting skill acquisition and
development of teaching abilities of Chemistry teachers.
METHODOLOGY
Descriptive research design that involved the use of both qualitative and quantitative methods was used. Descriptive
research aims to accurately describe and analyze a research problem and allows one to collect data about from the
participants within their social setting. This design was appropriate since the key aim of the study is to provide a
description of skills learnt and practiced during microteaching. Descriptive research allows the researcher to obtain
information on the current status of the phenomena and to describe what exists with respect to variables or
conditions in a situation (Bernard, 2012).
The study involved sixty (60) third year university student training in the teaching of Chemistry subject at secondary
school level. The teacher trainees carried out microteaching as part of their Chemistry subject teaching methods
course. The study was carried out during their course in which each student was involved in the microteaching
process and thus did not distract their actual learning processes. They were divided into six groups of ten learners
each. Each trainee was allowed to prepare a 7-minute Chemistry lesson from Kenyan secondary school teaching
content as provided by the Kenya Institute of Curriculum Development (KICD) syllabus. This was because the
teacher trainees were training to teach Chemistry at secondary school level. After the lesson each presenter was
requested to provide feedback/evaluation on their own performance, the peers evaluated them and finally the
supervisor would provide feedback on the presentation. The process mainly consisted of four key stages which
involved discussion of skills for teaching, planning, implementation and feedback stage. This was due to the
limitation of time, the class size and the intensity of course content. The trainees prepared a two-week scheme of
work and a lesson plan for the lesson they taught. These two documents were evaluated by the instructor to
determine the quality of planning and written feedback provided to the teacher trainees.
During the study, microteaching lessons were observed. Observational method is used in descriptive research in
order to allow the researcher collect data based on the behavior and characteristics of respondents. A microteaching
Lesson observation schedule was used to guide identification of key skills used during microteaching lesson. The
schedule focused on skills practiced during microteaching. These are i) Lesson planning, Lesson introduction (set
induction), Presentation and explanation, stimulus variation, use of teaching aids and black-board writing, use of
question/answer technique and reinforcement, classroom management and lesson conclusion and closure. Observed
behavior would be rated between one (1) and five (5) according to levels of performance where: Excellent (5); Very
good (4); Good (3); Weak (2); Very weak(1). Room was made for comments in the observation schedule. This
ensured that a record of any unexpected teacher behavior that had an influence in the teaching learning process
could be recorded. The learners who participated in the microteaching practice were requested to complete
questionnaires that would help the researcher determine their perspectives concerning skills gained during the
microteaching practice sessions.
A questionnaire was used to collect data on what learners perceived as key skills acquired during microteaching.
The questionnaire was composed of five parts. The first part gathered the bio-data of the participants in order to
ensure that the study was not gender biased. The second part was intended to gain feedback on the aspects/activities
of micro-teaching that teachers considered important for their development as chemistry teachers. The third part was
seeking student perception towards microteaching sessions in regard to preparation for the real teaching. The fourth
part sought skills the teacher trainees learnt during microteaching from their own perception to support the
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observations made. The last part was to avail data on what the teacher trainees would suggest as a way of improving
microteaching. After all members of the group had presented their lesson, a short session (about 30minutes) of focus
group discussion was carried out. This was guided by a structured focus group interview schedule. Focused group
discussion was used to collect data on the key views by the participants on what they considered important skills
during the process of micro teaching. Focus group interview provided an environment for the individuals to freely
reveal their ideas. Focus group interviews are commonly used to derive an understanding of participant’s thoughts
and reflections on their experiences (Godek, 2016). In this study, focus group interview helped gather in-depth
information on their concerns and suggestions regarding microteaching practice. This was to help strengthen the
data collected through interviews and questionnaires. Descriptive statistics were used to analyze data. Frequency
counts and percentages were derived for quantitative data. Data was coded, and categorized, related and integrated
generate meaning and answer the research questions
RESULTS AND DISCUSSION
Student teacher perception towards skill learning during microteaching lesson in teacher training
The perception of the teacher trainee towards microteaching was gathered by use of a questionnaire and feedback
from focus group discussions. The researcher sought the opinion of learners concerning their general perception
towards micro-teaching sessions in regard to preparation for the real teaching. It was found that 96% indicated that
microteaching practice was very useful in supporting their development as Chemistry teachers. Equally 85.6%
indicated that to a great extent, microteaching has helped them in preparing for teaching practice that is done in real
school situation and is usually assessed.
The participants were further required to express their agreement/ disagreement with specific statements indicating
particular areas which they felt were highly influenced by the microteaching process. Table 1 provides the
percentage of participants that indicated agreement with the specific ways they perceived microteaching as useful in
their training to become teachers.
Table 1: Student teacher’s perception towards skill development during microteaching sessions
Microteaching;
Percentage
i
It increased my motivation to become a chemistry teacher
95.45
ii
Put me more at ease regarding classroom teaching
93.18
iii
Helped me practice being in front of a class
93.18
iv
Helped development of presentation skills
95.45
v
Increased my confidence in teaching
88.6
vi
Helped in the development of lesson evaluation skills
86.3
vii
Influenced my perspective towards pupils in class
90.9
viii
I learnt different teaching techniques from my colleagues
95.4
The high percentages indicated agreement of teacher trainees with the fact that microteaching helped them develop
various skills. A good number (95.5%) indicated that the process increased their motivation to become a chemistry
teacher. During focus group discussion, some joked with their colleagues that they thought teaching was really
difficult until the microteaching session which proved to them otherwise. The participants were required to indicate
the extent to which they felt microteaching was effective in helping them develop and practice various teaching
skills. The bar graph in Figure 1 indicates students’ rating of effectiveness of microteaching in developing and
practicing various teaching skills. From the high percentages of agreements indicating the perceptions of the
participants towards the effectiveness of microteaching in learning teaching skills, it could be concluded that they
found microteaching useful in their training. This is in agreement with the findings of the research by Sumeyra
(2015) which showed that most the students had a positive perception of microteaching. Though this does not agree
with the findings of Vandana et al (2016) that revealed that the student teachers did not generally have a favourable
attitude towards microteaching, it is important to note that the participants were able to appreciate microteaching
exercise when specifically focused on the skills intended. The student teachers indicated having gained a lot from
the microteaching practice. They felt it prepared them for teaching practice. This was in agreement with results of
other researches in the area of microteaching.
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Figure 1. Perception of student teachers on the effectiveness of microteaching in developing and practicing
teaching skills
Teaching skills applied in a microteaching lesson
It is important to find out if the microteaching process helped in gaining appropriate skills and what could be
addressed differently to improve the microteaching process. The use of various skills was observed during the
microteaching class and rated as either Very weak (1), Weak (2), Good (3), Very Good (4) or Excellent (5). The
average of the ratings was used to explain the extent of use of the key microteaching kills observed. The results were
as indicated on Table 2.
Table 2: Skills observed during the microteaching lesson.
SKILL OBSERVED
1. Lesson planning
2. Introduction skill
3. Presentation and explanation
4. Skill of stimulus variation
5. Utilization of instructional materials
6. Utilization of writing board
7. Questioning, reinforcement & feedback
8. Classroom management
9. Closure and evaluation

Average Rating
3.53
3.21
3.22
3.12
3.84
3.75
3.37
2.64
2.02

Percentage
70.6
64.2
64.4
62.4
76.8
75.0
67.4
52.8
40.4

All the basic skills commonly used during microteaching identified by researchers and educators (Reddy, 2019;
Vishal et al, 2017; Kumar, 2016; Ajileye, 2013; and Yusuf, 2013) were observed. These observations were made
during the first cycle of the microteaching lesson. The skills are improved with subsequent cylces of teaching. It was
however considered that the first cycle provides a more accurate expression on the use of skills because on the
second or third teaching, the trainees would tend to shape their lessons according to the questions and comments
made in the previous teaching which would make them feel restricted (Godek, 2016). Also, some researchers argue
that microteaching is very time consuming and some learners may not be able to re-plan and re-teach their lesson
(Reddy 2019), it is important to note that the skills discussed in this study can still be practiced within the
microteaching lesson. Majoni (2017) gathered that learners gained confidence, reduced fear and improved planning.
Many researchers who agree that microteaching is useful for skill learning (Godek, 2016; Bakır, 2014; Ijioma et al
2014; Ramesh, 2018). Many skills were observed during microteaching as discussed in the following paragraphs.

411

Lesson preparation involved preparation of a two-week scheme of work and a lesson plan. The skills that were
found to develop through the preparation of these documents include ability to state the objectives that are specific,
measurable, achievable within the stipulated lesson time and reliable in terms of learner behavior. It also entailed a
close look at logical, properly sequenced content that is adequate (as reflecting facts/knowledge, values/attitude&
skills) the organization of knowledge to be presented and planning for suitable students’ activities was of
importance. Planning was the among the best rated skill at 3.53 which translates to 70.6%.
The skill of introducing the lesson as well as set induction was observed through paying attention to how the lesson
presenter was able to gain pupil’s attention, establish rapport with pupils, link their previous knowledge with the
topic. The rating of 64.2% indicates that the skill was present while the presenter needed to be more relaxed and
show relevance of the introduction to the lesson. In one of the sessions the teacher started the lesson with a prayer.
The skill of lesson presentation and explanation were categorized together due to the fact that microteaching was a
short lesson covered in seven minutes. The observed characteristics of include appropriate use illustrations and
examples, planned repetition, focusing, movement, emphasis, voice variation and modulation (pitch, volume, speed,
pausing). The observation in the skill of stimulus variation included ability to secure and sustain attention which
involve non- verbal communication (gestures: hand, facial and body), the speech pattern, and change in the
interaction pattern. Most teacher trainees were found to make efforts in involving learners during the learning
activity. Some used exercises while others would call the learners out to use the writing board. However, the student
teachers felt that they would have increased and varied the interaction patterns if the lesson was longer. During the
focus group discussion, they shared some of the experiences they learnt from each other and would be willing to
practice in class.
Most of the participants utilized instructional materials thus the rating at 76.8%. Some learners used real objects,
chemicals and laboratory apparatus, improvised laboratory resources, models and charts. The skills in the use of
instructional materials that were observed and discusses include; relevance, displaying method, method of use,
clarity of the resource as well as innovativeness. Focus group discussion revealed that innovativeness and
improvisation was highly appreciated by the students. Some trainees confessed that their curiosity was piqued by
some innovative materials providing them with great ideas on how to handle certain areas of chemistry content.
It was however noted that none of the participant used ICT during the microteaching lesson. This points to the dire
need of microteaching laboratories equipped with sufficient technologies to encourage ICT integration in the
teaching and learning of chemistry. Most participants had no difficulty in the utilization of the writing board. Some
skills in the use of writing board observed include neatness, organization and space utilization of writing board,
legibility of letters and words, highlighting main points, position of the teacher (to avoid blocking the view of
learners from what in written on the board) and allowing learners to use the board.
Questioning skill involved probing, use of cues, refocusing, reinforcement & feedback. Most learners used
questioning skill. There was observed need to improve on reinforcement and feedback. It was therefore rated at
67.4%. Classroom management was rated at 52.8% from observed learner management, classroom control,
participation, identifying learners, neatness, leadership as well as time management.
The challenge in classroom management was related to the class being artificial in nature since they were teaching
colleagues instead of real learners. Godek (2016) also identifies the problem of artificial environment as one of the
challenges faced during microteaching. Closure and evaluation involved summarizing and consideration of
relevance of the lesson. This was the lowest rated skill (at 40.4%) because most participants felt rushed to conclude
the lesson due to time limitation. They disclosed during focus discussion that they were not able to appropriately
time such short lessons but the skill would improve in subsequent presentations.
The process of learning skills during microteaching sessions
The third objective was to explore how teaching skills are learnt during microteaching or activities involved in skill
learning. In an effort to determine the importance of various aspects of micro-teaching in assisting skill acquisition
and development of teaching abilities of Chemistry teachers, the participants were asked what they found important
in developing teaching skills during microteaching sessions. The aspects indicated in Table 3 were identified.
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Table 3: Aspects of microteaching important in development of teaching skill
Aspect
i.
ii.
iii.
iv.
v.
vi.

Increase in confidence
Bringing closer the feeling of classroom environment
Learning from peers
Support from peers
The opportunity to collaborate with peers
Ability to Observe self/others from pupil’s perspective

Very Important
(%)
90.2
86.4
86.3
84.6
81.8
80.5

Important
(%)
9.8
13.6
13.7
15.4
18.2
19.5

Not Important
(%)
0.0
0.0
0.0
0.0
0.0
0.0

All the aspects indicated were identified as important in developing teaching abilities. It is worth noting that gaining
confidence from the activity was rated the highest with 90.2% viewing microteaching as very important in
developing confidence and the remaining 9.8% viewing it as important. It is important to note that peer learning,
support and collaboration are equally viewed as very important aspects of microteaching. Viewing their peers’
presentation of the lesson from the perspective of a learner made the participants recognize their own weaknesses.
Information gathered during focus group discussion indicated the importance of this aspect.
Further suggestions by the participants indicated that the student-teachers should be allowed to decide and select the
topic for their lesson, and the tutor/ lecturer be present during the teaching and group feedback sessions. Regarding
the duration of teaching and planning, 64.1% were of the opinion that the lesson should be longer than 7 minutes
while 35.9% found the time sufficient for the lesson. Planning needed to be provided with more time as 84.61%
indicated that time provided for planning was not adequate. Since it is so effective in helping trainees to gain
teaching skills, microteaching should be given far more time in the teacher training programs. This indicates that it
should be conducted more often during training. This was in agreement with Atav et al (2014) and Bakir (2014). The
focus group discussions also revealed that the participants highly valued peer review and the discussions done after
the microteaching sessions. They were also of the view that more support on the resources used during the sessions
was very necessary.
CONCLUSION
Microteaching provides the trainees with a chance to learn skills and to try or experience different teaching
techniques. This was in agreement with the findings of Godek (2016). Teacher trainees viewed microteaching as an
important exercise in learning and practicing various teaching skills learning. It was found that the following skills
were practiced during microteaching; lesson planning, introduction skill, presentation and explanation, skill of
stimulus variation, utilization of instructional materials, utilization of writing board, questioning, reinforcement &
feedback, class management and closure and evaluation of a lesson. Teacher trainers using microteaching should
therefore focus on these skills. Peer evaluation was quoted by many participants as a very important section of
microteaching. Collaboration and support from peers helped improve confidence in the ability of an individual as a
teacher. The trainees were able to observe oneself and others from pupil’s perspective and thus identify areas of
weakness that needed to be improved and areas of strengths to be emphasized.
RECOMMENDATIONS
The teacher training programs should also allocate more time for microteaching so that there is adequate time for
practicing the skills to perfections. There is need for teacher training institutions to allocate more resources towards
the microteaching process. There is need for a fully equipped microteaching laboratories especially with modern
technological equipment to enhance ICT integration into the lessons. Considering the pivotal role of microteaching
in the development of teaching skills, it is essential that the country develops a detailed microteaching policy and a
well-researched manual to guide teacher trainers and trainees in the microteaching process and the skills that should
be emphasized during the process.
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ABSTRACT
Widowhood has been on increase globally and Kenya as nation is not exceptional. The state of widowhood globally
has been made worse during this period of Corona Virus Disease which started in Wuhan in China in December
2019 (WHO, 2019). Losing a spouse through death is quite emotive and may affect the bereaved persons’
psychosocial wellbeing as well as coping mechanism. In Meru community of Kenya, few researches have been done
on counselling as a coping mechanism of widowhood. The study’s main purpose was to determine how loss and
grief counselling is used as a coping mechanism by comparing widowers and widows in Meru County Kenya. A
descriptive survey was employed in the study where ex post facto’s causal-comparative research design was
appropriately used. A total population of 80,332 widowed persons in Meru County was targeted. For comparison
purposes, a total sample size of 384 respondents was used; half from each gender. Questionnaires and Focus Group
Discussions were used to collect data from respondents based on gender. Both descriptive and inferential statistics
were employed. Widows sought for loss and grief counselling more at 61% than widowers at 47 % and from FGDs
more than 70% and less than 20% respectively. From t-test results there was a statistically significant difference
which favored widows than widowers in seeking for counselling services. In conclusion, the study findings may
assist the widows and widowers to seek timely loss and grief counselling services as a positive coping mechanism.
Keywords: Widowhood, loss and grief counselling, coping mechanism, psychosocial wellbeing, widow/ widowers.
INTRODUCTION
People respond to loss in an enormous variety of ways. Emotional and behavioral responses to loss might include
sadness, preoccupation, yearning, depression ,anxiety or numbness (Magnuson & Enright ,2008). A grieving
widow might oscillate between strong feelings and no feelings hence showing how differently people cope with
loss and grief. Many people are experiencing grief during the COVID-19 pandemic. Grief is a normal response to
loss during or after a disaster or other traumatic event. Grief can happen in response to loss of life, as well as to
drastic changes to daily routines and ways of life that usually bring us comfort and a feeling of stability. (Center for
Disease Control,2019 ). Stroebe &Schut (1999) published their dual-process model of coping with bereavement .
They propose that effective ways of coping with bereavement include both loss-oriented and restoration-oriented
process, and that bereaved individuals will oscillate between both processes.Loss and grief counselling is the
process of helping the widowed men and women go through bereavement stages by getting services from another
person who is empathetic and understanding. Death and the process of dying are perhaps the hardest facts of life for
man to face (Axerold, 2018). The widowed person must be prepared for good and bad days as they reorganize their
lives especially during the early stages of recovery.
The counselor can help the bereaved to replace despair, with hope, fearfulness with courage and guilt with feelings
of forgiveness. It is also paramount to help the mourner find a substitute for the loss he has experienced (Appel, &
Papaikonomou, 2013). The grieving person or persons can be assisted and inspired to live and work creatively and
meaningfully thereby finding a fulfilling life that is really worthwhile and satisfying (Appel, & Papaikonomou,
2013). The grieving person or persons can be assisted and inspired to live and work creatively and meaningfully
Grief is the deepest human emotion which is basically manifested in intense sorrow due to either death of a loved
one, separation, natural disaster, miscarriage, loss of a job, emptiness or deprivation (Ng’eno &Chebogut 2010).
Although it is normal to feel guilty, guilt is self-imposed and requires to be put into a proper perspective. This
means not ignoring the positive dimensions of the relationship with the deceased and by sharing their feeling with
others. It is important to talk about your loss be it with friends, relatives, or counsellors. Among these lines a
support group may be an excellent source of guidance, security and trust working through your grief with others
also helps combat the loneliness that is prevented following the loss of a loved one (Limann, 2003).
A survey done one time in the United States it was revealed that when people find themselves in a crisis 42% will
seek a pastor, 31% will go to a psychologist, marriage counselor or psychiatric, while 29% will go to their family
physician ( Urassa , 2001). Death is a form of crisis because a person is unable to solve problems, experiences
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anxiety, guilt, restlessness and disturbances in the routine of life. Bereaved person with pathological grief can be
helped in journey towards healing by a psychotherapist. This is only possible if the bereaved persons acknowledge
their problem and are willing to engage in the healing process. The therapist’s job is to help the bereaved persons
remain focused on the issue of the loss and help them through active and reflective listening. The greatest challenge
on the part of the bereaved persons is their ability to express their feelings while the greatest challenge for the
therapist is the ability to listen to the bereaved persons and assist them in dealing with grief (Malkinson (2010).
The stages of mourning and grief are universal and are experienced by widowed persons differentially based on
cultural background. Mourning occurs in response to a widowed person loss of a close relationship or to the death
of a valued being, both human and animal. There are five stages of normal grief that were first proposed by
Elisabeth Kübler-Ross in her 1969 book “On Death and Dying.”(Axelrod, 2018). These stages include Denial and
Isolation which is the first reaction to learning of a death of a loved one and total denial of the reality of the
situation. It is a normal reaction to rationalize overwhelming emotions by the widowers and widows. Anger and
Bargaining directed at the dying or deceased loved one. The fourth stage is depression which is accompanied by
normal reaction to feelings of helplessness and vulnerability by widowed persons. Secretly, they may make a deal
with God or other higher power in an attempt to postpone the inevitable but is weaker line of defense to protect
them from the painful reality of life (Urassa, 2001). The final stage is acceptance which brings healing. This stage is
marked by withdrawal and calm and is not happy times and therefore must be distinguished from depression.
Coping with loss is ultimately a deeply personal and singular experience that require counselling services either
formally or informally (Axelrod, 2018).
Globally, widowers cope by remarriage, career advancement and engaging in businesses, while widows mostly use
religion, support groups and counselling as a coping mechanism(Wolfelt, 2003).. Men find that they are alone for
the first time in their lives and go from living with parents to living with a partner without ever having experienced
living alone (Wolfelt, 2003). This too can be daunting, especially for those who have spent many years with a
partner and growing family. If being alone is a problem some people like to get a pet, write in a journal about death
,pray, use relaxation techniques and exercise (Wolfelt, 2003). South African communities are exposed to multiple
traumatic experiences, including ongoing community and domestic violence and family murders (Statistics South
Africa, 2014). Rosenblatt and Nkosi (2007) studied the year-long isolation and estrangement of widows in South
Africa from communities in southern cape town and the difficulties of this occurring in a transitional society. Rashe
(2008) examined the coping mechanisms of women who experienced intimate partner violence with little recourse
to help. Rashe (2008)' left out widowers which this paper covered. Most of the literature on this topic emanates from
a Western worldview and assumes that a loss, grief or trauma is an individual experience which can be dealt with in
isolation and regular life resumes after it has been appropriately addressed (Breen & O'Connor, 2007). Therefore,
this paper compared widows and widowers seeking loss and grief counselling as a coping mechanism.
STUDY OBJECTIVE
To determine whether there are differences in seeking counselling services by widowed men and women to cope
with widowhood in Meru County of Kenya.
RESEARCH PROBLEM
The widow or widower may genuinely feel blameworthy, usually their self-blaming thoughts are unrealistic since
they are overly harsh on themselves. They stretch their imaginations to believe they would have prevented death.
They feel as guilty as if they had intentionally brought themselves or others harm which is rarely the case. However,
all people feel guilty during a time of loss. What widowed persons do is to get a support system to help them sort
out these feelings by minimizing the unrealistic guilt. Seeking counselling services can help to separate realistic
from unrealistic guilt by asking questions during the recoil stage, where many widowed persons are not prepared for
the negative feelings that are experienced.
As a result, some widowed persons do not seek for counselling services in order to cope with their state of
widowhood and that has diverse challenges such as depressive episodes, isolation and low self- esteem. Researches
done show that generally men do not seek for counselling services like women. This is worsened by Meru cultural
expectations that men should be brave, hardy and ready to face any challenge including death unlike women who
are viewed as weaker sex. That is why this study was conducted to establish whether differences existed in seeking
loss and grief counselling services by widowed men and women in Meru County.
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METHODOLOGY
This section presents a description of research design, location of the study, population of the study, sample size and
sampling procedures, instruments, data collection and data analysis procedures.
Research Design
This study was a descriptive survey where Ex post facto’s causal-comparative research design was utilized because
two groups of widowed persons (widows and widowers) were compared in order to find out how loss and grief
counselling as a coping mechanism of widowhood is used. The study was carried out in Meru County Kenya.
Sample Size
The researcher used simple random sampling technique to select four sub-counties from the eight districts in Meru
County, Kenya. According to Ogula (1998), a sample size of 384 respondents is acceptable for a descriptive
research with a population of 100,000. In this study, the target population is 80, 332 and therefore a sample size of
384 was deemed appropriate. Out of the 384 widowed persons that were selected, 192 were widows and 192 were
widowers who were purposively selected. From this number, 48 widowed men and 48 widowed women were
sampled in sub-county by use of purposive sampling technique.
Instrument And Procedures
The study utilized questionnaires and Focus Group Discussions to collect data from the respondents. The items in
the questionnaires were open and closed-ended. Furthermore, Focus Group Discussions helped to capture the indepth information by probing further on counselling services as a coping mechanism used by widowed persons. The
issues raised were recorded in a recording list for reference and in order to assist the researcher in data analysis.
Data Analysis
Loss and grief counselling as a coping mechanism of widowhood was explored to establish whether differences
exist in seeking for counselling services by widows and widowers. The data that was collected from using the
questionnaires and Focus Group Discussions was analyzed using descriptive and inferential statistics. Descriptive
statistics including frequencies and percentages was used and inferential statistics included the t-test to compare
means of widows and widowers in Meru County, Kenya. Mugenda and Mugenda (1999) notes that t-test is an ideal
statistical tool when comparing the means of two groups. Loss and grief counselling as coping mechanism was
established and compared in widowed men and women. The significance level was set at α=0.05 and Statistical
Package for Social Sciences (SPSS) version 17 was employed in the entry and analysis of data. According to Borg
(1996) SPSS is the commonly used set of computer programme in social science research. The programme is
comprehensive, integrated collection of computer programmes for managing, analysis and displaying data. The
results of the data were presented in summary using frequency tables and percentages that enhanced clarity and
brevity. Furthermore, from the Focus Group Discussions, some excerpts giving the responses of widowed men and
women were presented in themes and summaries. These were very useful because they gave more in-depth
information about counselling as a coping mechanism of widowhood.
RESULTS
Comparison of seeking counselling by Widows and Widowers
Loss and grief counselling is the process of helping the widowed men and women go through bereavement all the
bereavement stages .Results on Loss and Grief Counselling as a Coping Mechanism for Widowed Persons are
presented in Figure 1. As noted in Figure 1 a higher number of widowed women seek counseling services where
33% strongly agreed and 28% agreed hence 61 % of widows sought counselling services. Widowed men however,
who strongly agreed at 10% and those who agreed were 37% hence 47% of widowers sought counselling services.
This could be attributed to widowed men being more introverted than women and as a result they do not share their
problems like them. This is further supported by a higher number of widowers (23%) who disagreed and Strongly
31% with getting counselling services unlike widows who disagreed at 8% and strongly Disagreed at 30%.To shed
more light, means, SDs and Independent Sample t-test analysis, on counselling as a widowhood coping mechanism
was computed as shown in Table 1. Table 1 indicates that some differences existed between widows and widowers
joining or seeking counselling services as a coping mechanism of widowhood. Widows outnumbered the widowers
in participating in getting these services. The mean for widows was 3.24 whereas that for widowers was 1.69 points.
This implies that widows were turning to loss and grief counselling as a coping mechanism more than widowers.
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Figure 1. Loss and Grief Counselling as a Widowhood Coping Mechanism
Table 1. Comparison of loss and grief Counselling as Widowhood Coping Mechanism
Category
N
Mean
t-value
Df
p-value
Widows
Widowers

192
192

3.24
1.69

26.50*

1

0.000

*denotes significance at α= 0.05
widowers cope by remarriage, career advancement and engaging in businesses, while widows mostly use religion,
support groups and counselling as a coping mechanism (Wolfelt, 2003).Men find that they are alone for the first
time in their lives and go from living with parents to living with a partner without ever having experienced living
alone (Wolfelt, 2003). This too can be daunting, especially for those who have spent many years with a partner and
growing family. If being alone is a problem some people like to get a pet, write in a journal about death, pray, use
relaxation techniques and exercise (Wolfelt, 2003). However, this finding was not sufficient to make a conclusion
on the stated hypothesis. Therefore, a look at the mean scores and standard deviations (S.Ds) provided substantive
difference. The obtained t-value (t=26.50, P < 0.05) is indicative of statistically significant differences in loss and
grief counselling of widows and widows in Meru County. Many widowed women acknowledged the use of loss and
grief counselling services as a major coping mechanism in the Focus Group Discussions held and generated
qualitative data as shown in Excerpt 1. (The names used in Excerpt 1 are not real names)
Excerpt 1.
Researcher: Do you seek for loss and grief counselling services as a coping mechanism after the loss of your
spouse?
Doreen (Widow): That is a big help, having somebody close to tell my problems has made me a better woman. I
usually share my problems to a male friend whom I trust and life has changed for better.
Erick (widower): After I joined church life has been positive. I usually share my loss and grief problems with my
pastor. I also got to know a female friend closely who has helped me go through bereavement.
Medline (Widow): I suffered a lot when I lost my husband through tragic road accident. I went into denial until
and after burial. I was referred to a counsellor by my friend who had earlier lost her husband a year before.
The counsellor helped me to overcome the grief process successfully by taking me through five stages of
denial, anger, bargaining ,depression and acceptance .Currently I now I assist other widowed persons in
my support group to seek loss and grief counselling services from a qualified counsellor.
Martin (widower): After I lost my wife through child birth of our second born child I was in denial until the child
who survived became a teenager. However, I did not seek any counselling services since in my community
men are socialized to face any challenge and hardship in life. My son is always my consolation since I see
the life of my late wife in him.
From the sampled respondents, Focus Group Discussions revealed that more than 70% of widows expressed the
need to have either a counsellor, pastor, friend, either male or female who they share their loss and grief problems
with. Therefore, this made them seek for counselling services from the service providers in order to cope with the
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new life of widowhood. However, from the FGDs conducted , less than 20 % of widowers in Meru County are not
drawn to what they believe to be counselling interventions because they often perceive them as services designed
primarily for women. Widowers are typically uncomfortable with environments where the open expression of
emotion is encouraged because it is not consistent with their preferred way to grieve (Murray, 1990). Cultural
perception also makes the widowers to avoid seeking counselling services since it is viewed as cowardice act in
Meru community. Cross-cultural sensitivity is vital when working in a context where Western and traditional
frameworks intersect (Nembahe, 1998). The contextual analysis of rural black women and depression and the
assessment of needs and group strengths and weaknesses (Brown et al., 2000), as well as assessment of grief through
culture and community (Kasiram & Partab, 2002) all form part of a new approach - the use of rigorous methodology
within a group context and culture when dealing with loss and grief among widowed men and women.
CONCLUSION
Differences existed in widowhood coping mechanisms among widowed men and women. Widows coped better than
widowers in their state of widowhood by seeking for loss and grief counselling services. In conclusion women
preferred counselling services more than widowers. The study further established that young widows were
preferring counselling services more than old widows.
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ABSTRACT
Gender equity and women’s empowerment are prerequisites to effective biodiversity conservation, climate action
and meeting the Sustainable Development Goals. In view of its ecological, social and economic value, wildlife is an
important renewable natural resource. Its significance is felt in areas such as rural development, land-use planning,
food supply, tourism, scientific research and cultural heritage. A better understanding of the different roles,
knowledge, needs and aspirations of women and men with regard to wildlife management and conservation can help
us achieve the twin goals of better conservation outcomes and increased gender equity. This study aimed at
assessing the gender disparities and sustainable wildlife ecosystem in conservancies within Maasai Mara ecosystem,
Narok County, Kenya with an aim of coming up with the best strategies to enhance gender responsive and
sustainable wildlife ecosystem. The study was carried out in four Maasai Mara wildlife conservancies. Descriptive
survey and sequential explanatory mixed method approach were adopted for the study. A sample size of 167
respondents comprising of wildlife managers, conservancy landowners and conservancy rangers participated in the
study. Data collection was done using questionnaires, Focused Group discussion and interviews. The data collected
quantitatively was analyzed using descriptive statistics and the findings were presented using percentages, graphs
and tables. The findings showed that there were gender dimensions in wildlife ecosystem destruction in Maasai
Mara ecosystem. Women were underrepresented as staff, wildlife managers and beneficiaries in payment for
ecosystem benefits in conservancies. The study recommends that the wildlife conservancies, institutions and
managers should incorporate more women into wildlife management and conservation projects as well as employ
gender advocacy and empowerment programmes to facilitate gender equity and sustainable wildlife ecosystems.
Key words: Gender, Disparities, Sustainable wildlife ecosystems, Conservancy
INTRODUCTION
Gender equality and women’s empowerment is a prerequisite to effective conservation, climate action and meeting
the Sustainable Development Goals (SDGs). International agreements on biodiversity (CBD), sustainable
development (Agenda 2030) and most recently climate change (the Paris Agreement) present new opportunities for
engaging both men and women and accelerating equitable action. From Nationally Determined Contributions
(NDC) processes to biodiversity strategies and climate change gender action plans (ccGAPs). Governments,
businesses and civil society are now embracing gender-responsive solutions to address the world’s most pressing
development challenges, (IUCN, 2018).
In view of its ecological, social and economic value, wildlife is an important renewable natural resource. Its
significance is felt in areas such as rural development, land-use planning, food supply, tourism, scientific research
and cultural heritage, (FAO,2017). A better understanding of the different roles, knowledge, needs and aspirations of
women and men with regard to natural resources can help us achieve the twin goals of better conservation outcomes
and increased gender equity. Since the development of wildlife management and conservation initiatives one
wonders to what extent both men and women are involved in the management and conservation of wildlife as a
natural resource. Therefore, the need to investigate the gender representations in wildlife management and
conservation in Maasai Mara ecosystem, Narok County.
Historically, higher participation rates of men in various wildlife activities, as well as traditional employment
patterns, may account for the substantially greater numbers of men working in wildlife and other natural resource
professions. However, a study by Torres-Cruz and McElwee (2012), explained how treating illegal wildlife
poaching and trade in a gender-blind way and failure to incorporate women in wildlife related crimes at decision
making and investigations may prevent understanding the issues fully and finding more effective solutions because
wildlife crimes are highly gendered activities. There is a need of assessing gender disparities in wildlife management
and conservation so as to design gender responsive wildlife management and conservation policies and strategies for
sustainable ecosystems.
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There is a long history of community based conservation (CBC) throughout Africa, but in Kenya a new and
important group of initiatives known as conservancies has emerged over recent years. Despite their growing
importance there have been few attempts to evaluate the outcomes of conservancy establishment, (Keane, Kaelo,
Gurd, Said, Rowcliffe and Homewood (2016). Thus a critical need to come up with gender disaggregated data on
wildlife management and conservation for sustainable wildlife conservation interventions. It is thus essential to keep
the changing patterns of gender relations in wildlife management and conservation under continual examination, to
monitor the extent to which progress is being made towards gender emancipation and to interrogate the adequacy of
prevailing strategies towards this goal (IUCN,2018), hence the current study.
Statement of the Problem
Establishment of wildlife conservancies creates potential local level partnerships for improving wildlife
management and addressing gender inequalities in wildlife management and conservation for sustainable wildlife
ecosystems. Despite their growing importance the attempts that have tried to evaluate the outcomes of conservancy
establishment, are limited in their ability to unveil the gender disparities in wildlife management and conservation.
This therefore makes it difficult for any intervention focusing on gender equity in wildlife management and
conservation to know which direction to reinforce. There is therefore a critical need to come up with gender
disaggregated data and gender analytical information on wildlife management and conservation for sustainable
wildlife conservation interventions hence this study.
Study Area
The study was conducted in selected conservancies in Maasai Mara ecosystem, Narok County, Kenya. The Maasai
Mara National Reserve ecosystem covers 1,510 km2 in south-western Kenya. It is the northern-most section of the
Mara-Serengeti ecosystem, which covers 25,000 km2 (9,700 sq mi) in Tanzania and Kenya. It is bordered by the
Serengeti Park to the south, the Siria escarpment to the west, and Maasai pastoral ranches to the north, east and west.
The Talek and Mara rivers are the major rivers draining the reserve. Shrubs and trees fringe most drainage lines and
cover hill slopes and hilltops. The terrain of the reserve is primarily open grassland with seasonal riverlets. The long
rains occur from March-June, followed by the dry season from July-October while the short rains fall during
November-December, and a short dry season finishes off the year. The Altitude of Maasai Mara is: 1500-2180m;
Rainfall: 83mm/month; Temperature range: 12-30oC.

Map of Maasai Mara conservancies
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LITERATURE REVIEW
Gender Representation in Wildlife Management and Conservation Institutions
Biodiversity conservation and management practices are social processes in which women and men across various
classes, castes, ages, occupations, and power groups are important actors in helping to conserve, manage, and use
biodiversity in a sustainable way (Leach,2007,FAO,2017).Therefore, diverse elements of gender analysis such as
gender roles, responsibilities, and division of labor, gender relations of power, and rights, ownership, access to, and
control over, biodiversity are useful in analyzing the gender differentials embedded in biodiversity conservation and
management practices. Most studies of men vs. women wildlife-related recreation globally have found higher
participation rates among men in institutions of conservation. This contrast is especially striking when activities
involve consumptive use, for example, hunting, trapping, or fishing (Hendee and Potter ,1971; Schole ,1973; Bryan
,1979; Boddicker, 1980).
Historically, higher participation rates of men in various wildlife activities, as well as traditional employment
patterns, may account for the substantially greater numbers of men working in wildlife and other natural resource
professions. However, a study by Torres-Cruz and McElwee (2012), explained how treating illegal wildlife
poaching and trade in a gender-blind way and failure to incorporate women in wildlife related crimes at decision
making and investigations may prevent understanding the issues fully and finding more effective solutions. This is
because wildlife crimes are highly gendered activities. Thus there is a need of assessing the gender disparities in
wildlife management and conservation so as to come up with gender responsive wildlife management and
conservation policies and strategies for sustainable biodiversity.
Westermann (2005) found that women’s participation in natural resource management groups across 20 countries in
Latin America, Africa, and Asia increased collaboration, solidarity and conflict resolution in groups. It also
increased groups’ ability for self-sustaining collective action but noted that women participation was less compared
with that of men. In India, for instance, women are poorly represented at the decision-making level, and even if they
participate in discussions about wildlife management, their power was limited due to the social and cultural settings
(Douma, 2002). Chetri (2008) also argued that the importance of gender is not recognized to the same extent in
protected area policy.
For example, the Department of National Parks and Wildlife (DNPWC) in Nepal India does not keep track of the
number of women participating in buffer zone management. As at 2011, there had been only one woman on a buffer
zone management committee, who happened to be the chair (personal communication, DNPWC staff member). The
Convention on Biological Diversity (CBD) recognizes the role of people, especially women and indigenous peoples,
in the conservation and sustainable use of biological resources (UNDP, 2007). It also affirms the need for the
meaningful participation of women at all levels of policy-making for biodiversity conservation (UNDP,2012,
FAO,2010). However, critics point out that merely mentioning women in CBD documents is not enough to
strengthen their access to biological diversity (Momsen, 2007). There is hence a need of evaluating the existing
strategies on gender responsive wildlife management and conservation.
In Africa, women rangers in Virunga national park in Congo and the Black Mamba Anti-Poaching women rangers
of Balule national reserve in South Africa are excellent examples of gender inclusion in wildlife management. Since
its inception in 2013 the Black mamba women rangers have reduced snaring and poaching in Balule national reserve
to a large extent (UNDP 2012). This study hence sought to interrogate and document the gender representations in
the selected conservancies and wildlife institutions in Maasai Mara ecosystem. Among the vhavenda people of
Zimbabwe, dialogue inclusiveness and complementarily among men and women in management of natural
resources were the major pillars that helped to sustain ecological systems at the same time benefiting the human
race, (Manuku, 2013). Ogra argues that experience and attitudes relating to the gendered used of space in
conservation areas must not be overlooked (Ogra, 2008, 2012). This position is supported by Gnyawali (2011)
whose case-study research in the Khata Community in Nepal, India has demonstrated the advantages of working
with communities in a gender inclusive way in order to reconcile the needs of both humans and wildlife within a
conservation setting. Similarly, support for a gender approach to biodiversity conservation is provided by
Rajasekharan Pillai and Suchintha (2006) in their study of women self-help groups in the Periyar Tiger Reserve in
the Kerala where groups of women regularly patrol the forests to discourage illegal entry and control biomass
extraction. Therefore, there was a need to establish the adequateness of the gender representations in wildlife
management and conservation in Kenyan wildlife ecosystems.
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The TRY Oyster Women’s Association is an almost exclusively female Producer association with exclusive rights to
the cockle and oyster fishery within the Tanbi Wetlands National Park (TWNP) area of The Gambia on Africa’s
West Coast. The project has resulted, not only in restoration of the oyster stocks through the establishment and
enforcement of an optimal harvest season and size limits for harvested oysters, but also in the reforestation of local
mangroves, thereby impacting positively on the conservation of marine forest biodiversity. It provides a valuable
example of a gender aware approach to conservation which ensures that measures to regulate the harvesting of a
common pool resource are drawn up and agreed upon together with representatives of the communities whose
livelihoods depend on it, Antipode (2012). Maasai Mara ecosystem is a common pool resource for the Maasai
community whose livelihoods depend on it. For this wildlife ecosystem to be sustained, a gender awareness
approach to wildlife conservation is critical.
A study by Sayuni (2016) on impacts of protected areas (PAs) on gender, Tanzania indicated variations between the
two PAs studied. In the Enduimet wildlife management area, men and women have access to natural resources for
household use, and derive some direct and indirect benefits from tourism activities, while in the Kilimanjaro
National Park, resource access is denied and local tourism benefits are minimal. The PAs impact both men and
women, but the most significant impact is felt by women due to inequality in the gendered division of labour and
resources at the household level. Further, poor men and women are stricken more severely since they lack livelihood
and subsistence alternatives. In addition, women in female-headed households are affected more than their
counterparts in male-headed households. The study also found that the PAs’ attempt at benefit sharing as
compensation for resource restrictions does not meet the felt needs of men and women. The PAs have aggravated
people’s workloads and risks, instead of addressing community interests, paying attention to relevant livelihood
needs, or improving wellbeing. This study therefore suggested strategies for a gender responsive wildlife
management and conservation which can be replicated in conservancies in Africa with similar characteristics for
sustainable wildlife conservation.
There is a long history of CBC throughout Africa, but in Kenya a new and important group of initiatives known as
conservancies has emerged over recent years. Despite their growing importance there have been few attempts to
evaluate the outcomes of conservancy establishment, (Keane et.al.2016). Thus a critical need to come up with
gender disaggregated data on wildlife management and conservation for sustainable wildlife conservation
interventions. It is thus essential to keep the changing patterns of gender relations in wildlife management and
conservation under continual examination, to monitor the extent to which progress is being made towards gender
emancipation and to interrogate the adequacy of prevailing strategies towards this goal.
Theoretical Framework
This study was grounded upon feminist political ecology theory. Feminist political ecology (FPE) emerged in the
1990s as a subfield of political ecology, building on previous Work by feminist scholars, and feminist theorists.
Feminist political-ecology was developed by (Rocheleau, 1995,) The approach has extended “the multiple scale
analysis of environment and power in political ecology to gendered relations both within and beyond the house-hold,
from individual to national scales”.
The theory demonstrates that gender is an important element in influencing access to resources, knowledge, and
control over natural resources. This study thus adopted this gender-based political-ecology approach in analyzing
biodiversity conservation and management issues. Access to, control over, and ownership of natural resources such
as biodiversity resources and land are negotiated within and between households, and therefore gender and
household relations are a focal point through which the relations of production are studied.
METHODOLOGY
The research design for this study was descriptive research. Orodho (2009) states that a descriptive research design
is suitable where the study seeks to describe and portray characteristics of an event, situation, and a group of people,
community or population as it is. Since descriptive research allows for a multifaceted approach to data collection
and analysis, sequential explanatory mixed method approach was used to guide the data collection and analysis
process of the study. This approach is characterized by collection and analysis of quantitative data followed by a
collection and analysis of qualitative data. The fundamental principle of mixed method approach is that the
combination of qualitative and quantitative approaches provides a better understanding of the problem than either
approach can achieve alone (Creswell & Plano Clark, 2007).
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RESULTS AND DISCUSSION
Gender of the Respondents (Wildlife Managers)
The study established that 57% of the respondents were men while 43% were women. This can be interpreted to
mean that there were more men than women working in the wildlife management and conservation institutions as
staff and even as wildlife managers. The findings are presented in Figure 1 below.

Female
43%
Male
57%

a) Gender of the Participants (Conservancy Landowners)
The total number of the conservancy land owners that participated in the FGD were 128.Out of these only 10
representing (7.81%) were women and the rest 118 representing 92.1% were men. This disparity can be attributed to
land ownership as majority of the women do not own land in the Maasai community.
Gender of the Informants (Rangers)
The number of rangers who participated in the study were 16 of which 2 were women and 14 were men. This can be
represented as 12.5% women and 87.5% men. Although Kenya wildlife service has played a great role in employing
women rangers nationally, a lot needs to be done in mainstreaming gender in the recruitment patterns in the Maasai
Mara conservancies.
Gender Representations in Selected Wildlife Management and Conservation institutions in Maasai Mara
Gender Representations among wildlife managers
Figure 1 above displays the analysis of men and women wildlife managers who were sampled for this study.
According to the analysis,57% of the respondents were men while 43% were women. The study further probed on
the gender representations in the respective departments where the sampled respondents’ worked. This was done in
order to get a deeper understanding of the other staff working in wildlife management and conservation institutions.
The sampled respondents were asked to give the number of the staff who work in their respective departments in
terms of the gender composition. They were also asked to give the number of men and women who work in the
management/supervisory level in their respective departments. The responses were tabulated below.
Table 1: Gender representations of the staff in the sampled wildlife institutions
N
Max
Women staff in the department
23
8
Men staff in the department
23
20
Women in management level in your department
23
3
Men in management level in your department
23
8
Valid N (list wise)
23

Sum
63
217
28
86

%
22.5
77.5
24.5
75.4

From the table above, the responses revealed that the total number of men staff in the departments of wildlife
management and conservation where the sampled respondents worked was 217 which comprises 77.5%. The
responses further revealed that the women staff who were working in wildlife conservation institutions where the
sampled respondents worked was 63 in number which represents 22.5%.
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The study further interrogated on the number of men and women who worked in the management level in the
various departments that the sampled respondents worked. The responses as shown in table 1 above shows that men
in the management level were 86 in number in the sampled institutions of wildlife conservation which represents
75.4% whereas women in the management level were 28 in number which represents 24.5%. This reveals a wide
gap of disparity in staff working in wildlife conservation institutions as well as those holding managerial and
decision making levels in these institutions. This study hence concurs with the feminine political ecology theory
discussed earlier on which argues that gender is considered to be a critical factor in “shaping resource access, and
control, interacting with class, caste, race, culture and ethnicity to shape processes of ecological change. The
findings mean that existing strategies to enhance gender responsive wildlife management and conservation are
inadequately implemented in hiring and promotion processes in wildlife management and conservation institution.
The slow transition in wildlife management and conservation equity can be explained by Lopez and Scott (2000),
who argued that social and organization structures influence the human resource and social processes leading to
division of labor and related gender differentials. Social structures comprise the patterns of social interaction thereby
influencing the primary and secondary socialization at the family and at workplace respectively. Socialization is the
transmission of social norms, values and role expectations to the members of the society within socializing agencies
such as the family, the education system, and the workplace. The socialization process leads to gendered division of
labor, as women and men learn their gender role expectations. The division of labour is transferred f to other
institutions leading to gender differentials and inequalities in wildlife management and conservation institutions.
The findings from the informants (rangers) also revealed that women were underrepresented among the scouts and
rangers employed by the wildlife conservancies in Maasai Mara. They argued that most of the women could not
make it as rangers due to fear of wildlife especially the dangerous ones and that domestic work such as caring for
children, grazing cows and cleaning activities restricted women from seeking employment.
One-man ranger for example explained that:
The women cannot do the work we men rangers do. This is a risky job especially when the animals become
wild and women do not know the tricks of escaping and running. Even the few women rangers we have are
left behind to guard the camps, they don’t go to patrol. (OI Martin*, 29/6/2019).
They also added that most men could not allow their wives to seek employment in wildlife conservancies as rangers
since they regarded this job as a man’s domain. Further, they concluded that women rangers could not make good
wives as they will be very aggressive and this may destabilize their homes.
A woman working as ranger elaborated this by saying:
Most of the tourist camps and lodges that are in these conservancies are far from our residential homes
because the game reserve is so wide. If you happen to get a job, as a woman you will be needed to stay in
the staff houses which most of the men will not condone. If you decide to go very early, it is not safe
because of wild animals roaming all over. Most married women decide to let men go as they are left behind
to take care of children and cattle. She added that the ranger job requires a lady who is not married because
she is not under any external authority (OI Nalinkunkera*, 29/6/2019).
Boone and Galvin (2014) argue that environmental education is an important tool to improve attitudes related to
wildlife. For instance, education through direct experiences, such as visits to protected areas by local residents, can
be a valuable learning tool. Particularly in the case of women, such visits can help reduce the participants’ fear of
wildlife and increase their support for the conservation of species that they rarely see or may view negatively due to
human wildlife conflict. Further research in Maasai Mara ecosystem needs to be done to evaluate the adequateness
of environmental education in fostering gender responsive wildlife management and conservation. The findings
from the informants have also revealed some form of cultural stereotypes in wildlife conservation roles in that
women who work as rangers are labelled aggressive hence cannot make good women. This confirms Keane et.al.
(2016) findings which supported that women have fewer opportunities to participate in making environmental
decisions due to cultural stereotypes that devalue women opinions. As a result, their perceptions and interests are
sometimes ignored or excluded when policies are designed. The absence of opportunities is often due to
reproductive work, cultural restrictions, women’s lack of schooling and low self-esteem. The findings confirms that
nothing much has changed in Maasai Mara ecosystem in terms of penetrating the cultural seal to awaken the Maasai
community on the benefits of gender responsive wildlife management and conservation.
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Additionally, the participants (landowners) discussed that all the conservancies were managed by land owners
committee (LOC) that was elected by the land owners themselves. They however stated that women were
underrepresented as land owners in all the conservancies. The reasons given for this was that majority of the women
did not own land in Maasai Mara. Further probing also revealed that those women who owned land in Maasai Mara
were either windowed or were empowered economically.
The study further interrogated whether the differentials in terms of prevalence of men and women in wildlife
institutions impacted on the wildlife ecosystems. The responses were tabulated below:
Impact of gender differentials in prevalence of men and women on wildlife ecosystem
Question
Responses
F
%
men
Do the gender differentials
above impact on this
wildlife ecosystem in any
way? Identify the major
actors in the listed factors

Resistance to conservation
initiatives
Destruction of trees in the
conservancies
Increased wildlife trade

6

26

4

17

4

17

Illegal cattle grazing

5

22

wom

both

Most of the respondents i.e.26% noted that there was resistance to conservation initiatives by women in the
conservancies. Destruction of trees by both men and women for charcoal and firewood was also revealed by 17% of
the respondents. Other 17% recorded that there were increased cases of wildlife trade whose actors were both men
and women. Lastly, 22% of the wildlife managers unveiled that illegal cattle grazing in the conservancies was
majorly a women activity. From the above findings, all the listed activities have a detrimental effect on the wildlife
ecosystem. The results have also confirmed that women are also core actors in wildlife ecosystem destruction
contrary to (Leach,2007) findings that men are major culprits of ecosystem threats and form the majority globally in
consumptive use of wildlife.
Destruction of trees for example will lead to wildlife habitat loss. Wildlife trade on the other hand is a global disaster
which is threatening existence of wild animals. Illegal cattle grazing leads to competition for pasture among wildlife
and cattle and may cause migration of wildlife to other countries. Nellemann, (2016) in his study found out that
women have creative and powerful ways to negotiate, contest, resist, and create room to maneuver in their struggles
over biodiversity resources. Resistance to conservation initiatives could be one way in which women in Maasai
Mara ecosystem are struggling to lift up their voices of inclusion in wildlife conservation.
The study further concurs with McElwee (2012), who explained how treating illegal wildlife poaching and trade in a
gender-blind way and failure to incorporate women in wildlife related crimes at decision making and investigations
may prevent understanding the issues fully and finding more effective solutions. Underrepresentation of women in
management of wildlife resources is an issue of critical concern that can put sustainable wildlife habitat in Maasai
Mara ecosystem at stake. Wildlife tourism is central to the economy of Narok County and is stipulated as the second
economic pillar in the Kenya vision 2030 that will lead to attainment of Sustainable development goals (SDG). All
these may fail to be achieved as envisaged if timely gender responsive interventions are not implemented in Maasai
Mara ecosystem. The findings from land owners and rangers also concurred that women were major actors in
ecosystem destruction despite the existing myth that men are major culprits. They also cited that this could be as a
result of women not being held accountable since they were underrepresented in wildlife institutions.
One ranger for example lamented that:
Women have made our work in these conservancies very difficult at times. When you find them with
firewood, you cannot stop them, you cannot beat them like the way we beat men culprits. When you find
them grazing they lament that the cattle strayed. They are even less suspected of serious crimes in this
ecosystem yet they are directly or indirectly involved. (OI Morompi*, 29/6/2019).
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The above statement confirms that women are also major actors in wildlife crimes but they are less suspected.
It is also evident that women are also favored by law and the rangers as they are less severely punished or just
left unpunished for gendered use of resources such as firewood and grass in the conservancies.
CONCLUSIONS
The study’s objective was to establish the gender disparities in wildlife management and conservation and
sustainable wildlife ecosystem. This was analyzed with indicators such as number of men and women in wildlife
management and conservation institutions and those in the management and decision making level in wildlife
conservation institutions. The study also further probed on those who managed the conservancies at the community
level and how the wildlife managers were selected at local/community level. The study found that men were more
represented in the wildlife management and conservation institutions as workers and occupy majority of the
management positions. The study also revealed that men dominated the rangers jobs in the conservancies as was
evident in some conservancies where there were no women rangers at all. Further probing noted that the community
labelled rangers job as a man domain and women who ventured into it were considered hard headed/aggressive and
not fit for home making. Among the landowners, women were also underrepresented and men comprised the
majority. The reasons for this disparity was that very few women owned land in Maasai Mara as compared to their
men counterparts.
RECOMMENDATIONS FOR POLICY
While the government gender policy, SDGs, Kenya constitution 2010 and the Kenya wildlife act 2013 have been
formulated, ratified and enacted, gender disparities continue to persist in natural resource management. This is
because policy and legal frameworks cannot bring out gender equity unless they are properly communicated,
implemented, enforced and institutionalized. This study recommends that the governmental and non-governmental
organizations to revisit the policies and legal frameworks aforementioned so as to ensure they are effectively put
into practice in wildlife management and conservation institutions. This calls for an evaluation Programme to
address all the conformities and non-conformities with a purpose of implementing sustainable changes.
The study also recommends gender disaggregated data in all wildlife management and conservation institutions so
that it becomes easier to track the non-conformities and rectify. This is because without this data, wildlife
management and conservation institutions cannot know where to reinforce and the course of action to be taken.
Hiring and recruitment personnel will not know the group that has a deficit and the one that is overrepresented.
Based on the research findings, it is recommended that wildlife management and conservation institutions give a
fresh look on addressing the issue of gender equity in wildlife management and conservation. This is because
women have been depicted to have fewer opportunities than men in wildlife management and conservation. This
overall puts the sustainability of wildlife conservation initiatives at stake as both men and women are actors in both
wildlife conservation and wildlife destruction. The study for example revealed some forms of wildlife conservation
threats in the conservancies such as charcoal burning, overgrazing and crop cultivation. This depicts a shift in focus
by the groups that benefit less or those that do not benefit at all from the conservation initiatives. It is against this
that gender considerations in wildlife management need to be given a fresh look vis a vis the current situation.
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UKIUKAJI WA HAKI ZA WATOTO KATIKA RIWAYA YA CHOZI LA HERI
Dorcas Muendi Musyimi
Chuo Kikuu Cha Chuka, Anwani: Box 109-60400, Chuka, Barua Pepe: Musyimidorcas@Yahoo.Com
ABSTRACT
The aim of this paper is to highlight the abuse of children’s rights as portrayed in Chozi la Heri (Matei, 2017). It
should be noted that a child in this article means both gender; boys and girls. The data for this article was collected
through reading the selected text then analyzing it according to the tenets of the Realism Theory as advanced by
Ntarangwi (2004) and the article’s objectives. The theory applied advances that literature work should portay the
world as it is than how it is assumed to be. This paper has depicted that in the Chozi la Heri (Matei, 2017) story,
children’s rights have been abused because there is killing of children, child trafficking, neglect of their health
issues, street chidren, child labour, use of chidren in drug trafficking and abuse. In addition, there is girl-child
circumcision, lack of parental love and sexual abuse. According to the Realism Theory, this is a true picture of what
happens to children in the society. The researcher recommends that children’s rights should be respected by every
person in the society. These are the future leaders and incase they are affected while young, then there will be a
challenge of who to be depended on in the society.
Keywords: Rights, Children, Society, Realism.

IKISIRI
Lengo la makala haya ni kubainisha ukiukaji wa haki za watoto katika riwaya ya Chozi la Heri (Matei, 2017). Ni
vyema ikaeleweka kwamba tunapozungumza kuhusu watoto, tunazikusudia jinsia zote mbili. Yaani watoto wa
kiume sambamba na wale wa kike. Data ya utafiti huu imepatikana maktabani kwa kusoma riwaya teule kisha
ikachanganuliwa kwa misingi ya Nadharia ya Uhalisia kwa mujibu wa Ntarangwi (2004) na lengo la makala.
Nadharia hii inasisitiza kuwa kazi za sanaa zinapaswa kujikita katika kuusawiri ulimwengu kama ulivyo wala si
kama unavyofikiriwa kuwa. Makala haya yamebainisha kuwa katika riwaya ya Chozi la Heri (Matei, 2017) ukiukaji
wa haki za watoto upo kwani kuna mauaji ya watoto, ulanguzi wa watoto, kutoshughulikiwa kiafya, kuwepo kwa
watoto mitaani, ajira ya watoto, watoto kushiriki katika ulanguzi wa dawa za kulevya na utumiaji wa mihadarati.
Isitoshe, imebainika wazi kwamba kuna ukiukaji wa haki za watoto kupitia upashwaji tohara kwa wasichana,
ukosefu wa mapenzi ya wazazi na dhuluma za kimapenzi. Kulingana na Nadharia ya Uhalisia, hii ni picha ya yale
yanayowatendekea watoto katika jamii ya sasa. Mtafiti anapendekeza kuwa haki za watoto zinahitaji kutiliwa
maanani na kila mja yeyote katika jamii. Hawa ndio viongozi wa kesho na iwapo wataathirika wakiwa wachanga
basi kutakuwepo na changamoto za adinasi wa kutegemewa katika jamii.
Istilahi za Muhimu: Haki, Watoto, Jamii, Uhalisia.
UTANGULIZI
Sheria na mikataba mbalimbali inayozungumzia huduma na haki za mtoto, inamtambulisha mtoto kama mtu yeyote
mwenye umri wa miaka chini ya 18. Aidha, kwa mujibu wa Hunt (1994) na Sheria ya Mtoto (2010) mtoto ni
mwanadamu ambaye hajakomaa kiakili na yuko chini ya miaka kumi na minane. Ni vyema ikaeleweka kwamba
tunapozungumza kuhusu watoto, tunazikusudia jinsia zote mbili. Yaani watoto wa kiume sambamba na wale wa
kike. Baraza Kuu la Umoja wa Mataifa kunako mwaka 1989 lilipitisha makubaliano ya haki msingi za watoto
duniani. Wazo hili limetiliwa maanani na Katiba ya Kenya 2010, sura ya nne sehemu ya tatu, ibara ya hamsini na
nne, inayoeleza kuwa watoto wana haki zikiwemo watoto wote, ama waliozaliwa katika ndoa au nje ya ndoa, wako
sawa mbele ya sheria na wana haki sawa chini ya Katiba hii. Aidha, maslahi bora ya mtoto yana umuhimu mkubwa
katika swala lolote kuhusiana na mtoto. Isitoshe, baba na mamaye mtoto, iwe wameoana au hawajaoana, wana
jukumu sawa la kumtunza na kumshughulikia mtoto. Katiba inazidisha kwa kusema kuwa kila mtoto ana haki ya
jina na uraia kuanzia anapozaliwa na kusajiliwa kwa kuzaliwa kwake, malezi ya wazazi au yeyote mbadala
wakitenganishwa na mtoto ana haki ya elimu ya bure na ya lazima.
Aidha, mtoto ana haki ya kulindwa dhidi ya kubaguliwa, tamaduni za kuumiza, kutumiwa vibaya, kutupwa au
kunyanyaswa na kulindwa dhidi ya aina yoyote ya kunyanyaswa na kazi yoyote itakayohatarisha maslahi yao. Kwa
kuzidisha, mtoto ana haki ya kupewa chakula cha kutosha, makazi, huduma za malezi ya kiafya na huduma za
kijamii. Katiba hii inaoengezea kwa kusema kuwa mtoto ana haki ya kutolazimishiwa ghasia au kuadhibiwa katika
njia mbovu, zilizokiuka ubinadamu shuleni na katika taasisi nyingine zinazohusika katika malezi ya watoto. Mtoto
hapaswi kushiriki katika uhasama au kujiunga na mizozo ya kutumia silaha badala yake anahitaji kulindwa dhidi ya
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hali hizo na kutoshikwa au kufungwa isipokuwa endapo hiyo ndiyo hatua ya mwisho. Hili ni dhibitisho tosha kuwa
watoto ni sehemu muhimu katika jamii. Makala haya basi yanakusudia kubainisha jinsi mwandishi wa riwaya ya
Chozi la Heri (Matei, 2017) alivyodhihirisha kukiukwa kwa haki hizi.
Nadharia ya Utafiti
Makala haya yametumikiza nadharia ya Uhalisia. Kwa mujibu wa Ntarangwi (2004), nadharia hii katika upana
wake, humaanisha uwakilishi wa uhalisi wa mambo katika fasihi. Nadharia hii ilizuka katika karne ya kumi na tisa
hususani kwa lengo la kupinga mkondo wa ulimbwende. Mhalisia huamini katika matokeo ya mambo na ukweli
anaouzingatia ni ule unaoweza kuonekana na kuthibitishwa kwa tajiriba. Vile vile, wanauhalisia huiamini
demokrasia kama hali ya maisha, na malighafi ya kuelezea maisha ya kawaida, ya kadiri na ya kila siku. Hivyo basi
uhalisia hujikita katika mambo yaliyopo, tukio mahsusi na matokeo yanayoweza kuthibitika. Imani ya mhalisia ni
kwamba kazi ya fasihi yapaswa kuwaweka wanajamii husika katika ulimwengu wao wa kawaida, wa kweli, na
halisi. Kutokana na hayo, mhakiki hutazama jinsi ukweli ulivyodhihirishwa katika juhudi za mtunzi za kuchora hali
halisi ya mambo katika wakati maalum. Kwa muhtasari makala haya yanakusudia kubainisha jinsi mwandishi wa
riwaya ya Chozi la Heri (keshatajwa) alivyo wasawiri wahusika, matukio na mandhari yanayokubalika na
kuaminika katika jamii ya wakati wake kwa kudhihirisha ukiukaji wa haki za watoto.
Mbinu za Utafiti
Data ya utafiti huu ilipatikana kwa kuipitia riwaya ya Chozi la Heri (Matei, 2017) na kisha kuichanganua kwa
kufuata misingi ya nadharia ya Uhalisia na suala la utafiti.
Ukiukaji wa Haki za Watoto katika Riwaya ya Chozi la Heri
Kutokana na kupitia riwaya husika mtafiti amepata kwamba ukiukaji wa haki za watoto kama zilivyoelezwa katika
Katiba ya Kenya (Keshatajwa) umebainika kupitia shughuli zinazofuata.
Mauaji ya Watoto
Mwandishi anaelezea jinsi watoto wa Ridhaa ambao ni Tila na Mukeli pamoja na mjukuu wake Becky (uk 5)
walivyochomwa katika nyumba kutokana na kutofautiana kwa jamii ya Wahafidhina baada ya wao kuwapigia kura
viongozi tofauti. Watoto hawa waliuawa kwani Ridhaa alikuwa akimuunga mkono kiongozi mpya mwanamkeMwekevu, aliyeshinda badala ya kiongozi mwanamume-Kiboko. Kutokana na mgogoro huu wa kisiasa, mwandishi
anasema kwamba kitinda mimba wa Kairu pia alifia mgongoni mwa mamake. Haya yalisababishwa na njaa na
ugonjwa wa udhaifu wa mapafu (uk 91).
Maelezo ya mwandishi yanabainisha kuwa mhusika Lemi (uk 120) akiwa miaka 15 alishambuliwa na umati wa
watu kwa dai la kuwa mwizi wa rununu. Kitendo hiki kilitendeka alipokuwa ameandamana na dadake-Tindi ili
kwenda kununuliwa zawadi ya siku ya kuzaliwa kwake. Tindi aliyekuwa mwanafunzi katika chuo kikuu alijiunga na
wengine kusakata densi hadi keshoye bila ufahamu wowote. Njiani wakielekea nyumbani, vurumai ilitokea ambapo
mama mpita njia alinyang’anywa simu. Tindi aliamua kukimbia na kumwacha Lemi ambaye umati ulimshuku kuwa
mwizi kisha ukamsalimia kwa mawe, tairi kiunoni na kumtia petroli hadi ukamchoma kwa kisingizio tu cha wizi wa
rununu ya mama mpita njia. Alikufa kabla ya kufikishwa hospitalini na wasamaria wema.
Ulanguzi wa Watoto
Katika riwaya, Umukheri anaelezea jinsi alivyoamka na kujipata yu pweke nyumbani mwao bila nduguze Dick na
Mwaliko (uk 82). Dick alikuwa darasa la saba ilhali Mwaliko alikuwa darasa la kwanza. Taswira ya visa vya watoto
waliotekwa nyara ilimjia akilini mwake. Ilibidi Umu awaulize majirani ambao hawakuwa na jibu. Hatimaye, alipiga
ripoti kwa polisi.
Baadaye iligunduliwa kuwa kijakazi wao Sauna aliyekuwa na mazoea ya kuwateka nyara watoto alikuwa
amembadilisha Dick kwa kitita cha pesa ambacho alipewa na Mzee Buda (uk 84). Mwaliko naye alipelekwa kwa Bi
Kangara ili wakiisha kuzoeana amuuze.
Kutoshughulikiwa kiafya
Mtoto yeyote yule ana haki ya huduma za malezi ya kiafya hata hivyo Kimondo anamwelezea mwanafunzi
mwenzake Lunga kuwa siku moja alikuwa na homa ya matumbo (uk 69). Alipomtembelea muuguzi katika kituo cha
afya kilichokuwa ndani ya kijiji ambacho mwenye kahawa alikuwa amewajengea wafanyakazi kama babake, daktari
alikosa kumtibu kwani alikuwa mtoto wa ‘Casual labourer’.
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Watoto wa Mitaani
Kulingana na Katiba ya Kenya (keshatajwa), mtoto ana haki ya kupewa makazi. Katika riwaya husika baadhi ya
watoto wamo mitaani wakiomba omba kutoka kwa wapita njia. Umu anatupasha kisa cha watoto wa kuombaomba
(uk 86) walioishi karibu na kanisa la Mtakatifu Fatma. Kutokana na huruma yake kwao, Umu alimwomba mamake
shilingi 20 kisha akaongezea zake mia mbili na kumpa kijana aliyeitwa Hazina. Katika kutembea kwake baada ya
Sauna kuwatorosha nduguze; Dick na Mwaliko, Umu alikumbana na kundi kubwa kama wingu la nzige la vijana nje
ya mkahawa. Vijana hawa walikuwa na macho mekundu ya kutisha huku wameshika gundi. Alipatana na Hazina
akiwa mfanyikazi katika hoteli hii. Hazina alimpeleka katika makao ya watoto alimoishi. Mama Julida aliyekuwa
msimamizi wa makao hayo alimpokea Umu (uk 89). Julida alimhakikishia Umu kuwa Wizara ya Elimu ingempa
uhamisho kutoka Shule ya Mtende hadi Shule ya Tangamano ambapo angejiunga na kidato cha pili. Katika kisa
kingine, Neema bibiye Mwangemi anaelezea jinsi alivyokipata kitoto kimetupwa katika jaa la taka asubuhi moja
akielekea kazini (uk 160). Anasema kuwa alikiokota na kukipeleka katika kituo cha polisi. Polisi nao walikipeleka
katika kituo cha watoto cha Benefactor. Kitoto kilipokelewa na mtawa Cizarina aliyesema kuwa kitendo cha
kuwatupa watoto kilikuwa mazoea kwani mtoto mwingine alikuwa ameachwa langoni mwao huku amefunikwa
kijiblanketi kikuukuu. Kitoto hiki kilipewa jina Riziki.
Ajira ya Watoto
Msichana Chandachema akiwa katika Shule ya Tangamano anawaelezea wenzake kuwa alipotoka kwa jirani Satua
na kumtafuta mamake asimpate, akili yake ilimwelekeza katika kijiji kimoja walikoishi wafanyikazi wa shamba la
chai la Shirika la Chai la Tengenea (105). Shamba hili lilimilikiwa na Mzungu mmoja aliyekuwa mlowezi nchini.
Chandachema alikimbilia katika shamba hili kwani palikuwa na shule ambayo angejiunga nayo na pia angekidhi
mahitaji yake kwa kuchuna majani chai. Alianza masomo katika darasa la pili (uk 105) katika Shule ya Msingi ya
Kilimo. Msichana huyu alipokelewa na mwalimu mkuu Bi Tamasha ambaye alimtafutia hifadhi kwa Bwana Tenge
na mkewe Kimai (uk 106).
Baada ya miaka mitatu hivi, Chandachema alijiona kama mzigo kwa wahisani wake basi alianza kuchuna
majanichai kwa malipo kidogo akiwa darasa la tano. Ilimpasa kurauka alfajiri na mapema ili kuchuna majnichai
kabla ya kwenda shuleni saa kumi na mbili asubuhi. Angelala katikati ya michai, kwa marafiki wake, juu ya uchaga
mkubwa wa saruji uliotumiwa kama karo na wauza chakula sokoni na wakati mwingine angepita kwa mhisani wake
Bwana Tenge (uk 106). Hatimaye Bwana Tenge alihamishwa hadi shamba lingine na Chandachema kuachwa bila
makao. Siku ya matokeo ya mtihani wa darasa la nane, mwalimu mkuu alitaka kukutana na mfadhili wake naye
Chandachema alimwambia kuwa alikuwa ameacha kuishi na familia ya Bwana Tenge akiwa darasa la sita Bwana
Tenge mwenyewe alipopata uhamisho. Bi Tamasha alimtafutia makao katika shirika la Kidini la Hakikisho la Haki
na Utulivu (uk 107). Hii ni ishara tosha kuwa haki ya mtoto kulindwa kutokana na kazi yoyote itakayohatarisha
maslahi yake imekiukwa kulinganna na mwandishi.
Ulanguzi wa Dawa za Kulevya
Mtoto ana haki ya kulindwa dhidi ya kutumiwa vibaya lakini kupitia kwa mwandishi, inabainika kwamba Hazina,
kijana aliyewahi kusaidiwa na Umu kwa shilingi mia mbili na ishirini walipopatana kwa mara ya kwanza (uk 88),
aliokolewa na serikali kwa kumtoa mtaani alikokuwa akivuta gundi na kutumia mihadarati kisha akapelekwa shule.
Walipokutana mara ya pili na Umu, Hazina alikuwa akifanya kazi katika hoteli. Mwandishi anasema kuwa Dick
akiwa miaka kumi alikuwa tayari keshalazimishwa kujiunga na biashara haramu ya kuuza dawa za kulevya (uk
119). Kijakazi Sauna ndiye aliyemtosa katika biashara hii. Dick anasema kwamba amesafirisha maelfu na maelfu ya
vifurushi vya dawa hizi kwa kuzimeza na kwenda kuzitapika ughaibuni. Sauna alipomwiba Dick, alimpelekea baba
tajiri-Mzee Buda aliyejitia kumpeleka shule na badalake alimwigiza katika biashara hii. Kulingana na Selumemuuguzi katika hospitali, Kipanga yumo hospitalini ili kupokea huduma za ushauri nasaha kwani alinusurika kifo
kutokana na kangara iliyowaua watu sabini. Vifo hivi vilitokana na unywaji wa pombe (uk 143). Kipanga alianza
kunywa pombe akiwa kidato cha pili baada ya kukanwa na aliyemdhania kuwa babake basi akahama alikokuita
kwao. Mama mtu alikataa kumwambia nani alikuwa babake.
Kupitia kwa mwandishi, inafahamika kuwa Sauna alikuwa wakala wa Bi Kangara katika biashara ya kulangua
watoto (uk 157). Kwa kumtumia Sauna, Bi Kangara aliwapata wasichana wa kuuza katika madanguro na wavulana
wa matajiri ili washiriki katika ulanguzi wa dawa za kulevya. Hatimaye, Sauna na Bi Kangara walishikwa na polisi
na kushtakiwa kwa ukiukaji wa haki za watoto. Wawili hawa walikuwa wamemweka Mwaliko ambaye alichukuliwa
na polisi na kupelekwa katika kituo cha watoto mayatima cha Benefactor (uk 158).
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Upashwaji Tohara
Watoto wa jinsia ya kike wana haki ya kulindwa dhidi ya tamaduni za kuumiza lakini katika riwaya hii, Tuama
yumo hospitalini akihudumiwa na nesi Selume na daktari Meko kutokana na madhara ya tohara (uk 144). Tuama
anaelezea kwamba alijipeleka mwenyewe kutahiriwa kwani jamii yake inapendekeza utamaduni huu na kama
angekosa wenzake wangemtenga. Tamira aliye dadake Tuama alikuwa ametahiriwa pia.
Ukosefu wa Mapenzi ya Wazazi
Mtoto ana haki ya kulelewa na wazazi wawili lakini kitendo hiki ni kinyume na yanayopatikana katika riwaya ya
Chozi la Heri. Mhusika Selume alipokosana na wakwe zake kutokana na kumuunga mkono kiongozi Mwekevu,
aliamua kuondoka na kumwacha mtotoe Sarah mikononi mwa bwanake-Mzee Kaizari (uk 35). Sarah hakupata
mapenzi ya mamake. Isitoshe, mwandishi anaelezea kuwa Annette alimnyima Kiriri ushirika wa wanawe kwani
alihamia ughaibuni baada ya kupata Green Card (uk 64). Watoto wenyewe walipokamilisha masomo yao waliamua
kuishi ughaibuni basi wakaendelea kukosa mapenzi ya baba yao. Kutokana na maelezo ya Umu Lunga, familia yao
ilihamishwa kutoka Msitu wa Mamba hadi Msitu wa Simba. Wakati huu Umu alikuwa anajiunga na kidato cha
kwanza. Serikali iliamua kuwajengea nyumba mpya ambayo haikumpendeza Naomi mamake Umu. Naomi aliamua
kuwaacha Umu, Dick na Mwaliko mikononi mwa baba yao Lunga (uk 81). Mwandishi anasema kwamba asubuhi
moja Naomi alimwachia Lunga ujumbe mfupi katika rununu na kujiendea zake. Naomi hakuwafahamisha watoto
wake juu ya kuondoka kwake. Lunga alilazimika kuwalea watoto wake watatu bila mama mzazi. Baadaye Lunga
aligonjeka na kuwaacha watoto wake katika mikono ya kijakazi Sauna. Umu alimlaani mamake kwa kuwatelekeza
kwa ubinafsi na ukatili mkuu wa Sauna (uk 84).
Kupitia kwa Kairu inafahamika kuwa maisha yake yalibadilika uongozi mpya uliposhika usukani. Anamwelezea
Umu haya wakiwa katika shule ya Tangamano wanakosomea wote wawili kwamba ilibidi familia yao kutoroka.
Serikali iliwapa ardhi ya kujengea mabanda. Kairu anasema kuwa alienda pale akiwa darasa la sita na hivi sasa
yumo kidato cha pili (uk 92). Anawaelezea wenzake kuwa ana mzazi mmoja tu-mamake aliye muuza samaki.
Mapato ya biashara hii hayatoshi kulipia karo ya shule. Kairu aliwahai kumwambia mamake amuulize babake
amsaidie kulipa karo lakini mama alimfahamisha kuwa alizaliwa nje ya ndoa basi aliyemdhania kuwa babake
alikuwa na familia yake halisi (uk 93). Haya yalimkatisha tamaa.
Msichana Mwanaheri anaelezea kuwa Sarah aliyekuwa mamake alichukiwa na mamkwe kwani alikuwa wa ukoo wa
Bamwezi. Mzozo huu ulisababisha mamake kuwatoroka. Asubuhi moja Lime aliyekuwa dadake Mwanaheri aliamka
na kupata kibarua juu ya meza ndogo iliyokuwa chumbani mwake. Mama alikuwa amemwacha baba yao Mzee
Kaizari na kujiendea zake. Mama alikuwa amemshauri Mwanaheri kumtunza nduguye Lime. Mzee Kaizari
alipoamua kumtafuta Sarah alimpata chumbani alikoishi akiwa amekufa kutokana na kunywa sumu. Mwanaheri
alijuta kwa kulelewa na mzazi mmoja (uk 95-96).
Mtunzi anasema kuwa Sophie, alilelewa na Apondi baada ya babake Mandu kufia ughaibuni katika shughuli ya
kudumisha Amani. Sophie aliachwa na babake akiwa miaka miwili (uk 115) ishara ya kwamba hakuwahi kuyapata
mapenzi ya babake hadi alipopangwa na Apondi pamoja na Mwangeka.
Dhuluma za Kimapenzi
Watoto wana haki ya kutodhulumiwa kwa vyo vyote vile kimapenzi lakini riwaya hii ina visa vinavyodhihirishwa
ukiukaji wa haki hii. Katika riwaya husika, Mzee Kaizari (uk 6) anasema kwamba mabinti wake wawili Lime na
Mwanaheri walibakwa na genge la mabarobaro watano. Unyama huu ulitendeka mbele ya macho yake. Mzee
Kaizari alijaribu kuwaokoa lakini likawa suala la mume nguvuze. Mabinti hawa waliishi na donda hili. Haya
yalikuwa baada ya ‘mapinduzi’ kumhusu kiongozi mwanamke aliyeitwa Mwekevu ambaye Mzee Kaizari na mkewe
Subira walikuwa wakimuunga mkono.
Zohali akiwa katika kidato cha pili alifukuzwa shuleni baada ya kuwa mjamzito (uk 98). Haya yalimtendekea kwa
sababu ya papara za ujana. Msichana huyu anawaambia wenzake kuwa amewahi kulala kwenye barabara za jiji
pamoja na watoto wengine wa mitaani. Aliwahi kutumia gundi na hata kupigana na majitu yaliyotaka kumnyanyasa
kimapenzi. Wenzake mtaani walipoona siku ya kujifungua ikaribu, walimpeleka katika kituo cha Wakfu wa Mama
Paulina ambapo alipokelewa na Mtawa Pacha (uk 99). Wazazi wake Zohali walimkana alipohitaji pendo lao.
Walimwambia kuwa akishajifungua amtafute babake mtoto ili amsaidie katika malezi. Isitoshe, babake alisisitiza
uajiri wa kijakazi na kazi za nyumbani zikamwangukia yeye. Kwa sasa ana mtoto aitwaye Nasibu (uk 101).
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Msichana Chandachema anawaambia kina Umu kwamba yeye alikuwa matokeo ya mamake Rehema mwanafunzi
wa kidato cha tatu kuringwa na mwalimu wake Fumba (uk 102). Ndoa baina ya Rehema na Fumba ilikataliwa na
wazazi ambao walikazania kwamba sharti akamilishe masomo kwanza basi akamkabidhi Chandachema kwa
nyanyake ili amlee. Nyanya aliaga Chandachema akiwa darasa la kwanza ndiposa akahamia kwa jiraniye Satua (uk
103). Baada ya miezi miwili Satua alimbadilika Chandachema basi ikambidi atoroke. Alimtafuta mamake asimpate
kisha akaamua kutafuta kazi ya kuchuna majanichai katika mashamba ya Shirika la Chai la Tengenea. Shamba hili
lilikuwa na Shule ya Msingi ya Kilimo. Alipokelewa na Mwalimu Mkuu Bi.
Tamasha aliyemwahidi kumtafutia hifadhi kwa familia ya Bwana Tenge na mkewe Kimai. Familia hii ilikuwa yenye
haja kwani usiku, Chandachema na watoto wao watano walilala mvunguni mwa kitanda cha wazazi. Kulingana na
Chandachema, Bi Kimai alipoenda mashambani Bwana Tenge alikibadilisha chumba chao kuwa danguro (uk 106).
Angewaleta wanawake mbele ya macho ya wanae hadi usiku wa kuamkia siku ya kurudi kwa Bi Kimai. Watoto
walijipata katika dhiki za kisaikolojia ndiposa Chandachema akaamua kuanza kuchuna majanichai kwa malipo
kidogo akiwa katika darasa la tano. Hatimaye, Bi Tamasha alimtafutia hifadhi tena katika makao ya watoto
mayatima ya Jeshi la Wajane wa Kristu (uk 108).
Mtunzi anarejelea kisa cha Pete ambaye yuko hospitalini. Yeye ni mtoto wa nne katika familia ya watoto sita (uk
146). Alilelewa katika boma la bibi mzaa mamake kwani babake na mamake walikosana basi nyanya akawa ndiye
mlezi wake. Katika harakati za kuishi na nyanyake, Pete alipata hedhi akiwa darasa la sita. Hakuwa na uwezo
wowote wa kupata sodo ila tambara la blanketi alilopewa na nyanyake. Wiki nzima hakwenda shuleni. Akiwa katika
darasa la saba, wajomba wake huku wakiungwa mkono na mamake walipokea posa kisha mahari kutoka kwa mzee
Fungo (uk 149). Pete alikuwa amepashwa tohara ishara ya kuwa mkomavu wa kuolewa. Fungo alimwoa kama bibi
wa nne. Katika boma hili, Pete alisimangwa na wana wa mke wa kwanza hadi akakichukia kitoto alichokibeba. La
mno ni kuwa, aliozwa kwa Mzee Fungo ili jamaa yake ipate pesa za kuwasomesha ndugu zake watano wa kiume.
Baada ya miaka minne, Fungo alimfukuza pamoja na mtoto wake. Pete alijitoma katika kampuni ya kutengeneza
sare za shule na za wafanyi kazi wa umma. Alihusika na kazi ya kushona vifungo kwenye sare hizi kwa ujira wa
shilingi mia mbili kwa siku. Alizitumia kwa mahitaji ya mtoto wake na kodi ya kibanda walimoishi yeye na
wenzake wanne. Pia alimlipa msichana mdogo aliyemwajiri kumtazamia kitoto akiwa kazini.
Mhusika Pete anaeleza kuwa akiwa kule kazini alipokea pesa kutoka kwa mibaba iliyodai kukihurumia kitoto chake
(uk 151). Kama mwitaji hakuwa na hiari. Mwanamume mmoja aliyeitwa Nyangumi na aliyekuwa ameachana na
mkewe, alijitokeza kumpenda kwa dai la kumwoa baadaye. Pete alihamia katika chumba kimoja cha mawe cha
Nyangumi. Muungamo huu ulizaa mtoto wa pili. Baadaye, mkewe Nyangumi alimrudia naye Pete akapigwa teke.
Huyu wa Nyangumi analelewa na mtoto aliyempata baina yake na Fungo. Pete anasema kuwa alijaribu kukiavya
hiki kitoto cha pili mara nne lakini kijusi kikataa. Msichana huyu yuko katika kituo cha afya cha Mwanzo Mpya
kwani aliokota kitoto kilicho tumboni katika shughuli ya uuzaji pombe. Anasema kuwa huenda mlevi mmoja
alimnyemelea na yakawa haya. Fikira ya kuwa na vitoto vitatu hata kabla ya kufikisha miaka 21 na watoto wa baba
tofauti ilimfanya anywe dawa ya panya ili ajiue pamoja na kitoto (uk 152).
Mhusika Sauna akiwa kwa Bi Kangara anakumbuka akiwa kigoli jinsi alivyoamka usiku na kumpata babake kwenye
chumba chake cha malazi. Babake, Bwana Maya alimtenda ya kutendwa (uk 154) na baada ya mwezi mmoja alianza
kushikwa na kisulisuli, kichefuchefu cha asubuhi nacho kikamwandama. Alipomfahamisha mamake, alipelekwa
hospitalini ili kukitungua kile kitoto kabla hakijaumbika. Mamake alimwonya dhidi ya kumwambia yeyote kuhusu
unyama wa babake kwani alikuwa amemlea Sauna hata ingawa hakuwa mwana wake wa kumzaa. Sauna aliombwa
amsamehe babake kwani hakuna mja aliyekamilika.
Baba yake halisi aliitwa Bwana Kero na mamake alikuwa amemkimbia kabla ya yeye kufa (uk 156). Sauna anasema
kuwa hakuwa na matumaini wala hamu ya kuendelea na masomo yake baada ya kuhujumiwa kimapenzi na kihisia.
Kitendo hiki kilimfanya kujitoma katika kazi ya machimbo ya mawe na kuuza pombe hadi alipotokea Bi Kangara na
kumfundisha biashara ya soko la binadamu. Kazi hii ilimpa pato kubwa (uk 156). Hata hivyo, yeye na Bi Kangara
waliishia mikononi mwa polisi na kushtakiwa kwa ukiukaji wa haki za watoto baada ya kugunduliwa.
HITIMISHO
Kwa ujumla makala haya yamebainisha kuwepo kwa ukiukaji wa haki za watoto katika riwaya ya Chozi la Heri.
Mtunzi amedhihirisha haya kupitia visa vya mauaji ya watoto, watoto kutoshughulikiwa kiafya, kuwepo kwa watoto
mitaani, watoto kushiriki katika ulanguzi wa dawa za kulevya, upashwaji tohara wa wasichana, ukosefu wa mapenzi
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ya wazazi kwa watoto na dhuluma za kimapenzi. Kupitia katika Nadharia ya Uhalisia ambayo hulenga kuonyesha
matukio jinsi yalivyo katika hali ya ukawaida wa wanajamii, hii ni ishara tosha ya uporomokaji wa maadili katika
jamii ya sasa. Kulingana na mtafiti, watoto ni sehemu muhimu katika Jamii; basi haki zao zinahitaji kuzingatiwa
kwani wao ndio tegemeo la taifa la baadaye katika shughuli za kisiasa, kiuchumi na kijamii kwa ujumla.
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ABSTRACT
According to Ntarangwi (2004), literature portrays in a wider way the realism of the society. In addition, he states
that one function of literature is to help human beings to bring out personal and society’s challenges. It is a tool that
helps human beings to understand themselves and their environment. Therefore, this paper aims to highlight the
environmental and thematic realism in the Siku Njema (1996) story book. The paper has applied the Realism Theory
in order to bring out the environmental and thematic realism. The data used was collected by reading the selected
text then analysed according to the research objective and the theory tenets. The results indicate that the
environment and the themes discussed in the selected text are real because the environmental place names used by
the writer are found in real places in Uganda, Tanzania and Kenya. In addition, the themes highlighted by the writer
have a close relation with the challenges the present society is facing. The writer seems to have been influenced by
his immediate environment and happenings. This is an indicator that his work has not been created from a vacuum
hence literature is a true picture of the society.
Keywords: Realism, Environment, Themes.
IKISIRI
Kulingana na Ntarangwi (2004), fasihi huwakilisha maisha kwa upana wake na hasa uhalisi wa kijamii. Aidha,
anasema kuwa mojawapo ya majukumu muhimu ya fasihi ni kuwasaidia wanadamu kuyaeleza vyema masuala
wanayokumbana nayo kibinafsi na pia kama jamii. Isitoshe, fasihi ni chombo kinachoisaidia jamii kujielewa na
kuyaelewa mazingira yake. Basi, lengo la makala haya ni kubainisha uhalisia uliopo wa kimandhari na kimaudhui
katika riwaya ya Siku Njema (1996). Makala haya yametumikiza nadharia ya Uhalisia ili kubainisha uhalisi uliopo
wa kimandhari na kimaudhui katika riwaya husika. Data ya makala haya ilipatikana kwa kusoma riwaya husika
kisha ikachanganuliwa kwa misingi ya malengo na nadharia teule. Matokeo ya uchunguzi yamethibitisha kwamba
kuna uhalisi wa kimandhari na kimaudhui katika riwaya ya Siku Njema (1996) kwa sababu majina ya mazingira
yanayozungumziwa na mwandishi yanapatikana katika Afrika Mashariki hususan nchini Uganda, Tanzania na
Kenya. Isitoshe, maudhui yaliyoangaziwa na mwandishi yana ukuruba na masuala yanayoikabili jamii ya leo.
Mwandishi anaonekana kuathiriwa na mazingira yaliyomzunguka pamoja na matukio ya jamii yake ya karibu. Hii ni
ishara kuwa kazi yake haijabuniwa kutoka katika ombwe tupu. Dhihirisho kwamba, fasihi ni picha halisi ya jamii.
Maneno Muhimu: Uhalisia, Mandhari, Maudhui
UTANGULIZI
Kulingana na Mushumbwa (2018), kile anachotunga mwanafasihi hukitoa katika mazingira ya jamii fulani ambayo
yeye ni mhusika kwa namna moja au nyingine. Kazi yake ya fasihi anayoiumba msanii, hutokana na ufahamu wa
msanii mwenyewe juu ya maisha na matukio ya jamii hiyo kutokana na kufahamu miktadha anuai ya jamii hiyo.
Maudhui huyaumba kulingana na aina ya mipaka ya muktadha wa jamii anayoitungia kazi hiyo ya fasihi. Isitoshe,
fasihi ni chombo kinachoisaidia jamii kujielewa na kuyaelewa mazingira yake. Basi, lengo la makala haya ni
kubainisha uhalisia uliopo wa kimandhari na kimaudhui katika riwaya ya Siku Njema (1996) ikitiliwa maanani
kwamba fasihi ni kielelezo cha hali halisi ya jamii.
Wasifu wa Mwandishi Prof. Ken Walibora
Kulingana na Cheruiyot (2020), Ken walibora alizaliwa Januari 6, mwaka 1964 kama mtoto wa tatu (kitinda mimba)
wa Peter Wafula na Ruth Nasambu Makali na kuitwa jina la Kennedy Walibora Waliaula huko Baraki, kaunti ya
Bungoma magharibi mwa Kenya, kisha wakahamia Kitale akiwa na miaka minne na baadaye Cherangany. Mamake
aliaga 1984 akiwa miaka 51 kutokana na ugonjwa wa muda mrefu. Ken alikuwa na umri wa miaka 20. Naye babake
aliaga mwaka wa 2006. Mwandishi alikuwa na majina mawili ya Kiingereza, Kenny na George. Alichagua kutumia
jina Kennedy. Baadaye alibadili jina lake na kufahamika kama Walibora, ambalo lilikuwa linamaanisha kuwa ni
bora kwa Kiswahili na kufupisha jina lake la kwanza kuwa Ken. Baada ya mamake kuaga, Ken alilelewa na
mamake wa kambo Eunice Wafula.
Kulingana na tawasifu ya Ken Walibora katika riwaya ya Nasikia Sauti ya Mama (Walibora, 2014) inayoelezea
maisha yake, walihama Baraki baada ya kifo cha ndugu yake ambaye inaaminika alitiliwa sumu na mke wa ndugu
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wa kambo wa babake. Baada ya kakaye Ken kufa na kuzikwa na matanga yakiwa bado hayajamalizika, yule muuaji
alipania kumuua Ken Walibora ambaye alikuwa bado hajafikisha mwaka mmoja. Mtuhumiwa anakisiwa alienda
akamchukua Ken kutoka kwa dadake ambaye alikuwa amempakata, akaenda naye nyuma ya nyumba na dadake
kumfuata ambapo alishuhudia akimlisha kitu cha ajabu. Baada ya hapo, afya yake Ken ikadhoofika lakini kwa
bahati nzuri akaokolewa na wataalamu wa kuganga matatizo ya aina hiyo.
Alipofikisha umri wa kwenda shule mwaka wa 1971 alijiunga na shule ya msingi ya St. Joseph. Ken alikuwa kisu
butu darasani enzi hizo, kwani alipokuwa katika darasa la pili aliwahi kuvuta mkia kwa kuibuka namba sabini na
mbili katika darasa la watu sabini na wawili katika mtihani wa mwisho wa muhula wa kwanza katika shule ambayo
babake alikuwa mwalimu mkuu. Licha ya kukejeliwa na msichana mmoja aliyekuwa wakisoma naye darasa moja na
ambaye alishikilia namba sita katika mtihani huo, familia yake haikumkejeli bali ilimtia moyo mamake akimwambia
angefanya vyema muhula huo kwani hakuwa mjinga. Baada ya kuvuta mkia, aliongoza katika somo la uchoraji.
Kipindi hicho Ken alitamani kuwa vitu viwili akija kuwa mkubwa pamoja na moja aliyochaguliwa na babake.
Alipenda kuwa polisi kwa vile alivyoona watu wakiheshimu polisi au labda kuwaogopa enzi hizo. Chaguo lake la
pili lilikuwa kufanya kazi katika redio. Babake alikuwa miongoni mwa watu wachache waliomiliki redio kijijini.
Majirani wakilazimika kuja kwao kila jioni kusikiliza matangazo. Chaguo la tatu na ambalo alikuwa amechaguliwa
na babake ni kuwa mhandisi. Enzi hizo hakujua mhandisi ni nani lakini baada ya kufanya utafiti wa kitoto akabaini
kuwa mhandisi ni fundi wa magari. Hakupendezwa na pendekezo la babake la kufanya kazi ambayo ingemlazimu
kuvaa msurupwenye mchafu.
Ken akiwa darasa la tano alikuwa bado hajui kusoma ndipo mamake na kisomo chake cha darasa la nne kilichomfaa
kusoma Biblia ya Kiswahili kwa kimaragoli akaamua kufanya kile ambacho walimu walishindwa kufanya katika
miaka mitano Ken alipokuwa katika mikono yao na kwa kweli alifanikiwa. Ken akawa akimsomea mamake Biblia
wakati ndwele zilimzidi akashindwa kusoma. Kujua kusoma kulimfanya ajue kiulizwacho kwenye mitihani na bila
shaka akawa akijibu sahihi. Ken wa sufuri akaja vingine. Alipofanya mtihani wa darasa la saba alikuwa wa sita
katika shule yao akiwa na alama ishirini na nne kwa thelathini na sita na kujiunga na shule ya upili Teremi karibu na
Kamusinga. Gikambi (2020), anasema kuwa Ken alifariki tarehe 10 Aprili baada ya kugongwa na

gari Nairobi kama polisi walivyoripoti. Alizikwa Jumatano tarehe 22 Aprili nyumbani kwake
Makutano kwa Ngozi, jimbo la Cherang’any huko kaunti ya Trans Nzoia magharibi ya Kenya.
Muhtasari wa Riwaya ya “Siku Njema.”
Riwaya ya Siku Njema iliandikwa na Ken Walibora, 1996. Hadithi hii inamhusu Msanifu Kombo au Kongowea
Mswahili aliye mhusika mkuu. Mwandishi ameangazia masuala ambayo ni halisi katika jamii ya sasa kama vile
ukahaba, magonjwa, malezi ya watoto, matatizo yanayoikabili lugha ya Kiswahili, ndoa, uanaharamu, uadilifu,
umaskini, matumizi ya dawa za kulevya na mabadiliko. Katika riwaya hii mhusika mkuu Kongowea Mswahili
anapitia katika changamoto mbalimbali kama vile kuzaliwa na mamake Zainabu Makame na kukosa kufahamishwa
kuhusu babake, mamake kufa na kisha kulelewa na Mjomba Kitwana pamoja na Mwana Saumu aliyemtilia sumu ili
afe na kutafutwa na Selemani Mapunda ili amuue kwa kumsema kwa polisi baada ya kumfumania akimpiga
hedimasta wa shule yao. Ilimbidi Kongowea kutorokea Mombasa kwa Mjombake Salim Makame ili Selemani
Mapunda asimpate. Hata hivyo, alimfuata kule akiwa na nia ya kulipiza kisasi. Wanapopatana kisadfa, Kongowea
anaamua kuhamia bara huko Kitale ili kumtafuta babake Juma Mukosi. Anapompata babake, anamwambia
amtembelee. Kongowea anachelea na kumpata ashaaga. Kwa kufuata maagizo katika barua aliyomwachia chumbani
anamzika na kurithi mali yake.
Nadharia ya Utafiti
Makala haya yametumikiza Nadharia ya Uhalisia. Nadharia hii iliasisiwa katika karne ya 19 na kufafanuliwa zaidi
na E. Goffman aliyeishi kati ya mwaka (1922- 1982). Baadhi ya wataalamu wengine wanaotoa mchango wao ni
Gustav Flaubert (1846-1854), George Lukacs (1963), Rene Wellek (1960), Macdowall Arthur (1918) na Hegel G.
(1979). Lukacs (1963) anaeleza kuwa mwandishi anasukumwa na njia ya kuusawiri uhalisia katika ukamilifu na
wakati wake maalumu. Mwandishi anapaswa kupenya chini ya picha za kijuujuu na kudhihirisha mifanyiko ya
mabadiliko yaliyopo. Uhalisia wa maisha katika jamii unapewa msingi mkubwa wa uandishi kuhusu uhalisia. Tukio,
mhusika au mandhari huelezwa kama vya kihalisia ikiwa vinafanana na sura fulani ya maisha.
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Naye Wamitila (2002) anaeleza kuwa uhalisia unasisitiza usawiri wa maisha ya jamii kwa uaminifu na usahihi
mkubwa. Waandishi wa kazi teule wanatoa picha za wahusika, matukio na mandhari ambayo yanaoana kwa kiasi
kikubwa na uhalisia wa jamii ya mwandishi anayehusika. Fasihi yoyote lazima ionekane kama kioo cha jamii.
Hivyo basi, lazima jamii iweze kujitazama na kujiona kupitia fasihi ambayo ni zao la jamii. Msingi wa nadharia hii
ni kuwa sanaa iwakilishe ukweli na kuwakilishwa kwa maneno halisi, iwe aminifu na ionyeshe hali halisi ya
mazingira. Nadharia hii imetumika ili kusaidia kubainisha jinsi mwandishi wa riwaya ya Siku Njema alivyoangazia
mandhari ya kuaminika katika jamii yake. Pia, mwandishi anazungumzia matatizo yanayoikabili jamii katika
uhalisia wake. Wahusika wake wanafanikisha katika kuyaelezea mambo haya.
MBINU ZA UTAFITI
Data ya makala haya ilipatikana kwa kuipitia riwaya ya Siku Njema (Walibora, 1996) na kisha kuichanganua kwa
kufuata mandhari yaliyotumiwa na mwandishi na maudhui yaliyoangaziwa.
Uhalisia wa Mandhari na Maudhui katika Siku Njema
Baada ya kuipitia riwaya teule, mtafiti amegundua kuwa kunao uhalisia kuhusu mandhari na maudhui
yaliyoangaziwa na mwandishi.
Uhalisia wa Kimandhari
Kulingana na TUKI (2014), mandhari ni sura ya mahali na jinsi panapoonekana. Nayo mazingira ni hali au mambo
yanayomzunguka kiumbe katika sehemu anapoishi au maisha yake. Kwa mujibu wa makala haya neno mandhari
litatumika. Mandhari haya huweza kuwa halisi kama vile baharini, njiani, msituni, kijijini, mijini au ya kufikirika
kama vile kuzimu, mbinguni na peponi. Mtunzi wa hadithi anaweza kutumia mandhari kuelezea mazingira halisi ya
kisa anachosimulia. Pia anaweza kufikisha ujumbe wake kwa jamii husika kwa kutumia mazingira yanayoeleweka
na wasomaji. Hivyo mandhari humsaidia msomaji kung’amua ujumbe akirejelea tukio husika. Ni kutokana na haya
ambapo makala haya yanachunguza uhalisia wa mandhari ambayo yameangaziwa katika riwaya ya Siku Njema.
Mwandishi Ken Walibora amefanikiwa katika kujenga visa na matukio katika mandhari halisi. Ametumia majina
halisi ya miji inayopatikana katika nchi za Afrika Mashariki zikiwemo Kenya, Uganda na Tanzania.
Mandhari ya Nchi ya Tanzania
Katika uk.1, mwandishi anasema kuwa Zainabu alizaliwa Mwanza 1927 kama mtoto wa tatu wa Mzee Mwinyi
Makame. Kutokana na uhasama wa wake wenza, mamake Zainabu alihamia kijiji cha Chongoleani katika mkoa wa
Tanga (uk 2). Zainabu alikuwa na kipawa cha uimbaji wa taarab ndiposa akajiunga na kikundi cha Mbelewele mjini
Tanga. Pamoja na wenzake walitembea Dar es Salaam, Nairobi na Kampala. Msanifu Kombo alizaliwa Tanga 1957.
Mjini Tanga ndiko Mjomba Kitwana alikokuwa na karakana ya kutengeneza majeneza. Watoto wa Kitwana:
Butambo, Daniel na Rehema walisomea Tanga School pamoja na Msanifu Kombo, Vumilia, Selemani Mapunda na
Amina. Ni katika Tanga School ambapo Msanifu alitunga hadithi kumhusu kijana Kongowea Mswahili na
ikachukua nafasi ya kwanza katika mashindano ya uandishi katika shule mkoani Tanga ndiposa wanafunzi
wakampagaza Kongowea Mswahili (uk 7).
Makazi ya Enock Minja mpwaye Mwana Saumu yalikuwa Tabora (uk 23). Amina anasema kuwa alizaliwa Dodoma
(uk 55-56) na kuambatana na babake hadi Tanga alipokuwa akifanya kazi na Jumuiya ya Afrika Mashariki. Dodoma
ndiko Amina alikopatana na mchumbake Onyango aliyekuwa mwalimu wa Kiingereza katika shule ya Sekondari.
Isitoshe, Amina anasema kuwa siku aliyobakwa na babake wa kambo, mamake alikuwa amekwenda kumtembelea
kakake Sumbawanga. Tunaelezwa kuwa mhusika Mercy Macdonald aliwahi kufanya kazi katika hopsitali ya
Muhimbili na kuishi mtaa wa Buguruni-Dar es Salaam (uk 109).
Mandhari ya Nchi ya Uganda
Kongowea anapopatana na Amina akisafiri kwenda Mombasa, Amina anamwambia kuwa walisoma pamoja Tanga
School kwa mwaka mmoja kwani babake alifanya kazi na Jumuiya ya Afrika Mashariki basi wakahamishwa kutoka
Tanga hadi Kampala (uk 56). Mercy Macdonald anamwambia Kongowea kuwa aliwahi kufanya kazi katika
hospitali ya Mulago mjini Kampala (uk 110).
Mandhari ya Nchi ya Kenya
Nchini Kenya mwandishi amerejelea maeneo ambayo ni halisi na msomaji anayetoka humo anaweza kuyafahamu
kwa urahisi. Kongowea alipopata habari kuwa Selemani alitaka kumuua kwa kumsema kwa polisi, Kitwana
alimshauri kusafiri hadi Mombasa alikoishi mjombake Salim Makame (uk 43). Khamis alisema kwamba Salim
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aliishi Kisauni Msikitini. Katika chombo cha usafiri, Kongowea alikutana na Amina. Wawili hawa walishukia
Mwembe Tayari-Mombasa (51). Katika mazungumzo yao, Amina alimweleza Kongowea kuwa, asili ya
mchumbake Onyango ilikuwa Ukwala (uk 56).
Kongowea alipofika Mombasa usiku, asubuhi alipanda basi katika kituo cha Kenya Bus Services ili kwenda
kushukia Kisauni Msikitini (uk 60). Alipofika Kisauni, alipata kwamba Salim Makame alikuwa amenunua nyumba
za kukodisha kule Mtwapa (uk 65) na aliyemkaribisha kwa mjombake ni mpangaji Rashid aliyefanya kazi katika
Dolphin Hotel (uk 66). Bibiye Salim aliitwa Wamboi kutoka Murang’a (uk 73) na alikuwa mwendawazimu.
Mwandishi anaeleza kuwa Kongowea alipata kazi katika karakana ya Abdul Mohammed aliyeishi Tononoka (uk
70). Aidha, maelezo ya mwandishi kumhusu mamake Rashid Omar ni kuwa aliuza mboga katika soko la Mwembe
Tayari (uk 71). Rashid mwenyewe alikuwa na mchumba Zawadi aliyekuwa Mbarawa na mwalimu kule Lamu.
Zawadi alisomea kozi ya ualimu katika chuo cha Iregi (uk 98). Siku ya uchapaji wa kadi za harusi ya Rashid,
Kongowea alitembea naye hadi Kengeleni-makutano ya barabara kuu iendayo Malindi. Ilibidi wavuke daraja la
Nyali karibu na hospitali ya Makadara. Baadaye, Rashid alipata ajali karibu na Bamburi Police Station (uk 75).
Rashid alikuwa amekusudia kusafiri bara-Lodwar, Nairobi na Kisumu kwa fungate yake (uk 76). Ilimbidi
Kongowea kumtumia Zawadi barua kuhusu ajali hiyo katika posta iliyopo makutano ya barabara ya Nkrumah Road
na Digo Road. Jeneza lililotumiwa lilitegenezwa na Kongowea katika mtaa wa Kibarani na mazishi kufanyika
Makaburini karibu na Kisauni (uk 81). Baada ya mazishi, Zawadi alihamishwa katika shule ya Msingi ya Mlaleo (uk
84) mjini Mombasa.
.
Kongowea anasema kwamba alikutana tena na Amina akiwa amebadilika na kuwa hamali, akitoka Mwembe Tayari
kununua mboga za kuuza huko Changamwe (uk 79). Katika harakati za kumtafuta babake, Kongowea alipanda gari
moshi mjini Mombasa hadi Nairobi. Aliabiri tena gari moshi lililokwenda Malaba mpakani wa Kenya na Uganda
(uk 103). Gari la moshi lilimfikisha Eldoret, wilaya ya Uasin Gishu usiku wa manane kisha akapanda gari la kwenda
Kitale ambapo alifika saa tatu asubuhi.
Bi Rahma alikuwa amemwambia kuwa babake Juma Mukosi aliishi Makutano kwa Ngozi. Kongowea aliingia
katika mkahawa ulioitwa Sidiakhala na kupata chai ya mkandaa (uk 104). Katika mkahawa huu, alihisi kisulisuli
kisha akaanza kutapika. Alipelekwa hospitali ya Wilaya ya Trans Nzoia mjini Kitale na Mercy Macdonald (uk 117).
Ustadi wake katika lugha ya Kiswahili ulimfanya Kongowea kualikwa na Bi Nambuye Pilipili katika shule ya upili
ya Suwerwa ili kutoa mhadhara kuhusu “Matatizo yanayoikabili Lugha ya Kiswahili” (uk 126).
Uhalisia wa Kimaudhui
Msanii yeyote yule hutoa maudhui yake katika mazingira ya jamii fulani ambayo yeye ni mhusika kwa namna moja
au nyingine. Kazi yake ya fasihi anayoiumba msanii, hutokana na ufahamu wa msanii mwenyewe juu ya maisha na
matukio ya jamii hiyo kutokana na kufahamu miktadha anuai ya jamii hiyo. Maudhui huyaumba kulingana na aina
ya mipaka ya muktadha wa jamii anayoitungia kazi hiyo ya fasihi. Kauli hii inatiliwa mkazo na Ntarangwi (2004),
anayesema kuwa fasihi ina uhusiano na maisha ya kila siku ya jamii kwani haikui (fasihi) wala kuchipuka katika
ombwe tupu. Anatoa rai kuwa fasihi hupewa msukumo, umbo, mwelekeo na upeo na nguvu zinazotoka katika jamii.
Fasihi huwakilisha uhalisi wa maisha ya kijamii kwa upana wake. Makala haya yanalenga kubainisha uhalisia
uliopo wa masuala yaliyozungumziwa na mwandishi katika riwaya ya Siku Njema.
Ubakaji na Ukahaba
Kulingana na TUKI (2014), ubakaji ni tendo la kumlazimisha mtu afanyiwe asichokubali hasa ngono ilhali ukahaba
ni tendo la kufanya ngono nje ya ndoa au uhusiano wa watu mbalimbali na kwa malipo. Kongowea aliposafiri
kutoka Tanga hadi Mombasa alipatana na Amina waliyesoma naye huko Tanga School (uk48). Walipofika
Mombasa walishuka Mwembe Tayari ambapo Kongowea alikabiliana na mandhari ya wanawake waliovaa mavazi
haba na kukalia stuli milangoni huku wakikonyezea macho wanaume waliopita (uk 51). Janajike moja lilidai lipewe
Kongowea wafanye ngono naye kwani lilimpenda. Lilijaribu kumkaribia na kumvuta kuelekea chumbani mwake
hadi mlangoni. Ilibidi Amina kumvuta Kongowea nyuma naye Shakila akaonya lile janajike (uk 52). Amina
alimkaribisha Kongowea katika chumba chake kimoja chenye kitanda kimoja. Wanaume waliendelea kubisha
mlango kwake. Kongowea alipoulizia kuhusu kazi waliyoifanya wale wanawake, aliambiwa kuwa ilihusu ukahaba
kwani walihitaji pesa. Amina alijaribu hata kuweka maji katika karai ili aoge mbele ya macho ya Kongowea (uk 54).
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Amina anamwelezea Kongowea kuwa alizaliwa Dodoma kwani babake alifanya kazi na Jumuiya ya Afrika
Mashariki. Mama alimzalia mabinti watano basi wakawa na ugomvi baina yao. Babake Amina alihamishwa kutoka
Tanga hadi Kampala. Alimwoa bibi mwingine kisha dadaze Amina wakaandamana naye. Amina alifuatana na
mamaye aliyeolewa na jitu lingine. Alipopata mchumba mkenya aliyeitwa Onyango na aliyekuwa mwalimu wa
Kiingereza katika shule ya Sekandari kule Dodoma, jitu hilo lilipinga kwa misingi ya ukabila na utaifa (uk 56).
Onyango alirudi kwao Ukwala na kuoa huko. Basi siku moja mamake Amina alisafiri kwenda Sumbawanga
kumwona kakake na kumwacha na babake wa kambo. Usiku jitu hilo lilimbaka ndiposa maisha yakakosa maana na
akaamua kwenda Mombasa kuishi kama kahaba. Hata hivyo, Amina alimwambia Kongowea kuwa hakuipenda kazi
hiyo.
Katika ukurasa wa 82, Mabruk anasema kuwa alikwenda danguroni na kuchuma ugonjwa uliosambaratisha afya
yake. Awali alikuwa na siha nzuri. Wanapokutana na Amina ansema,
“Sasa ni mwanamke mwenye heshima yake. Hakuna lisilowezekana” (uk 82).
Amina alikuwa kabadilika na kuwa hamali.
Changamoto katika Ndoa
Mwandishi amezungumzia ndoa ambazo zilifanyika na zingine ambazo zilikusudiwa.
Ndoa zilizofanyika
Mzee Mwinyi Makame alikuwa na wake kumi na wawili na watoto tisini. Makame alipoaga, familia yake ikawa
haina chakula, nguo na uhasama wa wake wenza na migogoro ya wake na watoto ilizidi. Mamake Zainabu
aliyekuwa mke wa mwisho wa Mzee mwinyi alirejea kijiji cha Chongoleani na hakuolewa tena (uk 1). Alikuwa na
watoto watatu; Kitwana, Salim na Zainabu.
Zainabu Makame alimzaa Msanifu Kombo huko Tanga 1957 wakati nyanyake alikuwa keshaaga. Mama alimlea
Msanifu Kombo bila baba. Watoto wa Tanga School walikuwa wakimwita mwanaharamu msi baba. Jina baba
lilibaki kuwa kitendawili kwa Kongowea (uk 3).
Mjomba Kitwana alimwoa Mwana Saumu. Walibarikiwa na watoto watatu; Rehema, Daniel na Butambo. Saumu
hakumpenda Kongowea kwani ingawa watoto wake walimtangulia shule, Kongowea aliwashinda na hata kuwapita
basi akawa anamwonea wivu (uk 7). Baada ya Zainabu kufa ilimbidi Kitwana kumchukua Kongowea waishi naye.
Hata hivyo, Mwana Saumu alikuwa akimpa Kongowea makombo na kazi nyingi huku binamuze wakikaa starehe na
kusoma (uk 23). Pia walimtusi. Kitwana aligonjeka mkono na kufunga karakana yake na kukaa kitandani. Hili
lilisababisha Mwana Saumu kulalamika kuwa asingeweza kumlisha Kitwana na Kongowea hadi akaamua kumtilia
sumu katika chai iwapo angepita mtihani wa darasa la saba (uk 25). Hata hivyo, Kongowea aliamua kukimbilia
Mombasa kwa Mjomba Salim.
Ndoa baina ya wazazi wa Amina ilikabiliwa na changamoto. Mamake Amina alimzalia babake mabinti watano bila
mtoto wa kiume. Hili lilizua mgogoro baina yao. Babake alipohamishwa kikazi kutoka Tanga hadi Kampala,
alitengana na mamake Amina na kuoa mke mwingine (uk 55).
Mjomba Salimu alimuoa Wamboi kutoka Murang’a lakini ndoa yao haikudumu. Wamboi alipatwa na wendawazimu
na mtoto wao Bakari kawa mwizi huku Salim akipotea (uk 65). Mhusika Mercy Macdonald aliolewa na Mzungu
Patrick Macdonald. Baada ya kumzaa Alice, Macdonald alifariki katika ajali ya ndege (uk 116).
Ndoa zilizokusudiwa
Juma Mukosi alikutana na Zainabu Makame kule Mombasa akitafiti lahaja ya Kimvita. Walichumbiana lakini
mahasidi wakamfitini Juma kwa Zainabu akamkataa. Zainabu alikuwa tayari ana mimba ya Kongowea. Baada ya
Zainabu kumkataa maisha yalikosa maana (uk 132). Aliamua kujitenga na kuishi mpweke kule Makutano kwa
Ngozi mjini Kitale.
Mhusika Amina alikuwa na mchumba Mkenya, Onyango kutoka Ukwala waliyepatana Dodoma. Babake wa kambo
alimkataa kwa misingi ya ukabila na utaifa. Onyango aliporudi kwao Ukwala, alioa (uk56). Rashid Omar naye
alichumbiana na Zawadi, Mbarawa aliyekuwa mwalimu kule Malindi. Wawili hawa walikusudia kufunga ndoa
lakini wazazi wa Zawadi waliipinga kwani Rashid hakuwa na asili wala fasili (uk 71). Hata hivyo, walipanga harusi
ambayo haikufanyika kwani Rashid alikufa katika ajali ya gari siku tatu kabla ya harusi yao (uk 76). Zawadi
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alidhania kuwa wazee wake walimwendea mpaka kwa waganga ili wasioane kwani walifurahia kufa kwa Rashid na
kumzuia kuhudhuria mazishi yake (uk 82). Ilimbidi atoroke kwao. Rashid hakujua asili yake kwani marehemu
mamake hakumwambia. Mamake alimzaa Rashid tu.
Uadilifu
Kulingana na TUKI (2014), uadilifu ni ile hali ya kuwa muaminifu au kutenda haki bila kupendelea upande wowote.
Mwandishi anaeleza jinsi Kongowea alivyompata Selemani na genge la wezi likimpiga hedimasta akiwa uchi na
kumjeruhi kichwa. Selemani alimpiga hedimasta kwa kumwamuru aoge mbele ya wanafunzi kisha alimwonya
Kongowea kutowasema. Hata hivyo, Kongowea aliwasema ndiposa wakatiwa baroni. Selemani na wenzake walikiri
mashtaka na kufungwa kwa miaka miwili na viboko vinne kila mmoja. Selemani aliamua kulipiza kisasi kwa
Kongowea atokapo kifungoni (uk 22).
Vumilia alimpa onyo Kongowea kuwa Mwana Saumu na Bi Rahma walikuwa na njama ya kumwangamiza kwa
kumtilia chai sumu iwapo angepita mtihani wa darasa la saba (uk 25). Kongowea alipofanya mtihani alikuwa katika
safu ya watahiniwa wachache katika nchi nzima ya Tanzania waliopata alama zote. Mjomba Kitwana ingawa
mgonjwa alifurahi lakini Mwana Saumu alijifanya tu. Alimpa Kongowea chai iliyotiwa sumu. Kongowea aliikataa
basi akatukanwa (uk 26). Hatimaye alitorokea Mombasa.
Vumilia alimfuata Kongowea kwa vyovyote vile ili amwoe. Kongowea anasema kuwa adhuhuri moja akiwa bafuni
akitaka kuoga, kaangika nguo zake kwa msumari alijipata kaangaliana ana kwa ana na Vumilia. Alikuwa
amesimama wima mlangoni kisha akaziwahi nguo zake. Kongowea aliotama huku Vumilia akimwambia kuwa siku
moja angemwoa. Vumilia alimrudishia nguo zake na kumwambia azingatie maneno yake (uk 94).
Kongowea alipofika Mombasa kutoka Tanga usiku, hakuwa na pa kukaa. Amina alimkaribisha katika chumba chake
kimoja na kitanda kimoja na kuweka maji ili aoge mbele yake. Alivua nguo na kuoga mle chumbani. Kongowea
alifumba macho hadi Amina akamaliza. Baadaye alimwita walale. Hakuona cha kuwazuia. Kwa heshima yake,
Kongowea alikataa. Amina alivaa nguo na kwenda kulala na mwanamke mwingine jirani (uk 58-59).
Baada ya mazishi ya Rashid, Kongowea alipoteza fahamu na kulazwa katika hospitali ya Makadara kwa mwezi
mmoja. Aliporuhusiwa kwenda nyumbani, Amina na Zawadi walimuuguza kama mtoto mdogo katika chumba chao.
Walilala ubavuni pake kitandani kwa zamu (uk 90). Kongowea alipokuwa akiishi na familia ya Mercy Macdonald
kule Kitale, Alice aliingia chumbani mwake ghafla kavalia kirinda tu bila sidiria. Alice alimwomba msamaha kwa
kumwona kama matapishi na kisha kumwambia kuwa alimpenda seriously. Kongowea alimwomba akalale
akakataa. Alice aliketi kitandani mwa Kongowea na kuanza kumpapasa. Kongowea alimwambia kuwa amwogopa
kisha akainuka kwenda kulala kwenye banda la John Amon (uk 115).
Matumizi ya Dawa za Kulevya
Kulingana na TUKI (2014), dawa za kulevya ni kemikali ambazo ziingiapo mwilini huathiri ubongo wa mtumiaji na
kumsababishia kuwa na matendo, hisia, fikra na muonekano tofauti na matarajio ya jamii. Selemani alipoogeshwa
mbele ya wanafunzi na hedimasta, alijiunga na genge la vijana mjini Tanga. Walivuta bangi, kuiba na kunajisi
mabinti za watu (uk 20). Bakari naye alikuwa mwizi na alipigwa kwa kunyakua pochi ya mwanamke mtalii kule
Mombasa. Rashid alisema kwamba Bakari alikuwa na uraibu wa bangi na wizi (uk 65). Kulingana na mwandishi,
Selemani alimfuata Kongowea kule Mombasa kwa nia ya kulipiza kisasi. Alijiunga na Bakari (uk 103) ili kuwa
majambazi. Wawili hawa walishirikiana katika kuvunja mahame ya Salim na kuiba vitu vyote vyenye thamani.
Hawakutiwa baroni maana hapakuwa na ushahidi (uk 91). Ilikuwa ni polisi kuwapiga risasi na kuwaua wakijaribu
kuiba gari mjini Mombasa. Walikuwa miongoni mwa genge lililowahangaisha wakazi wa mji wa Mombasa kwa
muda mrefu (uk 131).
Mchango katika Lugha ya Kiswahili
Kulingana na mwandishi, baadhi ya wahusika walichangia katika kuiendeleza lugha ya Kiswahili jambo ambalo
lingali linaendelea katika hali halisi ya sasa. Wahusika hao ni kama Zainabu ambaye alimiliki vitabu vya safu ya
vitabu vya mashairi ya Kiswahili. Alisoma tungo hizo na kutunga pamoja na kuimba nyimbo za taarab (uk 5).
Zainabu alikuwa ashiki wa lugha ya Kiswahili na ushairi. Alimrithisha Kongowea kipawa hicho kwani alipojua
kusoma alizipitia tungo za Kiswahili alizopata vitabuni na magazetini. Alihakikisha kwamba Kongowea hahukosa
nakala ya magazeti ya Ngurumo, Mapenzi ya Mungu na Baraza.
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Kitwana alimpeleka Kongowea Tanga School 1962 mjini Tanga kilicho kitovu cha baadhi ya malenga wa Kiswahili
hususan Sheikh Kaluta, Shaaban Robert, Ali Zakwany na Mwalimu Mbega. Malenga hawa walimtia Kongowea
hamu ya kukisoma Kiswahili. Mzee Uledi Makali aliyekuwa mtambaji hadithi hodari alimfundisha jinsi ya kuimba
mashairi katika mahadhi mbalimbali (uk 6). Kutokana na ari hii, Kongowea alijua Kiswahili zaidi ya wenzake wa
hirimu na elimu yake. Aliwahi kutunga hadithi kuhusu kijana aliyemwita Kongowea Mswahili, ilichukua nafasi ya
kwanza katika mashindano ya uandishi katika shule mkoani Tanga. Alikuwa darasa la sita. Wenzake walimpagaza
jina hilo badala ya Msanifu Kombo. Mamake, Mjomba Kitwana na walimu wake walifaharika. Jina lake lilitokea
katika chapa ya magazeti ya Tanzania na kusikika redioni (uk 7). Mara nyingi aliitwa bingwa wa Kiswahili.
Zainabu alipoanza kuugua wakati mwingine alimwomba Kongowea amsomee shairi moja au mawili kwenye Sauti
ya Bara, diwani aliyoipenda sana. Alipoaga, gazeti la Baraza lililochapishwa nchini Kenya liliangazia habari zake.
Kongowea alimwomba Vumilia gazeti lenyewe alihifadhi kwani lilikuwa na kitengo cha juu cha lugha (uk 16).
Katika safari ya Kongowea kutoka Tanga kwenda Mombasa, mkobani alibeba vitabu vitatu vya Kiswahili: Shani
Kubwa, Sauti ya Bara ya Amuj Isokum na Kamusi ya Kiswahili ya F. Johnson aliye kitalii Kiswahili na
kuking’amua kuliko Waswahili kwa asili (uk 47). Kongowea anasema kuwa wakati wa kustarehe alitembelea
maktaba ya umma Mombasa Kisiwani kusoma vitabu, kuandika mashairi na hadithi fupifupi. Baadhi ya mashairi
yake yalitokea katika ukurasa wa mashairi wa magazeti ya Baraza na Taifa Leo. Alipenda kuchangia utukufu wa
lugha ya Kiswahili (uk 74).
Kongowea alipofika Kitale katika hoteli ya Sidiakhala aliwapata watu waliotumia Kiswahili chenye makosa
yaliyozoeleka. Waliokitumia hawakuona kwamba walikuwa wakikiuka kanuni ya ufasaha wa kusema na sarufi ya
lugha (uk 106). Ufasaha wa kuandika na kuzungumza katika lugha ya Kiswahili haukutiliwa mkazo. Haya
yalimkereketa Kongowea. Kongowea alipatana na Alice, mwanafunzi katika shule ya upili ya Suwerwa ambaye
hakujua Kiswahili wala kulipenda somo lenyewe. Siku moja Alice na wenzake shuleni walisomewa shairi kutoka
katika gazeti la Baraza .Lilikuwa limetungwa na Kongowea na kuwekwa anwani ya Makutano kwa Ngozi (uk 113).
Mwalimu alisifia utunzi ule na kuulizia aliyemjua mtunzi ndiposa Alice akasema kuwa alimjua. Alice alimwomba
Kongowea amsaidie kuchambua mashairi ya diwani ya Sauti ya Bara ya Amuj Isokum. Hatimaye, mwelekeo wa
Alice kukihusu Kiswahili ulibadilika.
Mhusika Kongowea alipokutana na Mwalimu Nambuye alimwambia kuwa ustadi wake wa mashairi ulifanana na wa
Amuj Isokum mtunzi ambaye hakujulikana asili yake. Nambuye alimwomba kwenda kuwazungumzia wanafunzi
wake kuhusu masuala yoyote ya ushairi ama Kiswahili kwa jumla (uk114). Wakati huo shairi lake Kongowea
lilikuwa limepata nafasi ya kwanza katika mashindano ya utunzi wa mashairi nchini Kenya. Kongowea aliitikia wito
huo. Alipokuwa njiani kwenda kutoa mhadhara katika sekondari ya Suwerwa alikutana na Mzee Kazikwisha
aliyetambua kuwa wazazi wake walimrithisha ukwasi wa lugha.
Katika sekondari ya Suwerwa Kongowea alitoa mhadhara kuhusu “Matatizo yanayoikabili lugha ya Kiswahili”.
Alieleza kuwa alikipenda Kiswahili kama Shaaban Robert na Wazungu kama Sheikh Lambert. Hatimaye alisema
kuwa ustawi wa Kiswahili ulitegemea kila mmoja ila wengi hawajifungi nira kukiendeleza.
“Tatizo kubwa sana linaloikumba lugha ya Kiswahili ni wewe na mimi…” (uk 129).
Mhadhara wake ulimvutia Kazikwisha aliyekuja kusikiliza huku amejibanza nje ukutani mwa ukumbi. Alishindwa
kwa nini Kongowea hakuwa mtangazaji wa redio kutokana na ufasaha wake wa lugha ya Kiswahili. Mzee
Kazikwisha alichangia katika kukiendeleza Kiswahili kwani aliandika diwani ya Sauti ya Bara ambayo ilisomwa na
wengi. Alikuwa mhadhiri wa Kiswahili katika Chuo Kikuu cha Nairobi. Anasema katika barua kwa Kongowea
kuwa alikutana na Zainabu kule Mombasa alipokuwa akitafiti lahaja ya Kimvita (uk 132).
Mabadiliko
Kulingana na TUKI (2014), kitenzi “badilika” kina maana ya kuwa tofauti na ilivyokuwa mwanzo. Mwandishi
amewatumia wahusika ambao wamedhihirisha mabadiliko katika hadithi. Baada ya Mwinyi kuaga, familia yake
ilikumbwa na matatizo ya uhaba wa chakula na nguo, uhasama wa wake wenza, matusi ya watoto na kuchaniana
nguo (uk 1). Mwandishi anasema kuwa Zainabu alipokuwa mwenye siha nzuri alikuwa mwimbaji wa taarab lakini
baada ya kuugua aliacha kuimba ili atafute matibabu. Mwishowe aliaga (uk 13). Inabainika kuwa Mwana Saumu
aliungulika baada ya Kongowea kutunga hadithi na kuchukua nafasi ya kwanza katika mashindano ya uandishi wa
shule mkoani Tanga. Alitaka wanawe wawe washindi (uk 6). Hata baada ya Zainabu kufa, alimpokea Kongowea
kwake shingo upande. Alifanya juu chini kumrithisha Enock Minja mali ya Kongowea lakini Enock akafa katika
ajali ya barabarani akielekea Kitale (uk 25). Alijaribu hata kumtilia Kongowea sumu katika chai baada ya kupita
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mtihani wa darasa la saba lakini Kongowea akajifanya kutokuwa na hamu. Aliyapanga haya pamoja na Bi Rahma
aliyekuwa msiri mkubwa wa hayati Zainabu hadi alipoanza urafiki naye. Ni wazi kwamba Kitwana alikuwa
amemwoa mke mbaya kwani Kitwana alipoumia mkono ilimbidi kufunga karakana yake. Mwana Saumu aliyekuwa
msusi alidai kuwa hakuwa na pesa za kumnenepesha yeye na Kongowea. Mwishoni mwa hadithi, Mwana Saumu
alimsafia nia Kongowea na akawa anamheshimu kwa staha kubwa (uk 135).
Amina alimwambia Kongowea kuwa hakuipendi kazi ya ukahaba. Alijiunga nayo baada ya babake wa kambo
kumbaka na maisha kukosa maana. Hata hivyo, baada ya Kongowea kumshauri kuiacha, alianza biashara ya
uhamali (uk 56, 78). Mabruk alikuwa mmoja wa wateja wa Amina kwani anasema kuwa awali siha yake ilikuwa
nzuri lakini ikabadilika na kuwa mbaya. Hatimaye, kutokana na maelezo ya Zawadi katika barua kwa Kongowea,
Mabruk aliaga (uk 119). Majirani wa Salim walimwambia Kongowea kuwa walikisia kuwa kabadilika baada ya
mkewe Wamboi kuwa mwendawazimu na mwanawe Bakari kuwa mwizi. Mwandishi anasema kuwa Wamboi
alikuwa mwanamke mustaarabu na mwenye fadhili kabla ya akili kumruka (uk 73). Walisema kuwa Bakari
aliedekezwa na mamake labda kwa sababu babake alikuwa mpendaraha na hakupatikana nyumbani.
Mhusika Selemani Mapunda alibadilika baada ya kuagizwa na hedimasta kuoga mbele ya umati wa wanafunzi.
Alikataa agizo hilo na kutoroka shule Tanga School akawa anazurura ovyoovyo mjini Tanga. Alijiunga na genge la
vijana wakawa wanavuta bangi, kuiba mali za watu na kunajisi mabinti za watu (uk 20). Alitoroka gerezani Tanga
na kwenda Mombasa ambapo alijiunga na Bakari katika wizi. Hatima yake ilikuwa ni wote wawili kupigwa risasi na
polisi mjini Mombasa (uk 131).
Alice anamwambia Kongowea kuwa hakukipenda Kiswahili lakini moyo wa kuchukia ukageuka kukipenda. Haya
yalitendeka baada ya Kongowea kumsaidia kuichambua diwani ya mashairi ya Sauti ya Bara ya Amuj Isokum (uk
120). Mwelekeo wake kumhusu Kongowea ulibadilika tu alipotambua kuwa Kongowea alikuwa stadi katika lugha
ya Kiswahili. Zamani akimwona kama matapishi.
Mwandishi anahitimisha hadithi kwa kusema kuwa :
“Hakuna kitu cha kudumu ila ‘mabadiliko’ yenyewe” (uk 135).
Anasema pia maoni yake kuhusu ndoa yalibadilika na anapoandika anaiona ndoa kama zawadi kutoka kwa Mungu.
Mwandishi ashaamuoa Vumilia, rafikiye wa utotoni .Wako na wana wawili na binti mmoja.
HITIMISHO
Makala haya yamebainisha kuwa mwandishi ametumia mandhari ambayo yana uhalisia kwani majina yaliyotumika
yanapatikana katika nchi za Afrika Mashariki hususan Uganda, Tanzania na Kenya. Isitoshe, maudhui
yaliyoangaziwa yanahusu matukio ya kawaida katika jamii. Kwa hakika, mwandishi ameonyesha uhalisia kwa
kuangazia maudhui ambayo jamii inakumbana nayo kila uchao. Ishara kuwa mwandishi aliathiriwa na mazingira
yaliyomzunguka kwani kazi yake imechotwa kutoka katika jamii halisi.
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USE OF CHARACTERIZATION AS A STYLISTIC DEVICE IN KISWAHILI NOVEL: EXAMPLE
FROM SIKU NJEMA AND KIDAGAA KIMEMWOZEA NOVELS-KEN WALIBORA.
Allan Mugambi
Humanities department, Chuka University, P. O. Box 109-60400 Chuka. Email: mugambi2050@gmail.com
ABSTRACT
Characterization is an important literary device that is used to highlight and explain the details of a character in the
story. Characterization has to be gradual and in line with the progress of the story. Characterization can also be
direct or indirect. Direct characterization is where the author takes a direct approach by building the character. He
/she uses another character or a protagonist to tell the readers about the qualities of the character in question. In
indirect characterization, the readers are left on their own to deduce on the traits of the character through observing
their behaviours, talks, dressing or actions. Furthermore well defined characters will make the reader to identify
with his or her attributes thus leaving an indelible mark on their minds. This paper interrogates the stylistic devices
used by Ken Walibora in constructing and shaping his characters notably the protagonists and the antagonists in his
stories. Ken walibora is a reknown Kiswahili novelist with over 40 titles in his name. Some of his books have been
used as class readers and tested during final secondary school examination in Kenya for a long time. His unique
style of writing endeared him to many readers and contributed in popularizing his works beyond the borders of
Kiswahili speakers. Thus this paper will used examples from his two novels Siku Njema and Kidagaa Kimemwozea
authored in 1996 and 2012 respectively.
Keywords: Characterization, literary devices, protagonist, antagonist, novel
USAWIRI WA WAHUSIKA KAMA MTINDO WA MWANDISHI KATIKA RIWAYA YA KISWAHILI:
MFANO KUTOKA RIWAYA YA SIKU NJEMA NA KIDAGAA KIMEMWOZEA-KEN WALIBORA.
Allan Mugambi
Idara ya fani, Chuo Kikuu cha Chuka S.L.P 109-60400, Chuka. Barua pepe: mugambi2050@gmail.com.
IKISIRI
Usawiri wa wahusika ni kiunzi muhimu katika kufanikisha kazi yoyote ya sanaa. Mwandishi huwatumia wahusika
kama kipasa sauti chake ili kujenga uhusiano na wasomaji sawia na kuwasilisha maudhui yake kwa hadhira. Aidha,
wahusika mahiri huvutia wasomaji kiasi kwamba mawazo ya mwandishi yatapitishwa kwa urahisi na kupokelewa
bila pingamizi. Ken Walibora ni mwandishi maarufu katika fasihi ya Kiswahili ambaye ameandika zaidi ya vitabu
40 maishani mwake. Baadhi ya vitabu vyake vimetumiwa kwa muda mrefu katika ufunzaji na utahini wa mtihani wa
mwisho katika shule za upili nchini Kenya. Upekee wa mwandishi huyu unajitokeza katika mbinu zake za utunzi
pamoja na maudhui yanayopokelewa na kueleweka na wengi. Usawiri wake wa wahusika umewafanya vijana wengi
kuchangamkia vitabu vyake na kuvikumbuka kwa muda mrefu hata baada ya kumaliza mfumo wao wa masomo.
Makala hii inalenga kuchunguza mbinu za usawiri wa wahusika zinazompatia umaarufu katika utunzi wake.
Wahusika katika riwaya za Siku Njema na Kidagaa Kimemwozea watachunguzwa ili kufanikisha lengo hili.
Maneno muhimu: Uhusika, mtindo, hadhira, riwaya, usawiri
UTANGULIZI
Usuli Wa Mada
Wahusika ni viumbe walioumbwa na mwandishi ili kuendeleza dhima ya sanaa. Waandishi huwaumba viumbe vyao
kutokana na vipengele vya maisha ya binadamu wa kawaida. Aidha wanakuza baadhi ya sifa na kupuuza zingine na
baadaye kuibua viumbe wanaoshabii uhalisia wa ulimwengu halisi tunamoishi. Ingawa baadhi ya wahusika ni
wanyama, wadudu na viumbe visivyo hai, wale wahusika binadamu wamefanikiwa zaidi katika fasihi. Lodge 1992
anahoji kuwa uhusika katika kazi za sanaa, huwa ni kipengele kigumu kuwasilisha. Anasema kuwa kufanikisha
usawiri wa wahusika hutawaliwa na mambo mengi katika fasihi kama vile, ploti, mbinu ya usimulizi, mandhari na
mtindo wa mwandishi. Kutokana na mtagusano huu wa vipengele mbalimbali ndipo wahusika huibuka, huzungumza
na kuingiliana na wengine katika mandhari ya sanaa. Akigusia suala la uhusika katika sanaa Wamitila (2002),
anasema kuwa usawiri wa wahusika, wasifu wao, tabia zao, lugha yao, itikadi, vionjo na hata mitazamo yao
huathiriwa kwa kiasi kikubwa na dhamira ya kazi fulani ya kifasihi.
Fasihi huwa na aina mbalimbali ya wahusika. Kuna wahusika duara ambao hubadilika mara kwa mara kulingana na
hali wanayopitia. Kuna wahusika bapa pia ambao hawabadiliki kamwe. Hawa hutambulika kwa urahisi na athari zao
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huwa wazi. Wahusika pia wanaweza kugawanywa kuwa wahusika wakuu au wale wasaidizi kutokana na mchango
wao kwa kazi ya sanaa. Wahusika wakuu hushirikishwa katika hadithi nzima na hutamba katika kila sehemu.
Wahusika wasaidizi hutumika kwa muda tu kulingana na malengo ya mwandishi, kisha wanatoweka baada ya
kutimiza lengo lao. Ubunifu wa wahusika ili waweze kuvutia wasomaji ni kazi inayohitaji ustadi na uangalifu
mkubwa. Sharti wahusika waaminike na wawe na msukumo bayana kwa yale wanayotenda. Msomaji anafaa
kujinasibisha na mhusika fulani ikiwa amebuniwa vizuri bure sivyo, kazi ya sanaa itakuwa na udhaifu.
Kazi za sanaa zilizofaulu huwa na wahusika waliobuniwa vizuri. Waandishi hata hivyo wana uhuru wa kuwabuni
wahusika wao jinsi wanavyotaka bora waaminike na pia waweze kukuza lengo lao. Mwandishi kama vile
Mohammed S. Mohammed aliyeandika riwaya mashuhuri ya nyota ya rehema aliwatumia wahusika makahaba
katika kuwasilisha maudhui yake. Jinsi wahusika wake wanavyozungumza, kutenda na hata kuvalia, humuacha
msomaji na taswira kamili ya shughuli zao za kutafuta riziki. Saidi A. Mohammed ni mwandishi mwingine
mashuhuri katika fasihi ya Kiswahili. Mohammd ameandika riwaya kadha kama vile utengano, dunia mti mkavu na
asali chungu. Ametumia mitindo kadha kusawiri wahusika wake.
Alipoandika riwaya zake alitumia wahusika wa kihalisia wenye sifa zinazofanana na binadamu wa kawaida. Mtindo
wake hata hivyo ulibadilika alipotunga riwaya ya babu alipofufuka inayoongozwa na mtazamo wa kihalisia ajabu.
Amewachora wahusika wa kiajabu ajabu katika riwaya hii, ambao wanatenda matendo yasiowezekana kutendwa na
watu wa kawaida. Mhusika mkuu kama vile babu anafanana na mzuka. Mohammed alifaulu katika kuonyesha
uhusiano ulioko kati ya ulimwengu halisi na ule wa kijonzi. Ametumia mbinu kadha kama mandhari na usimulizi ili
kutuchorea wahusika wake wasio wa kawaida. Ubunifu wake unamuacha msomaji na taharuki ya kutaka kujua
yanakayojiri na jinsi wahusika watakabiliana na hali mbalimbali, suala linalochangia kuendeleza maudhui yake.
Mifano iliyotajwa hapo juu inaonyesha bayana kuhusu umuhimu wa uhusika katika kazi za sanaa. Wahusika ni
kama vipasa sauti vya waandishi. Usawiri bora wa wahusika ni stadi inayokuzwa na kuimarishwa katika tajriba ya
uandishi. Masuala kama haya yalichochea makala hii ili kuchunguza kiini cha umaarufu wa riwaya zilizoandikwa na
Ken Walibora. Kuna vipengele vingi vya fani ambavyo vingechunguzwa katika kazi hii lakini kipengele cha
wahusika kilichaguliwa maksudi. Sababu ni kuwa wahusika huwakilisha wanajamii wanaorejelewa na mwandishi na
hudhihirisha kwa njia ya wazi zaidi maudhui yaliyokusudiwa katika kazi ya sanaa. Uteuzi wa mifano kutoka riwaya
zilizoandikwa na Ken Walibora pia ulikuwa wa kimaksudi. Kuna upekee wa aina fulani katika usawiri wa wahusika
kwenye kazi za Ken Walibora. Ingawa mwandishi huyu amefanikiwa kuandika zaidi ya vitabu 40, ametumia
wahusika vijana kwa wingi katika kazi zake. Wahusika hawa wanahusishwa katika mambo mengi na hasa safari
wanazofunga. Motifu ya safari ni dira muhimu inayoongoza kazi nyingi za Walibora. Kutokana na safari za
wahusika, mwandishi anapata fursa ya kuwajenga na kuwakuza na kuweka wazi sifa za wahusika mbalimbali. Safari
hizi pia zinachangia mgao wa wakati ulio na mantiki katika kujenga hulka ya wahusika. Suala hili linamfanya
msomaji awe mshiriki wa mwandishi hasa katika kukisia yale yanayoweza kutendwa ama kukumbana na mhusika
fulani. Kwa misingi hii Ken amefaulu kukuza wahusika wake kwa njia ya kipekee. Aidha, tajriba za mwandishi
huathiri mbinu zake za utunzi pamoja na usawiri wake wa wahusika na maudhui anayowasilisha. Pana haja ya
kuangazia maisha ya Ken Walibora kwa muhtasari ili kutoa mwanga zaidi kuhusu mada inayoshughulikiwa.
Maisha Ya Ken Walibora
Ken Walibora alikuwa mwandishi mashuhuri wa fasihi ya Kiswahili ambaye alifanikiwa kuandika zaidi ya vitabu 40
kabla ya kuaga dunia. Kennedy Atanasi Waliahula alizaliwa mnamo tarehe 6, Januari mwaka wa 1965. Alijiunga na
shule ya msingi ya St. Joseph mjini Kitale kabla ya kwenda katika shule ya upili ya Olkejuado na Koelel mtawalia.
Baada ya masomo yake katika shule ya upili alijiunga na chuo kikuu cha Nairobi kusomea shahada ya kwanza
ambapo alibobea katika somo la fasihi. Baadaye alijiunga na chuo kikuu cha Ohio nchini Marekani ambako
alisomea shahada ya uzamifu na kuandika tasnifu yake kuhusu fasihi ya gerezani. Ken alikuwa mwanahabari,
mwalimu, msomi na mwandishi. Ken alifunza katika chuo kikuu cha Madison Wisconsin Marekani kwa muda
mrefu.
Baadaye alijiunga na chuo kikuu cha Riara nchini Kenya ambako aliendelea kufundisha na kuandika pamoja na
shughuli zingine za kitaaluma. Matundura (2020), anasema kuwa Ken alifanikiwa kutunga na kuchapisha tungo
nyingi katika mapana na marefu ya tanzu zote za fasihi. Mwanataaluma huyu alipata umaarufu wa kimataifa
kutokana na mtindo wake wa usanii hasa katika riwaya ya Kiswahili. Kutokana na ustadi wake wa utunzi, kazi zake
zimepokelewa na wasomi kote ulimwenguni na zinaendelea kusomwa. Baadhi ya riwaya zake ni kama vile siku
njema, ndoto ya almasi, ndoto ya marekani, kufa kuzikana, na kidagaa kimemwozea. Ameandika tamthilia za mbaya
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wetu na kisasi hapana. Katika ulingo wa hadithi fupi aliandika maskini milionea na hadithi zingine pamoja na damu
nyeusi na hadithi zingine miongoni mwa kazi nyingi.
Walibora alikuwa na kipawa cha kusimulia matukio na kuyapanga kwa utaratibu uliosisimua msomaji na kumucha
na shauku ya kusoma zaidi. Njogu (2020), anasema kuwa umilisi wa Walibora katika lugha ya Kiswahili na maisha
ya watu wa kawaida ulimpa nyenzo muhimu za utunzi. Aliweza kutumia jazanda na vipengele vingine vya fani kwa
kiwango kisicho cha kawaida. Nchini Kenya, baadhi ya vitabu vyake vimetumiwa katika kufunzia fasihi ya
Kiswahili hasa riwaya na kutahiniwa katika mitihani ya mwisho ya kidato cha nne. Riwaya yake ya siku njema
alioandika katika mwaka wa 1996 ilifungua ukurasa mpya katika fasihi ya Kiswahili. Matundura (2020), anasema
kuwa riwaya hii ilikuwa miongoni kwa kazi zilizoipatia fasihi ya Kiswahili msukumo na nguvu mpya.
Walibora amefanikiwa katika kutumia mbinu mbalimbali za kisanaa. Usawiri wake wa wahusika ni suala linalohitaji
kuchunguzwa kwa sababu waliosoma vitabu vyake huwapokea wahusika wake barabara na kuwakumbuka hata
baada ya miaka mingi ya masomo. Mapitio yake ya maisha, tajriba yake pamoja na utafiti wake wa jamii ni baadhi
ya mambo yaliyompatia nafasi adhimu ya kujenga wahusika maarufu waliotajika na wenye sifa za kuaminika katika
kazi zake. Suala hili linadhihirisha bayana kwamba mwandishi wa fasihi haandiki katika ombwe tupu bali huchota
maudhui yake katika jamii anamoishi, hasa yale aliyoyaona ama kuyasikia. Walibora aliaga dunia mnamo tarehe
kumi mwezi wa Aprili 2020 akiwa na umri wa miaka 55.
Wahusika Katika Riwaya Za Siku Njema Na Kidagaa Kimemwozea
Riwaya za siku njema na kidagaa kimemwozea ziliandikwa na Ken walibora katika mwaka wa 1996, na 2012
mtawalia. Riwaya hizi zimetumia motifu ya safari kama mbinu ya utunzi. Mbinu hii huhusisha safari maalum
inayofanywa na mhusika mkuu katika hali ya kutafuta ukweli fulani unaohusiana na maisha yake na maisha ya jamii
kwa jumla. Wahusika wakuu wanajisaka na kujitafuta na hatimaye hufanikiwa kupata jawabu wanalosaka. Mara
nyingi, wahusika hupata ufafanuzi ulio kinyume na yale waliokuwa wanasaka na hujifunza unyenyekevu au hata
ujasiri katika msako wao. Ingawa mbinu hii ilitumika tangu enzi za kale, Walibora ameitumia kwa ufanisi mkubwa
hasa katika usawiri wake wa wahusika. Riwaya za siku njema na kidagaa kimemwozea ni mifano madhubuti ya
kudhihirisha ukweli huu. Riwaya ya siku njema ina mhusika mkuu ambaye kwa jina ni Kongowea Mswahili.
Mhusika huyu alizaliwa mjini Tanga katika nchi ya Tanzania. Alipozaliwa baba yake hakujulikana na aliitwa
mwana haramu. Kongowea hata hivyo, alikuwa na kipawa cha uandishi. Kutokana na ushindi wake katika
mashindano ya uandishi mkoani Tanga, wanafunzi wenzake wanampa jina la lakabu Kongowea Mswahili. Kutokana
na madhila haya ya kuitwa mwana haramu Kongowea anafanya msako mkali wa kumtafuta babake mzazi. Msako
huu unampeleka hadi nchini jirani ya Kenya. Anakumbana na mengi katika safari yake yakiwemo wahusika
wengine wa hulka tofauti. Safari yake imejaa dhiki, taharuki na masaibu ya aina nyingi. Baadaye alifanikiwa
kumpata babake aliyejulikana kama Juma Mukosi ambaye alitumia lakabu katika maandishi yake yaani Amuj
Isokum. Msako huu unaweza kulinganishwa na hali halisi ya wanajamii wanaojaribu mengi ili kuboresha maisha
yao pamoja na kutafuta haki. Mengi hutokea katika safari hii ya maisha ambapo wengine hukata tamaa na wengine
huendelea kupambana. Motif ya safari inatoa fursa muhimu ya kukuza na kujenga wahusika wa kuaminika.
Kutokana na mandhari wanayopitia, wahusika wengine wanaokumbana nao pamoja na changamoto mbalimbali sifa
mbalimbali za wahusikahuweza kudhihirika.
Wahusika katika riwaya ya kidagaa kimemwozea pia wako safarini ya kusaka haki. Kupitia msako huu, tunapata hali
halisi ya wanyonge ambao wananyanyaswa kwa kila njia na watawala na mabwanyenye. Hata hivyo, wanyonge
wanaamua kujikomboa na kufanya mapinduzi yanayoletwa na vijana. Amani na Imani ambao ndio wahusika walio
katika mstari wa mbele wa kuleta mabadiliko wamesawiriwa miongoni mwa wahusika wakuu. Vijana hawa
wanavunja miiko na kuendeleza mapinduzi ya kila aina. Wana ujasiri, bidii, utu, msimamo dhabiti, na werevu.
Wanapambana na wahusika wengine ambao ni mahasidi wao kama vile Mtemi Nasaba Bora na Majisifu
Majimarefu. Kuna wahusika wasaidizi mbalimbali waliosawiriwa na ambao pia wanachangia dhamira kuu ya
riwaya hii kama vile, Dora, Zuhura, Dj Gadafi na Fao.
Mbinu Za Usawiri Wa Wahusika Katika Riwaya Teule
Walibora ametumia njia kadhaa katika kuwasawiri wahusika wake. Anaibua wahusika moja kwa moja na kwa lugha
rahisi inayomfanya msomaji kuona kama alimfahamu mhusika tangu mwanzo. Ametumia usimulizi wa nafsi ya
kwanza katika riwaya ya siku njema. Usimulizi wa aina hii hutumika zaidi katika riwaya za tawasifu. Walibora
alipoutumia katika riwaya hii, msomaji alihisi kana kwamba mwandishi mwenyewe alikuwa anasimulia maisha
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yake binafsi. Mtindo huu ulimfanya msomaji kuamini masimulio haya zaidi na kuyamakinikia. Ukweli ni kwamba
kisa chenyewe kiikuwa cha kubuni wala hakikuhusikana na maisha ya mwandishi. Mkabala huu vilevile unamfanya
msomaji kujifananisha na nguli katika hadithi inayosimuliwa. Kuna uhusiano unaochipuka kati ya mhusika wa aina
hii na msomaji. Hali hii inamfanya msomaji kupenda mhusika anayerejelewa katika mtazamo huu. Vijana wengi
waliosoma riwaya ya siku njema wamekiri kwamba waliathiriwa pakubwa na mhusika mkuu Kongowea Mswahili.
Usomaji wa kazi hii kwao ulikuwa kama tafakuri ya moyo ambapo walianza kudadisi upya mwelekeo wa maisha
yao. Ingawa mhusika Kongowea Mswahili alikuwa kiumbe cha kubuni, alionekana mwanadamu halisi kwa momaji.
Mbinu ya kimaelezo pia imetumika kwa ufanisi mkubwa. Katika mbinu hii, mwandishi huelezea sifa za mhusika
fulani na kujenga taswira dhabiti kumhusu. Mbinu hii humpatia mwandishi uhuru wa kudhihirisha chuki au
mapenzi kwa mhusika anayerejerewa. Mwandishi huweza kutoa maelezo anayotaka kuhusu wahusika mbalimbali.
Hata hivyo, mbinu hii haimpi msomaji nafasi ya kuchunguza tabia za mhusika fulani suala linaloweza kuwa
changamoto. Walibora alifidia upungufu huu kwa kutumia mazungumzo ya wahusika wenyewe kwa wenyewe ili
kutoa sifa zaidi.
Mfano mhusika Majisifu Majimarefu katika riwaya ya Kidagaa kimemwozea anapoenda kutoa hotuba kuhusu kitabu
chake katika chuo kikuu cha Mkokotoni, anaulizwa maswali anayoshindwa kujibu…(uk. 124). Maswali
anayoulizwa yanatupa sifa zake kadhaa; kwamba hakuwa mwandishi wa mswada huu na pia alikuwa haufahamu
wala kuuelewa mswada huu, jambo linalomsawiri kama mtu mwenye akili ndogo. Maneno ya Majisifu Majimarefu
katika kujitetea kwake yanatilia nguvu kupungukiwa kwake kwa akili na kukosa falsafa. Anawasifia wafalme
madikteta wa kiafrika kama Amin Dada wa Uganda na Bokasa wa Jamhuri ya Afrika ya Kati na kushangaza halaiki
katika ukumbi mzima. Mambo haya yanadhihirisha sifa zake hasi ambazo mwandishi alikuwa amemwekea na
kuathiri mtazamo wa msomaji kumhusu kwa kiwango kikubwa.
Walibora pia amefaulu kutumia mbinu ya ulinganuo katika kuwasawiri wahusika wake. Mbinu hii inalinganisha
wahusika wawili kwa njia ya kinyume. Baadhi ya wahusika wana tabia ambazo zinapingana. Tunaona Mtemi
Nasaba Bora katika riwaya ya kidagaa kimemwozea akiwa mtu bidhuli. Anawanyanyasa watu kwa kila namna ikiwa
ni pamoja na kuwany,ang’anya mashamba yao, mabinti, wake na hata mali. Anatumia askari na jela kuwatishia raia
katika janibu ya Sokomoko. Kinyume na mhusika huyu tunamwona Amani ambaye ni mtetezi wa haki za
wanyonge. Ana utu na mvumilivu asiyetaka kulipisha kisasi. Amani anasema’ mimi sina ngoa na yeyote,
ujaponitenda ubaya sina chuki nawe…(uk. 147)’ Kauli hii inaonyesha moyo wa kusamehe licha ya kutetea haki.
Taswira ya wahusika hawa wawili waliosawiriwa kwa sifa zilizokinzana inanata akili ya msomaji na kufanikisha
ploti nzima ya riwaya.
Mwandishi pia alitumia mbinu ya majazi kwa wingi. Majazi ni mbinu ya sanaa inayohusisha majina ya wahusika au
mahali fulani na sifa au tabia zao. Majina ya wahusika katika mbinu hii huakisi sifa, wasifu, itikadi, mandhari na
hata matamanio yao. Wahusika kama vile Amani na Imani wamesawiriwa kwa kutumia mbinu hii. Amani kwa
mujibu wa Tuki 1988 ni hali ya kuwa salama bila ghasia au fujo. Mhusika Amani anasawiriwa kama mtu aliye na
utulivu mwenye utu na asiyependa fujo wala udanganyifu. Imani kwa upande mwingine ni itikadi inayomfanya mtu
kuwa na mkabala fulani wa maisha. Mtu mwenye imani huwa na maono fulani ya moyo kuhusu jambo au kitu.
Mhusika Imani katika riwaya hii ya Kidagaa kimemwozea anakuwa wa kwanza kuyanywa maji ya mto Kiberenge
kinyume na itikadi za jamii yao. Watu wanashangaa kwamba hakuaga dunia kinyume na ilivyoaminika.
Mhusika huyu aliamini kwamba jambo ambalo lilikuwa haramu lingeweza kuhalalishwa. Jina lake Imani
linaendanisha na sifa zake katika riwaya hii. Mhusika Mtemi Nasaba Bora, anawakandamiza wananchi na
kuwatawala kwa ufito wa chuma. Anawanyang’anya mashamba, wake mabinti na hata mali zao. Wananchi
wanamwogopa na hawangesema chochote cha kumpinga. Jina Mtemi lilitumiwa na jamii ya wanyamwezi kurejelea
watawala wao waliokuwa wakali sana. Waliweza kuwashambulia maadui zao bila huruma. Jina hili linatumika
kimajazi hapa kuonyesha udikteta ulioendelezwa na mfalme huyu katika nchi ya Sokomoko. Mfano wa mwisho
kudhihirisha mbinu ya majazi ni jina la mwalimu majisifu Majimarefu lililotumika kimajazi kwa sababu anaiba
mswada wa wengine na kujisifu alivyoandika kitabu. Anashindwa kutetea kazi yake alipoenda kutoa hotuba katika
chuo kikuu cha Mkokotoni, jambo linalomfedhehesha mno.
Mbinu ya kuwatumia wahusika wengine ili kufafanua sifa za wenzao imetumiwa kwa mapana na Walibora.
Wahusika huelezea matendo, mienendo na sifa za wenzao kwa njia ya kawaida tu kama inavyofanywa katika
mazungumzo. Kutokana na mawasiliano haya tunaweza kupata sifa mbalimbali za wahusika wanaorejelewa.
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Maneno haya yanatufichulia matendo yaliyotendwa na mhusika na hata kumuumbua. Katika riwaya ya kidagaa
kimemwozea tunaona Bibi kizee analalamikia kule kulazimishwa kuhudhulia sherehe na Mtemi Nasaba Bora pale
Sokomoko. Weye aliyekuwa mwendawazimu anasema kuwa Memi amewapokonya mashamba, mali, mabinti na
hata wake zao. Bi Rahma katika riwaya ya siku njema anasema mengi kuhusu marehemu Zainabu; kwamba alikuwa
mkarimu, muungwana hakupenda ugomvi wala kumuudhi mtu…(uk. 29). Kupitia kwa maneno ya wahusika hawa
tunapata kupata sifa za wahusika wenzao.
Maneno ya mhusika binafsi na mienendo yake ni mbinu nyingine iliyotumiwa na mwandishi Walibora katika
kufanikisha usawiri wa wahusika wake. Wale wahusika katili kama vile Selemani na wenzake wanatumia maneno
ya vitisho na lugha kali katika riwaya ya siku njema. Tunaona Mtemi Nasaba Bora katika riwaya ya Kidagaa
Kimemwozea akiamrisha kushikwa kwa Amani na Imani kwa vizingizio tu. Askari wanatumia lugha isiyokuwa na
adabu na kuwatukana watu, jambo ambalo ni la kawaida kwa askari. Mtemi Nasaba Bora anatukana hata bibi yake
bila kujali. Mienendo ya Mtemi yanatufichulia mengi kuhusu tabia zake. Alikuwa mwepesi wa hasira na mtu
mwenye tabia za ufuska. Licha ya kuwa na bibi kwa jina Zuhura, anaweka kimada kwa jina Lowela Maozi na
kuendeleza mahusiano ya kimapenzi nje ya ndoa yake…uk. 106.
Mandhari pia ni mbinu iliyotumika kujenga baadhi ya wahusika katika kazi zinazorejewa. Sababu ni kuwa kila
kitendo cha fasihi hufanyika katika mandhari maalum. Mandhari hutueleza kuhusu wapi na ni lini kitendo fulani
kilitendeka. Kwa misingi hii, tunaweza kufahamu hisia za wahusika, hasira, kero tamaa na utu ama unyama. Mfano
tunamwona Mtemi Nasaba Bora katika riwaya ya Kidagaa Kimemwozea akimkuta Amani na bibi yake Zuhura
chumbani mwake katika hali ya kutatanisha. Jambo hili linamghadhabisha na anapandwa na mori haraka.
Anakimbilia bunduki yake hata bila kudadisi sababu za yale yaliyokuwa yakitendeka chumbani mwake. Anampiga
Amani kwa mtutu wa bunduki kwa nguvu zake zote na kumwangusha chini…(uk. 132). Hiki ni kitendo cha
unyama kinachosababishwa na hasira ya bwana Mtemi. Uwanjani wa Nasaba Bora tunakuta wahusika wengine
askari ambao wanalinda Mtemi, Mhusika Weye alikuwa ni mwenda wazimu na anachangia kutwambia mengi
ambayo watu razini hawangeyasema kwa hofu ya kuwekwa gerezani. Mandhari ya uwanja yanachangia kusawiri
sifa za wahusika hawa kwa sababu wahusika kama hawa hupatikana katika sherehe katika hali ya kawaida.
Waliboraaliweza kuwabuni wahusika wake pia kupitia ucheshi pamoja na mbinu zingine za fani kama kinaya,
chuku, jazanda na tashbihi. Baadhi ya wahusika wanatenda matendo tunayoona kama si rahisi kutokea katika hali ya
kawaida. Hata hivyo yanawasilishwa kwa urahisi kana kwamba yalitokea hakika. Tunaona kwa mfano mhusika
Amani akishawishiwa na bibi ya Mtemi Nasaba Bora kuingia chumbani mwake wakati wa usiku. Bi Zuhura
amevalia vasi la kutatanisha lakini Amani haonekani kujali. Amani anakubali kuingia chumbani cha kulala cha
Mtemi Nasaba Bora bila kutafakari kuhusu agizo hili ambalo halikuwa la kawaida. Bi Zuhura na Amani hatimaye
wanavumaniwa pale ndani na Mtemi na kushambuliwa vikali… Kidagaa Kimemwazea (uk. 131).
Hili si jambo la kawaida kutokea ingawa mwandishi analieleza kwa ushawishi na kumfanya msomaji aliamini.
Ilikuwa kinaya kwa Mtemi kutumia Kiingereza kuzungumza na raia ingawa hawakung’amua chochote. Mbinu hii
inatoa sifa za wahusika hawa na kuendelea kuonyesha tabia zao… Kidagaa kimemwozea …(uk.70). Baada ya kifo
cha Rashid ambacho kilitokea siku tatu kabla ya arusi, tunamwona mpenzi wake Zawadi akimwomba Kongowea
kumuoa katika riwaya ya Siku Njema. Anafanya hivi licha ya kujua kuwa alikuwa mvulana wa miaka kumi na sita
pekee.Ombi kama hili si la kawaida kulingana na mila na desturi za jamii nyingi hasa barani Afrika. Mwandishi
hata hivyo analiwasilisha kwa njia ya moja kwa moja ili kujenga sifa za mhusika wake mkuu Kongowea
Mswahili… (uk.97).
HITIMISHO
Makala hii imedhihirisha bayana kwamba mwandishi Ken Walibora alifanikiwa katika kusawiri wahusika wake kwa
kiwango kikubwa. Ingawa baadhi ya mbinu alizotumia ni zile za kawaida, anafidia kwa kuunganisha na mtindo
wake wa uandishi pamoja na vipengele vya fani kiasi kwamba mbinu zake zinakaa kama ni mpya kabisa. Makala hii
pia imedhihirisha kuwa mwandishi ametumia mbinu kadhaa za usawiri wa wahusika ili kufanikisha kazi zake za
uandishi. Baadhi ya mbinu alizotumia ni pamoja na maelezo, majazi, matendo ya wahusika, maneno ya wahusika
wengine kuhusu wenzao na mbinu ya mlinganuo. Aidha, mwandishi ametumia motifu ya safari katika kupambanua
mawazo yake. Kupitia mbinu hii, Walibora anafanikiwa kukuza wahusika wake kwa kina na kwa njia ya
kuaminika.
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Aliweza kuonyesha wahusika wake katika mazingira mbalimbali na tabia walizofanya katika hali hizo kupitia safari
zao. Tunaona mabadiliko ya wahusika kutokana na yale waliyopitia na kuona. Yaliyosemwa na kufanywa na
wahusika hawa yalichangia katika kufanikisha dhamira kuu ya riwaya teule. Safari walizofunga pamoja na sehemu
walizopitia zilitoa nafasi ya kuwakuza na kuwajenga wahusika wanaorejelewa na mwandishi. Mtindo wa Walibora
wa uandishi na usawiri wa wahusika ni sifa muhimu zinazomtambulisha mwandishi huyu na kuchangia kupokelewa
kwa riwaya zake na wasomaji.
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Abstract
This study seeks to review, analyse and evaluate the presentation of the Kikuyu myth of origin as presented in Ngugi
Wa Thiong’o’s narrative verse; Kenda Muiyuru: Rugano Rwa Gikuyu na Mumbi (The Perfect Nine: The Epic of
Gikuyu and Mumbi.). The study is primarily a critical textual analyses of the author’s original publication in Gikuyu
language, but also refers to oral traditions and oral literature of the Kikuyu people. The paper critics the mythic
formation of the Kikuyu nation through the ten (‘perfect nine’) daughters and explores symbolic significance of the
journey motif exploited by the writer in this version of narrating the Kikuyu nation. The study further explores how
Ngugi Wa Thiong’o’s rendition is a metaphor for an African renaissance that can only be achieved by retracing the
steps to the beginning (origin). The return to the primordial times, travelling the road of the forefathers may
occasion the understanding of the current African space and time. This will eventually lead to recreation of a stable
and just Africa ridded off the jinx of colonial ogres of cultural and economic domination. In the process, the study
explores Ngugi Wa Thiong’o’s ultimate romantic feminist vision that proposes gender equity as the base for the
creation of a stable self-sustaining and prosperous society.
1.1 Introduction
Cosmogenic myths set the pattern for everything else in the world. The mythic narrative constructs the story of our
origins by transcending the limits of ordinary human perception and reason. Nevertheless, the mythic narrative form
the bases and the beginning of all thinking including scientific thought. The cosmos generated in the mythic
narrative is primarily the world of man and woman. They are brought forth into the cosmos to be the namers and
moulders of the creation, and the world to become the abode for their descendants. This paper seeks to review,
analyse and evaluate the presentation of the Kikuyu myth of origin as presented by Ngugi wa Thiong’o in his
narrative in verse; Kenda Muiyuru:Rugano Rwa Gikuyu na Mumbi (The Perfect Nine: The story of Gikuyu and
Mumbi.). The Kikuyu people today number over eight million, and are scattered all over Kenya but primarily live in
Kirinyaga, Nyeri, Nyandarua, Murang’a and Kiambu counties in the Mount Kenya region of Kenya.. The Kikuyu
country is dominated by Mount Kenya, which rises to 5,199 metres above the sea level and the Aberdare range of
mountains, which also rises to over 3,999 metres above sea level. The permanently snow covered peaks of Mt.
Kenya are revered as the abode of the Kikuyu God, Ngai, Murungu, Mwene Nyaga. The Kikuyu speak a Bantu
language with at least five discernible dialects among the people who refer to themselves as Kikuyu. These include
Kabete-Metumi, Gaki, Mathira, Ndia and Gichugu dialects. Culturally and linguistically the Kikuyu are closely
related to Embu, Mbeere and Meru speakers. These communities have been classified as the thagichu speakers
(Mutahi: 1977, Muriuki: 1974:57-58, Castro: 1995:19).
The Cosmogenic myth of the Kikuyu is the story of Gikuyu and Mumbi and of their ten daughters (Full nine (Kenda
Muiyuru).Tradition has it that God gave Gikuyu and Mumbi the land on the slopes of Mt. Kenya where they settled
and were blessed with the daughters. God provided nine suitors for the daughters, after Gikuyu sacrificed to Him
and these men agreed to marry the daughters and live on the land bequeathed to the daughters under a matriarchal
system (Kenyatta: 1938:) From each of these daughters arises the nine clans named after them. The tenth clan that
brings up the total to the ‘full nine’ is the Aicakamuyu, begotten of the last born daughter, Warigia, who is said to
have become pregnant outside wedlock and never got married.
Historical sources highlight the formation of the nine clans as the final consolidation of migratory groups that settled
on the southern slopes of Mount Kenya from the Rupingazi River in the East to beyond Chania River in the South.
These people are today known as Kikuyu. As they are today they consist of a fusion of different peoples who
migrated to the region from different regions at different periods for different reasons. The original Kikuyus are said
to be descendants of Thagicu and Igembe peoples who migrated from the current northern Meru County region and
started settling in the southern and western slopes Mount Kenya region as early as the 12 th century. The different
splinter groups scattered from the Ithanga hills, currently in Machakos County, settling in the current Kirinyaga,
Murang’a and Nyeri Counties. They continuously moved southward to Kiambu County in the late 18 th and early 19th
centuries. Other groups that infused and became part of the Kikuyu include Kamba, Ukavi, Maasai and Ndigirigi
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peoples as well as original inhabitants of the region; the Gumba and the Athi. The Athi are also known as Ogiek or
Ndorobo. As recently as the beginning of the Twentieth Century, Kikuyu clans claimed descent from other
communities. The Anjiru and Aicakamuyu clans claimed descent from Chuka, the Agachiku and Aceera from the
Kamba and the Amboi and Aithekahuno from the Maasai, while Ethaga claimed to have migrated from Mount
Kilimanjaro region. (Macgregor: 1909, Dundas 1908: 137, Lambert: 1956. Muriuki: 1974).
In Ngugi Wa Thiong’o’s text, we have the linguistic pointer of the origin of Kikuyu as to the east (Thagicu, Igembe
and Chuka). This is exhibited in the traditional Kikuyu way of expressing surprise or awe by shouting the clan name,
prefixed with the expression Abo. For instance the Anjiru clan when awed, surprised or reconciling within the clan
would exclaim, ‘abo Njiru… tweherie mburagano’ (p 14-15). The phonetic output of the first and the last words
(abo and mburagano) is akin to sound patterns of the same words in the current spoken Gi-Chuka dialect. Ngugi Wa
Thiong’o acknowledges this similarity noting that, the language and culture of the so- called Mount Kenya Peoplesthe Kikuyu, Ndia, Gichugu, Embu, Mbere, Chuka, Tharaka. Thagicu Meru and Kamba share many similarities.
(pp.vi). Today the nine Kikuyu clans are symbolic rather than a filial representation of the lateral identities. These
clans are evident all the way from Chuka to the Kabete in Southern Kiambu.
1.2 Gikuyu, Mumbi and the ‘Perfect Nine’
Ngugi Wa Thiong’o in Kenda Muiyuru, Rugano Rwa Gikuyu na Mumbi (The Perfect Nine: The Epic of Gikuyu and
Mumbi), presents the cosmogenic narrative of the Kikuyu people in a refreshingly new poetic, dramatic and
cinematographic rendition. From the outset the narrator assures the reader that what is presented is ‘but a revelation’,
marking it as the authoritative narrative whose fictional fantasy is the unquestionable truth in the myth. In the setting
of the story, Gikuyu and Mumbi have been there from the beginnings, migrating in primordial times, during the
volcanic formation of the world. Finally they reach the mountains of the moon and miraculously find themselves on
the snowy peak of one of the mountains that touched the clouds. And from here they are amazed by the spledour of
what they see; the mountains across, the rivers and the wildlife below.
Here they have finally found peace and supplicate to their God in song and thanksgiving after which they descend to
the land God has bestowed upon them. Upon descent tired and worn-out, they rest and sleep for nine months. At this
point, the poet celebrates God as the eternal universal giver, the God of many names but the same God. He connects
the Kikuyu to universal human being in time and space specifically reaching out to the rest of Africa, ancient Egypt,
Greece and Israel. For all humanity, ‘time is linear but life is circular, all starting with the digit one’ which is the
beginning of all creation (P. 9-13).
Ngugi Wa Thiong’o’s in this text, however, presents an aesthetic and imaginative rendition of the ‘nine’ daughters
and the clans they give rise to. Nevertheless the narrator still alludes to their traditional stereotypical attributes but
models them to create positive and determined feminists. The nine full are Wanjiru, Wambui, Wanjiku, Wangui,
Waithera, Wachera Wambura, Wairimu, Wangari and Wamuyu. Wanjiru, the mother of the Anjiru clan, is peaceful,
obsessed with ownership of land but extremely generous. Wambui, progenitor of the Ambui clan is cunning and
weaves her baskets as she counts the stars while Wanjiku, the mother of the Agaciku clan on the other hand is an
accomplished farmer, a courageous warrior and a champion medicine person. Wangui, Mother of the Angui clan, is
said to have emerged from her mother’s womb singing while Waithira, mother of the Aithera andu clan, is a
systematic diligent worker, a problem solver who is fair to all. Wachera, the mother of the Achera clan, visits, but
only with and to those who have (ripening bananas). She is also seeker of justice.
Wambura the mother of the Ethaga clan, is a rainmaker, with magical powers that can make a hawk drop dead from
the skies or curse away hyenas and foxes back into the forest. Wairimu the mother of the Agathigia clan is a potter
like her mother and a smith like her father but beyond that she is an accomplished artist who when need arises ‘can
appropriate the shadows (images) of other people’. Wangari, the mother of the Angari clan is brave like the leopard
and fast in protecting the weak against oppression by the strong. Warigia also known as Wamuyu is the mother of
the Aicakamuyu clan. She is rarely mentioned as part of the nine allegedly because she became pregnant out of
wedlock. But in Ngugi’s text she is an outstanding heroine. Although lame since birth, ‘she shoots without missing
and her teeth are as white as milk. ‘When she laughs even the wild animals laugh (P.20,56). She completes the tenfold siblings of Gikuyu and Mumbi, making up the ‘full’ nine. All the 10 daughters born on the slopes of Mt Kenya,
emerge as beautiful, brave and balanced feminists. Their fame spreads far and wide. They attract suitors from all
over Africa who follow the great African rivers upstream, traversing the jungle and the hills seeking the famous
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daughters of the Mountain. At this point in the narrative, the daughters of Gikuyu and Mumbi becomes the
confluence of ‘Father Africa’ in masculinity of their suitors who arrive from South, North and West Africa.
Finally only ninety nine of the prospective suitors make it to Mount Kirinyaga, to the homestead of Gikuyu and
Mumbi at Mukurwe wa Nyagathanga. Mukurwe wa Nyagathanga is the place where Gikuyu and Mumbi settled
after God granted him all the land on the slopes of Mt. Kenya. It is famed the as the original place in the meta-myth,
the initial homestead of Gikuyu and Mumbi and from where the dispersal of the Kikuyu people took place. Literary
it refers to the place of the Mukurwe tree (peacock flower-albizia gummifera) where the nyagathanga birds, a type
of weaverbirds perch. But the term can also refer to the Mukurwe tree located at ‘the sandy place’ (Ithanga), which
historians place as the dispersal point of the Kikuyu mentioned earlier. Presently the Mukurwe wa Nyagathanga is in
Muranga’a County and has been preserved as a historical and cultural shrine.
The ninety nine suitors outstrip the nine daughters by the power of ten. To select ten for his daughters Gikuyu has to
test their resilience, knowledge and skills through a variety of tests. He begins with a demand that those who marry
his daughters must be ready to live with him under an endogamy marriage arrangement. Seven of the suitors refuse
this condition and go back home. At this stage we can assume that the narrative rejects patriarchy as the preferred
social structure and roots for an alternative arrangement. This is revealed in the eventual gender vision of this text.
But the ultimate test, the test that would determine the successful ten suitors is the journey to retrace his (Gikuyu and
Mumbi’s) steps from the top of the Mountain from where he was given the land by God. They have to trek there and
bring back a lump of snow (runyaga) mixed with the icy water from the ‘pot of God’, a lake up the mountain. But
the most challenging task is to bring back the strand of hair at the tip of the tongue of Mwengeca, the notorious and
elusive king of the ogres. That strand is the only medicine that can cure Warigia, Gikuyu’s last born of her infirmity.
1.3 Retracing the Footsteps
The journey motif, retracing the footsteps of Gikuyu and Mumbi’s from the abode of God is used by the poet to
present a meta-myth that reflects the conflicts and the struggle against oppositional forces to the creation of a nation.
To be part of the nation, the individual and the collective must connect with the God of Kirinyaga, the everlasting
and eternal benefactor of the Gikuyu nation. At the very elementary level, the connection is done by facing Mount
Kirinyaga during prayer and supplication. Secondly during times of great need, elders must scale the slopes into the
Mountain forest in order to sacrifice the lamb and the goat without blemish to the God of Kirinyaga. But beyond
that, zealots have also been known to scale the mountain to complete their communion with God. According to
popular lore even the great Mau Mau hero, Dedan Kimathi Wa Wachiuri, had to retrace the steps up the mountain in
order to reconnect with God and gain wisdom and strength to defeat the colonialist. By retracing the steps, Kimathi
seeks the rebirth of a nation that has been destroyed by colonialism. Those then, that seek the hands of the daughters
of Gikuyu, must retrace the steps to the ‘center of the Kikuyu Universe’ to seek integration and consequently
provide continuity of the nation symbolized by the permanence of Mount Kirinyaga (Amuka: 1910, Ogunde:
1999:89, Waita: 2019). Henceforth the omniscient narrator of the story of Gikuyu and Mumbi takes a rest and gives
way to the first person narrative voice. At first they take the journey to ‘the Mountain of faith’ for granted starting
off with song and laughter. But soon the taxing and arduous part begins leading to attrition and fall out along the
way. Difficult terrain attacking wild animals and insects and even worse human and gender conflict are key barriers
to overcome before the team reaches the top of the mountain and scopes the ice and the icy water from the ‘pool of
God’. It is in the human and gender conflict that the writer continues to emphasize his feminist agenda in this text.
A section of the suitors insist that the women (‘the perfect nine’) are the source of all problems to the men. Firstly by
being attractive and secondly because of their ability to perform culturally labelled ‘masculine’ roles and tasks
without undue effort. The men argue that these abilities are due to the women use of witchcraft and charms and the
problem can only be solved by vanquishing them. The author here addresses the old adage of patriarchal ideology
that the ‘beauty of a woman is listlessness’ and the greatest threat to male power. Subjected to feminine charm, man
is powerless. In addition, women who seek equality with men and trumpet it in their abilities, are evil and must be
brought down (Sanday: 1981:189). But the section of the men antagonistic to the daughters are no match to the
arrows directed at them from the tree-tops by the girls. As the arrows rain on them, they hurriedly retreat escaping
into the forest and returning from where they came from. The rest proceed and after many months and in gender
harmony, a total of thirty reach the foot of the mountain. By the time they scale the mountain to reach the ice and the
icy pool of God, only a handful of the men and all the nine daughters remain. They scope the ice and fill in their pots
with the icy water in joy, celebrating the achievement of their mission.
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1.4 The Return
In their return journey, they have to overcome a series of ogres to get back home. The ogre, Mwengeca, on whose
tongues grows the healing strand of hair that can heal Warigia, is the first and the critical challenge. Mwengeca is
the chief of the ogres and apparently he is the embodiment of all the other ogres. Collectively they overcome the
ogre and procure the healing hair. They then overcome a series of other ogres; the ogre of spitting fire, the ogre of
defecation, the ogre of great darkness, the ogre of the basket that never fills up, and the attractive male and female
ogres in false bodies. This encounter is an adaptation that draws heavily from the traditional fantasy of Kikuyu ogre
stories. Indeed, according to Wanjiku Kabira some of the narratives were adopted from the performances of
renowned oral artist, Wanjira Wa Rukenya from Baricho in Kirinyaga County. (Interview: Daily Nation).Ogre
stories in most African traditions and especially in the Kikuyu culture almost always represent the ever-present
potential of social destruction due untamed male dominance and unrestrained patriarchal power. The folktale of
‘Mwengeca’ or ‘Mangeca’ is one of the most popular ogre tales among the Kikuyu people. In the traditional tale,
Mwengeca, who is also the leader or the chief of the ogres, holds the key to the medicine that can cure an affliction
affecting a female member of the family that has defied all other medication. The men are afraid to venture into the
ogre territory and it’s a female heroine who dares to seek the medicine. In the traditional story, the heroine is able,
largely through her own effort, to overcome the ogre(s) and procure the healing element. Psychologically, the tale
becomes the instrument of female endurance and maturation in the face the possibility of sexual temptation and
violation. Ideologically, overcoming and vanquishing the ogre becomes the feminine literary strategic expression of
female power in opposition to male dominance.
Ngugi Wa Thiong’o’o’s version of this and the other folktales adopted in the text offer an extended interpretation
depicting the feat of overcoming the ogres as a collective and collaborative effort between the men and the women.
Overcoming Mwengeca runs beyond the psychosexual and the psychosocial maturation of the girls. In the
traditional story the healing element is the leaf at the tip of the tree that grows in the center of Mwengeca’s garden.
This, in the Freudian sense avers to the phallic extension. To attain maturation and overcome the male world, the
girl must overcome her desire for the phallic and be able to use that desire for her own ends. In Ngugi Wa
Thiong’o’s narrative, the healing element is on the tongue of the ogre. The nine daughters and their suitors, led by
Wanjiru, retrieving the healing hair and mutilate the ogre’s tongue into nine strands. Symbolically, by cutting off the
strand of hair at the tip of the ogres tongues, they free themselves from the bondage of foreign languages in Africa
and the yoke of and cultural and economic imperialism, which have ravaged Africa since the advent the transAtlantic slave trade. By retrieving the healing hair from the tongue of the ‘ogre’, then Africa can rise from the
infirmity of ‘the postcolonial’ as Warigia rises from her infirmity the moment the ogres tongue is shredded.
The encounter with the ‘Ogre of Darkness that never ends’ (Gitumagitatumukaganduma) symbolically foregrounds
the struggle in Africa with the forces that for centuries have aligned themselves with the foreigners. Their mission is
to create and perpetuate Africa as ‘the heart of darkness.’ This ogre represents the continuation of the racist and
imperialist mission. The ogre‘s task is to ensnare the souls into great darkness, lead them into the ways of darkness
without salvation and capture them for his master, the chief of the ogres. As he captures for the master, he also
captures some for his meals. For now, he would let all the others go scotch free if they hand over Wangari to satiate
his appetite. But Wangari, ‘she who is of the leopard’ is not afraid of this ‘Great Darkness’. Her eyes, she proclaims,
are those of the leopard and penetrates darkness like the sun during daylight or like the full moon during the night’
(80-81). Using the flint stones in her bag, she lights a torch instantly holding the ogre of darkness at bay. The others
follow suit and with lit torches they chase away the ogre. In sadness, they celebrate the rising sun the following
morning as three of their companions have been killed by this ogre. The ‘Ogre of Spitting Fire” (Gicinagiciniriri)
exhales fire though the nostril and mouth devastating the entire vegetation within its vicinity. For now he needs to be
placated with Mwithaga to let the others go. But he is no match for Mwithaga, who is also Nyambura or Wambura
the rain maker. She leads the troop up unto the safety of the Mugumo tree, the perpetual shrine of the God of Gikuyu
and Mumbi.From here, she causes rain to fall vanquishing and expelling the ‘The Ogre of Spitting Fire’. ‘The ogre
(ogres) of ‘the basket that that never fills up’ on the other hand wants to be offered Wairimu, to be left behind and
become his wife if the rest will proceed back home.
In confronting this ogre, Wairimu is keen and observes that while the ogre has eyes both in front and at the back of
the head, he is not capable of a third dimension vision. She climbs on top of a tree and attacks from above forcing
the ogre to flee in pain. The binary oppositions continue with other ogres sent by Mwengeca: the ‘Ogre of Eternal
Tears’, the ‘Ogre of Unending Defecation’ and the ‘Ogre of Bloody Lips’. The last ogre relishes in sucking the
blood out of the bodies of human beings, leaving them but empty shells. Among the many others ogres encountered
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is the one who could remove body organs, washes them, and lays them out to dry and fix them back to the body at
will, and another two who transform themselves into a hyena and crow respectively. The last of the ogres, who are
both male and female, seek to capture the girls and their suitors through an alluring beauty of their fake bodies only
to be exposed by a strong winds to be bare skeletons. These ogres remind us of Amos Tutuola’s ‘perfect gentleman’
in the Palm Wine Drinkard and constitute a common motif in African folktales of the handsome suitor who attracts
girls during dances only for them later to discover he is an ogre. This motif has been used by Ngugi Wa Thiong’o
cross-textually to critic the ‘African’ fascination with the ‘white aesthetic’, western culture and foreign languages as
superior than their own. The ogres are defeated with the opposite forces that nature and sustain humanity confirming
that persistent endurance and innovative reaction against negative forces will eventually lead the people to
overcome. In the confrontation with the ogres, the text reflects on the African journey through time, especially the
destructive forces of secessions, irredentism, military coups dictatorships and environmental destruction during the
post-independence period. The lesson for ‘The Perfect Nine’ is that ogres are not but fireside fantasies but are real,
evil and destructive and should be fought all the time (p.102). However, overcoming the ogres in the text is not a
final eradication of the forces against Africa. The child ogre, Manga, proclaims to his father during the final escape
that he is unscathed and he will procreate more ogres to continue and perpetuate the ‘ogre agenda’ (p.95).
By retracing the journey to the mountain top, to the abode of God of Gikuyu and Mumbi, the suitors from all corners
of Africa fuse with Gikuyu, Mumbi and their daughters into the permanence of the Gikuyu nation in ‘the perfect
nine’. The journey is a collective and individual challenge for endurance, courage and a test of inner strength for
social survival. It represents the struggles of life, becoming a journey of self-awareness and self-awakening for those
who will form the Kikuyu nation. Ten of the suitors and all the nine daughters make it, bringing back their gourds of
the water from the ‘pool of God’ and the melted ice from top of Mount Kirinyaga to be born again into the future
Kikuyu clans consisting of the perfect nine.
1.5 Warigia, ‘The Perfect Ninth’
As mentioned earlier, Warigia the last born daughter of Gikuyu and Mumbi is the tenth daughter, but traditionally,
always muted in as the ‘full nine’ (Kenda Muiyuru). Tradition has it that she got pregnant outside wedlock and never
got married. She became the progenitor of the tenth clan, The Aicakamuyu clan. Ngugi Wa Thiongo’o’s Warigia
(Wamuyu) is a completely remodeled heroine. Like Sudiata in the Epic of Old Mali, she is unable to walk in
childhood. And her infirmity is one of the key conflict that motivates action in this narrative. One of the key
mission and test of the suitors in the journey retracing the footsteps of the Gikuyu and Mumbi is to bring back the
only medicine that can cure her lameness. It is only after the healing strand of hair is cutoff and procured from the
tongue of the ogre Mwengeca that she instantaneously heals and is able to walk. But even in her previously
infirmity, she had mastered the skill of archery. She invites herself into the competition mounted by her parents for
the daughters and the suitors and emerges the overall winner. She is decisive. While her sisters are fighting over the
ninety nine men she has already selected her partner. When her man, Kihara, the one who cut the ‘healing hair’
refuses to live in Gikuyu and Mumbi;s compound and opts to go back home, she follows him against her father’s
verdict. But as fate would have it, a lion attacks before they reach Kihara’s home. The Lion fatally wounds Kihara,
who advises her to return home as he dies. She hunts down the lion and returns home pregnant with Kihara’s child
to join the others in the final rituals to constitute the perfect nine.
Kenda Muiyuru, Rugano Rwa Gikuyu na Mumbi (The Perfect Nine : The Epic of Gikuyu and Mumbi) is presented in
a shifting point of view, beginning with the omniscient narrator who indicates the story as a ‘revelation’, ‘that came
with the wind as he sat on the hill watching swallows gliding in the air’ (P. xii,8). This voice authoritatively presents
the background, offering the reader authentic information, knowledge and interpretation of the story of Gikuyu and
Mumbi. The voice connects the Kikuyu with other nations in time and space and the environment in which they
exist. Once the mission to the mountain begins, the narrative perspective shifts to first person voice which presents a
participant’s and a witness account of the marvelous adventure of the group retracing the footsteps of Gikuyu and
Mumbi. This first person narrative is the voice of ‘the perfect nine’ relieving their experience during the epic
journey to their parents. While this narrative adopts the epic style, the story lacks a central hero of the traditional
epic. Action and resolution rests on communal hero in ten daughters and the men who seek their hand in marriage.
1.5 CONCLUSION
The fashioning of this epic offers validation of the existence of Kikuyu and gives the author the platform to
interrogate African history, African aesthetics and the general essence of human existence. Nevertheless, this work
departs from the writer long history as a social and political novelist. All his earlier narratives, The River Between,
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Weep Not Child, A Grain of wheat, petals of Blood, Devil on the Cross, Matigari, Wizard of the Crow and the
children series of Njaamba Nene focus on social and political themes in postcolonial Kenya and Africa. In Kenda
Muiyuru, Rugano Rwa Gikuyu na Mumbi (The Perfect Nine: the Epic of Gikuyu and Mumbi), Ngugi Wa Thiong’o
re-fashions a popular cosmogonic myth into a forceful symbolic narrative of victory, hope and continuity of the
African space and ethos
Ngugi’s rendition in this narrative becomes a metaphor for an African renaissance, the re-emergence of a great
African nation that can only be achieved by retracing the steps to the beginning. The return to the primordial times,
travelling the road of the fore parents may occasion the recreation of a stable and just Africa. This return is
instrumental for African to defeat the jinx of the cycles of ogre exploitation and destruction of the continent. In the
process, the narrative presents Ngugi’s ultimate feminist vision that proposes gender equity as the base for the
creation of a stable self-sustaining, just, equitable and a prosperous society.
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ABSTRACT
Male initiation rite of circumcision has been a subject of discussion but the truth has been concealed because it was
often presented as an unpenetratable topic by the Ameru because of the secrecy of the rite. The Bukusu, the Maasai,
the Pokot, the Agikuyu and the Ameru have over the years carried out the rite traditionally. Changes in male
initiation rite of circumcision from traditional to modern among the Ameru of Imenti South Sub County began way
back before 1950s. The changing trend has left the Meru people of Imenti South Sub County in a dilemma on the
ideal form of male initiation rite of circumcision. This study investigated the changing trends from traditional to
modern in male initiation rite of circumcision among the Ameru of Imenti South Sub County between 1950 and
2016. The objectives of the study were to examine the changes in male circumcision practices, to establish the
causes of the changes and the effects arising from changes in male initiation rite of circumcision among the Ameru
of Imenti South Sub County. The significance of this study is that it contributes to social historiography of the
Ameru of Imenti South Sub County. The study covers the period between 1950 and 2016, the peak of colonial
domination and the climax of changes respectively. Literature presented is on male initiation among the Ameru,
changes in male initiation rite, causes of changes and effects arising from the changes. The study was guided by
Modernization Theory in exploring avenues of transition of male initiation rite of circumcision from traditional to
modern. Descriptive research design was used. The location of the study was Imenti South Sub County of Meru
County. The target population was 61,091 from three divisions in the Sub County namely Nkuene, Abogeta and
Igoji. Simple random sampling method was used in this study. Research instruments used were interview schedules,
focus group discussions and observation. Data was collected from oral, secondary and archival sources. Data from
oral sources was corroborated with data from archival and secondary sources to ensure validity and reliability of the
study. Qualitative data was analyzed using descriptive narratives while quantitative data got was analyzed using
descriptive statistics such as percentages and tables. Data got through observation was presented in pictorial form.
This study established that changes in male circumcision can be traced from the time of colonialism. The major
findings of this research were that traditional practice involved use of same knife on the initiates; the people were
superstitious and that interaction between the indigenous people, colonialists and missionaries as early made the
Ameru to embrace modern male circumcision. Changes were noted in the education offered, tools used, seclusion,
commercialization of circumcision and method of circumcision. Changes were facilitated by urbanization, formal
schooling, health facilities and colonization all of which were intended to Christianize the operations. The factors
leading to change included Christianity, western formal education, individualism, high cost of living, health
concerns, advocacy and urbanization. It was established that effects of changes included but not limited to social
disorder, rivalry among groups, HIV protection and bad neighborliness. The study established drastic changes in
male initiation rite of circumcision such as involvement of women and documentation of the process. The effects of
changes are being dealt with by the government, the church and the civil society through advocacy and blending of
traditional and modern aspects of male rite of circumcision. This study will bridge the knowledge gap on male
initiation among the Ameru of Imenti South Sub County and provide empirical data that can be of use to other
scholars carrying out related studies.
Keywords:Circumcision, Initiation rite, Change, Traditional, Modern
INTRODUCTION
The word "circumcision" comes from two Latin words circum which means "around" and cædere meaning "to cut".
Male circumcision is therefore the cutting around of the male genitalia. Among the Agikuyu, it is referred to as
‘‘irua’’ while the Ameru refer to it as ‘‘gutaanwa’’. The traditional process took several months from preparation,
physical cut and recovery and after recovery. The rite therefore means more than the physical cut to remove some or
the entire foreskin (prepuce) from the penis. Circumcision is one of the oldest and most widespread surgical
operations in the world and is frequently carried out by traditional and modern medical providers. The extent of the
cut and amount of flesh removed varies from community to community (Silverman, 2004). Male initiation rite of
circumcision is much more likely to be performed among adolescents in many African societies (Warner and
Strashin, 1981).
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In many African societies, most circumcisions are done by traditional circumcisers and the initiation rite is mostly
carried out for cultural reasons as a rite of passage into manhood. Several studies have explored the practice of male
circumcision in Kenya with special interests on intergenerational shifts in the practice. A study by Rimita (1988)
found that male circumcision as a form of initiation is deeply entrenched among the members of Meru community
and strict adherence to myths and beliefs in the rite depicts social power and reputable status in the society. Kanake,
(2007) however found out that most of the younger generation has no regard of the traditional practice as it is out
dated and therefore prefer modern practices of the rite.
The Ameru community has over the years carried out detailed traditional cultural practices in relation to birth,
naming, circumcision, marriage and death rites. According to Nyaga, (1997) these cultural rites have social and
religious connotations that bind the community together. The rites according to Mbiti (1987) are key moments in the
rhythm of individual and corporate group life because what happens to a single youth happens to the parents,
relatives, neighbours and the living dead. This study was intended to establish the causes of changes in male
initiation rite of circumcision among the Ameru of Imenti South Sub County between 1950 and 2016.
African communities and especially the Ameru of Imenti South Sub County in Meru County have embraced modern
hospital male initiation since early 1950’s. According to Gray (2002), male rite of circumcision as a form of
initiation among the Ameru is not only done for adulthood but also for socio-cultural issues and it is viewed as the
yardstick for measuring maturity and responsibility. Njuguna (2016) states that anybody found misbehaving was
ridiculed by the phrase, ‘‘akari ta mwiji’’ (he behaves like an uncircumcised boy). The Ameru of Imenti South Sub
County have clung to this tradition for decades in order to retain the status quo. They ensure that before traditional
circumcision a boy passes through organized associations or guilds for educational purposes where discipline,
respect and integrity are instilled to ensure chastity of the boys (Rimita, 1988).
Christianity and western formal education brought different perceptions in the African cultural practices concerning
male initiation rite of circumcision as early as 1912. According to (KNA/MRU/1937) the colonial administration
resolved to encourage spread of Christianity and establishment of schools with the aim of modernizing communities
so that they can leave their backward lifestyles. African communities including the Ameru of Imenti South started to
embrace modern male initiation practices since early 1950’s. The declaration of the state of emergency in 1952 for
instance gave an opportunity to the missionaries to advocate against traditional practices which to them were draw
backs to modernization. The concept of male rite of circumcision since then has been changing, though at a slow
phase although the traditional practice has been seen as having a negative value on the people’s culture.
The colonial government and the European missionaries called traditional male initiation rite primitive and saw the
need of modernization and therefore urged people to stop the traditional way of life and adopt westernization. This
view has continually been advocated by the Government of Kenya, the church and the civil society by urging people
to perform male initiation rite of circumcision the modern way without much emphasis on traditional customs
(Kanake, 2007). By 2000 this dynamism presented contrasting circumcision options with its apex being reached in
2016 as a result of widespread advocacy in the community and therefore the need for this study.
The effects of the trends of change in circumcision among the Ameru of Imenti South Sub County have been
pronounced. There have been outright different perceptions on the practice between the conservative old people and
the young, dynamic and educated members of the community. According to Timothy (2013) the former take
traditional male initiation rite of circumcision as ideal while the latter embrace the modern male rite of circumcision
hence the struggle for manifestation of social power between the two. Consequently the modern type of
circumcision is today done privately by medical doctors in clinical settings in some cases while other members of
the community mix the two in order to make the initiation rite complete. An initiate may undergo the procedure in a
modern medical setting but still participate in all other forms of the Ameru traditional circumcision rites.
The changes in male initiation rite of circumcision from traditional to modern among the Ameru of Imenti South
Sub County are witnessed in the preparation for circumcision, the actual cut, seclusion and education offered. This
has had effects in the social stratification in the community. The practice of traditional circumcision was believed to
be in compliance to the social norms such as regulation of people’s behavior in the society. Fadiman (1993) in his
oral history from Mount Kenya posits strong sentiments about appropriateness or inappropriateness of circumcision
in that being uncircumcised is an object of ridicule. This explains why male initiation rite of circumcision is a norm
and a standard practice whether traditional or modern among the Ameru of Imenti South Sub County. The primary
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focus of this study was to look into the changing trends in male initiation rite of circumcision among the Ameru of
Imenti South in Meru County between 1950 to 2016, when changes begun and when they became widespread.
Male initiation rite of circumcision is an important rite of passage among the Meru people of Kenya. It marks the
transition from childhood to adulthood alongside offering informal education that inculcated values that included but
not limited to discipline, responsibility and industriousness. The dynamism in male initiation rite of circumcision has
presented a contrasting and confusing male circumcision option which has affected its traditional meaning. Changes
in male initiation rite of circumcision among the Ameru of Imenti South Sub County have not been documented.
This scenario necessitated this study which aimed at investigating the changing trends in male initiation rite of
circumcision among the Ameru of Imenti South Sub County between 1950 and 2016.
OBJECTIVES
This study was guided by the following objectives:
i.
To examine the changes in male initiation rite of circumcision among the Ameru of Imenti South Sub
County between 1950 and 2016.
ii.
To establish the causes of changes from traditional to modern male initiation rite of circumcision among
the Ameru of Imenti South Sub County between 1950 and 2016
iii.
To establish the effects of the changes arising from male circumcision among the Ameru of Imenti South
Sub County between 1950 and 2016.
METHODOLOGY
The study employed descriptive research design. This design according to Mugenda and Mugenda (2003) is a
process of collecting data in order to answer questions concerning the current status of the problem of the subject of
study and that it determines and reports the study findings as they are. Kombo and Tromp (2006) concur with this
and points out that the design enables description of the state of affairs as they exist. The design was used in this
study to gather information from different people whereby the researcher collected, described, recorded, analyzed
and reported changes, factors for change and subsequent effects in male initiation rite of circumcision by observing
aspects of the practice and then search back for possible causal factors. The study also fitted within the provisions of
descriptive research as noted by Kinoti (1998) that descriptive design permits participation of a large sample of
respondents and promotes objectivity because the researcher has no control of information.
Target Population
Imenti South Sub County according to the Kenya Bureau of Statistics has a total population of 126,268 of which
61,091 are men who formed the target population (GoK, 2010). The target population for the study was therefore
61,091 people. This is in line Mugenda and Mugenda (2003) who refer target population as the population with
observable characteristics which the researcher wants to generalize the results of the study on.
Sampling Procedure and Sample Size
According to Kombo and Tromp (2006), sampling is the act, process or technique of selecting a suitable sample or
representative part of a population for the purpose of determining characteristics of the whole population. Kathuri
and Pals (1993) agrees with this and states that if a sample is to provide adequate information to make judgments it
should be a good representative of the population characteristics on which the judgments is to be based.
Kathuri and Pals (1993) suggests that in determining a sample size for a minor subgroup the sample size should be
between 20-50 people. The population under study being a major sub group in Imenti South Sub County a total of
381 cases was interviewed. This study used simple random sampling procedure. This procedure was used because it
provides an unbiased presentation of a group under study. In addition, selecting subjects at random from a larger
population yields a sample that is representative of the group being studied.
RESULTS
Respondents Information
Information from respondents of different age categories were used in the study which provided different responses
concerning the male initiation rite of circumcision among the Ameru of Imenti South Sub County. Ages 18-35 was
useful in this study because they experienced the rite of circumcision when changes had already taken place and
therefore informed the study. Ages 36-59 was useful to this study because they experienced male initiation rite of
circumcision when traditional male circumcision was being cherished and at the same time modern rite of passage
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was taking root and therefore provided information based on their experience on the changes in the Meru male
initiation rite of circumcision. Respondents in the age category of 60 years and above were used to provide accounts
of the changing trends in the male initiation rite of circumcision having had experienced pre-colonial, post-colonial
and the contemporary periods. A total of 381 respondents were sampled and were requested to state their age in
years as illustrated in table 1.
Table 1. Respondents’ Age
Age group
Frequency
18-35
126
36-59
160
60 and above
95
Source: 1950-2016 Male Initiation Respondents

Percentage (%)
33.1
41.9

The study examined the religion of the respondents. Information on religion was meant to examine whether there
were religious practices, customs and beliefs that caused changes in male initiation rite of circumcision in the area of
study. The study revealed that the population under study was religious by the fact that all respondents had a faith to
claim. Religious background of the respondents was found to enhance the practice of male circumcision. According
to KNA/MRU (1937), the Christian missionaries did whatever was possible to Christianize male initiation rite of
circumcision. Circumcision as a religious ritual therefore played a central role in the changing practices in the male
initiation rite of circumcision among the Ameru of Imenti South Sub County. This is ascertained by Kanake (2007)
in his ‘‘Transformation of the Traditional Circumcision Rite of Passage for Meru Boys in Kenya’’. Table 2 shows
representation by religion of the respondents.
Table 2. Respondents’ Religion
Religion
Frequency
Christianity
321
Islam
44
African Traditional Religion
16
Any other
0
Source: 1950-2016 Male Initiation Respondents

Percentage (%)
84.3
11.5
4.2
0

Changes in Male Initiation Rite of Circumcision among the Ameru of Imenti South SubCounty between 1950
and 2016
The study was periodized to help understand the changes in Male initiation rite of circumcision among the Ameru of
Imenti South Sub County. The period between 1950 and 1963 is historically remarkable because the state of
emergency was declared in 1952 by the governor Sir Evelyn Baring. According to (Fadiman, 1993) the missionaries
took advantage of this to advance not only their religion and education but also the modern form of circumcision.
The emergency led to suspension and suppression of African traditional practices such as public gatherings in which
the Africans would meet, sing and dance as they enjoyed different festivities which included male initiation rite of
circumcision. The study established that male initiation rite of circumcision was predominantly traditional because
few individuals who had received western education feared to openly oppose traditional male initiation rite of
circumcision due to their small number and ridicule they faced from the general public.
By the end of 1960s there was a negligible number of the Ameru in Imenti South Sub County who briskly embraced
modern circumcision due to spread of Christianity which was enhanced by lifting of emergency laws and
resumption of normal life among the community (DC/Meru/2). According to oral respondent Riungu (O.I, 2018) the
lift led to general decrease in the intensity of traditional circumcision practices such as songs and night dances
because they had been banned by the colonial masters. A study by Rimita (1988) found male circumcision deeply
entrenched among the members of Meru community with existence of strict adherence to myths and beliefs in the
society. Specified diet was designed for the initiates during seclusion. There was also high level of discipline and
moral values such as honesty, unity, integrity and hard work that was upheld and inculcated into the initiates by the
sponsors and also by junior warriors who frequently visited the seclusion hut. In addition the initiates were given
new names and were supposed from then on to live as responsible and honorable men as they prepared for the next
stage in life as comrades in circumcision and in community life in general (Kiruki O. I, 2018). This changed after
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Kenya attained independence in 1963 because Kenyans had self-determination on their political, economic and
social life devoid of any influence from the colonialists.
During the post-independence era between 1964 and 1978 Christianity attracted some following in Imenti South Sub
County. The practice of modern male initiation rite of circumcision in spread more than the period between 1950
and 1963. Kithinji (O.I, 2018) one of the oral respondents asserted that changes included abandonment of the
common ground (Kigiri) circumcision and bathing in the ice cold river.
Western formal education and Christianity gradually transformed the Ameru of Imenti South Sub County and rid
them off their “savage and primitive” behavoiur by the 1970’s. It was also established that traditionalists subjected
the modern male circumcision adherents to open ridicule by calling them ‘‘iroge’’ meaning people circumcised in
hospital under pain relieving medication (Mputhia O I, 2018). This was a strategy devised to discourage the practice
of modern male initiation rite of circumcision and ended creating social stigma, enmity and bad neighborliness but it
did not deter the spread of modern circumcision according to Timothy (2013).
Between 1979 and 2000 individuals who had received western education were now openly opposed to traditional
male initiation and ensured initiation rite of circumcision was carried out in either hospital or at home (Mwiti, O I,
2018). It was established that individuals arranged for circumcision of their sons and took them to the hospitals for
modern circumcision and admission. Oral respondents, Micheni, Mung’atia and Mutwiri (2018) stated that nonChristians found it difficult to continue with the obsolete traditional male initiation practices making modern male
rite of circumcision to gain popularity. A drastic change in the rite was effected in the 1980’s with the rise into
power by the retired President Daniel Arap Moi when he outlawed female circumcision and directed that boys be
circumcised strictly after completion of Primary Education due rise in indiscipline cases such as drop out and
absenteeism in schools according to (Kimathi & Mutwiri O I, 2018).
Boys were no longer circumcised just for preparation for adulthood and social status but as a preparation to join
secondary school and for health considerations especially with the discovery of HIV/Aids in the 1980’s according to
Warner and Strashin (1981). This period was also marked by change from the use of one knife for all thus bringing
to an end the “one knife, one field’’ tradition to the era of one blade for each candidate. In addition the concept of
togetherness that was embraced traditionally according to Kanake (2007), Rimita (1988) and Mbiti (1987) became
meaningless. An oral respondent, Mung’atia (2018) differed with Nyaga (1997) on corporal punishment (Kianga)
designed as form of discipline as it was no longer applicable because it was considered a criminal offence of taking
law into one’s hands. This was a clear indication that male initiation rite of circumcision among the Ameru of Imenti
South Sub County was changing at a high rate.
With the new millennium traditional communal beliefs and cultural practices proved to be hindrances to meaningful
social, economic and political development (KNA/MRU, 1930). For instance, traditional circumcision lost
popularity not only because of the unhygienic environment and tools used in circumcision but also because it was
becoming an outdated practice. According to Nkubitu (2018), modern practitioners acquired and used local
traditional circumcision techniques and carried out traditional form of male circumcision in a hygienic and safer
manner. In addition, it was the preserve of the initiates and their parents to choose the type of rite to undergo.
Advocacy by churches, social media and the government intensified the importance of boys undergoing
circumcision the modern way. This lessened negative perception of modern male circumcision such that traditional
circumcisers lost their honoured position and the few who underwent traditional circumcision were stigmatized.
Stephens (2008) agrees that modernization is historically an avenue of cultural change and social progress.
Male initiation rite of circumcision was highly publicized during this period through the electronic media, bill
boards and in the churches (Kiathi, Mwija and Mung’atia, O I, 2018). With the dynamism in the society, modern
circumcisers were seen to perform male rite of circumcision as desired by either the parent or the initiate and that
circumcision was done during the time and place dictated by the parents or guardian of the candidate. A significant
change in the practice in 2016 is the aspect of detailed documentation and formalization of male initiation rite of
circumcision. There was found to be proper record keeping with all details of the candidate and the parent or
guardian (Mputhia, O I, 2018). This was a sign of professionalism that was meant to build confidence on the part of
those seeking such services. Figure 1 shows a sample enrolment form.
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Figure 1: Initiate’s Enrolment / Application Form 2016
MCK NKUBU CIRCUIT
INITIATE’S ENROLMENT / APPLICATION FORM 2016
Name of initiate (Candidate) ………………………………………………………………
Age…………………………………………………………………………………………
Religion ………………………………………………… ………………………..……….
Name of Parent /Guardian …………………………………..…...Tel No ………………...
Sub County………………………………..Division……… Location………….Sub Location………………..
Relationship with the initiate…………………………………………………………………………………..
1. MEDICAL BACKGROUND
i) Has the candidate suffered any of the following ailments? Please tick appropriately
a. Heart complication
Yes
No
b. Anaemia
Yes
No
c. TB
Yes
No
d. Hepatitis B
Yes
No
e. Asthma
Yes
No
f. Diabetes
Yes
No
g. Does the candidate suffer from any allergy? Yes/ No
If Yes, specify …………………………………………………………………...
ii) Are there certain food stuff that the candidate does not eat? Yes / No
If yes specify the medical diet (special food)………………………………
2. PERSONAL EFFECTS
The candidate is expected to come with the following personal effects
i) Detol soap
ii) Towel
iii) Lesso/ Kikoi
iv) Basin
v) Pair of slippers
vi) Toothbrush and tooth paste
vii) Vaseline
viii) Exercise book and ball pen
Initiate’s Signature
……………….…
Parent/ Guardian’s signature …………………
Source: MCK Nkubu Circuit Office.
A peculiar development in male initiation rite of circumcision in 2016 is the involvement of women especially
mothers in matters of male circumcision as a result of single parenthood, urbanization, absent fathers and western
influence such as Christianity and education (Njeru, O I, 2018). In addition individualism, modernization, high cost
of living and job demands have made the Ameru of Imenti South Sub County to adopt western lifestyle concerning
male circumcision. Most of the contemporary parents are enlightened and demand value for their money.
The period of seclusion according to majority of the oral respondents is between two to three weeks for those in the
camps and hospitals and up to one month for those confined in their respective homes. The initiates are given
instructions on personal hygiene and morality by the caretakers who are also educated. The initiates are also given
medical checkup at least twice while in the camps. Little or no traditional education is transmitted to the initiates
(Mutwiri & Mwiti, O I, 2018). The study established existence of certification in the modern male initiation rite of
circumcision. Figure 2 shows a sample certificate of initiation into adulthood.
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Figure 2: Sample Certificate of Circumcision
Source: MCK Nkubu Circuit Office.
Causes of Changes in Male Initiation Rite of Circumcision among the Ameru of Imenti South Sub County
between 1950 AND 2016
Safety and Hygiene
According to Bailey and Egesah (2006), horrifying stories about life threatening outcomes of traditional male
circumcision make headlines in various countries every year. The study established that the one of the reason for
the change from traditional to modern male initiation rite of circumcision was safety and hygiene of the procedure.
Professionalism in the surgical procedure in hospital or modern male initiation rite of circumcision is associated
with modern medicine ensure safety of initiates. The study established preference of modern rite of circumcision
because there is certainty of safety of initiates given that the instruments used are sterilized and therefore hygienic
(Nkubitu & Riungu, O I, 2018). In addition, Mwiti (O I, 2018) states that education and formalized counseling
offered is in modern male rite of circumcision enhance mental health unlike the traditional male circumcision and
acts as a way of curbing drug and substance abuse.
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Religion
The study established that the Ameru of Imenti South Sub County were very religious and prayers were said at every
stage in life, including male initiation rite of circumcision. Fadiman (1993) quotes some words used by Christian
converts that “now we are people of light and we don’t like darkness” which indicate the extent Christianity has on
male rite of circumcision. The missionaries often referred to African practices as ‘heathen and anti-God’ and
therefore encouraged people to seek western medication and male circumcision instead of traditional systems that
were often influenced by magic. The missionaries’ best way to deal with traditional African practices was therefore
to Christianize male circumcision. Christian converts were used by missionaries as agents of change in their villages
as they sought for the best method of impinging modern progress into the ‘primitive’ society. This according to
Fadiman (2012) and Kanake (2007) became the genesis of changes in male initiation rite of circumcision. Because
of these calculated moves, missionary influence made Africans to modernize
Education
Kanake (2007) states that right from the colonial period schools and churches were built in the same pieces of land.
According to (KNA/MRU/1937) the colonial administration resolved to encourage spread of Christianity and
establishment of schools with the aim of modernizing communities so that they can leave their backward lifestyles.
The mission educated elite’ complied silently to colonial conquest and expansion because they embraced
Christianity and civilization (Kang’aara & Mutwiri, O I, 2018). According to Rostow (1967) and Huntington (1968)
affirms relevance of modernization theory by the fact every ‘‘backward’’ society must go through the dynamics that
come with long periods of association between ‘‘natives’’ and representatives of ‘‘superior culture’’ as is evident in
education as the reason why some parents prefer having their children circumcised even before adolescence.
Advocacy and Urbanization
Advocacy by the government and church through seminars and sensitization of public made people to discard
retrogressive traditional rites they have embraced for a long time (Mwiti, O I, 2018). Although some people in
Imenti South Sub County were alienated in their tribal past and desired to retain the status quo in the community
according to KNA/MRU (1937) and KNA/MRU (1939). The study established that from the colonial time the
government has always used its civil servants and mission centers to influence Africans who were the minority and
separated them by a psychological gap from the primitive and illiterate tribesmen (KNA/MRU/1956). Changes in
male initiation rite of circumcision was realized through Africans who started to live in towns and cities because the
rural people were changed through the influence of the urbanites among them (Kimathi and Mwiti, O I, 2018).
The county government of Meru since 2013 has enhanced inclusion of sustainable culturally accepted initiation
practices that support modern health initiatives. Moreover, several dispensaries have been established in the rural
areas to ensure accessibility of modern medical services to the general public (Gitonga, O I, 2018). Changes were
therefore eminent with the advent of missionaries and the subsequent activities of colonial administration because
the association of the Ameru with a superior race resulted to dynamism in aspects of life
Effects of Changes in the Male Initiation Rite of Circumcision among the AMERU OF Imenti South Sub
County between 1950 AND 2016
Level of Discipline
All the age categories (100%) of the respondents insinuated that change in the rite from ritualistic point of view has
adversely affected the Ameru of South Sub County. For instance 306 (80.3%) of the respondents said that the high
level of discipline that existed traditionally has gone out of hand. Oral respondents, Mugambi and Riungu (2018)
asserted that changes in male initiation rite of circumcision have precipitated effects such as drug abuse, stigma and
misunderstanding. Mbiti (1987) asserts that bonding, discipline and informal education carried out during seclusion
in traditional male initiation rite of circumcision inculcated values and high levels of morality in the society.
According to Kanake (2007) this practice is almost non existence today traditional mechanisms of instilling
discipline in initiates such as revealing the misdeeds (Kuuga mithega) and severe beating (Kianga) for those who
contravened any laid down standard are no longer in place. The changes in male initiation rite of circumcision in
this regard has adversely affected discipline levels and lowered morality in society.
Reduced Sexual Sensation
A small number, 125 (32.8%) of the respondents in the three age categories in the study differed with Warner and
Strashin (1981) that changes in male initiation rite of circumcision has variable and inconsistent effects such as
reduction of sexual sensation and maintenance of erection. In regard to sexual sensation and maintenance of erection
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respondents in respective age brackets reported that exposure of the glans makes the penis more sensitive and
arousal is therefore high. A few of the respondents were reluctant to divulge any information on sexual matters. The
study made a conclusion similar to that by Niang (2006) and refuted the claim that exposure of the glans through
circumcision lead to desensitization of the glans.
Social Disorder
Majority of the respondents represented asserted that a major effect of the changes is misunderstanding that lead to
bad neighborliness which becomes extreme during the initiation period in the month of December. According to
KNA/MRU/1937 and KNA/MRU/ 1939 those alienated in their tribal past struggle to retain status quo which Mwiti
(2018), an oral respondent asserts has led to peer pressure and misunderstanding as traditional and modern
circumcised individuals challenge one another that may at times lead to physical confrontations in the course of
creation of a new cultural forms that modernize a society.
Surgical Complications
The study also revealed possible common complications of modern circumcision that includes but not limited to
damage to urethra. A study by Gollaher (1994) revealed that there may be incidences of botched circumcision.
Majority of the respondents were however in agreement that professionalism has reduced such occurrences hence no
fear of unprecedented deep cutting or delayed wound healing which would otherwise pose danger to life. It was
concluded that changes in male initiation rite of circumcision has a positive effect on the people of Imenti South Sub
County in relation to the safety of male circumcision.
Economic Implications
A study by Mbachi & Likoko (2013) on the social economic implications of traditional male circumcision practices
among the Bukusu of western Kenya proved very expensive. This study established that ceremonies during
traditional male initiation rite of circumcision were elaborate and therefore took up so much time and community’s
economic activities almost came to a standstill. Although some respondents declined from giving the economic
implication of male initiation rite of circumcision, they consented that male initiation rite among the Ameru of
Imenti South Sub County are economically expensive especially because of feeding the initiates and visitors during
the initiation period.
HIV/Aids Protection
The study also sought to establish the protective effects of male circumcision on HIV/Aids. A study by Brown et al
(2001) indicated that male initiation rite of circumcision has a close correlation between areas of higher prevalence
of HIV/Aids and lower prevalence of male circumcision. Majority of the respondents in the study alluded that even
those who practice traditional male circumcision today adopt modern health considerations such as use of one blade
for one initiates because of the advocacy in health matters in the society. A conclusion was made that modern
practices in male circumcision improves protection against HIV infection. The respondents were in agreement with
the WHO/ UNAIDS (2007) on the health benefits that circumcision reduces chances of male infection of HIV/Aids.
Training of Practitioners
A profound effect of the changes in male initiation rite of circumcision ascertained by the study is on the training of
modern male circumcision practitioners. According to WHO, (2016) modern health concerns link male circumcision
to other sexual and productive health services and can therefore is carried out by either gender in the medical field.
This according to the study degraded and undermined the men circumcised the modern way for they are ridiculed as
having been circumcised by women contrary to the Ameru tradition. The effect of this is that men are reluctant to
receive treatment from females in medical facilities. This is confirmed by a joint research report on male
circumcision under local anesthesia by Word Health Organization, USAID and UNAIDS (2016) that shows that
adult males seeking circumcision are reluctant to undergo physical examination and circumcision by a female
provider.
Addressing the Effects of Changing Trends in Male Initiation Rite of Circumcision.
To address the effects of the changes the community needs proper dissemination of knowledge to educate the
populace on the advantages of modern male rite of circumcision to ensure peaceful co-existence among the people.
This will according to KNA/MRU (1956) bridge the psychological gap and enable people to accommodate the
changes and therefore liberate those who still embrace traditional male initiation rite of circumcision as ideal.
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A major land mark in addressing the effects of changes in male initiation rite of circumcision is creation of synergy
between the traditional and modern practices of the rite. For instance a colonial medical officer of health suggested
ages 6-10 as suitable for circumcision while traditionalists were in support of late adolescent (KNA/MRU/1956).
Kanake (2007) suggests that performing the rite after standard eight graduation before joining secondary education
is the routeen in the society today.
CONCLUSION
Based on the findings of the study, it can be concluded that male initiation rite of circumcision is highly cherished
and remains a very important ritual among the Ameru of Imenti South Sub County. This is alluded by Fadiman
(1993) in his assertion that some communities are entrenched in their customs. The study established that changes
have taken place in male initiation rite of circumcision among the Ameru of Imenti South Sub County between 1950
and 2016. The modern practice has been encouraged by formal education, Christianity and other modern life styles
as opposed to traditional circumcision that was purely based on the culture of the people.
Traditional male initiation rite of circumcision has dwindled with time and modern male initiation is encouraged
because of cleanliness and professionalism of the procedure. Similarly, the study concede with the church and
governments advocacy to build synergies by blending aspects of traditional and modern male initiation rite of
circumcision in camps as well as homes. This indicates the relevance of MT because modernity in male initiation
rite of circumcision in Imenti South Sub County is a result of dynamism necessitated by colonialism, Christianity,
western education and urbanization.
The effects that come with the changes in male initiation rite of circumcision include social stratification, drug
abuse, dropping from school, bad neighborliness, breakdown of norms and truancy have been addressed in different
ways such as advocacy where people are sensitized on the benefits of modern circumcision. From the changing
trends witnessed in male initiation rite of circumcision, the Ameru of Imenti South Sub County are slowly and
willingly giving up traditional male initiation rite of circumcision in favour of modern male circumcision. In relation
to oral, archival and secondary sources, the researcher has the conclusion that male initiation rite of circumcision the
Ameru of Imenti South Sub County was like a social-military award of achievement to an outstanding individual.
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ABSTRACT
The purpose of this study was to examine the influence of physical facilities on crime commission in Kiambu
County, Kenya. The study specifically looked at the influence of built environment and natural environment on
crime commission. The target population for this study was 245,820 subjects comprising of the business owners,
security agents and area residents within the 3 locations of Thika West Sub-county, Kiambu County. The study
adopted descriptive research design. Data was analyzed using categorical regression model. Stratified random
sampling was used to classify the population into 3 locations. Simple random sampling was used to select 27
business owners and 97 area residents from each of the 3 locations. Also 12 police officers were randomly sampled
from each of the two police stations within the Sub-county. The 3 chiefs from the three locations and Deputy County
Commander (DCC) were also included in the study sample. Primary data was collected using structured
questionnaires administered to the study sample. The validity of research instruments was tested using content
validity and reliability using Cronbach Alpha. The findings of this study were that increase in physical facilities
measured in terms of unregulated number of bars, abandoned buildings, commercial areas etc. leads to rise of crime
rates. The conclusion was that; physical facilities that exist in a neighborhood are related to crime commission.
Different facilities attract different crimes. Some facilities attract more crimes than others. Facilities have a
significant effect on crime at nearby places even controlling for socio-demographic variables. The study
recommends a comparative research that focuses on the influence of one type of physical facility on crime
commission in different types of neighborhood.
Keywords: Crime, Commission, Neighborhood and Physical facilities.
INTRODUCTION
In a study of hotspots of crime and criminal careers, Sherman (1995) argue that, the commencement of crime in a
neighborhood can start any time after its initial human occupation, or its "birth" as a societal space. Aksoy (2017)
opines that, presence of social inconsistencies and incompatibilities in a community increases the probability of
crime occurring. Sherman (1995) posed the question: “Why would a neighborhood in which there had not ever been
a burglary in seven years abruptly have one?” Moreover, Schmalleger (2012, p.157) considered the question, “How
is it that neighborhoods can remain the site of high crime and deviance rates despite a complete turnover in their
population?” These questions imply that there are features about a place that initiates or sustains crime. For
instance, Amissah, Wemegah and Okyere (2014) found that Mamprobi district in Ghana which is 3.37km2 in size
had 54 crime incidents as compared to Dansoman district with 67 crime incidents which is 17.165km 2 in size.
Mamprobi district is considered to have high crime rates. According to Amisah et al (2014), Mamprobi district has a
high population around its northern section and major roads and a crescent on the south. Additionally, the district is
characterized by market lanes that are densely populated. Mccord and Ratcliffe (2005) in a study of a micro-spatial
analysis of the demographic and criminogenic environments of drug markets in Philadephia, found that more drug
arrests were made about 400 feet from the pubs establishments, check-cashing centers, transport stations and money
lending shops. Features of the urban settings are therefore fundamental in explaining the onset of crime in specific
neighborhood (Eck and Weisburd, 1995). According to South Africa Crime and Safety Report (2017), visitors are
advised to avoid the densely populated locations often considered as township neighborhoods and normally located
on the edges of most urban centers and central business district. Security Research and Information Centre (SRIC)
(2014), conducted a study on crime in selected urban slums in Kenya. The study found that poor settlement planning
that manifests in single entry and exit points and narrow lanes render it almost impossible for the police to pursue
crime suspects. The study also singled out some of the crime hotspots as most dreaded zones due to their physical
features such dark alleys, abandoned buildings and bushy environment. These findings are evidence of a correlation
between neighborhood characteristics and incidences of crime. These results provided the rationale to carry out a
study to determine the influence of neighborhood characteristics on crime prevalence in Kenyan neighborhoods.
Kiambu County, which ranked top in crime prevalence in 2015 and 2016 in a row and second overall in 2017 and
2018 in the country (KPS Annual Crime Report) was selected as the suitable location for the study.
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LITERATURE REVIEW
Physical environment is taken to be both built and natural facilities that exist in a particular place. The built
environment may include malls, go-downs, taverns, market centers, roads, parks and building(s) that house a variety
of functions. Vegetation covers, bushes and forests are considered to be the natural features that can be found in
specific locations. Their presence or absence in a particular geographical space may function as a way of
encouraging or discouraging crime. According to Groff (2011), a facility is a lone structure that may only serve a
particular purpose or may incorporate a cluster of functions. The facilities then may represent particular subtypes of
businesses or activities that exist in generic land use.
Locations and certain types of structures as well as land use patterns play a key role in influencing human behavior
including the possibility of committing crime (Groff, 2011). For example, empirical evidence indicates that facilities
such pubs (Roncek & Bell, 1981), restaurants (Brantingham & Brantingham, 1982), bus stops (Gerell, 2018),
smaller and view obstructing trees (Donovan & Prestemon, 2018) and densely forested places (Schroeder &
Anderson, 1984) increase crime rates in the nearby surroundings. Despite these findings showing crime clustering at
certain locations as a result of presence of specific physical features, there is still a need to demonstrate how such
facilities attract crime.
Sherman (1995) examined high crime areas by analyzing 323,000 calls made to the police. Sherman realized that a
small proportion of places accounted for most of the crimes in the city and that merely 3% of the areas was
responsible for 50% of the number of calls made to the police. Sherman further found out that the concentration was
even higher for offences of burglary, illegal sexual behaviors and automobile theft. Out of the 115,000 street
locations and junctures in the city, only 5% of the number of the calls accounted for 100% of the crimes committed
by strangers. Sherman’s study was limited to the number of calls received by the police and their geographical
origin. This study did not, however, consider facilities existing at those places which accounted for the highest
number of calls and those that recorded the lowest number of calls, an item that this paper seeks to examine.
In studying crime and place in Seattle, USA, Weisburd (2018) observed that offenses were strongly attached to
certain places. For example, Weisburd found out that half (50.4%) of the offenses in large cities were from certain
segments of the streets. Also, Mburu and Helbich (2016) established that presence of amenities such as train
stations, unoccupied houses and payday lenders in a given in urban area were associated with crimes such as bicycle
theft and mugging. Hence, a place and its associated facilities may be a predictor of crime. On the contrary, Mburu
and Helbich (2016) did not find any evidence that links crime rates to police stations.
According to Block and Block (1995) 3,364 incidences of crime occurred in alcohol consumption locations.
Therefore, the probability of offending behavior in a geographical space depends on the environmental structure and
the dominant activity in that place (Capone & Nicholas, 1976). The aforementioned studies offer useful clues as to
why certain places might experience more criminal activities or people may likely get victimized at certain
locations. However, literature is scant in relation to the manner in which hotspots facilities contribute to crime.
Moreover, literature has not clarified whether hotspot facilities at one location will be the same type of facilities at
other crime hotspots.
Geographical space associated with facilities such as restaurants, youth clubs and sports clubs, are the most
commonly burglarized as compared to hardware shops, doctors’ offices and tailor shops (Sypion-Dutkowska, 2017).
According to Sohn (2016), environs with more shopping areas would be more likely to experience escalated rates of
burglary. This is corroborated by Davison and Smith (2003) who acknowledge that crime is more common in nearby
areas of commercial centres. This is an indication that the way in which a facility functions, the type of clients that
are encouraged in such a facility and the number of people that congregate at a particular time in space acts in a way
to make crime more likely. Youth and sports clubs attracts a crowd of people at a particular time as compared to
hardware and tailor shops and doctors’ offices. According to Bernasco and Block (2011), presence of large number
of people creates a likelihood of crime occurrence. This is supported by Kinney, Brantingham, Weschke, Kirke and
Brantingham (2008), who found a correlation between multiple family apartment buildings, shopping malls and
learning institutions and assaults and motor vehicle thefts. A multitude of persons at a particular place sparked by a
specific facility, increases the chances of offenders and targets to coincide at a particular time. Such convergence
makes crime more probable in the absence of capable guardian(s).
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Roman (2005) found that, schools, youth social places, retail shops, and neighborhood disorganization had a
stronger influence on violent crimes. Roman schools and youth social places attract violent crimes more strongly.
These findings provide possible insights as to how some facilities and places attract more crime than others.
Using focus group discussions, Security Research and Information Centre – SRIC (2014) conducted a study on the
incidence of crime and violence in Nairobi to identify high risk areas. Although the focus group participants were of
the view that crime was everywhere, they were nonetheless able to identify areas that are hotspots of crime. The
study also found out that offenders disguised themselves as street/homeless children. The study further revealed
ways in which physical facilities influence crime. For example, lodgings and alcohol joints act as hideouts for
potential and actual offenders. Offenders also disguise themselves as bystanders at ordinary street events such as
gambling from where they monitor the movements of their targets before attacking. Densely populated urban
communities also provide the opportunity for exchange of contraband, such as guns and drugs. They also create an
enabling environment for illegal immigrants to thrive. Other types of crime that are influence by high population
density include daylight purse-snatching, assault, pickpocketing, and burglary. From the literature it is evident that
neighborhood physical facilities influence crime. It is also evident that some facilities attract more crime than others.
This creates the need to establish any correlation between the physical facilities within the identified area of study
and the incidence of crime.
METHODOLOGY
The study adopted descriptive survey research design. The sample size was determined by Slovin’s formulae at 95%
confidence level and 0.05 population variable.
N
𝑛=
(1 + Ne2 )
Where,
n= sample size
N= total population
e= error balance
245,820
𝑛=
(1 + 245,820 × 0.052 )
245,820
=
= 399.35017
615.55
n = 400
Stratified random sampling was used to classify the population of respondents into 3 locations
Simple random sampling was used to select 27 business owners and 97 area residents from each of the 3 locations.
Twelve police officers were randomly selected from each of the two police stations within the County. The 27
business owners, 97 area residents from each of the locations and the 24 police officers selected were requested to
fill out the questionnaires. The 3 administrative chiefs from each of the three locations were each given a copy of the
questionnaire as well. The area Deputy County Commander was also interviewed. This resulted in a sample of 81
business owners, 291 area residents, 24 police officers, 3 administrative chiefs and 1 Deputy County Commander.
The distribution of the sample is shown in Table 1.
Three types of questionnaires were developed respectively for the business owners, public security officials (chiefs,
police officers and the Deputy County Commander) and the area residents. The collected data were entered into
SPSS data editor and edited for completeness prior to the analysis.
Further editing was conducted to ascertain completeness and to check for consistency.
Table 1: Sample size
Locations
Business
owners
Biashara
27
Makongeni
27
Kariminu
27
Total
81

Area Residents
97
97
97
291

Police
Officers
12
12
24
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Chiefs
1
1
1
3

Deputy
county
commander
1

Total
137
137
125
400

A questionnaire was dropped if it was defective by way of having multiple entries in a single question, being
incomplete, or having inconsistencies in any of the structured questions. A total of 322 questionnaires (80.5%)
were found to be complete and consistent, and data from those questionnaires were therefore coded and
entered for the analysis. Descriptive statistics were used as well as the inferential linear regression analysis.
Regression Analysis of the Influence of Physical Facilities on crime commission
Regression analysis was conducted on the relationship between crime commission and various physical facilities
variables. The predictor variables for physical facilities were, unregulated pub establishments, abandoned buildings,
public parks, facility brings together large number of people, facilities that involve a lot of cash transactions,
neighborhood forests and bushy neighborhoods. The findings are presented in Table 2.
Table 2: Categorical Regression Coefficients for Indicators of Physical Facilities on Crime Commission
Physical Facilities
Beta Std. Error Df F
Sig.
Existence of unregulated number of bars at a place attract crime.
0.27
0.05
1 18.75 0.00**
Existence of abandoned buildings in a town attract crime.
0.17
0.04
1 4.91 0.01*
Areas surrounding public parks experience high number of crime rates.
0.01
0.04
1 0.01 0.93
High number of people who are aware of the facility at a place attract crime 0.08
0.04
1 0.39 0.53
Places whose facility brings together large number of people attracts crime
0.14
0.04
1 1.54 0.20
Facilities that involve a lot of cash transactions attracts crime
0.22
0.09
1 5.54 0.02*
Areas neighboring forests are at high risk of experiencing crime
0.11
0.12
1 0.80 0.37
Bushy neighbourhood are at high risk of experiencing crime
0.17
0.07
1 5.39 0.00**
The results on Table 2 indicate that only four of the independent variables had a statistically significant effect on
crime commission (unregulated number of bars, abandoned buildings, facilities that involve a lot of cash
transactions and bushy neighbourhood). From the results, it was revealed that the strongest predictor of crime
commission was existence of unregulated number of bars and bushy neighbourhood. The findings are consistence
with Roncek and Bell, (1981) and Block and Block (1995) who established that, incidences of crime occurred in
alcohol consumption locations. This is corroborated by Langley, Chalmers and Fanslow, (1996) who established that
10 percent of aggravated assaults occurred in or around liquor outlets. Briscoe and Donnelly (2001) observed that
alcohol drinking facilities were ranked third as the most often premises at which assault cases were recorded.
Similarly, ten percent of assault incidents were documented by the police as happening on alcohol consumption
buildings (Fitzgerald, Mason & Boryzcki, 2010).
CONCLUSION
The study affirms that the existence of a significant relationship between physical facilities and the incidence of
crime. It is evidentially demonstrated that physical facilities not only increase crime levels but also spread crime
risks to the nearby surroundings. Moreover, certain physical facilities attracts more crime than others and while
some facilities encourages specific crimes, others attracts multiple crimes.
RECOMMENDATIONS
The security officers (police officers) should enhance collaborative programs with members of the public. This
would promote more interactions amongst the residents and between members of the public and police officers.
This would enable the area residents to know one another and take necessary security measures to safeguard
themselves and their property against crime.
ii.
Urban city planners and architect should undertake mandatory course on the planning/designing the built
environments which allows the occupants of that built environment to have a clear view of their surrounding
both from outside and inside. This creates opportunity for natural surveillance of the environment.
iii.
Business and property owners should consider altering their built environment by embracing the installation of
modern safety security measures on their premises to curb crime. Such measures should include the situational
preventive measures.
iv.
Government should enhance strict policy implementations that enables property owners to take full
responsibility of activities that occurs within and without their premises. This will turn promote responsible
usage of a geographical space.
v.
Finally, further studies are recommended on neighborhood characteristics in other counties that have different
cultural and demographic characteristics.
i.
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ABSTRACT
Over the past decade, there has been an increase in the need for humanitarian assistance. This increase has been
occasioned by the increased frequency of disasters, the severity of the disasters and the protracted nature of conflicts
in some regions around the world. Despite the delivery of high amounts of humanitarian assistance, substantial
needs have not been met. Some countries have remained in need and have continued to appeal for Humanitarian
Assistance every year. In some cases, resources meant for development have been diverted to meet needs of victims
of disasters and crises. As such, the need for better crisis prevention and disaster response mechanisms, as well as
the need to focus on long-term resilience building form an integral part of Humanity and the Agenda 2030. There is
need to focus on resilience through integration of short-term humanitarian assistance activities with interventions
that will support sustainable development. One of the strategies proposed to play the dual role of delivering
humanitarian assistance in crisis response as well as address the longer-term needs is social protection. Social
protection could make it easy for humanitarian assistance to be delivered through existing systems to reach
vulnerable groups faster and also prevent or alleviate future humanitarian crises. This paper looks at the possibility
of integrating humanitarian assistance with social protection programs as a strategy of supporting resilience and
sustainable development in disaster prone regions. This was a desk review study of scholarly articles and reports on
disaster risk reduction and responses using search engines of Google Scholar and Harvard Library HOLLIS+. The
study established that most of the emergencies that require humanitarian assistance have more often occurred in
contexts of chronic poverty and vulnerability, and that resilience of the communities affected by disasters can
enhance sustainable development. To harness the benefits of social protection with humanitarian assistance, systems
may have to be set up such that linkages should coordinate the provision of short and long-term interventions to
address a wider range of needs for sustainable development.
Keywords: Social Protection, integration, strategy, Humanitarian Assistance, Resilience.
INTRODUCTION
The Global Humanitarian Assistance (GHA) report defines Humanitarian assistance as material or logistical
assistance provided to people in need with the primary objective to save lives and maintain human dignity after
man-made crises and disasters associated with natural hazards (GHA, 2017). Humanitarian assistance not only
involves emergency relief (in-kind/cash, material, and logistical assistance), but also covers disaster prevention and
preparedness, reconstruction and rehabilitation (OECD 2015). Humanitarian assistance differs from development
interventions, including social protection because of the four core humanitarian principles of humanity, neutrality,
impartiality, and independence. These principles mandate humanitarian Aid/Assistance actors to prioritize human
needs and dignity over any economic, political, religious, ideological, or other interests (IFRC, 2017). Whereas
Disaster prevention and preparedness aim at reducing loses from disasters, reconstruction and rehabilitation seek to
assist the victims of disasters to recover from the effects of disasters and crises. Provision of humanitarian assistance
as a response to disasters and crises does not assure the victims sustainable development. In many cases, victims are
left in pathetic states of poverty and dependency. Resources meant for development are oftenly diverted to provision
of basic needs in order maintain the dignity or sustain the life of the victims.
The year 2016 proved to be a turning point on how humanitarian assistance actors responded to crises. Humanitarian
assistance needs were enormous. Forced migration from conflicts was at its highest since World War II (IDMC,
2016); 2015 was the hottest year ever recorded affecting the climate and food production (NASA, 2015); the number
and scale of disasters triggered by natural hazards was reported to be very high (UNISDR, 2016). The Global
Facility for Disaster Reduction and Recovery Annual Report (GFDRR) estimated that global losses from disasters
averaged nearly $200 billion (GFDRR, 2015). Unforeseen crises in some countries like Iraq, Syria, Ukraine, in
Gaza, and in Western African countries as a result of the Ebola outbreak brought severe fiscal pressures on the
humanitarian and development aid budgets of donor partners in the period 2014-2016. The protracted nature of
conflicts in some countries like Syria, Jordan, Yemen and South Sudan further led to high levels of forced
displacement and an increased demand for Humanitarian assistance. Conflict driven crises and disasters from natural
hazards led to 65.6 million people being displaced (two-thirds of whom were internally displaced) and a total of
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164.2 million were left in need of humanitarian assistance in 2016 (GHA, 2017). Global Humanitarian Assistance
report estimated that, International Humanitarian Aid rose from US$16.1bn in 2012 to US$27.3bn in 2016, yet in
2016 alone, the appeals for Humanitarian assistance were still underfunded by 40 per cent (GHA, 2017).
Although the Humanitarian Aid and Development partners continued to respond by providing cash and in-kind
support whenever disasters and crises occurred, the assistance remained inadequate to meet the needs of affected
persons (UNISDR, 2015). This therefore called for a new mindset of strategies to meet the ever-increasing need for
Humanitarian assistance as well as cater for sustainable development. Today, resilience, better crisis prevention and
response mechanisms as well as the need to focus on long-term resilience building form an integral part of the
Sustainable Development Goals (Kardan et al, 2017).
According to the United Nations Office for Disaster Risk Reduction -UNISDR (2015), fundamental issues that find
application at all stages of enacting resilience are: anticipation (preparation for a crisis that may well happen);
absorption (the ability to cope with adverse conditions); and adaptation (the ability to become better suited to one’s
environment). Resilience helps to improve linkage between disaster management and development in two ways.
Firstly, a good understanding of resilience confirms that developmental actors need to consider disasters, and engage
in efforts to mitigate or even prevent them. Secondly, a ‘resilience approach’ will make emergency response actors
to consider time-frames beyond the immediate provision of relief. Social protection has been proposed as one such
strategy to provide linkage between Humanitarian assistance and sustainable development (Andrew et al, 2012). The
extent to which social protection can achieve the key issues of enacting resilience is still the subject of review.
Social protection refers to interventions that aim to reduce poverty and vulnerability through the provision of social
assistance, social insurance, and labor market policies (Andrew et al, 2012). It involves all initiatives that transfer
income or assets to the poor, protect the vulnerable against livelihood risks, and enhance the social status and rights
of the marginalized. The overall objectives of social protection lie in extending the benefits of economic growth and
reducing the economic or social vulnerability of poor, the vulnerable and marginalized people (Mosel and Levine,
2014). It is a transformative capacity strategy. Transformative capacity here relates to ‘deep social change’ across
social-ecological systems where people affected by crises will also think beyond relief assistance (Wilson et al.,
2013). However, actual process of transforming people to think beyond relief assistance is also a subject for inquiry.
In the transformative strategy, as argued by Bahadur et al. (2015), communities’ ability to deal with shocks, crises
and stresses can be derived from interlinked anticipatory, absorptive, and adaptive capacities. In the context of the
transformative strategy, social protection can be looked at from a three functional point of view; protection by
providing direct relief to individuals or households in a state of crises; prevention by protecting those who are
vulnerable to falling into deprivation as a result of a shock; promotion by enhancing income and capabilities in order
to reduce people's future susceptibility to deprivation. Ideally, transformation should address issues of equity and
structural vulnerability to poverty which also is a subject of inquiry. The strategy of social protection should
enhance community capacity to be transformed so as to anticipate, absorb and adapt to shocks always. However, the
strategy is still limited in the extent to which it addresses issues of sustainable development.
Statement of the Problem
Action plans to help maintain resilience of communities affected by disasters and conflicts are not new in the sphere
of responses to disasters and crises. In the year2004, the theme of the International Federation of Red Cross and Red
Crescent Societies World Disasters Report was a ‘focus on community resilience; building the capacity to bounce
back’. Some of the challenges identified then were soaring urban populations, environmental degradation, poverty
and disease which were compounded by seasonal hazards such as droughts and floods creating situations of chronic
adversity (WDR, 2004). Additionally, in 2004, the Yokohama Strategy and Plan of Action concerned itself with a
Safer World. Later on (2005–2015), the Hyogo Framework for Action (HFA) concerned ‘Building the resilience of
nations and communities to disasters’, while the successor, ‘Sendai Framework for Disaster Risk Reduction’ 2015–
2030’s priority three, prioritizes ‘Investing in disaster risk reduction for resilience’ (Ovadiya et al, 2015).
All these initiatives recognized that disasters are inevitable and that resources have to be set aside for emergency
assistance during crises but did not succeed in maintaining resilience in communities affected by disasters and
crises. Today, sixteen years after IFRC’s focus on community resilience, the world appears to be facing a worse
problem. Despite the delivery of high levels of humanitarian assistance, some countries have remained in need of
Humanitarian assistance and have continued to send in appeals for Humanitarian Assistance every year. This has led
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to resources meant for development being diverted to Humanitarian assistance, a situation that is an impediment to
the attainment of the Sustainable development goals. The task of this review therefore, was to examine the
possibility of linking social protection to humanitarian assistance as a strategy to maintain resilience and sustainable
development for affected communities even after the disasters or crises.
Justification of the Study
There appear to be gaps in research and practice of delivering Humanitarian assistance in a cost-effective and
efficient manner as well as making communities resilient. Most notably, studies fail to provide a full picture of how
we can maintain a continuum of response from acute and chronic needs to ‘bouncing back’, thereby bridging the gap
between the humanitarian assistance and resilience to maintain sustainable development for communities affected by
disasters and crises. This is important given the limited success of previous efforts to convey what is in essence the
necessity to engage in pre-disaster actions at least as much as post-disaster response, and, in doing so, hope to
diminish the dependency on Humanitarian assistance. Previous notable attempts at community resilience have been
through: disaster risk reduction; Sustainable livelihoods; Linking Relief, Recovery and Development (LRRD); and
Disaster Mitigation and Preparedness (O’Brien et al., 2018). The 2011 independent Humanitarian Emergency
Response Review of the operations of Department for International Development (DFID) introduced resilience as
its key strategy for uniting what were previously largely regarded as separate activities (Ashdown, 2011).
METHODOLOGY
The review study was carried out using search engines of Google Scholar and Harvard Library HOLLIS+. The
review examined a total of 22 articles that included journal reports, disaster world reports, reports on disasters,
crises, disaster risk reduction, resilience, pre and post disaster actions together with the United Nations declarations
and actions over the last ten year period. Two critical issues guided this review; first, what does literature say about
social protection's role in facilitating adaptation to disaster preparedness and mitigation? And secondly, to what
extent does current thinking on social protection consider how it can help transform the community social and
political contexts of vulnerability from disaster situations to resilience for sustainable development?
FINDINGS AND DISCUSSION
The review established that most of the emergencies that require humanitarian assistance have more often occurred
in contexts of chronic poverty and vulnerability, and that resilience of communities affected by disasters can
enhance sustainable development. Most of the reports acknowledge the need for the affected communities becoming
resilient. The review also established that most of the Humanitarian assistance is channeled through established
Non-Governmental organizations that strive to rebuild the livelihoods of persons affected by disasters. However,
one common denominator from the review is that the resources, particularly the funds are almost always inadequate.
The idea of thinking about social protection interventions in disaster and crises response reflects a shift in thinking
in what can be achieved through social protection. Social protection emerged in the early 2000s as a policy response
to dealing with vulnerabilities and poverty, particularly in the context of lower-income developing countries. Over
the past few years, social protection has evolved to include long-term safety nets and consumption provision through
cash, food, and asset-based transfers; a whole range of different types of provision (including home-grown school
feeding, public works, insurance packages); and packages of support that complement the utilization of cash and
assets (such as cash-plus models and graduation models that frequently include trainings, nutrition, and microfinance components). In the context of disaster response, Social protection has two potential benefits; first, social
protection can benefit insecure households, by reducing the need to sell off assets in the face of shocks and stresses
as a result of disasters or crises; and the second role of social protection is in helping households to become resilient
to shocks and stresses and to move into productive and independent livelihoods.
Social protection reduces poverty and vulnerability through protection of people from the impoverishing impacts of
different social, economic, and lifecycle-based or climate-related risks on their livelihoods. Whereas humanitarian
assistance is typically provided as a short-term and one-off support in the case of a sudden crisis, social protection is
provided as a predictable safety net that allows people to manage the risks to their livelihoods. Social protection has
the potential of delivering response, as well as addressing longer-term needs for people affected by disasters. If
social protection were to be implemented, theoretically, a continuum of support and response would be established
to help poor and vulnerable households manage risk and stress across a range of circumstances and contexts. Mosel
and Levine (2014) argue that the previous challenges in linearity of the ‘continuum’ approach in Humanitarian
assistance sequenced as delivering relief, recovery, and development interventions could be overcome by social
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protection. Given that most developing countries have low government capacity to handle large humanitarian crises,
humanitarian agencies are stepping in to address needs emerging from a situation of chronic poverty and
vulnerability. The economic and geographic scale of destruction and damage to infrastructure, housing,
communication lines, and livelihoods assets tests and often surpasses the national disaster response mechanisms,
which otherwise are considered, overall, to function well. There are cases of different actors working in parallel and
duplicating efforts alongside cases of exemplary programming and collaboration.
Social protection thus holds promise as a tool for adaptation, and moreover, one that aligns with critical perspectives
on adaptation and development processes. Large numbers of people have experienced long-term displacement, as
well as an exacerbating chronic poverty and vulnerability impacts of shocks. Focus on building social protection
systems in contexts of recurring humanitarian crises and climate-related shocks led to a recognition of the overlap in
mandate, institutions, and target groups between the ‘humanitarian’ and the social protection sector. This opened up
new thinking, a form of social protection referred to as Shock Responsive Social Protection (World Bank, 2016).
SRSP focuses, in particular, on the ability of a social protection system to scale assistance up and down following a
shock – either by increasing the level of assistance for existing beneficiaries or by expanding coverage temporarily
to non-beneficiaries affected by the shock (Niang and Ramirez, 2014). Shock Responsive Social Protection’ (SRSP)
became popular in the years 2008/09 following the global financial, food, and fuel crisis (the 3 Fs). Social protection
was used to buffer the effects of macroeconomic shocks on the poor in a range of different countries, particularly the
Low- and Middle-Income Countries (Bastagli, 2014; McCord 2013; World Bank, 2013). This strategy continued to
be used to scale up social protection to enroll beneficiaries even after crises. More recently, SRSP has been used in
response to different types of shocks, including natural or man-made hazards, as well as situations of protracted
crises (O’Brien et al., 2018). But governments or authorities in disaster and crises prone areas have missed the link
in using social protection for investing in disaster risk reduction for resilience’ they should embrace social protection
as a strategy against disasters and crises.
A deep social change across social-ecological systems for a transformative capacity may be useful for enacting
resilience for our communities Wilson et al., 2013). Anticipation (preparation for disasters/crises), absorption (the
ability to cope with adverse conditions) and adaptation (the ability to become better suited to one’s environment and
strive to attain sustainable development) through social protection schemes are strategies that need to be considered.
Such strategies would more likely be easily acceptable since they are less alien or strange to affected communities.
There is lack of a continuum, and many households in disaster prone areas are dependent on humanitarian assistance
for their livelihoods. Thus, there is need to think about comprehensively linking social protection to Humanitarian
Assistance and move into productive, independent livelihoods for sustainable development.
In summary, the roles of social protection have been varied. Social protection has traditionally focused on
strengthening economic, human and social capital for stimulating economic growth, however, ‘rights-based’
advocate’s agenda have stressed that social protection also addresses issues of social justice and marginalization
(Devereux et al., 2016). Many researchers argue that social protection has the transformative potential to help redress structural inequalities, which are embedded in sociopolitical contexts that lie at the root of poverty (Devereux
et al., 2016; Merrien, 2013). Most of the research reports on social protection underline the importance of adopting
transformative pathways for adaptation that challenge the political, institutional and socioeconomic conditions
through which vulnerability to effects of disasters occurs (O'Brien, and Matyas, 2015). Social protection holds
promise as a tool for adaptation, and one that aligns with critical perspectives adaptation to development processes.
Arguments for social protection stem from the fact that despite clear evidence on the protracted nature and
recurrence of humanitarian crises, the majority of funding continues to cater for short-term year-on-year appeals. For
instance, Ulrichs and Slater (2016) reported that out of the 13 countries who placed UN-coordinated appeals in
2016, six had placed appeals every year since 2007. This is because of the overwhelming requests for humanitarian
assistance. Such nature of vulnerabilities would benefit from long term interventions of social protection. Pelham et
al, (2011) argued that long-term planning would provide insurance against downturns and help vulnerable people
ride out times of moderate shocks without returning to a state of desperation for year to year appeals.
Rather than continuing to provide short-term assistance, social protection has the potential to reduce vulnerability
and poverty in the long term, which reduces the likelihood of a disaster or crisis situation, and consequently the
continued need for humanitarian aid. Secondly, there has been evidence that response to drought emergencies
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through existing, robust social protection systems can be faster and more cost-effective than conventional
humanitarian responses. Emergency assistance can reach people in a short period of time. The Hunger Safety Net
Programme (HSNP), a social protection scheme was able to deliver emergency assistance within ten days of
declaring an emergency, compared to the three to nine months it took a UN-led humanitarian response (World Bank,
2016). The costs of delivery of Humanitarian assistance through the UN led response were also costly compared to
the Hunger Safety Net Programme (HSNP), a Social Protection Scheme (Slater and Bhuvanendra, 2013). Finally, in
some cases, there can be an overlap between social protection caseloads and humanitarian caseloads; a case in point
is in contexts of drought caused food insecurity where social protection assistance reaches chronically food-insecure
people, while humanitarian assistance (or emergency scale-ups) reaches seasonally food-insecure people.
In such contexts, linking the delivery and targeting systems of humanitarian assistance and social protection could
maximize existing resources from both sectors and invest them into the set-up of permanent systems which register
vulnerable groups and scale assistance up and down depending on need. This would also reduce setting up parallel
data collection, monitoring, and delivery system which leads to a duplication of efforts. Schimmel (2015) argues that
Humanitarian assistance should be in cash rather than in kind form of assistance because harmonizing systems is
more difficult when assistance is provided in-kind, whereas cash provides an opportunity to harmonize delivery
systems due to its fluidity.
The advantage of using social protection for resilience over new strategies would be that it is not a new idea. Social
protection is a widely used approach to adaptation to various situations. According to the World Bank (2018),
developing and transition countries spend on average 1.5% of GDP on social safety nets, even in sub-Saharan Africa
where programs are in large part donor-funded. Lowder, et al, (2017) estimate that 2.1 billion people in developing
countries, or one-third of the population in the developing world, are covered by some form of social protection
today.
Arguments against using Social protection for delivering Humanitarian assistance in crises, as well as addressing
longer-term needs of sustainable development have mainly been from the principle of Humanity. A number of
humanitarian organizations are opposed to this closer alignment of humanitarian assistance and social protection,
precisely because social protection alone compromises humanitarian principles. The Humanitarian assistance sector
has grappled with the development-disaster divide for decades. The separation of long-term actions from short-term
response is seen by some as essential, and by others as a deep problem. ‘Purist’ humanitarian agencies argue that
combining humanitarian action with developmental challenges, such as engaging in local politics, muddies the
waters, and can hamper the primary mission of enacting life-saving responses. In other words, the four core
humanitarian principles of humanity, neutrality, impartiality, and independence may not be observed by state
controlled social protection schemes. The trend in social protection in low- and middle-income countries is towards
setting up systems owned, and eventually financed, by national governments (ILO, 2014; Devereux et al, 2015).
Similarly, delivering Humanitarian assistance through social protection systems that are designed for citizens, by
definition, excludes certain groups of non-citizens, such as refugees or internally displaced people (Haider, 2013).
The plight of migrants and displaced populations’ shows clearly the continuing need for humanitarian response and
programming. Displaced populations are rarely catered for within the provision of nationally-owned and residenttargeted social protection systems, in part due to reluctance from governments to legitimize refugees’ status by
integrating them into national programmes. To ensure operational independence, humanitarian aid has traditionally
been channeled through multilateral organizations (UN agencies, the International Red Cross and Red Crescent
(ICRC), International Non-Governmental Organizations (INGOs)) rather than through recipient governments. For
instance, only 1.6 per cent of international aid in 2016 was channeled through governments (GHA 2017). But there
are cases of displaced persons (Refugees) staying in a foreign country for decades (such as the Somali refugees in
Kakuma Refugee camp in Kenya).
Secondly, in times of extreme shocks, additional assistance is still required, which goes beyond what regular social
protection can cover. To assess whether social protection can reach vulnerable populations affected by shocks, it is
important to address the following concerns: Can social protection programmes cover humanitarian caseloads of
households and populations that have different profiles than long-term safety net beneficiaries? Are social protection
systems in a given context able to efficiently reach people affected by high-impact disasters? Can social protection
adequately cover such disasters including naturally occurring physical phenomena caused either by rapid or slow
onset events and cover geophysical (earthquakes, landslides, tsunamis, and volcanic activity), hydrological
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(avalanches and floods), climatological hazards (extreme temperatures, drought, and wildfires), meteorological
(cyclones and storms/wave surges), or biological hazards (disease epidemics and insect/animal plagues)
adequately?( IFRC , 2017).
Another key challenge in responding to humanitarian needs through social protection would be that countries which
are most likely to require assistance are the least likely to have functional, large-scale social transfer programmes in
place at present. Addressing capacity issues of social protection programmes is critical to ensure realistic
expectations of what social protection can achieve in different contexts. Bennett (2016) argues that to achieve this,
radical change is needed, because the formal system faces a crisis of legitimacy, capacity and means, blocked by
significant and enduring flaws that prevent it from being effective. There would also be need to set up social safety
nets in ways that can facilitate sustainability in the long term.
For instance, evacuation strategies are a challenge in a country that lacks reliable infrastructure like roads, bridges,
and emergency shelters. For example, previous attempts to improve Haiti’s evacuation systems failed to recognize
the unique geographic, socioeconomic, and financial challenges faced by the country and its people (Schimmel,
2015). The government identified 1,400 buildings as evacuation centers in case of emergency, but 90 percent of
these buildings were schools. Such a plan would make it impossible for students to continue their education for up to
months at a time in the event of a disaster. Thus, recognizing the continuing need for humanitarian response,
especially in contexts where social protection systems are fragile or non-existent, will lead to an appreciation of the
value added of both humanitarian support and resilience.
CONCLUSION
The purpose of this review study was to gauge social protection's current and potential role in facilitating resilience
to disaster and crises situations. It also sought to assess the extent to which current thinking on an integrated
adaptation and social protection can help transform the sociopolitical contexts where vulnerability to disasters
originates. In doing so, it contextualized the reviewed literature within the existing debate over whether social
protection should be approached from humanitarian relief stand-point or a rights-based transformative one.
It is clear that the continued increase in number of people affected by disasters who need humanitarian assistance in
a context of limited funds require more cost-efficient and effective crisis response mechanisms. Given the different
vulnerabilities that people affected by disasters and displaced populations face, there might be need for a range of
different social protection responses to these. Social protection policies, particularly income protection, can be an
important, sometimes the only source of cash income for many households in poor and rich countries alike. In poor
countries, even small cash benefits provided on a regular basis can have a large positive impact on well-being and
can help combat social exclusion (McKinnon, 2007). One problem with crises resulting from disasters and conflicts
is that they have been either intense or complex and protracted in nature. The solution could lie in donor partners
thinking of integration of short-term humanitarian assistance and support of the longer-term development
interventions of Social Protection. Even then, the available social protection systems are not exclusive and many
other areas remain that merit future research, such as issues around evaluating the impact of humanitarian assistance
or scale-up payments on recipients’ vulnerability to shocks, the technicalities of setting up systems that link social
assistance and emergency preparedness plans, and funding mechanisms for shock-responsive social protection.
Whereas arguments for and against use of Social Protection for both humanitarian support and resilience appear to
have merit, there is need to get a lasting solution to crises resulting from disasters and conflicts. There is need to
recognize that in order to achieve Humanitarian assistance as well as sustainable development, social protection
systems (rather than ad hoc programmes) need to be facilitated and established so as to ensure longevity of support
(financially and politically), as well as to reduce inefficiencies in targeting, harmonize systems of payments and
appeals, among other strategies. However, in some regions where crises have occurred due to conflicts, situations
may still be hostile for social protection to take effect as a strategy for resilience. The strength of resilience lies not
in any particularly new understanding about how to manage crises, but rather in the reaffirmation of fundamental
principles, tested over decades such as social protection. Central to these principles is that the best actions are
people-centered, and that pre-disaster investments to reduce or even prevent crises are essential. Different forms of
social protection will therefore be needed by different groups at different stages. Effective resilience requires actions
of governance, at policy level, where decision-makers including governments, aid agencies and the private sector
will affirm solutions of a continuum from pre-crises actions to sustainable development as invaluable.
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ABSTRACT
Every year thousands of girls and women in the Ameru community undergo female genital mutilation according to
the Meru tradition.This is a traditional cultural practice which has two components; the actual surgical operation,
education guidance and counseling during seclusion and healing process. Largely, the education that is given tothe
girls during this period contains some positive aspects which are beneficial to them and the community andtherefore
should be encouraged.However, the physical cut which is harmful and potentially life threatening and causes
distressing pain and suffering should be abandoned. This paper will focus on both the primary targets who are the
girls as well as the secondary targets who are the girls’ parents and other close relatives, the peers (boys and girls),
community opinion leaders,religious leaders, politicians, government officials and the circumcisers to help bring
change. It is hoped that through awareness creation and sensitization forums the targeted groups will experience and
acquire the necessary knowledge, skills and develop attitude that will lead to socio-cultural change and
transformation of Ameru community as far as FGM is concerned.
Keywords: Female Genital Mutilation, Sensitization, Ameru Girl Child, Change, Awareness.
INTRODUCTION
Although concerted advocacy work over the recent decades has generated widespread commitment to end this FGM
practice success in eliminating it has been minimal for instance, despite the Kenyan government been on the
practical ,FGM prevalence level has only dropped from 37.6% recorded in2008 to 31.7 recorded in 2012.as a result,
FGM has continued to be prevalent among some Kenyan communities, including the Ameru community FGM has
remained traditional cultural practice which is harmful and potentially life threatening. It causes distressing pain and
suffering and hence should be abandoned , therefore there is need to carry out community sensitization forums assist
disseminate relevant knowledge and skills which may contribute to a healthy lifestyle and responsible behavior for
girls in the Ameru community without undergoing the physical cut (bodily operation).
Objectives of the study
This paper sought to create community awareness and sensitization on ARP at four stages of change.
i.
Change at the individual level
ii.
Change at the relational level
iii.
Change at the structural level
iv.
Change at the cultural level
METHODOLOGY
This ARP initiative baseline survey is to help the participants in acquiring relevant knowledge and skills which will
contribute to a healthy life style and responsible behavior for girls in the society without undergoing the physical
cut. The learning being formal and informal, the process will be learner centered and highly participatory. It may
generally receive good support of the community mainly because the project will been an interactive process. It will
include numerous and intensive awareness and sensitization campaigns and forums aimed at preparing the
communities for the envisage change of discarding FGM and embracing ARP. To foster change at the individual,
relational structural and cultural levels in Meru, arrange for community awareness and sensitization campaigns,
highlighting the dangers of FGM. This will be under taken for various categories of people. It is important to note
that these four levels of change are interlinked and it is very difficult to draw a clear boundary between one level of
change and the other. Change occurring in one level may also influence other levels of change as well.
1.

Change At The Individual Level
The focus group here includes: Parents of the girls, Circumcisers/Mutilators, Government officials
Aim is to enable the target group to change their perceptions about marriage and the importance attached to FGM.
Gradually the larger community would change individual perceptions, abandon FGM and adopt ARP programmes.
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(a) Parents of the girls
These play a key role in influencing girls to be circumcised. They are perceived as key custodians of the
traditional practice. To end the FGM practice, the parents will be sensitized on the following to change
their perceptions and attitude about FGM.
 Effects of FGM as a Rite of passage
 Children’s rights
 Roles and responsibilities of parents/guradians in raising responsible and healthy children.
(b) Circumcisers/ mutilators
The aim is to change the mindsets through:
 Identify them, appreciate them and talk to them in a non-threatening manner.
 Acknowledge their skills, involve them in community sensitization programs such as open
forums, and focused group discussions.
 Sensitize them on effects of practicing FGM as a rite of passage.
 Sensitize them on children rights
 Encourage them to adopt alternative methods of income generations.
 Trying to convert them into anti – FGM agents.
 Introducing them to alternative rites of passage.
(c) Government officials
This will be relevant departments and county administrators. These can be change agents and support ARP,
through knowledge. The training should also enhance collaboration, networking and partnerships in the
campaign against FGM; such as through:
 Enforcing Children’s Act
 Curbing FGM as a rite of passage
 Educating on the significance and effects of FGM
 Show importance of ARP for girls in the society
 Sensitize the need for law enforcement by administration officers
2.

Change At The Relational Level
Focus group includes secondary targets i.e. peers (age-mates boys and girls) parents /relatives, religious and
leaders, children officers & community members who offer conducive environment for advocating for
ARP. It will be a collective responsibility for encouraging and supporting the graduates of this new system.
(a) Community awareness & sensitization forums
The aim is to change the way people relate with each other in the community so that there is a
conducive environment for advocating for ARP. Some of the ways they will be sensitized to are:
 Encourage respect among peers
 Use of civil and respectful language by siblings when communicating to initiated girls
 Parents to act as good role models
 Create ARP awareness
 Educate parents and relatives that initiation and seclusion is not a gateway to marriage.

All these can be done at meeting in schools church congregations sports and games events chiefs barazas, church
congregations community group meeting etc.
(b) Boys
 Are a critical group to the success of ARP initiative so they need to be sensitized to change
their attitude towards FGM
 Accept respect and recognize ARP graduates as responsible individual with status in the
community and as potential wives.
(c) Girls
 Girls who have already gone through FGM are not excluded but can still be taken through life
skills and empowerment initiatives to become champion and help protect other girls.

482

3.

Change At The Structural Level.
Aim is to foster a supportive structural system for the ARP. Local structure to be strengthened include
county administrations, children officers, chiefs, religious and community leaders politicians, Njuri
Ncheke, Maendeleo ya Wanawake (MYWO) among others.
Main goal is to:
a) Sensitize the local leaders to support the alternative rite of passage (ARP)
b) Lobby with government officers to enforce the law and policies that protect children’s rights
c) Protect children from FGM.
d) Be good role models in mentoring youths
e) Identifying and explain the Ameru cultural value, beliefs ,taboos and practices.

4.

Change at the cultural level
This focuses on the cultural beliefs, values, taboos, practices and how they are linked to FGM.
It aims at:
 Explaining how some cultural values beliefs, taboos and practices violate children and human
rights.
 Identifying causes of resistance to change at the individual level.
 Suggesting ways of overcoming resistance to change.

OBSTACLES IN ACHIEVING SUCCESS IN ALTERNATIVE RITE OF PASSAGE PROGRAMMES.
The campaign against FGM has encountered a number of challenges. Some are enumerated below:
 Weaknesses in the enforcement of anti-FGM laws - There is weakness in the enforcement of the laws
prohibiting FGM.
 Low key anti-FGM programs and interventions - Due to inadequate resources to campaign against FGM.
 Restistance and hostility - Lack of effective targeted anti FGM programs especially those targeting the
youth, men or male members of the community and the circumcisers.
 Insecurity and poor infrastructure - Low involvement of community opinion leaders and village elders.
 Changes in the practice of FGM - These are changes in the practice of FGM that make it difficult to trace
and arrest perpetrators.
 Gaps in the design and implementation of interventions - Community education and empowerment is
lacking.
 Commercialization of FGM - Some resources have been misused in campaigning against FGM.
FGM IN KENYA TODAY
There are emerging trends with regard to FGM due to a number of factors. Some of these trends include:
 Lower age of circumcision.
 Change in the type of FGM
 Increased demand for traditional circumcisers’ services
 Increased secrecy in Female Genital Mutilation
 Cross-border cutting
 Medicalization of FGM
 Increased cost of FGM
 Legal action.
CONCLUSION
At the end of the four levels it is anticipated that guidance and counseling on Kimeru cultural practices, training on
life skills and responsible lifestyle will have replaced the traditional circumcision for girls from childhood to
adulthood. The initiated girls will assume new roles in the society and the community will appreciate their new
status while the young men will readily accept them as potential marriage partners without cultural prejudice.
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ABSTRACT
Social capital is now gaining prominence among researchers, policy makers and development practitioners as a
valuable resource for promoting economic growth, creation of secure neighborhoods and sustainable communities.
Studies have shown that communities that are characterized by huge amount of social capital particularly in form of
community groups at the grassroots level, have a higher likelihood of realizing improved social development than
communities with less amounts of social capital. Using primary data collected in Nakuru County and Uasin Gishu
County from a random sample of 400 respondents through interviews and Focus Group Discussions, this paper
investigates the contribution of social capital towards poverty reduction among the internally displaced persons in
Kenya. The findings show that social capital had a major contribution to poverty reduction in the households that
were impoverished by internal displacement. Overall, the results show that social networks and social groups (social
capital) act as the primary forms of insurance that vulnerable populations depend on to smooth out the adverse
effects of unforeseen exigencies. Hence social connections serve as conduits for assets that are important for
improving the household’s well-being. The paper makes a policy suggestion that social capital should be integrated
in development policies as an essential component for poverty reduction at both national and county/federal levels.
Keywords -Internally Displaced Persons, Poverty, Resettlement, Social Capital, Well-being
INTRODUCTION
The importance of social capital in economic development has in recent years received a lot of attention from both
academics and policy makers. Social capital being an outcome of social interaction, yields valuable assets that are
utilized in addressing a wide spectrum of issues in the society. Thus social capital has been picked and applied to a
broad spectrum of social sectors especially in building manpower and in promoting the growth of economic firms,
regions and states (Putnam, 1993; Fukuyama, 1995). The fundamental premise of social capital is that social
networks contain useful resources for the conduct of social affairs by providing members with collectively owned
capital (Bourdieu, 1986). Hence, social capital is useful in enabling the realization of some public benefits such as
social, political and economic progress (Coleman, 1988; Putnam, 1993).
Since the publication of Putnam’s (1993) work in Italy, the concept of social capital has strongly influenced
mainstream thinking on solving many community problems (Woolcock, 1998). Social capital has been widely
adopted by economists, thus supplementing physical and human capital in order to explain economic performance of
enterprises and effectiveness of government. Social capital is well recognized for its role in poverty alleviation
especially among poor families (Grootaert, Oh, and Swammy, 2002). Woolcock (2001) claims that communities
with large amount of social capital are not highly exposed to vulnerabilities and possess better capability to address
their struggles including taking advantage of opportunities for further improvement. Thus the underlying notion is
that social capital is of great importance in poverty reduction programs (Putnam, 2000). Empirical studies show that
social capital has positive influence on the family well-being (Grootaert, 1999; Narayan and Pritchett, 1997;
Woolcock and Narayan, 2000). Grootaert (2000); Grootaert and Narayan (2000); Grootaert et al. (2002) found that
in Bolivia, Burkina Faso and Indonesia, social capital had a positive and significant contribution to the household
well-being. Grootaert et al. (2002) reported that families belonging to local associations with active ties have more
access to credit even if monetary needs were not the primary goal of such groups.
In the absence of insurance opportunities and formal financial institutions particularly in non-industrialized
countries, many households depend on community organizations to obtain monetary and social support and as a
means of reducing the possibility of being exposed to shocks (Rosenzweig, 1988; Fafchamps, 1992; Townsend,
1994; Udry, (1994; Gakuru, 2002; Fafchamps and Lund, 2003; Bastelaer, 2003). Narayan and Pritchett (1997) argue
that social capital may well act as a safety net for alleviating the effects of unfavourable consequences. This implies
that societies that have large amounts of social capital may engage in big profitable and risky projects because of
greater distribution of household risk. As a result, such households are able to realize better returns.
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Studies have further revealed that social capital promotes communal behaviour, thereby fostering economic wellbeing through enhanced sharing of information and elimination of unscrupulous tendencies because of rules that
regulate conduct (Putnam, 1993; Grootaert, 1997; Uphoff and Wijayaratna, 2000; Woolcock and Narayan, 2000;
Grootaert, Narayan, Jones and Woolcock, 2004; Cummings, Heeks and Huysman, 2006). Narayan and Pritchett
(1997) states that societies that have huge amount of social capital have a higher likelihood of lowering business
costs, and reduce uncertainty because of improved access to information about the prevailing market conditions.
Social capital has also been extensively applied in explaining neighborhood improvement and social cohesion within
the broader society especially in respect to the underprivileged and marginalized regions (Forrest and Kearns, 2001;
Green, Grimsly and Stafford, 2005). For instance, Lang and Hornburg (1998) assert that programs of neighborhood
improvement are more viable in communities with sufficient amount of social capital. Woolcock and Narayan
(2000) also opines that being a member of a social network and associating with others in the community has
prospects for procuring socioeconomic benefits to the member and also to the entire community. In addition,
societies with abundant social capital are perceived to be well placed in dealing with vulnerability and poverty.
Research at the grassroots level has assessed the influence of social capital on household income. Narayan and
Pritchett (1997) identified social capital as among the most important determining factors of households’ income in
rural Tanzania. The villages with adequate social capital in the form of reciprocity and sharing of information were
found to have a greater likelihood of adopting modern and improved farming practices, utilization of credit for
agricultural improvement and accessing improved public services.
Despite the increase in the number of studies on social capital, the available studies on social capital in Kenya have
not examined the relationship between social capital and poverty reduction among vulnerable populations especially
the internally displaced persons. For example, Mwangi and Ouma (2012) focused on social capital and access to
credit in Kenya; Bisung, Elliot, Schuster-Wallace, Karanja and Bernard (2014) studied the role of social capital in
improving access to water and sanitation in marginalized communities; Mwakubo, Obare, Omiti and Mohammed
(2006) assessed the influence of social capital on natural resource management in marginal areas of Kenya; and
Nyangena and Sterner (2008) focused on social capital and institutions in Kenya. This paper tests the relationship
between social capital and poverty reduction among the households of the internally displaced persons in Kenya.
METHODS
The data used in the empirical analysis below were collected from Nakuru and Uasin-Gishu counties. These are
counties that during 2007/2008 post-election violence experienced severe tribal clashes that resulted in mass
displacement of people. Multi-stage cluster sampling was used because of the vast geographical area of the two
counties that made it too expensive, time-consuming and difficult to cover the entire area with random sampling.
Constituencies in the selected counties comprised the first stage. The second stage consisted of the constituency
assembly wards while the village units formed the third stage. In each county, five constituencies were selected
using simple random sampling. In each ward two village units were selected. Hence twenty village units were
randomly selected in each county. Once the village units were randomly identified, a list of households of victims of
internal displacement was developed for each village with the help of the local administration (Chiefs). From each
of the two counties, questionnaires were administered to 200 respondents. Since there were 20 village units in every
county, ten households were sampled from each village unit using systematic sampling technique. In order to
completely eliminate bias in the selection of households, simple random sampling technique was used to identify the
first household. Structured questionnaires and Focus Group Discussions were used to collect data.
RESULTS AND DISCUSSION
Group and Social Networks
Table 1 shows that nearly 74.0 per cent of all the households sampled had membership into social groups. Using
affiliation to a group as an indicator of social capital, it is evident from the data that there is substantial amount of
social capital among the interviewed respondents. Social capital is believed to have the potential of reducing the
possibility of becoming poor and the benefits that households generate from social capital are more particularly for
the underprivileged households (Grootaert et al. 2002). The high level of affiliation to social groups by households
can be associated with the expected benefits that are likely to accrue from self-help groups. Too often, investment in
self-help groups is perceived by many people to have the potential of generating immediate and desirable outcomes
that have a positive influence on the household well-being.
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Community groups and social networks are commonly used by Kenyans as a strategy of accessing community
resources, working and learning together in order to improve livelihoods. According to Putnam, Feldstein and
Cohen (2003), groups are said to provide avenues for civic engagement and for recreational and socio-political
activities. Thus the mere participation in such groups can have an economic impact by providing opportunities for
members to share information, enforce informal transactions and coordinate on cooperative outcomes (La Ferrara,
2002). Moreover, community groups can improve access to resources and services such as improved seeds and
livestock breeds, farm technology and household items, provide collective labour, create opportunities for income
diversification, provide moral and spiritual support, and access to sources of power and decision making (Place,
Njuki, Murithi and Mugo, 2004; Roberston, 1996).
Table 1: Group Membership
Group membership
Yes
No
Total

Frequency
295
105
400

Percentage
73.8
26.2
100.0

Social Capital and Poverty Reduction
The pattern and scope of social interactions (social capital) has a significant influence in peoples’ lives. However, it
is particularly important to the unfortunate people who have less material possessions, meager income and without
formal education (Woolcock, 2002). It is on this understanding that analysis on whether or not social capital
contributed towards poverty reduction among victims of displacement was done. It primarily identifies the benefits
obtained from a group and how such benefits influence households’ well-being.
The contribution of social capital to household welfare was measured by gauging the level to which families were
able to obtain various resources for welfare improvement from the groups and networks regardless of whether or not
the individual was a member of a group or social network. The type of support provided to households by groups
and social networks is summarized in Table 2. Nearly 93.0 per cent of the respondents acknowledged to have been
supported by their groups and associations to obtain schooling services. Schooling is a strong indicator of wellbeing. Access to education expands an individual’s social understanding because of the mental and perceptual skills
developed within and outside academic programs. It further broadens people’s potential both economically and
socially by making them become tolerant of others who are dissimilar from them.
Putnam (2000); Uslaner (1998); Brehm and Rahm (1997) show that individual social trust (social capital) is strongly
correlated with individual education level. Therefore, through social capital, individuals are able to acquire
education whose one of the essential functions is setting moral standards and equipping learners with a basic sense
of morality. Consequently, it encourages individuals to participate in civic engagements and join various social
organizations which are often conduits of resources necessary for improving household welfare. Schooling is also
necessary for individuals to develop human capital necessary for improving productivity which eventually translates
to better quality of life. At least 91.2 per cent had obtained assistance on health care from the groups in which they
were members. Most of the displaced families experience frequent health problems owing to greater exposure to
infections due to either overcrowding or/and lack of proper hygiene.
Therefore, receiving medical attention is a vital predictor of improved well-being. A family that falls sick too often
and is not able to afford treatment, its over-all well-being has a likelihood of diminishing because poor health
compromises households’ productive capacity. This is because besides the ailing member who could be
incapacitated by disease, other family members may be compelled to sacrifice their time and stay home to take care
of the sick member. Their withdrawal from income generating activities directly deprives of the household the
necessary means for smoothing consumption at the household level. From all the interviewed households, 86.0 per
cent stated that they got assistance in enhancing access to water and sanitation services. Water and sanitation is an
important welfare indicator. Availability of water provides a wide range of benefits that range from production of
food, revenue accrued from water sales and other goods that depend on water, minimal fatigue, and better health
outcomes. Lack of water and proper sanitation facilities can lead to an increase in disease burden in households
which can even be fatal thus increasing mortality rates. Ordinarily, the benefits of better access to water and
sanitation and improved well-being reinforce each other. Moreover, it brings down the degree of poverty within
households.
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Frequent exposure to income shocks is a common problem for victims of displacement. Ability to receive credit is
one method of effectively protecting victims of violent displacement from the threat of income volatility. The paper
assesses the extent to which the victims of displacement obtained assistance from community associations in
accessing credit. It emerged that 96.0 per cent had been assisted with credit. Normally, households living in
conditions of deep poverty can hardly provide securities for obtaining credit from formal credit institutions.
Therefore, they heavily rely on informal money lenders and group merry-go-rounds. Access to credit services
enables impoverished families to secure capital for starting investments and promoting other capitals including
human capital. Credit is thus an important determinant of well-being. The results further show that considerably
high number of respondents, nearly 91.0 per cent acquired technological and agricultural services through social
networks. Access to these services can substantially promote the well-being of households.
Table 2: Social Capital and Access to Essential Services
N=400
Response

Type of support received
Yes
Education
Health care
Water and sanitation
Access to credit
Access to farming materials & technology
Access to building materials
Access to information
Job opportunities
Foodstuff
Security

Frequency
370
365
344
384
363
359
380
252
361
253

No
Percentage
92.5
91.2
86.0
96.0
90.7
89.7
95.0
88.0
90.2
63.3

Frequency
30
35
56
16
37
41
20
48
39)
147

Percentage
7.5
8.8
14.0
4.0
9.3
10.3
5.0
12.0
9.8
36.7

Generally, social networks and associations were found to be very useful in assisting internally displaced persons
(IDPs) obtain essential commodities for improving their quality of life. These include building materials (89.7 %),
food (90.2%), employment (88.0%), security (63.3%) and information (95.0%). These items combined impact
directly and positively on the overall well-being. Based on the foregoing findings, it is discernible that social capital
certainly plays a valuable role in transforming the lives of people and communities facing economic difficulties.
To establish the link between social capital and poverty reduction among IDPs in Kenya, the level of resettlement by
IDPs was used as an indicator of well-being. Two levels of resettlement namely; fully settled and not fully settled
emerged after data collection and analysis as indicated in Table 3.
Respondents’ Level of Resettlement
In respect to the level of resettlement, the study found out that the majority of the respondents (71.0%) were fully
settled and 29.0 per cent not fully resettled. The high number of resettled IDPs can be attributed to the existence of
social networks and mutual support in the community they lived. Data in Table 4.0 corroborates this observation.
Table 3: IDPs’ Level of Resettlement
Level of settlement
Fully settled
Not fully settled
Total

N=400
Frequency
284
116
400

Percentage
71.0
29.0
100

Social Capital and Mutual Support
Mutual support is a vital indicator of social capital since it is created through the social ties and expectations of
reciprocity within a network of people connected by shared values and enjoying high mutual trust. In this study,
mutual support was examined through participants’ experiences and perceptions of willingness to engage in
altruistic behaviour by contributing to others’ well-being.
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The survey questionnaire asked respondents five sets of questions on the social networks and mutual support
category of social capital. First, whether members of the association or community helped each other out. The
responses were ranked using the Likert Scale from “always helping” to “never helping”. Second, the likelihood that
some people in the community or from the association would get together to help in case something unfortunate
happened, such as severe sickness, or bereavement of a relative. The five responses ranged from “very likely” to
“very unlikely”. Third, whether there are people other than the nearest family and immediate kinship members from
whom one can approach and borrow money enough to pay for expenses for the household for one week and would
be willing to provide. The responses were ranked from “definitely” to “definitely not”. Fourth, on whether social
networks provided support to facilitate the resettlement of the internally displaced persons. The responses were
affirmative or otherwise. Fifth, type of support received in case the response in the fourth question was affirmative.
The respondents demonstrated quite high levels of mutual support. For example, 88.8 per cent of the sample
indicated that members of their association and community always help each other out. Another substantial
proportion of 87.5 per cent felt that it is highly likely that members of their community would be willing to provide
support during an emergency. Also, 68.5 per cent also expressed confidence that they would receive support from
outside relatives and friends. Only 9.0 per cent were completely uncertain of receiving support from outside their
relatives and friends while 2.0 per cent expressed doubts and only 1.0 per cent of the households felt no one would
be willing to help them.
Table 4: Social Networks and Mutual Support
Statements
Regularity of members of community
associations helping each other out

Willingness to provide help during
emergency

Help from outside relatives and friends

N=400
Responses
Always helping

Frequencies
355

Percentage
88.8

Helping most of the time
Helping sometimes
Very likely

37
8
350

9.3
2.0
87.5

Somewhat likely
Very unlikely
Definitely

42
8
274

10.5
2.0
68.5

Probably
Unsure
Probably not
Definitely not

78
36
8
4

19.5
9.0
2.0
1.0

Correlation test was carried out to establish whether there is an association between social capital and poverty
reduction. Resettlement of IDPs was used an indicator of well-being or rather as an outcome of improved well-being
which reduces the level of vulnerability to poverty. The other indicator was the support or help provided during the
resettlement process.
Table 5: Cross Tabulation for Social Support by Level of Settlement
Asymp. Sig. (2- Exact Sig. (2Value
df
sided)
sided)
Pearson Chi-Square
Continuity Correctionb
Likelihood Ratio
Fisher's Exact Test
No. of Valid Cases

8.337a
7.097
7.539

1
1
1

Exact Sig. (1sided)

.004
.008
.006
.006

.005

400

The information in Table 5 shows that the calculated Chi-square value is 8.337, the degrees of freedom are 1 and the
significance level is 0.005. Therefore, at 0.5 per cent significance level there is a statistically significant relationship
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between social support (social capital) and household well-being as indicated by the level of resettlement of IDPs.
Resettlement is a robust indicator of reduced poverty among the internally displaced persons.
CONCLUSION
This paper has revealed that IDPs make use of their acquired social capital to resettle. Their social networks serve as
the primary forms of insurance that they depend on to smooth out the adverse effects of unforeseen exigencies. It
also reveals that norms of reciprocity, values such as being trustworthy, and the belief that other people will
reciprocate are essential features of community life. Subsequently, people are able to exhibit attitudes of
benevolence and make sacrifices in order to help others in times of need. This suggests that trust in neighbors and
community, and participation in network structures and groups improves the quality of life for the poor households.
Therefore, social connections serve as conduits for assets that are important for improving the household’s wellbeing. This being the case, programs and policies aimed at improving social welfare of the underprivileged and
vulnerable populations should incorporate social capital an essential component for reducing social vulnerability
among households.
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ABSTRACT
The central principle of the Constitution of Kenya 2020 is the implementation of the system of devolved
Government. In implementing this system, the Constitution in Articles 174 and 175 envisions the power of selfgovernance by the people and their enhanced participation in decision-making. Hence, County Assemblies are
obligated by law to discharge important mandates within the county governments’ set-up in the framework of
legislation, representation and oversight for satisfactory performance. However, there is scarce literature on the
relationship between managerial ties and performance of legislative organisations such as Kenya’s County
assemblies. The aim of the study was to examine the relationship between managerial ties and performance of
County assemblies in Kenya. The specific objective for the study was to assess the relationship between managerial
ties and performance of county assemblies in Kenya. A descriptive census survey was conducted on a target
population of 138 respondents from the 46 County assemblies in Kenya comprising the County Assemblies
Speakers, Clerks and Deputy Clerks. Data was collected from 98 respondents using structured questionnaire and
later analyzed using descriptive and inferential statistics with the aid of Statistical Package for Social Sciences
(SPSS) software version 24. Correlation analysis was used to assess the strength and direction of the relationship
between managerial ties and performance and the t-test was used to test the significance of individual correlation
coefficients. There was a negative significant relationship between institutional ties and performance (r = - 0.40,
<0.001) while a positive significant relationship existed between social ties and performance (r = 0.205, p < 0.05).
Political ties had no significant relationship with performance of county assemblies (r = 0.127, p = 0.211 > 0.05).
However political ties were positively and significantly related with oversight by county assemblies (r = .276, p <
0.01). These findings are important to the county governments` policy makers and other stakeholders in making
informed decisions on the role of managerial ties in the effective performance of the County Assemblies in
particular and generally the County Governments in Kenya.
Key words: Managerial ties, performance, County assemblies, Kenya
INTRODUCTION
The promulgation of a new constitution on 27th August 2010 in Kenya ushered a new era in that introduced two-tier
system of administration; the National government and the County government leading to decentralization of power
and functions (Constitution of Kenya, 2010). The post-independent Kenya was characterized by strong centralized
political and economic power with uneven and unfair resources distribution and social inequalities (Anwar, 2017).
According to Wagana, (2017) organizational theorists argued that managerial actions in county government are
hugely embedded in networking relationships, these relationships create social capital, a valuable resource useful for
leveraging or exploiting other resources and enhancing firm performance (Levy, 2010). Managerial ties in county
government is one of the areas that is commanding manager’s attention worldwide and especially in emerging
economies and political dispensations.
Managerial ties play a pivotal social capital role in helping organizations access scarce resources and manage
environmental uncertainties and improve organizational performance (Li & Zhou, 2010). There are two types of
managerial ties; horizontal managerial ties, which mainly focuses on relations with other managers in related firms
and vertical managerial ties which involve relations with government officials and further which involves interaction
with superiors and sub-ordinates. Armstrong, (2010) opines that organizational learning is key for new organizations
to improve resource efficiency and achievement of desired outcomes. In some of the developing countries like
China, environmental uncertainties have been found to be relatively stronger and new organizations often lack
resources and social capital to support their growth
Armstrong, (2010) found that new organizations need to leverage their learning capability to improve effectiveness
of social capital embodied in managerial ties which helps new organizations improve performance. Gay, (2013)
posit that performance is practiced in a world faced with unpredictable dynamic environment brought about by
changing technological advancement, social alterations, economic influences and political pressure. Performance
concept commenced in 1960 and since that time several countries in the world have adopted it in customized forms
(Morning, 2008). Performance contracts have remained in use in Africa’s enterprises such as Kenya, Benin,
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Burundi, Cameroon, Cape Verde, Congo, Cote d’Ivoire, Gabon, the Gambia, Ghana, Guinea, Madagascar, Mali,
Mauritania, Morocco, Niger, Senegal, Togo, Tunisia and Zaire. In Latin America, they have been used at different
times in Argentina, Brazil, Bolivia, Chile, Colombia, Mexico, Uruguay and Venezuela.
The Kenyan constitution promulgated in the year 2010 provided for the devolved system of government whereby
the forty-seven County Governments were established under one national government. The two levels of
governments are required by law and more particularly the constitution of Kenya (CoK) to involve the citizens in
making key decisions which affect them. Several studies have been conducted in the organizations on the
managerial ties vis-a-vis organizational performance. It is imperative to assess the effect of the managerial ties on
the performance of the legislative institutions such as the county assemblies in Kenya. This study endeavored to
determine the relationship between the managerial ties and performance of the 47 county assemblies in Kenya. The
county assemblies in Kenya which are regional legislative, oversight and representative entities perform crucial roles
in the governance and service delivery to the citizens living within these devolved systems of government. The
county assemblies conduct their business mainly through Speakers, Clerks and Deputy Clerks who are liason
officers and managers of county assemblies and who further act as the ‘‘bridges” between the county assemblies and
the external entities which include the national, other county governments, private entities and the general public.
Managerial Ties
Laughlin, (2010) defines managerial ties as executives’ interpersonal contacts with external entities. Ties are vital in
helping organizations acquire necessary external resources and information which enable them to be continually
innovative, exploitative, and explorative and produce new products and services in order to achieve superior
performance. Managerial ties are especially prevalent in emerging economies, since the ‘institutional voids’ force
managers to rely on personal relationships as a substitute for formal institutional support. Many years back ties were
deeply ingrained with institutions in many countries thus it is not surprising that managerial ties, namely, top
managers’ boundary-spanning and interpersonal connections, provide a pervasive means to conduct businesses in
many countries like china (Laughlin, 2010). For both domestic and foreign firms that seek to prosper in this huge
market, cultivating ties with business leaders and government officials is critical because ``who you know often is
more important than what you know`` (Tsang, 2018). These connections help companies gain necessary resources,
foster firm growth and achieve superior performance.
Public Sector performance
According to Hope (2012) Public sector performance around the world has been experiencing a call for
improvement in the recent past due to the fact that the sector employs a large number of people and also because the
sector receives significant amount of funding from the government as well as the public. Creswell, (2003)
highlighted that the overall result to public workers has not only been having stress but also lower quality service
being delivered to citizens. The Kenyan public sector according to the Kenya Institute of Public Policy and Research
and Analysis (KIPPRA) has been experiencing a downward growth since independence and this has been attributed
majorly to poor management, corruption and also poor wages to a great extent; redundancies are a major cause of
low performance in the sector as well as incompetent and under qualified work force (Creswell, 2003).
This assertion implies that performance is measured across three areas stipulated in the constitution of Kenya 2010
which are oversight of the executive, representation of citizens and legislation by members of the county assembly
(MCA). Since managerial ties have been found to be significant in explaining performance of organizations, their
influence in government organizations needs empirical investigation. Managerial ties play a key role in addressing
challenges encountered in the course of the legislative, representative and oversight roles of the county assemblies in
Kenya. Libendi (2017) observed that there is a huge capacity gap in knowledge and skills in law making among the
MCAs and that many County bills are drafted by the County assembly staff and because MCAs have no capacity to
prepare bills. At institutional level it was found County assemblies lack information resource Centre to support
knowledge building capacity. This challenge curtails the use of evidence in decision making and bills passed in
County Assemblies. The 2010 constitution of Kenya breaks down the aspect of devolution into; Executive arm –
which is made up of the County executive committee lead by the Governor which undertakes all the administrative
duties; the legislative – which consist of all elected and nominated MCAs and their responsibilities include but not
limited to legislation, representation and oversight roles.
Devolution is therefore a key pillar of the constitution of Kenya by seeking to bring governance closer to the people,
with County governments being the center of dispersing political power and economic resources to Kenyans at the
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grass roots. However, fundamental challenges have continued to dog the Counties including but not limited to weak
and uncoordinated planning and execution, misallocation of the available financial resources, inadequate capacity at
the county level to effectively and efficiently perform the devolved functions. However, the performance of county
assemblies has received unfavorable rating with regard to representation, oversight and legislation. For instance, on
the representative mandate of the County assemblies, both the print and electronic media are awash with complaints
from the electorates to the effect that they have not seen or met with majority of the MCAs in their respective wards
for purposes of consulting on matters affecting the citizens and which matters need to be taken up by the MCAs and
presented to the County assemblies for appropriate redress.
Regarding the oversight of the executive arm of the County governments, whereas it is legally provided and
appreciated that the first line of oversight of the executive arm of the County Government ought to be done by the
County assembly before the matter proceeds to the Senate, the audit reports of 2018/2019 financial year in Kenya
shows that colossal amounts of money allocated to the County Executives for recurrent and development
expenditure have either been lost and or misused and that the County assemblies have not been able to prevent the
loss or misuse of the said funds in the exercise of their oversight mandate (Republic of Kenya, 2019). In Kenya, loss
and misuse of the public funds has led to a number of arrests of County Governors who have been charged with
corruption and economic crimes, and abuse of office as reported in Kiambu and Samburu Counties. Recently
Nairobi county government had been in the news for all the wrong reasons including infighting among MCAs and
irregular awarding of tenders and giving of kicks backs to the governor by companies awarded tenders, city hall has
also failed to meet its own-source revenue targets since the advent of devolution in 2013 (Omulo,2019, November
18 Daily Nation p.3). This poor performance has been blamed on the delay in enactment of finance bill. All these
challenges point to the poor management of devolved governments in Kenya.
Despite several studies having been conducted on the relationship between managerial ties and performance by
various researchers in several firms and organizations such as Gay (2013) and Chepngeno (2015), limited studies
have been carried out to determine the relationship between the managerial ties (social, institutional and political)
and performance County assemblies in Kenya. Further, though managerial ties have been shown to positively impact
performance in other jurisdictions, its relationship with performance in legislative organizations has received less
empirical study and attention, particularly in Kenya. Specifically, it is not clear what ties exist among legislative
assemblies and how these ties relate with performance of county assemblies in Kenya. This study attempted to
answer the question: what is the relationship between managerial ties and performance of County assemblies in
Kenya? Thus, the aim of the study was to determine the relationship between managerial ties and performance of
county assemblies in Kenya. Consequently, the following hypothesis was tested: H1: There is no statistically
significant relationship between managerial ties and performance of the County assemblies in Kenya
LITERATURE REVIEW
Two theories have been reviewed: social learning theory and resource-based theory. Social learning theory, was
promulgated by Albert Bandura in 1963; it underscores the indispensability of surveying and modelling people’s
behaviours, attitudes, and emotional reactions. It is a theory that concentrates on learning by way of observation and
modelling. Social learning theory also focuses on environmental and cognitive factors that interact in order to impact
human learning and behavior. It opined that individual learn from one another, including such concepts as
observational learning, imitation, and modeling (Anwar, 2017). Through sharing and reflecting of experiences,
values, ideas and experiences, the electorate are able to solve particular issues such as utilization of public funds and
transparency; hence enabling the stakeholders such as county and national government to reach agreement and or
make decisions on various issues. The social learning theory is important because it explains the MCAs roles in
legislation a key indicator of performance in county assemblies.
Institutional Theory
Institutional Theory refers to "Policy-making that emphasizes the formal and legal dimensions of governance
structures. “Institutional theory” is widely accepted theoretical proposition that emphasizes rational and legitimacy."
The theory focuses on the subterranean and more vigorous aspects of social structures. It puts into consideration the
processes by which structures, such as schemes, rules, norms, and routines, become founded as authoritative
guidelines for social behavior (Scott, 2011). Scott (2011) contends that institutions are conveyed by various types of
carriers, including symbolic systems, relational systems and routines. Institutional theory provides an explanation of
how the organizations respond to various institutional pressures in the surroundings (Sakharov, 2015).
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Based on this perspective, the institutional theory is applicable in this study because the complements and criticisms
on the structure and operations of the county governments and more so the county assemblies will influence the
image of the counties. Therefore, the management will act towards satisfying the public by adaption of the structures
which allows them to participate in public meetings. This underpins the variable of the managerial ties (political ties,
social ties and particularly the institutional ties.
Conceptual Framework
“A conceptual framework also works as a Conceptual map where one can order the main ideas or concepts, and set
topics and Subtopics and draw lines to indicate their relationship” (Trigueros, 2018).

Performance of County
Assemblies
 Oversight
 Representation
 Legislation

Managerial Ties
 Social Ties
 Institutional Ties
 Political Ties
Figure 1. Conceptual framework

According to the conceptual framework (Figure 2.1), the independent variable is underpinned by resource-based
view theory in this study. The conceptual framework above further depicts performance of the county assemblies to
be the dependent variable. The performance will be measured across the three sub-constructs of oversight,
representation and legislation.
METHODOLOGY
Research Philosophy represents the researcher’s guiding assumptions about the nature of the worldview (EasterbySmith et al., 2002; Creswell et al., 2003; Saunders et al., 2008). The positivist research paradigm was used in this
study because the study was carried on observable social entities which were the 46 County assemblies in Kenya,
while data was collected from the respondents by use of questionnaires based on the reality and quantifiable
observation. Descriptive research design was applied in this study because it involved collection of information that
demonstrated relationships and described the world as it exists without manipulation of the variables. A sample is
simply a subset of the population Trigueros, (2018). The sample size for the study was the 138 respondents who
comprised the 46 County assemblies’ speakers, 46 clerks and 46 deputy clerks. This study used questionnaires to
collect primary data from the respondents. To establish whether the data collection instrument had content and
construct validity expert opinion was sought from the Supervisors. The data obtained was tested and pre-tested to
address any insufficiencies that arose before the actual analysis of the overall findings. Pre-testing was done
comprehensively in order to enhance instrument reliability. Data collected was analyzed using multiple linear
regression analysis to test the influence of independent variable on dependent variable. SPSS was used to analyze
the data. Descriptive statistics comprising frequencies and percentages was applied to summarize the results.
RESULTS AND DISCUSSION
A sample size of 14 respondents was adopted for purpose of pre-testing the questionnaire. According to Mugenda
and Mugenda (2013), a sample size comprising 10% of the population is acceptable for pretesting the questionnaire.
The 14 respondents were drawn from the County Assembly of Meru. Cronbach alpha statistic was used to assess the
reliability of the data collection instrument which were the questionnaires. The instrument was “purified” by
deleting the items that were making the scales less reliable. The distribution of the reliable items (n =71), associated
reliability measures and the items that were deleted are presented in Table 1.
The results in Table 1 imply that upon adjustments in item measures where it was found necessary, for example
Institutional ties, Political ties and Legislation, the scale for each variable was as shown by a Cronbach alpha value
of at least 0.7 as recommended by most scholars. The final item measures for the constructs in the study were
managerial ties (Institutional ties: n=7, Political ties: n = 4, Social ties: n=10) and qualitative performance
(legislation: n=14, oversight: n=10, representation: n = 11) and quantitative performance (n=15). The reliability test
results implied that the instrument was suitable for use in data collection based on the Cronbach alpha reliability
statistic of at 0.7 for all the variable scales
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Table 1: Reliability Statistics
Institutional ties
Political ties
Social ties
Legislation
Oversight
Representation
Performance

Cronbach's Alpha
0.704
0.750
0.805
0.725
0.902
0.775
0.756

N of items
7
4
10
14
10
11
15

No of items deleted
1,7,9
1,5,7,8
7

Characteristics of respondents
The frequencies of the responses by Gender, Age bracket and highest level of academic qualification were generated
and the results are presented in Table 2 below.
Table 2 Distribution of respondents by Gender, Age and Education
Frequency
Percent
Valid Percent
Female
15
15.3
15.3
Male
82
83.7
83.7
Gender
Total
98
100
100
26 – 35
16
16.3
16.3
36 – 45
38
38.8
38.8
46 – 55
33
33.7
33.7
above 55
11
11.2
11.2
Age bracket
Total
98
100
100
Bachelor’s degree
24
24.5
24.5
Highest
Doctorate degree
2
2
2
academic
Master’s degree
71
72.4
72.4
qualification
Total
98
100
100
attained

Cumulative Percent
16.3
100
16.3
55.1
88.8
100
25.5
27.6
100

Summary description of managerial ties, citizen participation and performance
The composites means and strategy deviations of managerial ties (institutional, political and social ties), citizen
participation, and performance (legislation, oversight and representation) are presented in Table 3 below.
Table 3 Summary description of managerial ties and performance
Descriptive Statistics
N
Min
Max
Mean
SD
Skewness
Statistic Statistic Statistic
Institutional ties
98
1
4
2.39
0.65
0.267
Political ties
98
2
4
3.01
0.79
-0.018
Social ties
98
1
4.3
2.81
0.71
-0.308
Legislation
98
1.50
4.93
3.57
0.70
-0.665
Oversight
98
2.39
4.80
3.67
0.57
-0.188
Representation
98
1
5.00
3.69
0.76
-0.865
Performance
98
1.73
4.83
3.36
0.66
-0.218
Valid N (listwise)
98

SE
0.244
0.244
0.244
0.244
0.244
0.244
0.244

Kurtosis
Statistic SE
-0.154
0.483
-1.403
0.483
-0.457
0.483
0.306
0.483
-0.568
0.483
1.333
0.483
-0.006
0.483

Relationship between Managerial ties and Performance
The strength and direction of the relationship between Managerial ties and Performance were assessed using person
product moment correlation of summated scores of all the variables and the results clearly indicated that there was
no significant linear relationship between managerial ties and the overall performance of county assemblies in
Kenya. The strength and direction of the relationship between Managerial ties (institutional, political and social
ties), and Performance (oversight, legislation and representation) were assessed using person product moment
correlation of summated scores of all the variables.
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Table 4. Managerial Ties and Performance
1
2
3
1. Institutional Ties (INT)
1
2. Political ties (POT)
-.214*
1
0.034
3. Social ties (SOT)
-.308**
.370**
1
0.002
<0.001
4. Legislation
-.346**
0.119 .282**
<0.001
0.242
0.005
5. Oversight
-.357**
.276**
.341**
<0.001
0.006
0.001
6. Representation
-0.198
0.163 .200*
0.051
0.109
0.048
7. Performance of County
assemblies
-.409**
0.127 .205*
<0.001
0.211
0.043
98
98
98
* Correlation is significant at the 0.05 level (2-tailed).
** Correlation is significant at the 0.01 level (2-tailed).

4

5

6

7

1
.559**
<0.001
.418**
<0.001

1
.527**
<0.001

1

.470**
<0.001
98

.489**
<0.001
98

.667**
<0.001
98

1
98

As shown in Table 4.5, there was significant (p < 0.05) linear relationship between INT and overall performance (r =
- 0.409, p < 0.001); and between INT and both legislation and Oversight. Further all managerial ties variables (INT,
POT, and SOT) and significant relation with oversight (p < 0.05 for all correlation coefficients), the composite score
of performance of counties was also linearly and significantly related with all managerial ties variables except POT
(r = 0.127, p > 0.05); and with citizen participation (r = .448, p < 0.05). This result suggests that there was liner
relationship between managerial ties and performance of county assemblies and thus linear regression model was
suitable for assessing the relationship between managerial ties and performance.
CONCLUSIONS
The study found that there was no significant linear relationship between managerial ties and the performance,
however after assessing the influence of managerial ties on performance, a linear regression of the composite score
of the attributes of performance (legislation, oversight and representation) the results indicated that, managerial ties
had a significant influence on the overall performance of county assemblies in Kenya. From the study managerial
ties have greatly played a major part towards the growth of the Kenyan companies as they have gained the necessary
resources, which have fostered firm’s growth and achievement of superior performance. The study has also showed
that developed countries like China have offered an important idiosyncratic setting to examine the conditional value
of ties. The counties which have the respect for the ties are among the largest in the word as they share many
characteristics with other emerging economies, such as a rapid pace of economic development and policies that
favor the adoption of a free-market system leading to better performance. This study adds to the strategic
management body of knowledge by clarifying the relationship between managerial ties and performance of county
assemblies which will consequently guides as they implement their strategies.
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ABSTRACT
Poverty continues to be the main challenge of human existence in many parts of the world. In Africa it is the main
source of agony among individuals and communities. In Kenya it continues to influence people’s lives negatively as
the majority lacks the basic essentials including food, clothing, shelter, education and healthcare. In Chogoria
Archdeaconry, poverty has continued to affect people, who continue to struggle for survival. In response to this, the
Anglican Church of Kenya (ACK), has endeavored to fight the scourge as part of her mission to the society. This
study examined the effectiveness of the methods used by ACK to alleviate poverty. The ACK has been involved in
the fight against poverty in Chogoria Archdeaconry using various methods since it was incepted in 1974. The study
investigated reasons for the persistence of poverty; determined the effectiveness of methods used; and established
ways of making the methods more effective. The study will benefit researchers in future by adding to the existing
knowledge in the field of religion and development. It will help the church leaders get the real picture of the
community they serve; the church to realize the reasons why poverty persist in spite of efforts to alleviate it; and
establish ways of making the methods more effective. The study was guided by the broad theory of psycho-social
approach that emphasize that development should be seen as an improvement of quality of life of an individual,
community and country. The study was conducted in Chogoria Archdeaconry, Maara Sub-County in Tharaka Nithi
County that has a population of 107,125 people and 8 parishes with a population of 712 followers, 8 priests, 30
Archdeaconry leaders and 674 Christians. Data was collected from a sample size of 384 respondents. The study used
descriptive research design and the sampling method used was simple random sampling for community members
and purposive sampling technique for church members and archdeaconry leaders. The instruments for data
collection were questionnaires, interviews and observation. Data was analyzed and findings presented using
descriptive statistics. The study found that there are various reasons for persistent of poverty in Chogoria
Archdeaconry which includes: wealth acquisition rather than quality of life, leadership prospecting and corruption,
gap between the rich and the poor, unequal distribution of resources, agricultural condition, lack of education,
unemployment, dependency, laziness and drunkenness. The methods used to alleviate poverty included: education,
establishment of ADS, capacity building, CCMP and microfinance. It further revealed that some of the methods
used by ACK to alleviate poverty are not effective and that all methods need to be improved so as to alleviate
poverty in Chogoria Archdeaconry.
Keywords:
INTRODUCTION
Poverty is one of the greatest challenges faced by humanity in the world. According to United Nations Development
Program (2006), out of a total of 6,575 million human beings, 830 million are chronically undernourished, 1100
million lack access to safe drinking water and 2600 million lack access to basic sanitation. About 2000 million lack
access to essential drugs, 1000 million have no adequate shelter and they also lack electricity (UNDP: 1998).
According to United Nations Children’s Fund (2005), around one third of all human deaths are due to povertyrelated causes. According to Argumedo (2008), majority of African people live in a state of want for basic needs and
services. Kinoti (1997) observes that poverty, hunger, diseases and oppression are so common in Africa that we
accept them as a normal part of life. According to O’Donovan (2006), many of the communities in Africa are filled
with wretchedly poor people who lack basic essentials of human life and most of her cities are overcrowded with
homeless and displaced people, war refugees, handicapped people, beggars and abandoned street children.
According to the Poverty Reduction Strategy Paper (2001), the challenge facing Kenya today is to reduce poverty
and achieve sustained economic growth for healthy national development. The International Bank for
Reconstruction and Development (2018) avers that poverty in Kenya is mainly a rural phenomenon and that the pace
(1% per year) at which poverty reduction is achieved cannot be eradicated by 2030. This is supported by the report
released by Ministry of Planning and National Development (2005), which shows that in Kenya, millions of people
live under less than a US dollar per day and are classified as poor and food insecure. According to Kenya National
Bureau of statistics (KNBS) and Society for International Development (SID) report (2013), Tharaka Nithi County
is rated one of the most Rural Counties in Kenya. The County has only 25% of her residents with secondary
education and above and this is possibly the percentage working for pay. Chogoria Archdeaconry covers the
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administrative jurisdiction of Maara sub County in Tharaka Nithi County and this sub county has a share of 28% of
her residents with secondary education and above. Maara has 21.1% of her residents who work for pay, 9.2% are
involved in family businesses and 54.2% are in family Agricultural holdings and that they rely on natural rains for
farming (KNBS, SID 2013). The report highlights that people who cannot access productive work are unable to
generate adequate income to take care of their basic needs.
According to African Ecclesial review (2011), the mission of the church is to penetrate the most abandoned sectors
in human life. Alongside preaching the gospel, the church should majorly aim at engaging in all aspects of people’s
lives whether social, political or economic in order to address the causes and remedies of people’s sufferings
(Nwaigbo, 2011). Historically, Anglican Church can be identified with war against poverty since her inception.
Globally, Anglican Church has communicated her concern for society through schools, hospitals and other
educational trainings which aim at empowering people leave quality and dignified life. Okullu (1984) admits that in
Kenya, the church has a tremendous influence because of the churches’ service through schools, medical care and
agricultural programs. He further admits that the church has been instrumental in addressing poverty issues since
human beings are created in God’s image and no one would imagine of a God who is poor, ignorant, fearful,
oppressed, wretched hence this is what majority of those He created in His image and likeness are left to be. In his
presentation during ‘All African Bishop’s Conference’ held in Uganda, the council of Anglican Provinces of Africa
(CAPA) General Secretary, Kaiso (2010) noted that right from the beginning especially in Africa, wherever the
Anglican Church started, they established a mission centre which consisted of a church, school and health centre.
This ensured that alongside the preaching of the gospel, the church provided for health services and also taught
people on different life skills which helped them raise their standards of living. The church saw education, health
care and socio-economic engagement as part of her mission in the world since all these are meant to free the people
from the shackles of poverty, ignorance and physical debility so that they may enjoy wholesome life (Council of
Anglican Provinces of Africa Report, 2010).
As recorded in the book, ‘Ministry of abundant life’ (2005), the Anglican Church coupled the preaching of the
gospel with building and running of schools and hospitals. She later initiated community-based agriculture, water
and health projects at times coupled with microfinance and cottage industry programs. To reach out and empower
communities, the ACK established the Anglican Development Services (ADS), formerly known as Christian
Community Services (CCS), which is a development arm of the Church. This trickle down to the regions and
dioceses to enable the Church reach and empower more communities in a better way. The church has also been
offering employment opportunities through sustainability program to members of community as a way of helping to
minimize poverty (Anglican Church of Kenya, 2000). According to Chogoria Archdeaconry Report (2006), mostly
through Anglican Development Services of Mt. Kenya East, the Church has been running various programs aiming
at empowering people and ensuring poverty alleviation in this area. Some of these programs include: Agricultural
programs which train people on improved dairy, poultry farming and sustainable agriculture aiming at improving
food security in the area. Church and Community Mobilization process (CCMP) program which aims at facilitating
people towards realization of their own situation and needs so that they can desire to change their lives by utilizing
God given resources that are locally available to meet their needs. The church aims at that through this process,
communities will realize transformative development that is self facilitated by the community people (CCMP
Review 2013). Nkonge (2004) denotes that Anglican Church has existed in Meru since 1969. It started in an area
called Kiriribu which is currently in Chuka Igambang’ombe Constituency. From there it went to Kanoro and this
was the first congregation in Chogoria archdeaconry and was planted in 1974 and from here the Church spread to
Twamikua, Gichure, Chogoria, Mbironi, Kiiga, kaathi and Makutano. Though the church has been involved in the
war against poverty, people of Chogoria Archdeaconry are faced with immense poverty manifested through hunger,
poor living standards, illiteracy, lack of mean for educating children and inadequate health facilities and services.
Statement of the Problem
The Anglican Church of Kenya has participated in the fight against poverty in Chogoria archdeaconry since her
inception. In spite of the church’s effort to alleviate poverty through various methods the scourge has persisted
among the people of Chogoria Archdeaconry. Though the problem is prevalent in this area, it has not been given
scholarly attention since not much has been done to establish why poverty is persistent among the people of this
area. It is within this background that this study sought to determine the effectiveness of the methods used by ACK
in alleviating poverty in Chogoria Archdeaconry and why poverty has persisted in spite of Church’s efforts to
alleviate it. By so doing, the study contributed data on why poverty is persistent in Chogoria Archdeaconry and the
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effectiveness of the methods used in poverty alleviation by the Church and suggested possible ways of making these
methods more effective in alleviating poverty.
Objective
Guided by the study objectives, this article aims at investigating reasons for persistence of poverty in Chogoria
archdeaconry, examining the effectiveness of the methods used by the ACK in alleviating poverty in Chogoria
Archdeaconry, and finally suggesting possible ways of making the methods more effective to ensure poverty
alleviation in Chogoria archdeaconry.
METHODOLOGY
This study was conducted in ACK Chogoria Archdeaconry, Diocese of Meru. Chogoria Archdeaconry is situated in
Maara Sub-county, Tharaka Nithi County. The Archdeaconry covers the current administrative jurisdiction of Maara
Sub-county. Maara constituency has a population of 107,125 people (KNBS, 2017)) and this forms the target
population for this study among which 712 are Christians of the Anglican Church in Chogoria Archdeaconry. The
study targeted the entire population because the projects and programs run by the Anglican Church aiming at
alleviating poverty benefits the entire community and not Anglicans only.
Kathuri & Pal (1993), suggest that from a population of 100,000, the recommended sample size is 384 respondents
(appendix F) and therefore, this forms the sample size for this study. The 30% of the sample size was Anglican
members totaling to 115 this comprising of 38 archdeaconry leaders and 77 Christians. The 30% of Anglicans was
considered because they are directly involved with the project and it was hoped that they had vital information
needed for this study. The rest 269 (70%) were community representatives.
FINDINGS
Reasons for the persistence of poverty in Chogoria Archdeaconry
There are several reasons which have led to persistence of poverty in this community. This section presents a
discussion on reasons why poverty is persistent in Chogoria Archdeaconry despite Church’s efforts to alleviate it.
To discover why poverty is persistent in Chogoria Archdeaconry, the study sought to know from respondents some
of the economic activities undertaken by the people of this Archdeaconry. 318 (88.8%) of all respondents said that
the majority of the people in this community are small scale farmers who practice subsistence farming. They
revealed that these people rely on natural rain which is mostly inadequate for farming. The findings established that
people of this community prefer growing food crop instead of cash crop, that is, tea and coffee because the latter
does not help them much since it is poorly paid. They attributed persistence of poverty to this factor of farming
relying on rains which is erratic and lack of well paid cash crop.
The findings further revealed that there are a few people who do small businesses. 129 (36%) of all respondents
agreed with this while 229 (64%) of all respondents explained that most of the businesses operated in Chogoria
Archdeaconry are not reliable and cannot bring any economic impact in the community since they are seasonal and
they target the local people who are not economically stable. From the observation done during the visits, most of
the businesses are operated in Kiosks and the stock is very small especially in the rural areas of the archdeaconry.
The findings revealed that these businesses are just casual occupations. 288 (80.4%) of all respondents said that the
majority of residents in Chogoria Archdeaconry do casual jobs to meet their daily needs. 25 (75.8%) of all Church
leaders further expounded that around 90% of their Christians do casual jobs for their sustenance. 35 (81.4%) of the
interviewees informed that these jobs are not readily available because they are seasonal and are poorly paid. With
these low wages it is difficult for people to fully meet their daily needs. Gikundi (2020) added that the Church has
not been addressing the issue of low wages and that it is important for the Church to encourage the rich people who
give these casual jobs to the needy to at least increase the pay so that after working the whole day they are able to
cater for their families.
The findings also indicated that people of Chogoria Archdeaconry brew local beer to raise money to enable them
meet their needs and this idea was held by 198 (55.3%) of all respondent.. They further explained that people have
resulted to this not because it is the best option but because life has become very difficult and they must provide for
their families. Mwiti (2020) explained that due to this readily available local beer, there are very many drunkards in
the area and children are adapting immoral behavior. He added that children are also engaging in sexual immorality
at a very early age and some have dropped out of school due to pregnancies. Karimi (2020) added that many men
have been lost to the local beer and they no longer do any productive work to support their families hence
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persistence of poverty. These responses revealed that there are no reliable jobs to enable people earn good money or
develop resources to help them meet their daily needs. They further revealed that the church has not been addressing
the issue of exploitation of the poor who are poorly paid. Focusing on wealth acquisition rather than quality of life is
one factor that has led to the persistence of poverty in Chogoria Archdeaconry. 198 (77%) community and 63
(62.4%) church respondents said that many people focus on acquiring and accumulating wealth for their families
without minding the kind of life they live or even about the people around them. They indicated that everyone
struggles to gather wealth for their loved ones without minding the poor who are the majority in this community.
They added that people do not focus on improving their living conditions, educating their children or empowering
the poor so as to be able to live sustainable lives though they have a lot of resources. 268 (74.9%) of all respondents
said that many people think development and well being means having a lot of wealth and as a result, they struggle
to gather and accumulate material wealth. This makes people act selfishly this leading to the disadvantaged
becoming more vulnerable. The results revealed that the poor people in the community have been robbed of their
resources like land by the rich as they struggle to accumulate wealth. This has led to the rich continuing becoming
richer while the poor are pushed to worst levels of poverty. Okullu (1974) advices that quality of life refers to the
way people make use of wealth and not how much they posses or how much they can acquire. This study observes
that if people can focus on how they can live quality life rather than how they can accumulate wealth the situation
can change since they may consider participating in improving other people’s life as well in order to grow together
as a community and this can lead to effective poverty alleviation.
For poverty to be effectively alleviated, people should be facilitated towards discovering their needs and utilizing
their potential to transform their lives in all aspects. This is supported by Kagema (2020) who holds that people must
be helped to grow to their maximum. This growth can only be realized through facilitating and empowering people
to realize their full potential. But the danger is that poor people mostly lack someone to facilitate and assist them
realize their potentials. As a result, they continue being exploited by the economically empowered who continually
accumulate wealth as they push the poor to the periphery. True development is the one that seeks to develop human
beings and minds about how the poorest can be uplifted in life. 197 (76.7%) of community respondents claimed that
the church has not helped people to realize that they have the potential to transform their lives.
The study acknowledges that the church ought to major in developing people’s potentials since this is key to poverty
alleviation and management. 199 (77.4%) of all community respondents explained that focusing on wealth
acquisition has also led to individualistic approach to wealth even at the family level. This idea was supported by 23
(69.7%) of all church leaders who indicated that in the families, spouses are fighting over resources and this has led
to unhealthy competition among some spouses and this has crippled some families. This is because some are not
able to develop their resources together but instead are fighting over the few resources that they have and this has
made it difficult for them to educate children, invest and develop their resources together as a family. Due to this,
poverty has continued to persist in Chogoria Archdeaconry.
287 (80.2 %) of all community respondents commented that this aspect has made it difficult for people to come
together and think of what they can do to improve their living standards as a community. They added that it is very
difficult to bring people of Chogoria together to collectively think and work towards improving their lives. The
study revealed that people who are endowed with resources live individualistic and very private lives with each
trying to gather more wealth for their family. Jacinta (2020) sighted that the well to do people in this community do
not see the sense in working with others since they want to dominate and do not think about uplifting the lowly in
the community. All this shows that the spirit of wealth acquisition has made people more selfish and this makes it
difficult to alleviate poverty among the people of this community since each struggle to accumulate more wealth
without thinking about others hence the persistence of poverty. Corruption and leadership aspect was identified as
factor that has led to the persistence of poverty in Chogoria Archdeaconry. 240 (67 %) respondents claimed that
corruption and style of leadership in this community has crippled the growth of Chogoria Archdeaconry. They
indicated that corruption is practiced by most leaders in this community. The development of this community has
retarded since leaders are the ones who benefit as they exploit the poor and with corruption it is those who have who
continue benefiting because they have the capacity to influence both human and material resources.
A total of 229 (64%) respondents explained that the political leaders whom they have been electing have not been
thinking about them and when they get to the offices they only think about accumulate wealth for their families.
They added that immediately they enter their offices their lifestyles change and they start buying big cars, building
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big houses and doing a lot of investments and they completely forget the people who gave them those positions.
This may be the reason why Kagema (2020) claims that those with no concern for other people should not seek
leadership positions and that a leader who progress while his people are backtracking is a weak leader.
A total of 219 (61.2%) of all respondents claimed that resources meant to assist the needy to develop their economic
capacity have been ending up in the pockets of corrupt and greedy leaders who start projects which serve as leeway
to getting money into their pockets in pretence that they are doing them to assist the people. They all indicated that
leaders do not like the people of this community to grow because they use their poverty as the ladder to get to their
positions. Unfortunately, the church has been silent and people of this community continue suffering in the hands of
their corrupt leaders. The study revealed that there is need for the church to educate people the need to elect
visionary leaders and not those who give them money during campaigns and steal public resources once they get to
the office. The church should also urge the leaders to serve the people and stop stealing public resources which are
meant to uplift the poor.
A total of 179 (75.5%) of the community respondents commented that their leaders do not advocate for programs
and policies which may deliver this community from poverty and that they do not involve them in the process of
policy and decision making. Kathomi (2020) claimed that their leaders do not involve the people of this community
in the process of deciding what the community needs most but they just bring policies, programs and projects which
adds no value to the lives of the people. She further commented that people do not own them because they are done
to benefit the leaders who make a lot of money from them.
This study indicates that the most dangerous thing that leaders do is to avoid the targeted group representation
during the process of policy and decision making on what people want since this hinders ownership this making
implementation very difficult. This may be the reason why Mugerwa (2015) the president of African Development
Bank urges that leaders and development partners should be opening dialogue for people to identify and decide what
they want since this will make it possible for people to own and support the implementation of the agreed policies
and projects and this way they will bring transformation to people’s lives since people will own and support them.
In conclusion, corruption and leadership aspect has led to the persistence of poverty in Chogoria Archdeaconry.
With corruption public resources meant to uplift the poor has been misappropriated hence the persistence of poverty.
People must be careful when electing leaders because if they continue to elect corrupt and greedy leaders this
community will never get out of poverty since they will continue stealing and accumulating public resources for
their families without minding the wellbeing of the people they lead. The gap between the rich and the poor is
another reason that has led to the persistence of poverty in Chogoria archdeaconry and this idea was held by 238
(64.5%) respondents. They indicated that this is because the rich are the ones with ability to access most of resources
and instead of aiming at assisting the economically disadvantaged with some of these resources, they continue
accumulating it for their families. They added that they even steal what is meant to assist the poor and continue to
enrich themselves. This way the poor continue becoming poorer while the rich continue being richer hence the
persistence of poverty in Chogoria Archdeaconry.
The results established that poor people rely on casual jobs given by the rich who pay them very poorly for their
sustenance. They work for long hours under conditions which expose them to health risks and what they take home
is not enough to feed their families. The findings revealed that the rich are able to educate their children but the poor
are not. This idea was supported by 252 (70.4%) respondents who indicated that the poor are the majority and they
are not able to educate their children this denying them a chance of acquiring knowledge and skills necessary to
transform their lives and be self reliant. As a result the number of the poor people continues increasing making it
difficult to alleviate poverty. A total of 233 (65.1%) of all respondent said the rich continue to be the policy makers
in the society without the participation of the poor and their needs are never considered as these policies and
decisions are made.
The results revealed that unequal distribution of resources has led to persistence of poverty in Chogoria
Archdeaconry and this was held by 306 (85.5%) respondents. Unequal distribution of resources means that resources
are available to some people and not all. Resources play a key role when it comes to poverty alleviation in a society.
According to Curtis (2006), poor people mostly lack resources like economic and social resources like education,
skills and financial capital which help in reducing poverty. Due to their poverty they mostly remain in a state of
poverty in their life. They held that wealth has been concentrated by a few families as noted by Piketty (2006) that
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wealth concentration can significantly lead to the persistence of poverty. This has led to the same in Chogoria
Archdeaconry as the rich continue to accumulate wealth while the poor continue struggling for survival.
Other factors leading to the persistence of poverty in Chogoria Archdeaconry included Farming and Agricultural
conditions where 269 (75.1%) respondents explained that many people in this community practice farming for their
sustenance relying on natural rain which is mostly fail them. Kristjanson (2010) denotes that people in the rural
areas mostly face food insecurity because they rely on natural rain which is erratic hence low production. 253
(70.7%) respondents revealed that the issue of land subdivision and the declining soil quality has also affected
farming. This idea is held by Shorter (1999) who claims that population growth is accompanied by a growing
number of landless people. Muyanga (2014) argues that though agriculture has been the best option to help people in
the rural areas out of poverty, agriculture these days suffers from climate shocks, diseases and pest prevalence,
declining soil quality and volatile agricultural market.
Lack of well paying cash crop is another factor that respondent noted as a challenge that has led to persistent of
poverty in Chogoria Archdeaconry. 254 (70.9%) of all respondents claimed that though there is coffee, tea and
tobacco which ought to serve as cash crops in this community, it is planted by a small percentage of Chogoria
Archdeaconry residents because they are poorly paid. They claimed that they plant food crop which they also use as
cash crop and that many people sell their crops during harvest time to meet various needs for their children
especially school fees and other needs and they are left without food to feed their families. This expressed the need
for the government to consider increasing the prices at which coffee and tea is bought for farmers to be motivated to
plant them since they uprooted them due to low prices.
A total of 270 (75.4%) of all respondents claimed that lack of education is another factor that has contributed to
persistence of poverty in Chogoria Archdeaconry. As noted earlier, education is key to poverty alleviation and
management and as claimed by Eugene (1999), education raises income and promotes growth because it helps to
unleash the productivity potential of the poor. This is because it opens opportunities for one to get a well paying job
or knowledge and skills necessary to enable one venture in to self employment and live self reliant life.
Table 5: Summary of respondents levels of education.
Representation
Primary level
Secondary level
Anglican Christians 56 (86.8%)
9 (13.2%)
ACK Leaders
19 (57.6%)
9 (27.3%)
Community
210 (81.7%)
36 (14%)
Respondents.
Total
285 (79.6%)
54 (15.1%)
Source: Self

Beyond secondary level
3 (4.4%)
5 (15.2%)
11(4.3%)

Total
68 (100%)
33 (100%)
257 (100%)

19 (5.3%)

358 (100%)

The findings confirm that majority of the people in this community do casual jobs because with basic education, this
is what they qualify for since they lack knowledge and skills required for jobs with good and regular income. This
idea is in line with Garry (2013) who claims that lack of education leads to lower income hence lower aggregate
savings and investments. Unemployment is another factor that respondents raised as a reason that has led to
persistence of poverty in Chogoria Archdeaconry. 323 (90.2%) of all respondents claimed that level of employment
in formal sectors in Chogoria Archdeaconry is very low. Majority of the people in this community are in informal
employment which include small-scale farming, small businesses and casual labor to meet their basic needs.
Though Chen (2006) claims that people who are in informal employment which includes self-employment such as
domestic work, agriculture and petty vending, the jobs are insecure and savings are also very limited are ever in
danger of remaining in poverty. However, this study suggests that every employment, be it formal or informal,
ensures flow of income which helps people to meet their needs hence managing poverty in a sustainable way. 216
(60.3%) community respondents said that many people in Chogoria archdeaconry cling to the belief that for one to
escape poverty, they must be in formal employment. This idea is misleading since there are many people who are
economically stable and they are in self employment. All what is needed is to empower the people of this
community with necessary skills so that they may be able to operate and manage their businesses. The church should
consider organizing trainings for people to impact them with required knowledge and skills to enable them do their
businesses professionally for them to succeed.
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Laziness and idleness among the people of Chogoria Archdeaconry and especially men who are in productive age
was also cited as another reason that has led to persistence of poverty in Chogoria Archdeaconry. 219 (61.2%) of all
respondents indicated that many people who are in productive age are lazy and they spend most of their time idle by
the road sides and in the nearby canteens and these are people with families to feed, children to educate and other
responsibilities and that all these are left to women alone. This was confirmed during the observation visit because
in the most parts of Chogoria Archdeaconry it was observed that many people who are middle aged were just lying
by road side in groups, others in the village canteens just telling stories.
In conclusion, the study establishes that there is persistence of poverty in Chogoria Archdeaconry. Several reasons
which have led to the persistence of poverty in this community includes; focusing on wealth acquisition rather than
quality of life, corruption and leadership aspect, the gap between the rich and the poor and unequal distribution of
resources, agricultural condition, lack of education, unemployment, laziness and idleness. The responses have
further revealed that the church has not been able to do much to mitigate poverty among the people of this
community by addressing these factors.
Effectiveness of the Methods Used by ACK to Alleviate Poverty in Chogoria Archdeaconry
Though poverty has been persistent in Chogoria Archdeaconry, the Anglican Church of Kenya has been trying to
address this challenge using various including; Education, establishment of ADS, Initiation of capacity building
programs, Church and Community Mobilization Process, Creation of job opportunities and microfinance. This
chapter examines the effectiveness of these methods in alleviating poverty in Chogoria Archdeaconry.
From the findings, it was established that Education is one of the methods used by the church to alleviate poverty in
this community. According to United Nations Decade for Poverty Alleviation (2006) there are clear linkages
between education and poverty reduction since education contributes to sustainable poverty alleviation and
management. According to Nkonge (2016), as the ACK evangelized, this went hand in hand with establishment of
schools. This is also supported by ACK diocese of Meru Education department (2018) which indicates that the
Church has established five primary schools in this community and one vocational training centre. This idea was
supported by 168 (70.9%) community respondents since they indicated that the church has been supporting
education which is a strongest tool that can be used to transform life. Upon inquiring from respondents how
effective this method of education is in alleviating poverty, the responses were as indicated in table 2.
Table 2: Effectiveness of Education in Alleviating Poverty
Effectiveness
Frequency
Very Effective
0
Effective
38
Fairly Effective
24
Not effective
296
Total
358

Percentage
0%
10.6%
6.7%
82.7%
100%

The findings revealed that the method is not effective as the majority of respondents 296 (82.7%) indicated so.
They claimed that the schools under the sponsorship of ACK in this community have been posting poor
performance. The study agrees with these respondents since during the interview, Nyaga (2020) who is the head of
education department in the diocese said that NCCK through the education department could not get a single student
who had scored 350 marks for scholarship. It was noted that the church has neglected key areas like monitoring their
schools, offering moral and financial support to schools, supporting the needy children to pursue their education and
motivating the teachers and pupils to encourage them work harder. The church has not been advising people to go
for education which may enable them to venture into informal employment though this is the route to be followed
since the government and other formal sectors cannot be able to offer formal employment to all people.
Establishment of Anglican Development Services (ADS) is another method raised by the respondents as a method
used by the Anglican Church of Kenya to alleviate poverty in Chogoria Archdeaconry. According to the
respondents, this method is not effective in alleviating poverty among the people of Chogoria Archdeaconry. This is
because out of all respondents, 288 (80.4%) rated it as not effective and only 65 (18.2%) rated it as effective and 5
(1.4%) had no opinion.219 (61.2%) respondents claimed that the method is not effective because ADS is no longer
active in undertaking their projects and programs in this community. A station which was established at Kanoro and
served as a demonstration center in Chogoria Archdeaconry disappeared due to poor management and corruption
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among leaders. They added that there are no people from this community who are working with ADS since
employments are given through corruption and favoritism.
Capacity building is another method raised by respondents that is used by ACK in addressing issues of poverty in
Chogoria Archdeaconry. Ngure (2020) claimed that this method aims at empowering people through trainings son
that they may gain knowledge and skills which may help them take life positively to be able to face life challenges
positively. Capacity building was rated as an effective method of alleviating poverty in Chogoria Archdeaconry
since 315 (88%) of all respondents indicated so.
54 (79.4%) of the ACK followers claimed that through the church seminars, their mind set has been changed and
they see life from a positive perspective. 176 (68.5%) of the community representatives said that it is through these
church seminars that they were able to stop drinking beer which had affected their families negatively because they
were wasting a lot of family resources. They claimed that through these trainings they were also encouraged to start
small investments to enable them to meet their daily needs. Gikundi (2020) indicated that though this method is
effective, it has not been implemented in all parishes within this archdeaconry. Gitonga (2020) added that the
attendance of men in these trainings is very poor and they need to be encouraged to be attending so that they may
not be left behind in the empowerment process.
Church and Community Mobilization Process (CCMP) is another method that ACK is using to assist people out of
poverty in Chogoria Archdeaconry. Micheni (2020) who is the diocesan coordinator of this program confirmed that
this program aims at facilitating people towards self realization so that they can discover their current situation,
potentials, God given resources and desire to transform their situation using locally available resources.
The study established that this method is effective and the idea was held by 304 (84.9%) respondents. 216 (60.3%)
respondents claimed that the projects that come up through this program are community initiated and they empower
people economically. This communicates the importance of public participation in the process of deciding the
projects and programs that needs to be initiated to help people out of poverty. Gichure parish was cited as an
example of a place which has been transformed through this program since they were able to start irrigation project
and dairy farming and both projects ensures that they are food secure and financially stable. These projects covers a
small part of this archdeaconry, that is, Gichure and part of Mbironi area and the people who benefit from them are
very few. Creation of job opportunities is another method that ACK use in alleviating poverty in Chogoria
Archdeaconry. The majority of respondents, 296 (82.7%) indicated that the method is not effective. This is because
there are no people from this community who are employed by ACK because jobs are given through corruption and
favoritism. They added that the church has not been able create more jobs to be able to employ many people. A
total of 279 (77.9%) respondents claimed that the Church has not been able to empower people of Chogoria
Archdeaconry for informal employment though this is key to alleviating poverty since all people cannot be
employed by the government or other formal sectors. The church has not encourage people of this community to go
for training which will help them gain skills which can enable them join informal employment to be able to live self
reliant lives. She has also not advocated for government to invest in infrastructure so as to improve transportation
and service delivery though this creates job opportunities especially in informal sector. This can ensure remarkable
progress in poverty alleviation since it will attract more investments as investments translates to more job
opportunities (https://blogs.worldbank.org).
Microfinance is another method that the church has been using to fight poverty in Chogoria Archdeaconry. Through
this method, the church has embarked on trainings and initiation of self support groups. 303 (84.6%) respondents
rated the method effective. They explained that the church has been actively training people on how to grow
holistically. She has been training and encouraging people to start self support groups and to pull their resources
together and start giving soft loans to members an idea that has helped people to grow economically. Wilbur (2006)
advices that people need to be trained to assist themselves with what they have and this way they will be able to own
the process and sustain it. The study revealed that from the small savings people have been able to start small
projects like poultry and goat farming which has assisted them in meeting their day to day needs. Karimi (2020)
claimed that the Church through ADS trained them on starting these groups and after they raised up to fifty
thousand, ADS supported them with non refundable fifty thousand and this money was meant to boast their savings
so as to give reasonable amount of loans to members. She informed the researcher that these groups were not formed
of ACK members only but included other community members.
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In conclusion, all these responses reveal that there are only three methods among the six methods used by the church
to alleviate poverty in Chogoria Archdeaconry which are effective. These includes; Capacity building program
which was rated effective by 315 (88%) respondents, church and Community Mobilization Process rated effective
by 304 (84.9%) respondents and Microfinance which was rated effective by 303 (84.6%) respondents.
Ways of Making the Methods Used by ACK in Alleviating Poverty in Chogoria Archdeaconry More Effective
This section aimed at establishing ways of improving the methods used by ACK to make them more effective in
alleviating poverty in Chogoria Archdeaconry.
The study established that to make education more effective in alleviating poverty in Chogoria Archdeaconry, the
church has to create awareness on the importance of education and trainings which will impact people with
knowledge and skills to enable them venture into self employment for them to be self reliant. The church should
advise the government and policy makers to invest in facilitating the growth of businesses since this will create job
opportunities where after people gain these skills they will utilize them to earn a living and this will assist in
alleviating poverty in Chogoria Archdeaconry. In support of this, Khotkina (2007) claims that the informal sector
has become major provider of employment in developing economies. This way, the method will be more effective.
A total of 259 (72.3%) respondents claimed that parents need to be encouraged to take their children to secondary
schools because we have day schools all over where the fees is affordable in order to raise the number of people
with secondary education in this community. The church should continue creating awareness among people on the
importance of education so that they may be motivated to educate their children. Gikundi (2020) added that people
need to know that secondary education is important since it opens doors for one to further his/her education to
become a professional and secure job in the formal sector. A total of 261 (72.9%) respondents suggested that the
church should offer moral support to both teachers and pupils and encourage them to work hard in order to improve
the performance especially in the Anglican sponsored schools. They claimed that the education department
coordinator should be visiting the schools regularly to monitor the progress in these schools. They also suggested
that the heads of these schools should be submitting their results to the education department and be meeting to
analyze them and do rating of their schools. By so doing, every head teacher will work hard to ensure that their
school is doing well. The schools that perform well should also be rewarded. They further added that the Church can
as well have a prize giving program for pupils and teachers who perform well. This will motivate them to work hard
and consequently, the performance will improve.
A total of 213 (59.5%) respondents said that through the diocesan education department, the church ought to
establish scholarship kitty from which they can support learners at all levels from needy families. With such support,
the few who will be lucky to benefit may be successful and later support others to pursue education after
establishing themselves. This way, the number of people with ability to sustain their lives will continue increasing
and at the end poverty will be alleviated in Chogoria Archdeaconry.
A total of 224 (62.6%) respondents claimed that for ADS to be effective in alleviating poverty in this community,
the sub-station which was at Kanoro should be re-opened to be able to take their services closer to people in this
community. 184 (51.4 %) respondents revealed that the church should ensure that corruption and favoritism in ADS
is restrained so that the available opportunities are fairly offered and justly obtained. They further added that the
church should ensure that the people who are entrusted with leadership role are not corrupt since corruption in ADS
is perpetuated through the corrupt leaders. 149 (58%) community respondents urged that the church should consider
electing leaders who are visionary so as to stir the development of this community through ADS. They further added
that ADS programs must be implemented in the whole Archdeaconry to ensure no part is left out.
A total of 54 (53.5%) of the Church leaders said that as ADS implement her agricultural programs, they should
consider assisting farmers with input like quality seeds and fertilizers. This will help needy people in this
community to realize good harvest since they are mostly not able to buy fertilizer and quality seeds hence poor
harvest. The church should link people with other partners like food for the hungry and other organizations which
can support farmers by training and supporting them with inputs. To ensure that capacity building programs is more
effective in alleviating poverty, Sarah (2020) suggested that the Church should be aggressive in conducting seminars
addressing areas on entrepreneurship and agriculture to encourage people to venture into informal employment so
that they may live self sustaining lives.
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A total of 182 (50.8%) of all respondents suggested that the church should ensure that this program is implemented
in the whole archdeaconry. Karimi (2020) added that they should also mobilize men so that they may be
participating in these seminars to ensure that they are not left behind since they mostly ignore these seminars.
To make Church and Community Mobilization Process (CCMP) more effective, 233 (65.1%) respondents said that
the Church should ensure that the program is implemented in the whole Archdeaconry. 174 (52.7%) community
respondents suggested that CCMP department should come up with monitoring and evaluation tools since this will
assist them to know whether they are achieving their objectives or not. This will help the implementers to be serious
and do the work of empowering people so as to come out of poverty. They further added that when communities
start projects, the CCMP leaders should always be checking how the projects are fairing to ensure that they are
properly managed so that they may not collapse.
A total of 167 (65%) community respondents said that through this program, the church should link people with
market for their produce to ensure that they make good profit out of the horticultural farming since market has been
a challenge. For creation of job opportunities t be effective in alleviating poverty in Chogoria Archdeaconry, 215
(60.1 %) respondents said that the Church has to consider increase job opportunities especially for youths by
establishing more programs and projects that may need workers. 182 (50.8%) respondents claimed that the church
has to focus on encouraging people to go for informal employment since the government and other formal sectors
may not be able to employ all people. This is because informal sector can accommodate more people and it is the
direction to be followed since with the new technologies, jobs are diminishing. A total of 266 (74.3 %) respondents
suggested that the church ought to end corruption in their institutions to ensure that they are well managed and stable
and that jobs are offered indisputably to the qualified people but not through corruption and favoritism.
To make microfinance more effectively in alleviating poverty, 192 (53.6%) respondents said that microfinance
program should be implemented in the whole Archdeaconry. 231 (64.5%) respondents suggested that the self
support groups which retarded should be revived and members who disappeared with unpaid loans be followed to
repay their loan balance and this will assure members the security of their money. The church should major on
building leadership capacity for the leaders through trainings so that they may gain more knowledge on how to lead
and manage these groups. From those who were interviewed, 36 (83.7%) of them suggested that the group members
should be trained so that they may know the importance of these groups, own and support the leaders. They should
also be encouraged to be electing leaders who are trustworthy and visionary so that these groups may serve members
effectively. This way the groups will be saved from financial wrangles since this will ensure that leaders are
accountable hence the method being more effective.
CONCLUSION
Poverty is real among people of Chogoria community as many struggle for their survival. Poverty has persisted due
to various reasons which if well addressed poverty can be minimized to the levels that people of this community can
live dignified life. Though the church has been engaging in war against poverty in this community, the methods that
she has been using are not effective and that is why she has not been able to alleviate poverty among the people of
Chogoria Archdeaconry. The church ought to urge the government to be committed to serve the people of this
community by investing in improving the infrastructure, initiating projects like irrigation since people of this
community are farmers who are mostly frustrated due to insufficient rains and other projects which may help these
people out of poverty.
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ABSTRACT
Guidance and Counseling is a process of helping the individual find solutions to own problems and accept them. The
provision of Guidance and Counseling to all students in secondary schools in Kenya is fundamental to the success of
the Government's overall education development strategy. However, various cultural factors may hinder students'
willingness to engage counseling services in solving their inherent problems which is still a persistent problem
facing education in Kenya. The purpose of this study is to investigate cultural factors affecting utilization of
Guidance and Counseling service, among students in national schools in Meru and Tharaka-Nithi Counties, Kenya.
The study was conducted using descriptive survey research design and the target population was 3702 subjects
comprising four head teachers, four Guidance and Counseling teachers and 3694 students. The sample size for this
study was 377 respondents comprising four head teachers, four Guidance and Counseling teachers and 369 students
selected through purposive and stratified random sampling. The research questionnaires were piloted in two national
schools in Embu County and involved two head teachers and two guidance and counseling teachers and four
students. Reliability of the questionnaire was tested through test-retest method. Quantitative data was analyzed using
the Statistical Package for Social Sciences (SPSS) version 20 for windows. Descriptive statistics was used to analyze
quantitative data. The study makes the conclusion that Guidance and Counseling in Kenyan secondary schools need
to be re-emphasized to address cultural factors that affect its utilization. Involvement of all stakeholders including
parents, teachers, and opinion leaders in sensitizing the community to shun factors such as cultural beliefs, taboos
and myths in education provision was among the recommendations made. The Ministry of Education should
introduce mandatory in-service training in Guidance and Counseling for teacher counselors with no basic training in
Guidance and Counseling.
Keywords: Counseling; Culture; Guidance; Service; Student Utilization
BACKGROUND OF THE STUDY
Guidance is giving advice or suggestions or directions or instructions to people who have problems, spiritual, social,
educational, economic or psychological. Guidance and counseling services prepare students to assume increasing
important responsibility for their decisions and growth in their ability to understand and accept the results of their
choices (Kauchak, 2011). The ability to make such intelligent choices is not innate but, like other abilities, must be
developed. Mutie and Ndambuki (2004) established that few students sought guidance and counseling services in
Kenyan schools despite the value that guidance and counseling would bring in alleviating students social problems.
Students in secondary schools are faced with challenges which include among others bullying, relationships, drugs
and alcohol abuse despite having elaborate Guidance and Counseling programmes running in these schools
(Ndondo, 2004). This implies that Guidance and Counseling is not fully utilized to mitigate some of the problems
facing learners in national schools. Despite this, little has been done to assess the extent to which Guidance and
Counseling services were being utilized by students in National Schools. This study sought to establish the cultural
factors affecting utilization of guidance and counseling services in National Schools in Meru and Tharaka-Nithi
Counties, Kenya.
Statement of the Problem
Students joining national schools experience personal challenges ranging from cultural shock due to multicultural
diversities, unmet expectations, among others, which may lead to erosion of morals. This raises the question as to
whether guidance and counseling services are effectively utilized in helping students to adjust to life in a national
school.cultural factors affecting utilization of guidance and counseling services have inadequately been explored. It
is against this background that this study seeks to investigate cultural factors affecting utilization of guidance and
counseling services among students in National Schools in Meru and Tharaka-Nithi, Kenya.
Purpose of the Study
The purpose of this study was to find out the cultural factors affecting utilization of guidance and counseling
services in National Schools in Meru and Tharaka-Nithi Counties, Kenya.
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Objectives of the Study
The study was guided by the following objectives:
i) To find out cultural factors affecting the utilization of guidance and counseling services among students in
national schools in Meru and Tharaka-Nithi Counties.
ii) To determine strategies that can be adopted to enhance utilization of guidance and counselling in national
schools Meru and Tharaka Nithi counties.
Theoretical Framework
This study was guided by the Cramer (1999) model theory of help seeking behavior. Cramer developed a model
specifically for the help-seeking behavior which explains the relationships between variables of distress, social
support, attitudes and self-concealment. According to this model, likelihood of seeking counseling is increasing
when one has high distress and positive attitudes toward counseling. Distress is higher when individuals refrain from
telling personally distressing information and have impaired social support networks. People, who refrain from
telling personally distressing information, often have negative attitudes toward counseling and have impaired social
support networks. Moreover, attitudes toward counseling are found to be the most salient antecedent for helpseeking. In this study the researcher hypothesizes that attitude toward seeking psychological help are influenced by
social and cultural factors. This study will seek to establish the cultural factors affecting utilization of guidance and
counseling services in National Schools in Meru and Tharaka-Nithi County, Kenya. Understanding the variables that
influence an individual's decision to seek guidance and counseling services was essential to trying to help address
the psychological health concerns of national schools population given the multicultural diversity.
Conceptual Framework of the Study
The model used for this study focuses on the variables involved in determining socio-cultural factors affecting
utilization of guidance and counseling. This is illustrated in Figure 1.

Cultural factors
-dissimilarity
in
ethinicity
-Cultural beliefs
-Cultural taboos and
myths

-Government
policy
-Training
of
counselors

Utilization of
guidance and
counseling
services

Relationship between the Study Variables
The independent variables as shown in the Conceptual Framework relates to socio-cultural factors which comprises
of social stigma, gender, family influence, cultural beliefs and taboos. Consequently, the dependent variable is
utilization of guidance and counseling by students in National schools. It is conceptualized that government policy
as well as teacher counselors training may have an influence on the way students partake on guidance and
counseling services in schools.
METHODOLOGY
The study was conducted using descriptive survey research design. As explained by Gall; Borg and Gall (1996), in
this design, the researcher does not manipulate the variables under study but instead, examines the variables in their
existing condition. Therefore, the searcher conducted the study within the existing students' cultural backgrounds in
national schools and the effects these variables have on students' utilization of guidance and counseling. The study
was carried out in National Secondary Schools in Meru and Tharaka-Nithi, counties There are four national schools
in the two counties namely Meru School and Saint Mary's Girls' in Meru County and Chogoria Girls' and Ikuu boys'
in Tharaka-Nithi County. The target population for the study was 3702 subjects comprising 4 head teachers, 4
guidance and counseling. HODs and 3694 students in four National Schools in Meru and Tharaka Nithi Counties
(Meru and Tharaka-Nithi County Education Offices, 2013).
The data collected was cleaned, coded, and entered in the computer for analysis using the Statistical Package for the
Social Sciences (SPSS) version 20 for windows. Martin and Acuna (2002) which yielded descriptive statistics,
frequency tables, pie charts and bar graphs.
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Distribution of sample size
Category
Total
population
Head teachers
4
C&G HODs
4
Students
1160
Meru school
854
Ikuu Boys
1000
Chogoria Girls’
680
Total
3702
Summary of Data Analysis Methods
Research Question
What are the cultural factors
affecting utilization of guidance and
counseling services among students
in national schools in Meru and
Tharaka Nithi counties?
What strategies can be adopted to
enhance utilization of guidance and
counseling services by students in
national schools in Meru and
Tharaka Nithi counties?

Sampling procedure

Sample

Purposive
Simple random
Simple random
Simple random
Simple random
Simple random

Independent
variable
Cultural factors

strategies

Distribution Of Students By Class And Gender
Class
Boys
Frequency
Percentage
Form 1
37
22.0
Form 2
41
25.0
Form 3
43
26.0
Form 4
45
27.0
Total
166
100.0

%sample
representation
100
100
10
10
10
10

4
4
116
85
100
68
377

Dependent variable
Utilization
guidance
counseling

of
and

Utilization
guidance
counseling

of
and

Frequency
35
41
39
43
158

Statistical
procedure
Frequencies percentage

Frequencies percentage

Girls
Percentage
22.0
26.0
25.0
27.0
100.0

Cultural Factors Affecting Utilization of Guidance and Counseling Services
The objective of the study aimed at finding out cultural factors affecting the utilization of guidance and counseling
services among students in national schools in Meru and Tharaka-Nithi Counties. The findings obtained from
teachers and students are shown in Table below.
The results in the above table shows that 67% of the teacher respondents strongly agreed and 13% agreed that deep
rooted community beliefs regarding school guidance and counseling services held by the students affected how they
utilized the service. However, 20% were undecided. The responses from students also show that 34% strongly
agreed, 45% agreed, 7% undecided, 8% disagreed and 6% strongly disagreed on the same issue. Culturally rooted
traditions and practices carry important consequences for willingness to seek guidance and counseling services. The
finding of this study are congruent with those of Rowe and LaFromboise (1996) who found that differences in racial
and ethnic backgrounds impact upon people's commitment to seek guidance and counseling services hence some
students tend to resist these services because they are not part of their culture.
On whether ethnic dissimilarity between students and teacher counselor had an influence on the students' utilization
of guidance and counseling services in national schools, the results show that 55% of the teachers strongly agreed
and 45% agreed respectively. Similarly, 46% of the student responses strongly agreed, 9% agreed, 13% were
undecided; three percent disagreed, while 29% strongly disagreed. The results in Table 9 show that both teachers
and students reported that religious beliefs regarding guidance and counseling held by students influenced the way
they sought guidance and counseling in schools. Supporting this, were 47% teachers and 39% students that strongly
agreed. Twelve percent teachers and 21% students agreed, 18 and nine percent teachers and students respectively
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were non-committal. Further, 13% of the teachers and 11% of the student respondents disagreed while 10 and 20
percent of the teachers and students responses strongly disagreed.
Teachers' and Students Responses on Effect of Cultural Factors on the Utilization of Guidance and
Counseling Services
cultural factors
Teachers’ Responses
Students’ Responses
SA A
UN D
SD SA
A
UN D
SD
%
%
%
%
%
%
%
%
%
%
Deep rooted community beliefs 67
13
20
0
0
34
45
7
8
6
regarding school guidance and
counseling services
Ethnic
dissimilarity
between 55
45
0
0
0
46
9
13
3
29
students and teacher counselor
Religious
beliefs
regarding 47
12
18
13
10
39
21
9
11
20
guidance and counseling
Taboos and myths regarding 49
21
3
11
16
67
14
6
9
4
guidance and counseling on
certain issues
Regarding influence of taboos on students' utilization of guidance and counseling, the results show that 49 and 67
percent of the teachers and students strongly agreed, 21% teachers agreed while 14% students also agreed. The
result further shows that three percent teachers and six percent students were undecided. Eleven percent of the
teachers and nine percent of the students disagreed. Sixteen percent of the teachers and four percent of the students
strongly disagreed. National schools bring together a mixture of students from all over the country, with diverse
sociocultural backgrounds. In a secondary school setting, taboos entranced in the society are some of the cultural
issues that may disturb students and also influence their uptake of counseling services. Therefore, it is the
counselor's knowledge on how to handle these problems that will make counseling effective in order to assist the
student to acquire their social and personal competences hence enhancing their academic development (Mwangi,
2004). The taboos associated with talking about sex and knowledge of sex act as barriers to seeking knowledge of
reproductive health (Lwagula, 2006).
Strategies to Enhance Utilization. of Guidance and Counseling Services
This objective sought to determine strategies that can be adopted to enhance utilization of guidance and counseling
services by students in national schools in Meru and Tharaka-Nithi Counties. The responses elicited from the
teachers and students are captured in the table below;
Strategies to Enhance Utilization of Guidance and Counseling
Strategies
Teachers’ responses
SA A
UN D
%
% %
%
Developing SGC services that reflects 87 13 0
0
understanding of cultural diversity
Guidance and counseling be made an 78 9
5
4
examinable subject
More advocacy on the importance of 89 11 0
0
guidance and counseling
Improve personal qualities of teacher 86 14 0
0
counselors through in service training

SD
%
0

Students’ Responses
SA A
UN D
%
% %
%
71
21 2
7

SD
%
0

4

8

12

14

34

22

68

23

11

2

10

6

0

48

14

12

18

8

From the results shown above, more than 80% of the teachers and 70% of the students suggested strongly that
curriculum developers should develop a school guidance and counseling service that reflects understanding of
cultural diversity. This would enhance utilization of the services as a result of multicultural competency. The results
show that majority (78%) of the teachers said that guidance and counseling be made an examinable subject. This
probably would increase the level of uptake of guidance and counseling in schools. However, the results indicate
that students were of the contrary opinion as majority (34%) of them disagreed while 22% strongly disagreed.
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The results shown in Table 10 indicate that more advocacies on the importance of guidance and counseling would
probably change the students' attitude towards utilizing guidance and counseling services. Nyamwaka, Ondima and
Nyamwange (7013) suggested that the school guidance counselor should mobilize other teachers to in creating
awareness and advising students on the importance of seeking guidance and counseling services and counseling. The
existing school counselors should create awareness of the existing counseling services by giving it a wider publicity
in rural schools so as to improve students' attitude towards the services. Students should be motivated through
conferences, seminars and workshop on the need to participate in guidance and counseling activities for proper self
and academic adjustment and development of healthy and positive attitude.
Responses from both teachers and students' show that utilization of guidance and counseling services in schools can
be enhanced by improving teacher counselors' qualities. This can be done through in-service training of teacher
counselors. Gelso (2007) suggested that counselors should improve their personal qualities since these also relate to
students' willingness to seek counseling. Gelso further posited that The Ministry of Education should introduce
mandatory in-service training in guidance and counseling for all teacher counselors who do not have basic training
in guidance and counseling.
CONCLUSIONS
This study makes the conclusion that:
Guidance and Counseling in Kenyan secondary schools need to be emphasized to address cultural factors such as
ethnicity that brings about differences in cultural diversity, deep rooted cultural practices, community beliefs, taboos
and myths may be prohibiting students from seeking guidance and counseling.
A variety of strategies such as developing school Guidance and Counseling be made an examinable subject and
spearheading advocacy on the importance of guidance and counseling and teacher-counselor training.
RECOMMENDATIONS
In view of the fact that guidance and counseling services play a significant role in enhancing behavior of students in
national schools due to the multiethnic diversity, researcher makes the following recommendation:
i) Involvement of all stakeholders including parents, teachers, opinion leaders in sensitizing the community to
shun social issues such as social stigma, gender stereotyping and negative attitudes associated with helpseeking.
ii) There is need to plead with the students to avoid cultural inclinations such as ethnicity, deep rooted cultural
practices, community beliefs, taboos and myths that otherwise deter them from seeking guidance and
counseling.
iii) There is need to make Guidance and Counseling an examinable subject, enhance advocacy and mandatory inservice training in guidance and counseling for all teacher counselors who do not have basic training in
guidance and counseling.
**********
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ABSTRACT
The significance of research to any endeavour aimed at the realisation of the aspirations of Kenya's Vision 2030
cannot be gainsaid. It goes without saying that in order to generate and disseminate significant knowledge that
contributes to national as well as global development, the language employed in communication is very critical. At
present, most scientific research is conducted and reported almost entirely in English laced with scientific
terminology. This state of affairs speaks to the need to present such findings in a language and form that benefits the
nation at large. Consequently, the present paper, seeks to interrogate the nexus between language choice and the
uptake of agricultural innovations and technology by rural farming communities who rely almost entirely on either
Kiswahili or vernacular languages. It argues that given the present status of Kiswahili as an official as well as
national language, scientific research and innovations can easily reach the rural farmer in a language they understand
and identify with. It is suggested that there is an urgent need to modernise Kiswahili as well as local community
languages in order to disseminate such scientific and technical innovations through them. The paper will contribute
insights in the fields of terminology and scientific discourse in Kiswahili and other African languages.
Keywords: Indigenous knowledge, language modernization, language planning, Agricultural terminology
INTRODUCTION
For a long time, Kiswahili has played a vital role in awakening and inculcating nationalistic values and attitudes in
the citizens of the East African region. Its integrative qualities, especially the nontribal and egalitarian
characteristics, have influenced its use across geographical, cultural and creed barriers. Recent developments, for
instance the promulgation of The Constitution of Kenya (2010), have given it a new prestige status as both national
and official language besides being the language of administration, commerce, education, diplomacy and to some
extent modernity. Kenya is indisputably a multilingual nation with a mosaic of more than 42 languages spoken
(Njogu, 1992; Jerono, 2012). However, English and Kiswahili dominate communication situations. This is because
the languages have been accorded official status while the other indigenous Kenyan languages have not.
They are relegated for use at the household level and for interethnic communication in the countryside. Moreover,
most Kenyan rural communities place a sentimental value on their ethnic languages because they not only carry their
culture, but more importantly their heritage and rich oral history. With the average Kenyan farmer being over 60
years old and residing in the rural parts of the country, their linguistic behaviour is mostly limited to a vernacular
language and varying degrees of competence in Kiswahili (http://www.amirankenya.com). English is hardly spoken
owing to their low levels of literacy and formal education. This partly accounts for the popularity of community FM
stations broadcasting in Kiswahili and vernacular languages.
Agriculture has always been Kenya’s economic mainstay. It contributes 26% of national GDP, 65% of total export
earnings and 27% of GDP through links with other service related sectors (Republic of Kenya, 2012:1-2). It also
provides more than 18% of formal employment and more than 70% of informal employment in the rural areas
(World Bank, 2013). It is in this regard that the country’s Vision 2030 is replete with blueprints aimed at spurring all
sectors of agriculture. Agriculture is identified as one of the key sectors to deliver the 10 per cent annual economic
growth rate envisaged under the economic pillar.
The Vision states thus:
Kenya will raise incomes in agriculture, livestock and fisheries even as industrial production and the service
sector expand. This will be done by processing and thereby adding value to her products before they reach
the market. She will do so in a manner that enables her producers to compete with the best in other parts of
the world. This will be accomplished through an innovative, commercially oriented and modern agriculture,
livestock and fisheries sector. These interventions are expected to generate an additional Ksh. 80-90 billion
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increase in GDP, mainly through better yields in key crops, increased small-holder specialization in the cash
crop sector (2-3 crops per plot), utilization of a million hectares of currently uncultivated land, and new
cultivation of up to 1.2 million ha of newly-opened lands (Emphasis by author, Republic of Kenya, 2007:14).
In the face of declining agricultural production, the need to innovate in order to guarantee sustainable agricultural
practices cannot be gainsaid. Challenges of national food security in the face of climate change threats and rising
unemployment confront us every new day. More than ever before, farmers need to be empowered with knowledge,
skills and aptitudes in order to turnaround the industry into a commercially viable enterprise. However, the choice of
an effective language for conveying such knowledge and innovations to the rural farmer remains a challenge.
Farmers in Kenya’s rural areas account for more than 75% the country’s working population
(http://www.feedthefuture.gov/country/kenya). It is therefore the national government’s responsibility to ensure that
there is sufficient agricultural development in the rural counties. This would in turn lead to effective and efficient
agricultural systems that will not only ensure national food security but also spur the utilization of natural resources
in a sustainable way. Conversely, if the bulk of farmers are either ignorant or resistant to change, Kenya’s
agricultural industry is bound to suffer losses and lag behind the rest. Correspondingly, when farmers are ill
equipped with knowledge, aptitudes and skills to empower them to think and innovate independently, agricultural
modernization remains a flight of fancy. Munyua (2000) confirms this when he avers that when the rural farmers
lack access to knowledge and information that would help them achieve maximum agricultural yield, they not only
grope in the dark but are driven to the urban centres in search of formal employment, as the only option for survival.
Part of this haziness is due to lingo employed in communicating crucial agricultural knowledge to the rural farmers.
It is worth noting that in cases where rural farmers do not face constraints in accessing agricultural information,
mainstream media such as community FM radio has been used in delivering agricultural messages. The use of local
FM stations as channels for educating farmers or raising awareness has been effective mainly because these FM
stations broadcast in the local vernacular languages. Munyua (2000) identifies print, video, television, films, slides,
pictures, drama, dance, folklore, group discussions, meetings, exhibitions and demonstrations as other channels of
delivering such messages to the rural farmers. However, the effectiveness of these media has largely depended on
the language used; with Kiswahili and local languages taking the lead and English trailing on. Additionally, the
choice of media is equally important. Van and Fortier (2000) said hort-comings of traditional print and library based
methods of providing agricultural information to rural farmers who are generally illiterate and relatively remote
from formal sources of information such as extension, agricultural research stations and libraries.
While insufficient funding could be a setback to successful implementation of agricultural ventures, failure can also
be ascribed to communication hitches and glitches. Blait (1996) notes that the least expensive input for improved
rural agricultural development is adequate access to information and knowledge in areas of new agricultural
technologies, early warning systems (on drought, pests, diseases etc.), improved seeds, fertilizer, crop and animal
husbandry, credit, market prices, best practices, among many others. Indeed in this age, information is power. Most
of the information available online or otherwise is in the medium of English language to the detriment of rural
farming communities. Language, especially in a multilingual society, is like natural resources and is thus crucial for
a nation’s economic well-being and the wealth of its peoples. Language should, therefore, be treated as an integral
element in the social, economic and cultural development plan of a country. Like other resources, language, too, has
– if handled properly – an employment creating power. Case studies such as Singapore, Malaysia, Indonesia, South
Korea and Hong Kong have demonstrated the centrality of language as an element of cultural infrastructure. It is
argued that no one can gainfully advance in a language they cannot fully master (Mukuria, 2001). People are
generally able to express what is culturally significant in a language they are competent in. In most cases, this is
inadvertently their local language.
From the foregoing, it is apparent that effective communication amongst various stakeholders is vital to
revolutionising agriculture in Kenya. Sustained agricultural research and innovation coupled with the state of the art
Information Communication Technologies (ICTs) continue to avail loads of up-to-date data in a myriad of websites
and databases online. While this information is crucial in turning around agriculture, its characteristics such as
quantity, content, currency, frequency, suitability, quality and relevance influence its uptake by rural farming
communities. Previous studies focused on farmers’ access to agricultural innovations (Glendenning, et al, 2010); the
employment of ICTs in agriculture (Rees et al, 2000; Muyanga & Jayne, 2006); adequacy and responsiveness to
farmers’ needs (World Bank, 1999) and the small scale farmers’ information behaviour (Spurk et al., 2013). None
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had investigated the linguistic characteristics of the information communicated. It is against this backdrop that the
case for the use of Kiswahili and other African languages in disseminating agricultural innovations is argued.
Current Status of Disseminating Agricultural Innovations
Since her independence in 1963, the bulk of Kenya’s agricultural extension services were provided by government
ministries until the late 1980s (FAO, 1997). However, following the inception of Structural Adjustment Policies
(SAPs) and the attendant liberalized economy in the 1990s, the established modes of delivery of extension services
began to shift in favour of those that involved farmers in the design or prioritization of these services (Nambiro et
al., 2006). This resulted in the participation of several public and private players in the dissemination of agricultural
innovations and messages. Agricultural extension services can be potentially provided by three main groups: the
public sector, the private non-profit sector and the private for-profit sector.
Governmental organs, private and public institutions have been put in place to ensure that farmers get to know and
adopt agricultural innovations relevant to their situations. Such institutions include but are not limited to Kenya
Agricultural Information Network (KAINet), Kilimo Library Online Database, Agricultural Research Institutes
(International Livestock Research Institute (ILRI) and Kenya Agricultural Research Institute (KARI), the Kenya
Agricultural Research Database (KARD), Farmers Associations, media organizations, Non-governmental
Organizations (NGOs), Community-Based Organizations (CBOs), extension services provided by County
governments, Faith-Based Organizations (FBOs), the Ministries of Agriculture at the National and County levels,
the mainstream and social media, university faculties of agriculture and agricultural field stations. Farmers also
benefit from the 27 Agricultural Training Centres providing intensive short-term courses and 10 agricultural
technology development centres which develop, test, customize and offer appropriate technology. These institutions
serve as generators and facilitators of agricultural messages by acting as change communication agents.
The institutions employ media such as mobile phones, research reports, leaflets, newsletters, posters, exhibits, visual
aids and radio programs in communicating agricultural information. Radio and television programs are particularly
popular although controlled by media owners in terms of choice of programs and content. Of all the existing
channels of agricultural communication, Kenyan farmers in rural areas find extension to be the most credible in
terms of providing information and advice, on agricultural innovations and technology (Spurk et al, 2013). Under
normal circumstances, extension functions to get the farmer into a frame of mind and attitude conducive to
acceptance of technological change.
In order to ensure efficiency, the provision of agricultural extension services has been evolving over time. For
instance, as noted earlier it has moved from a centrally managed, government controlled extension system to a
decentralized, diversified, pluralistic system of extension with multiple actors; from supply-led, transfer-oftechnology models to participatory technology development and transfer models; and from direct service provision
to facilitating and linking farmers with other research and extension service providers. With the augmented number
of delivery channels, challenges in the provision of extension services abound. They include but are not limited to
(a) re-orienting the public delivery of extension services to improve its efficiency, (b) enhancing its access to
farmers and other clients, (c) improving accountability of service providers to their customers, and (d) maintaining
relevancy to different end-users (Republic of Kenya, 2001). Moreover, the use of Kiswahili and other indigenous
languages in this endeavour has been the missing link.
Apart from the use of extension for diffusion of agricultural innovation, other channels like rural development field
staff, contact farmers, private sector agri-business people, staff of the Ministry of Agriculture and the electronic and
print media are used. While these channels have their strengths, their main weakness lies in the use of English as
opposed to Kiswahili and vernacular languages as media of instruction. Consequently, the targeted audience is not
properly reached as the main beneficiaries of the information carried by the print and broadcasting media are urban
elites. Such messages need to be deconstructed into local language concepts that rural communities can understand
and identify with.
Conduct and Reporting of Agricultural Research in Kenya
Historically, modern science and technology from Western countries was received in Africa via the medium of
European languages. Consequently, the language of science is overtly dominated by English, French and other
Western languages (Bokamba, 1981, 1991; Gonzalez 1993:12). These languages have since served as media of
instruction in independent Africa’s learning institutions at the expense of indigenous languages. In so doing, African
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languages including Kiswahili missed the opportunity to develop into languages of scientific discourse. However,
this situation can be remedied because scientific vocabulary is shared and international in nature (King’ei, 2000). In
addition, as Richter and Legere (1973:59) posit, every language is not only potentially capable of an infinite
development but also taking over an utmost of social functions.
While Kiswahili is Kenya’s first official and national language, presently English is the de facto medium of science
and technical discourse. Field measurements, experiments, tests, monitoring, evaluation, query and inquiry tools
including vital agricultural databases are entirely structured in English. Occasionally, such tools are rendered to the
target rural farmers in Kiswahili translations. Once data collection is done, the results and findings are translated
back to English for analysis and write up. Such translations may have ramifications on the reliability of the
translated tools and the findings thereof.
Furthermore, the continued use of English by agricultural researchers and extension workers only serves to baffle
and belittle the grassroots farmers who have not mastered it. They ignorantly participate in studies they neither
understand nor directly benefit from. Since they don’t own the whole process, it is increasingly difficult for them to
relate with and adapt such studies to local circumstances. It goes without saying that such studies may also pose
ethical challenges. It is in this regard that most national agricultural field stations tend to benefit a minority.
As already indicated, most research findings by national and private institutions, organizations, universities and
individuals are reported in English. Traditionally, English carries with it an imprint of progress, prestige, elite
culture and exclusiveness associated with an affluent life, material wealth, technical progress and success
(Leontovich, 2005). Accordingly, Kachru (1986) contends that English is used as a marker of modernisation in
many regions of the world. Evidently, English enjoys high national and international prestige and is known to have a
long literary and scholastic tradition. It thus follows that incentives for the English medium in scientific discourse
abound. They range from the prequalifying conditions by funding organisations, availability of technical
publications for review, opportunities for international dissemination through peer reviewed journals to the mere fact
that the agricultural scientists and innovators received their specialised education and training via the English
language of instruction. Furthermore, there is a popular perception that acquisition of knowledge in the European
languages is easier and more efficient, especially in areas of science and technology because of the preponderance of
reading materials in these developed languages.
Gaps in Agricultural Innovation Dissemination Systems
While television and radio broadcasts are popular media in Kenya, some of the obvious constraints to their use range
from the acquisition and running costs, programme content and more importantly the choice of language used.
Additionally, most of the messages aired are not tailored to the information needs of rural populations. Even when
the information is relevant, it is rarely transmitted at the appropriate time and as such do not reach to the targeted
audience. The few programs on agriculture, if any, are aired off-peak when farmers and busy tending their crops or
attending to their animals. This contravenes the contemporary development philosophy which argues that any
attempts at development must begin with those who need the ‘development’, rather than with the elites or outsiders
who define the target community's problems in a contextual vacuum (George, 1993).
Another major constraint is the use of print media. Message carriers such as leaflets, newspapers, magazines, fliers
and newsletters are of little use in reaching semiliterate or illiterate rural farming communities. The situation is
aggravated by the incomprehensible technical language used in communicating the vital agricultural messages. Like
agricultural research discussed earlier, English publications dominate the print media market. The four main daily
newspapers – The Daily Nation, The Standard, The People Daily and The Star - are all published in English. As a
matter of fact, there is only one privately run local daily newspaper in Kiswahili - Taifa Leo published by the Nation
Media Group. The then state run Kenya Leo is now defunct. There are virtually no publications in local languages
except occasional street pamphlets that are not professionally produced. This clearly reinforces the dominance of
English not only in literacy, but in most of the public media avenues. Correspondingly, the Kenyan government does
not seem committed to supporting Kiswahili and other local languages as avenues of disseminating agricultural
information for fear of promoting ethnic profiling.
The inadequacy of existing extension programs has also restrained the dissemination of agricultural innovations to
rural communities. Some of these programs are conceived without well thought out plans and are prepared in a hurry
without the grassroots farmers whose attitudes are to be changed making any input. Such agricultural information
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packages can neither sustain the farmers' interest nor effect the desired attitudinal change. Farmers' interests are
disregarded even more as most of the agricultural innovations are written and broadcast in English instead of
Kiswahili or the local language.
Effective dissemination of agricultural innovation is also hampered ill preparation of extension staff. In practice,
extension officers are change communicators and as such should be prepared for communication responsibilities.
The emphasis in their training is more on technical proficiency rather than on rhetorical and persuasive skills. An
agricultural extension worker trained in this way is unlikely to make an impact on a conservative farmer who is
unlikely to put his farm inputs at risk by trying out the extension officer’s improved technique. There is real and
urgent need for extension agents’ training to be relevant to their jobs at the grassroots.
In consequence, there is need to embrace demand-driven approaches in supporting local community groups. This
helps such groups to identify their needs, proffer solutions and empowers them with requisite skills. For instance,
the Agricultural Technology and Information Response Initiative (ATIRI) has been a success story in this endeavor
(Gustfson, 2004; KARI, 2000). Similarly, engaging locals who speak and understand Kiswahili, local languages,
contexts, cultures and power structures as extensionists has proven effective in both the Syngenta and Africa Harvest
cases. Having highlighted the gaps in the dissemination systems currently in use, let us now turn our attention to the
particular ways in which the use of English language influences the uptake of agricultural innovations.
English use and Uptake of Agricultural Innovations
Majority of the farmers and indeed Kenyans in general are functionally illiterate in English (Michieka, 2005; 2009
and Mokua, 2011). However, it is interesting to note that most agricultural studies and projects in the country are
formulated, planned and even executed in medium of English. Kiswahili and other African languages, whenever
given a chance, have to contend with translations and interpretations as pointed out to earlier. Moreover, the manner
in which such translations and interpretations are conducted may impinge on the rural farmers’ understanding. This
is especially so because language is not a nomenclature of one to one correspondence. Translations are habitually
saddled with misrepresentation of facts, ambivalence and ambiguity (Dabelstein, 2002). There is no sense of
conceptual and meaning homogeneity across all world languages and cultures. Owing to the use of English in
scientific discourses, most rural farming communities’ talents and energies are either underutilised or left untapped.
It is in this regard that English fails to stimulate agricultural development in rural areas. Similarly, it is not easy to
espouse, implement and improve on something one does not understand. It remains alien. More often than not,
farmers in rural areas treat agricultural scientists and innovators with contempt partly because they use a language
that is unfamiliar to most of them thus widening the gap of trust, relevance and understanding. Indeed anyone who
uses English when addressing community members is considered proud, arrogant and will most likely lose their
confidence. Furthermore, most programs, studies and projects meant to uplift farming standards are written and
discussed in technical English. Rural communities feel alienated from the distant and abstract language of research
reports and are critical to its being remote to their needs and aspirations thus having no practical value to them.
When English is used in discussing and presenting agricultural innovations to the target audiences, such innovations
are perceived negatively as imposed from above and rural farming communities lack a sense of ownership. While
not understanding the language, the ordinary people can neither identify themselves with what is disseminated nor
acquire even the most rudimentary information about the latest innovations in agriculture. These misconceptions and
suppositions are occasioned by the failure to use a language that rural farmers understand very well – a reality that
impedes the development and actualization of agricultural ventures. However, the situation can be remedied if the
rural farming communities are kept centre stage through active involvement linguistically and otherwise.
Involvement in research activities empowers farmers.
Despite the fact that English is given superior treatment and reinforced in the public domains, it remains very tricky
to determine the percentage of people who speak it fluently in Kenya. According to Mazrui and Mazrui (1998)
English is yet to develop a large number of native speakers in Kenya. What has been established in other African
countries is that the percentage of those Africans who can speak the former colonial languages proficiently,
including English, French, Portuguese and Spanish is approximated at 20% (Djité, 2008; King’ei, 2012). This means
that such speakers can effectively use these languages in different language contexts including science.
Unfortunately, the bulk of Kenya’s rural farmers fall in the 80% who are not proficient in English language.
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The language hurdle results in restricted access to knowledge and skills among rural farming communities. This is
further compounded by their average low levels of formal education. This presents a barrier to disseminating useful
agricultural information and the rate of adoption of innovation (Kimaru-Muchai et al., 2012; Taley & Khadase,
2006). Moreover, even extremely intelligent people will be at a loss if novel information is communicated to them in
a language they do not know or one they have not mastered well. In the Kenyan scenario, occasionally attempts are
made to either code mix and code switch between English, Kiswahili and other indigenous languages. However, the
use of English terms in Kiswahili and other African languages confuses rural communities who are either illiterate
or have a very rudimentary command of the English language. Similarly, limited productivity in agricultural
workplace can also be due to the continued use of English language among other linguistic barriers. More than half
of the extension advisors use English in communicating technical information even though most of the rural farmers
are illiterate and cannot understand the language (Republic of Kenya, 2005; Muyanga & Jayne, 2006). Other work
related communication including all forms of correspondence is also done in English with no translations given. The
target farmers’ input in discussions and other forums where farming decisions are made is therefore minimal. They
do not understand what their role is and maybe do not even know what they are getting into when they take up the
innovation. There is all the likelihood that there will be much frustration with such agricultural ventures.
Agricultural scientists and innovators on the one hand and speakers of Kiswahili on the other, sometimes find it
difficult to converse on innovations and research findings in modern science. They are at a loss for the appropriate
scientific or linguistic equivalent, mainly because no such term may exist in the Target Language (TL) at a given
moment. This inadequacy and ways to eliminate it is partly the present paper’s focus. It is argued that perhaps it’s
time to reclaim the place of Kiswahili as a tool for effective dissemination of agricultural innovations for sustainable
national development. Kiswahili is the language through which the greater Kenyan masses are reached via the
broadcast media. Most political and religious rallies and activities are conducted in Kiswahili. Presently, practically
no Kenyan can complain whenever Kiswahili is used in any project or program in rural areas, yet a number will
complain, switch off or even fail to participate where English is the language of participation.
Kiswahili and Other African Languages in Disseminating Agricultural Innovation
Human beings are wont to resist novel ideas especially when the old ones seem to serve them albeit only
satisfactorily. This endemic resistance to change is bound to be made worse when the innovations are presented in a
language they are less competent in. Under such circumstances, the use of a familiar language is the panacea. The
use of a well-known local language would result in faster and more widespread uptake of innovations by the
community in question. Moreover, a linguistic community whose language has not developed scientific and
technical terminologies is unavoidably forced to use some other, more developed foreign language for domain
specific communication. This has been the case in the East African region where English, a language spoken by a
very small educated elite percentage of the population, has been the only conduit for churning out scientific
innovations. Nevertheless, for East Africans, Kiswahili is the most developed native language. It is fast becoming a
modern vehicle for scientific and technical expression, Agriculture inclusive.
A survey of published journal articles, websites, newspaper articles, technical glossaries, word lists, specialised and
general dictionaries indicates that Kiswahili has, and indeed is continually building her reservoir of agronomy
terminology (Nshubemuki et al., 1999; Ohly, 1987; Irira, 1985; Irira & Geranija, 1987 BAKITA, 1980; TUKI, 1990;
Mwita & Mwansoko, 2003). It is in this regard that we see no reason as to why Kiswahili should not be used as a
medium for disseminating agricultural innovation to rural farming communities. Indeed research has shown that
learning in a familiar language eases the progress of gaining novel skills and developing proficiencies (Prah, 1998;
Mwinshekhe, 2003; Nomlomo, 2008; Rubagumya, 2003, 2008; Quorro, 2003, 2008; Senkoro, 2008). It gives rural
farming communities the optimal chance to be participating users. Messages crafted in Kiswahili are more likely to
be accepted and readily acted upon by the target audience. Better still, the mutual influence between the acquisition
of new agricultural skills and the use of Kiswahili language in general is a worthwhile interaction that will in turn
promote the status and growth of the language (Prah, 2003).
The majority of Kiswahili terms used precisely to express scientific concepts or translations from English, have
proved to be more transparent in communicating technical concepts. Akida (1985) in (1) used in cotton farming:
(1) Ufajani leaf death (vericillium)
Janipembe (Angola)
Chawajani leaf louse (Jessid)
Vumbimchovyo (Biron)
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Such words, which are usually from the Language for General Purpose (LGP) reservoir, are familiar to the language
users thus enabling them conceptualise what is being described, taught or introduced. Such terms are said to be
transparent. Scientists who are dedicated to advancing science in languages, other than those from the West maintain
that the translation of scientific terminology can be accepted anywhere in the world provided the designated word is
given the same universal code. Most international scientific terms have special universal codes and symbols for
identification. However, they cautioned that certain words must retain their form. It is recommended that such words
be adapted to conform to Kiswahili phonology, morphology and orthography.
Development of rural areas depends upon the grounding of new skills and technology in indigenous knowledge
within the community. It is common knowledge that traditional African societies with their indigenous knowledge
systems were able to accumulate knowledge and to interpret it across critical areas of knowledge, such as
astronomy, medicine, philosophy and history, and then passed this knowledge on to subsequent generations through
language. Consequently, there is need to respect the expansive wealth of age old agricultural knowledge held by
elders in the process of modernizing agriculture. One approach to this may involve ‘harvesting’ terms in indigenous
languages, ‘pruning’ them and selecting the most appropriate in order to elaborate novel concepts in English.
Indigenous languages play a vital role as the people’s initial identity markers and as major tools for small and micro
enterprises in rural areas. They allow ordinary people to carry out transactions in the informal sector. These
languages also serve important roles in religious and community development projects. At the local level,
indigenous languages facilitate administrative work which is carried out by local leaders such as the village
headman, the assistant chief and chief. It is important to note that without Kenya’s indigenous languages, official
policies would not be implemented. Regrettably, these important roles are taken for granted and Kenya’s local
languages continue to be marginalized in public and indeed formal domains.
Kenya has more than 40 indigenous languages fluently spoken as mother tongues by different communities within
her boarders. These languages have a rich artistic, historical, cultural and scientific heritage spanning several
centuries. They have been effectively used in commerce, innovation, travel, medicine, education, arbitration, war,
conflict resolution and administration. In a nutshell, they have served as vehicles of choice for transmitting and
discoursing African indigenous knowledge. Consequently, they are neither deficient nor incapable of facilitating
discourses on modern science and technology. By comparing different indigenous African languages we can easily
identify a linguistic community with the largest reservoir of terminology in fields such as livestock keeping,
fisheries, medicine and cotton farming. There is great wealth in the local languages which if harnessed
systematically and compared with concepts or terms in foreign language could be the solution to the formulation of
terminology in Kiswahili.
The various concepts belonging to a specific subject or specialised domain (such as pesticides, insemination or
weeds) have to be collected in a systematic way because terms stand in a specific conceptual relationship to other
terms. It is only by dealing with the various related terms and concepts as a whole that terminologists can ensure the
correct naming of concepts. This can be illustrated with the terms in (2), (3) and (4) as follows:
(2) Mdudu mharibifu (Pest)
Kiuadudu (pesticide)
Elimu ya wadudu (pestology)
(3) Himilisha (inseminate)
Uhimilishaji mbegu (insemination)
Uhimilishaji bandia (artificial insemination)
(4) Unusukaputi (anaesthesia)
Nusukaputi (general anaesthesia)
Ganzi (local anaesthesia)
Mtaalamu wa unusukaputi (anaesthetist)
Tia nusukaputi (anaesthetize)
Technical terminology plays a crucial role wherever and whenever domain-specific information and knowledge is
generated, used, recorded and processed, passed on, implemented or translated and interpreted. The use of Kiswahili
terminology makes it possible for farmers who might not have had formal education to take a full and active part in
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the implementation of agricultural innovations. In situations where it has been tried (see Crowder & Fortier, 2000)
the level of participation, debate has improved considerably as farmers tend to speak with greater spontaneity and
confidence. The freedom and opportunity the common native language such as Kiswahili gives are enormous,
especially in Africa where the norm has been to publish scientific innovations only in a foreign official language.
By and large, research has revealed that all languages develop with the environment and neologies are always
incorporated and added to the existing vocabulary (Cabre, 1992). It is against this backdrop the next section agues
the case for the modernization of Kiswahili and other African languages.
Modernization of African Languages
Generally speaking, the term ‘modernization’ means "to make or become modern; make conform to present usage,
expression or characteristic" (Webster, 1978). The term has been used in relation to culture, society, religion,
technology, social relations, language, and so on (Weiner, 1966). In this paper the focus will be on the
modernization of language. This is a deliberate undertaking in lexical elaboration and enrichment so that the
language in question can be used in a wide variety of sectors characteristic of the modern world. A language is
modernised in order to deal with the enormous scientific, social, economic and technological changes occurring in
the society. Since language and society are inextricably tangled, in looking at the modernization of language the
modernization of the society in which the language is spoken will inevitably be considered.
With the exception of Kiswahili, most African languages have not progressed beyond the level of very basic
terminology even though they possess the tools that are necessary for their development such as written grammars,
dictionaries and other publications. Although Kiswahili has made remarkable progress in terminology expansion, a
lot still needs to be done. The insufficiency of technical terminology has serious implications for Kiswahili which is
not being optimally utilised in higher education, scientific and technological fields including dissemination of
agricultural innovations.
Traditionally, technical terminology expansion and development occurs at two levels. The first level entails the
coining of new terms to express emerging needs from new discoveries, innovations, ideas or concepts. The second
level involves the creation of a large body of new vocabulary and/or modernisation of existing vocabulary to cater
for novel fields (King’ei, 2000). In its endeavour to modernize, Kiswahili has and continues to utilise the two levels.
Moreover, for Kiswahili to elaborate to its fullest capacity, a proper modern discourse dealing with technical and
scientific topics needs to develop in the language. This modernisation should be initiated at the grassroots perhaps
beginning with the primary educational level before it can be attained at the secondary, or even the tertiary level.
Garvin (1993:45) emphasises the fact that there are no civilised and primitive languages. Any language can be
developed such that it becomes standardised. Similarly, Haugen (1966:344) maintains that inherently handicapped
languages do not exist. From the foregoing discussion, it is evident that English vocabulary has an increasing
occurrence in the Kenyan society outside the world of science and agriculture. More often than not, it is the source
of generic terms for which there are no words in the indigenous languages. When Kenyans are exposed to new
concepts from Western technologies and cultures, and cannot find the appropriate words to describe them, they
automatically adapt the English words. Examples of such terms are cited in (5) below:
(5) Ikolojia (ecology)
Karantini (quarantine)
Seli (cell)
Selulosi (Cellulose)
Molekyuli (molecule)
Anemia (anaemia)
Kirusi (virus)
Anerobi (anaerobe)
Terms such as those in (5) that are internationally recognisable, that is to say, they are transliterated or borrowed
from major international languages such as English, French, German and Spanish, have the added advantage that
experts in the field would be able to recognise and comprehend them with ease. Like several other languages,
Kiswahili agronomy terminology is replete with a number of such terms.
However, with time some of the adapted English terms have since been replaced by local equivalents. The examples
in (6) serve to illustrate this state of affairs. On the contrary, for lack of better equivalents, some English terms are
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still in use or have been fully adapted and localised. This stems from the historical fact that English language has
been used as a resource for lexical and semantic creativity.
(6) Asidi (acid) later on tindi kali
Agronomia (agronomy) later on rendered as zaraa
Kabohaidreti (carbohydrates) later on wanga
Many other English terms have equivalent Kiswahili terms as illustrated by the terms in (7) below:
(7) Jivu (ash)
Kiuamagugu (herbicide)
Kiinitete (embryo)
Kitope (alluvium)
Chanikiwiti (Chlorophyll)
Usanisinuru (photosynthesis)
Mzoga (carcas)
kimengenya (enzyme)
Kilala (Fallow)
Uotaji (germination)
Humus (mboji)
It is apparent that the modernization and development of agricultural terminology in Kiswahili and other African
languages must help the growth of a utilitarian language register of science and technology. The ultimate aim
moreover, should be to develop Kiswahili as the language of acquisition and expression of modern agricultural
science and technological innovation. Such terms could be used in farmers’ training centres, in the mass media,
agricultural educational programs and in the provision of extension services. Similarly, the modernization of
Kiswahili must be sensitive to the national planning and development activities in other sectors such as health,
industry, appropriate technology, education and other areas of economic welfare planning. In so doing Kiswahili
would serve the goals of development by providing adequate means of language communication.
Challenges abound in technical elaboration of African languages. It is evident that a number of factors militate
against successful modernization of indigenous African languages. One such challenge has everything to do with the
negative attitude held by some scholars on the use of African languages in scientific discourses. There is a minority
of scientists advocating for the use of Kiswahili and other African languages instead of foreign ones (Jokweni, 2004;
Mbekwa, 2008). However the majority are reluctant to accept and even tend to employ methods that maintain the
status quo. Perhaps this is drawn out of the fear to relearn the neologies in Kiswahili and African languages. Others
harbour the perception that should their jargon be understood by laypeople it would amount to degrading the status
of their scientific profession.
The obvious lack of terminological development in most of the African languages can be attributed to the lack of
language and educational policy implementation. It can also be associated with the lack of coordination in the
national language standardisation and elaboration processes. In Kenya, for instance, the absence of a national organ
to oversee language policy implementation has been missing since independence.
The Way Forward
There is an argent need for Kenya to formulate a language policy that fully empowers Kiswahili and other
indigenous languages. Such a policy should have provisions for the development and promotion of Kiswahili and
other African languages. The provisions in the country’s constitution (2010) are a good starting point. Moreover,
laws should be enacted to establish a language council or commission charged with the promotion and development
of local languages including Kiswahili, the official and national language.
On further development of technical terminology in general and agricultural terms in particular, terminologists need
to delve deep into Kiswahili language itself to see if there were old or obsolete terms that could be reviewed or given
a new shade of meaning. Such efforts may also include researching the lexicon of the numerous Kiswahili dialects.
Collaboration among African and international stakeholders in agricultural research, innovation and dissemination
would be key to the overall process. Consequently, there is need to develop centres of innovation and technology
transfer. Through coordinated effort in such organs agricultural scientists’ research activities and innovation can
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easily trickle down to the farmers in collaboration with linguists, media, extension service providers and companies
of agricultural food production.
Similarly, there should be concerted efforts geared towards the collection of texts, corpus and translations in
different Africana languages. Technical terms can be extracted from different corpus using specialised software that
can analyze them morphologically. The extracted terms can aid in the compilation of technical glossaries and later
on the publication of specialised dictionaries. With such terminology available, the creation of corpus of parallel
texts online, in databases and in various forms can achieved with ease thus benefiting farming communities.
There is need to conduct a linguistic analysis of the existing agricultural terminology in Kiswahili and other
indigenous languages with a view of developing general models for terminology development. Such models and
theories will be handy in the invention of new terms, the evaluation and standardization of existing terms and more
importantly form the basis for further terminological research.
Agricultural field officers, such as extensionists and veterinary officers, should be encouraged to collect and
document agricultural terminology commonly used by local communities. Conversely, where Kiswahili or local
language words for concepts hitherto expressed in English are unavailable, the concepts can be clearly defined and
the local farmers encouraged create new terms for them. Such terms can then be collected and documented in a
common term bank for standardization. In the long run such terms may be easily and readily accepted by the target
users.
CONCLUSION
Although most scientific research in Kenya is conducted and reported almost entirely in English it only benefits a
small percentage of elite English speakers. A majority of the population including rural farming communities rely
almost exclusively on either Kiswahili and/or mother tongue vernacular languages for their communication needs.
Consequently, the choice of English negatively influences their uptake of agricultural innovations and technology.
Based on empirical literature, it has been argued that given the present status of Kiswahili as an official as well as
national language, scientific research and innovations can easily reach the rural farmer in a language they understand
and identify with. It is suggested that there is an urgent need to fast track the modernization of Kiswahili as well as
other indigenous languages in order to disseminate such scientific and technical innovations through them.
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ABSTRACT
Providing clean and affordable water to meet human needs is a grand challenge of the 21 st century. Worldwide,
water supply struggles to keep up with the fast growing demand, which is exacerbated by population growth, global
climate change, and water quality deterioration. Nanotechnology holds great potential in advancing water treatment
to improve water treatment efficiency. In this study, Mangrove Roots Charcoal and Carbon Nanotubes (MRCCNTs) nanocomposite was synthesized and utilized as a novel adsorbent for the removal of lead ions from aqueous
solutions. The efficacy of MRC-CNT nanocomposites was investigated in batch mode which involved the effects of
pH, temperature, concentration of the lead ions, adsorbent mass and contact time on adsorbates removal.
Characterization of the adsorbent was carried out by Scanning Electron Microscopy (SEM) to observe the
morphology of the adsorbent and surface area analysis and Energy Dispersive X-ray spectroscopy (EDX) to
determine the elemental composition of the adsorbent. Adsorption isotherm models and adsorption kinetic studies
were used for data analysis. It was observed that the removal efficiency of Pb (II) ions depended on pH of solution
and the maximum efficiency was noticed at pH 7 with adsorption capacity of 3.629 mg/g which was calculated by
the Freundlich isotherm model. Kinetic studies were well suited and found in good agreement with pseudo-second
order. The results indicated that MRC-CNT nanocomposites would be a promising adsorbent for adsorption of Pb
(II) ions from aqueous solutions.
Keywords: Nanotechnology, Adsorbent, Treatment and characterization.
INTRODUCTION
Water that is free of toxic chemicals and pathogens is crucial to human health, environment and to a variety of
industrial processes (Etorki, 2014). Water on earth, is one of the most abundant natural resource, but only about 1%
of that resource is available for human consumption (Anjum et al., 2016). It is estimated that over 1.1 billion people
lacking supply of adequate and reliable water due to increased rate of industrialization, population growth and global
climate change (WHO, 2014). This problem is severe in developing nations and sub-Saharan African countries and
Kenya is not an exceptional. Lead is toxic non-essential heavy metal present in water and soil (Nyairo et al., 2018).
It is of concern because of its ability to bio-accumulate and its high toxicity even at low concentrations (Aravind et
al., 2013). Generally, lead has been reported to cause renal dysfunction, hypertension, lung complications and bone
lesions (Amboga et al., 2014). Further, exposure to lead may result in autism, psychosis, allergies, dyslexia,
hyperactivity, paralysis and cancer with the latter being reported to be one of the leading causes of deaths in Kenya
(Mataka et al., 2006). Considering these serious effects of lead, many scientists are making efforts to develop
different adsorbents for the removal of Pb (II) ions from water and waste water. Recent advances in manipulation of
nanomaterials have facilitated the application of nanotechnology in water and wastewater treatment. Nanomaterials
are defined as materials that at least one dimension is smaller than 100 nm (Qu et al., 2013).
At this scale, material exhibit unique physical and chemical properties over their bulky counterparts. For example,
carbon nanotubes have higher density of active site per unit mass due to their large specific surface area. In addition,
CNTs exhibit greater surface free energy resulting to enhanced surface reactivity (Esmaeili and Eslami, 2019). In
addition, CNTs possess tubular nanostructures with unique mechanical, physical, chemical and electrical properties,
and possess large surface areas in addition to their layered structures (Hamza et al., 2013). Further, due to their
hydrophobicity, they are usually oxidized with acids which causes shortening and thinning of tubes, and introduces
polar functional groups such as –COOH and –OH on the tips or sidewalls of CNTs (Oyetade et al., 2016). This
processes helps in improving electrostatic interactions of CNTs for removal of organic and/or inorganic pollutants
from water and waste water (Nyairo et al., 2018). Therefore, the current study sought to synthesize and characterize
functionalized mangrove roots charcoal-carbon nanotubes nanocomposites and explore its utilization as a novel
adsorbent for the removal of lead ions from aqueous solution.
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MATERIALS AND METHODS
Collection of mangrove roots and Functionalization of carbon nanotubes
Mangrove roots were collected from Dongo Kundu (Port area) in Mombasa County. The samples were washed with
water, dried, ground and the powder carbonized using 1.0 M ZnCl2 at 500 oC for 3h. The purified CNTs was
functionalized by using a mixture of 6 M sulfuric and 6 M nitric acid in a volume ratio of 1: 3 at 80 oC for 12 h and
the nanocomposite was prepared by dispersing 1.2 g of functionalized MWCNTs in 100 ml deionized water
containing Mangrove Roots Charcoal (MRC) powder in the ratio of 1:3 by mass. The suspension was stirred for 2 h,
filtered and then washed with deionized water until a neutral pH was obtained. The solid material was then dried in a
vacuum oven at 80 oC overnight.
Batch adsorption experiments
The influences of initial adsorbate concentration (0–50 mg/L), contact time (0–60 min), pH (2–10), adsorbent
dosage (2–50 mg), speed (0-600 rpm) and temperature (25–75 oC) on the adsorption process were investigated. The
batch mode adsorption experiments were conducted by bringing into contact the 50 mL of different Pb (II) solutions
with a specified quantity of MRC-CNTs in a set of each 250 mL conical flasks. The concentration of residual Pb (II)
ions was then determined by an Atomic Absorption Spectrophotometer (AAS, Buck Scientific 210VGP, USA).
The Pb (II) removal efficiency, R (%) and equilibrium amount of Pb (II) adsorbed, qe, (mg/g), were calculated by
Equations (1) and (2) below:

Qe 

(Ci  C e ) V
m

(1)

Where Ci and Ce are the initial and equilibrium concentrations (mg/L), m is the mass of the adsorbent (g) and V is
the volume of the solution (mL).
% Removal = 

C0  Ce
C0

 100

(2)

Adsorption isotherm models
The correlation between the amount of Pb (II) adsorbed onto MRC-CNTs and the equilibrium concentration of Pb
(II) in the aqueous phase was evaluated using Langmuir, Freundlich isotherm, Dubin-Radushkevich and Temkin
isotherms. The mathematical expression of Langmuir isotherm model is (Aravind et al. (2013).
Ce
qe



1
Q max b



1
Q max

Ce

(3)
Where: qe is the amount of solute adsorbed per unit weight of adsorbent (mg/g), Ce the equilibrium concentration of
solute in the bulk solution (mgL-1), Qmax the monolayer adsorption capacity (mgg-1) and b is the Langmuir constant
which reflects the binding strength between metal ions and adsorbent surface (Lmg-1).
The mathematical expression of Freundlich isotherm model is (Hameed and Ahmad 2009).

Log qe  K F 

1
log Ce
n

(4)

Where: qe is the amount of solute adsorbed per unit weight of adsorbent (mgg -1), Ce the equilibrium concentration
of solute in the bulk solution (mgL-1), KF a constant indicative of the relative adsorption capacity of the adsorbent
(mgg-1) and the constant 1/n indicates the intensity of the adsorption.
The D-R equation is given by:

ln qe  ln qm _ K DR  2

(5)
where Ɛ (Polanyi potential) is equal to RT ln(1+1/Ce); qm is the maximum adsorption capacity (mg /g) based on D–
R isotherm and K is related to mean adsorption energy (E in kilojoule per mole). The Temkin isotherm model is
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based on the assumption that the free energy of adsorption is a function of the surface coverage and the linear form
is presented as follows (Akpomie and Dawodu 2015).

qe  B ln A  B ln Ce

(6)

where A (L/mg) is the equilibrium binding constant, the constant B= RT/b T (mg/g) is related to the heat of
adsorption, R is the ideal gas constant (8.314 J/mol K), T (K) is the absolute temperature and b T is the Temkin
isotherm constant.
Adsorption kinetic studies
The kinetic mechanism of the adsorption process was investigated by application of the pseudo-first order, pseudosecond order, intraparticle diffusion and liquid film diffusion model rate equations. Pseudo-first-order model is
used to describe the reversibility of the equilibrium between solid and liquid phases (Vijaya and Yun, 2008) and is
expressed by the equation shown below.

log (qe  qt )  log ce 

K1
t
2.303

(7)

Where: qe and qt are the amounts of heavy metal adsorbed (mg g-1) at equilibrium and at the time (t min) and K1 is
the rate constant of the pseudo-first-order adsorption process (min-1).
Linear plots of log (qe - qt) versus t was used to predict the rate constant (K1) and adsorption at equilibrium (mg g1
), which are obtained from the slope and intercept respectively. The pseudo-second-order equation assumes that
the rate limiting step might be due to chemical adsorption (Amboga et al., 2014). As per this model, adsorbates can
bind to two binding sites on the adsorbent surface and the equation can be expressed as shown below.

t
1
1

 t
2
qt K 2 q e q e

(8)

Where: K2 is the rate constant of the pseudo-second-order adsorption (gmg-1min-1). If the adsorption kinetics obeys
the pseudo-second-order model, a linear plot of t/qt versus t can be observed. The intraparticle diffusion equation is
given as follows (Kooh et al., 2016).
1

qt  K d t 2  C

(9)

Where Kd (mg g−1 min−1/2) is the intraparticle diffusion rate constant and C represents the intercept and is related to
the thickness of the boundary layer. When the transport of the adsorbate from the liquid phase to the solid phase
boundary plays the most significant role in adsorption, the liquid film diffusion model can be applied (Taffarel and
Rubio 2009).



ln 1 _ F )  _ K fd  Y
Where

F

qt
qe

(10)

is the fractional attainment of equilibrium, Kfd (mg/g min) is the film diffusion adsorption rate

constant and Y is the intercept. A linear plot of ln (1_ F) versus t suggests that the kinetics of adsorption involves a
film diffusion mechanism. Furthermore, if the plot is linear with (Y = 0) then film diffusion is the sole rate
controlling mechanism.
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% Adsorption

RESULTS AND DISCUSSION
Effect of MRC -CNTs dose on adsorption of lead (II) ions
It is important to determine the optimum dosage of MRC-CNTs on Pb2+ ions adsorption system. Figure 25 shows
the influence of the adsorbent dosage on percentage adsorption of Pb2+ from aqueous solution.
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Figure 1: Effect of MRC-CNTs weight on % adsorption of 50 ppm of Pb 2+ ions.
The percentage removal of Pb2+ from the solution increased with the dosage, until a dosage of 50 mg after which
the amount of Pb2+adsorbed remained constant. The rapid uptake of metal ions for the first 10 mg as shown in
Figure 25 was attributed to the increased availability of exchange sites or the increase in the surface area that
featured large number of adsorption sites. The insignificant adsorption from 50 to 100 mg may be due to the
overlapping or aggregation of the adsorbent particles, which leads to a decrease in the available adsorbent surface
area and an increase in the diffusional resistances (Esmaeili and Eslami, 2019).
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Effect of initial concentration of adsorbates on adsorption of lead (II) ions
To study the effect of Pb (II) removal as a function of initial metal ion concentration the initial metal ion
concentration was varied from 10 to 100 mg L−1, while contact time was 30 min at a constant shaking speed of 300
rpm.
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Figure 2: Effect of Initial Pb (II) ions Concentration on Adsorption by 50 mg MRC-CNTs Nanocomposite
It is evident from Figure 26 that increase in initial concentration of Pb 2+ ions from 10 to 100 mg L−1 resulted in
decrease in % adsorption from 98.22% to 90.61% respectively. This was because at high initial concentrations of
adsorbate, the number of moles of Pb2+ ions available to the surface area were high, so functional adsorption became
dependent on the initial concentration. The decrease in the % adsorption could also be attributed to saturation of the
adsorption sites or lack of sufficient surface area to accommodate much more metal ions available in solution
(Nyairo et al. 2018). At lower concentrations, all the Pb 2+ could interact with the binding sites and thus a higher %
adsorption than at higher Pb2+ concentrations.
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Effect of contact Time on Adsorption of Lead (II) ions
The experiment was conducted by varying the contact time from 0 to 60 minutes at 5 minutes’ interval.
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Figure 3: Effect of Contact Time on Adsorption of Pb2+ ions onto 50 mg of MRC-CNTs Nanocomposite
From Figure 27, it is clear that the rate of removal of Pb (II) ions was rapid for the first 10 min where there was
more than 80% removal of lead within that time. Equilibrium was established after 30 min and thereafter no
significant increase in % removal with increase in contact time was observed. This observation was probably due to
the larger surface area of the adsorbent being available at the beginning of adsorption process (Esmaeili and Eslami,
2019). After the formation of one molecule thick layer of metal ion on the adsorbent, the adsorbent capacity got
exhausted, and then the uptake rate was controlled by the rate at which the adsorbate was transported from the
exterior to the interior sites of the adsorbent (Qu et al., 2019).

% Adsorption

Effect of Temperature on Adsorption of Pb (II) ions
To determine the effect of temperature on the adsorption of Pb (II) ions, experiments were conducted at temperature
of 25, 35, 45, 55, 65 and 75 oC.
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Figure 4: The Effect of Temperature on Adsorption of Pb 2+ ions by 50 mg MRC-CNTs Nanocomposite
The degree of adsorption increased with increase in temperature, indicating that adsorption process was controlled
by an endothermic process (Aravind et al., 2013). Increased adsorption with rise in temperature up to 45 oC could be
attributed to increase in active surface sites available for adsorption, increase in kinetic energy of lead ions,
increased porosity and pore volume of adsorbent and decrease in viscosity of the solution (Hamzat et al., 2019).
Effect of pH on Adsorption of Pb (II) ions by MRC-CNTs Nanocomposite
Hydrogen ions concentration is one of the important factors that influence the adsorption behavior of metal ions in
aqueous solutions (He et al., 2019). It affects the solubility of metal ions in solution, replaces some of the positive
ions found in active sites and affects the degree of ionization of the adsorbate during the process of adsorption
(Amboga et al., 2014). Thus the effect of pH on the removal efficiency of Pb (II) was studied at different pH ranging
from 2.0 to 10.0. The results are as shown in Figure 30.
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Figure 5: Effect of pH on the % Adsorption of 50ppm Pb 2+ ions by 50 mg of MRC-CNTs
It is clear from the graph that the removal efficiency of Pb2+ increased as the pH values increased from 2 (90.74%) to
8 (98.98%) and decreased insignificantly at pH 10 (98.59%). At low pH values, the protonation of the functional
groups present on the adsorbent surface easily takes place, and thereby restrict the approach of positively charged
ions to the surface of the adsorbent resulting in low adsorption of Pb (II) in acidic solution. With decrease in acidity
of the solution, the functional groups on the adsorbent surface become de-protonated resulting in an increase in the
negative charge density on the adsorbent surface and facilitate the binding of lead cations. The increase in lead
removal capacity at higher pH may also be attributed to the reduction of H+ ions which compete with metal cations
at lower pH for appropriate sites on the adsorbent surface. However, with increasing pH, this competition weakens
and lead cations replace H+ ions bound to the adsorbent surface resulting in increased Pb (II) ions uptake. The slight
reduction in removal observed at pH > 8 was attributed to precipitation of Pb (II) ions forming lead hydroxide which
competed with lead ions.
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Adsorption Isotherm Studies for Pb (II) ions onto MRC-CNTs
In the present study, Langmuir, Freundlich, Dubinin- Radushkevich and Temkin isotherm models were utilized to
explain the experimental data as given in Figures 31, 32, 33, and 34.
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Figure 6: Langmuir Isotherm for Pb (II) ions Adsorption onto 50 mg g MRC-CNTs Nanocomposite
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Figure 7: Freundlich isotherm for Adsorption of Pb (II) ions onto 50 mg MRC-CNTs Nanocomposite.
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Table 1:Langmuir, Freundlich, Dubin- Radushkevich and Temkin isotherm models Parameters for Pb (II) ions
Adsorbed onto 50 mg MRC-CNTs Nanocomposite
Langmuir
Freundlich
n
R2
Qmax(mg g-1)
b(L mg-1)
R2
KF(mg g-1)
-31.0559
0.1222
0.9235
3.629
0.7742
0.9996

ln qe

Dubin- Radushkevich
Qm (mg g-1)
E (Kjmol-1)
18.1941
10.0

Temkin
A (L mg-1)
1.386

2

R
0.9115

2.955
2.95
2.945
2.94
2.935
2.93
2.925
2.92
2.915
2.91

B

R2

11.63

0.9485

y = 0.005x + 2.9011
R² = 0.904
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4
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Figure 8: Dubin- Radushkevich isotherm for Pb (II) ions Adsorption onto 50 mg g MRC-CNTs Nanocomposite

qe (mg/g)

20
y = 11.61x + 3.8063
R² = 0.9485

15
10

qe

5
0

-0.2

0

0.2

0.4
0.6
ln Ce (mg/L)

0.8

1

1.2

Figure 9: Temkin isotherm for Pb (II) ions Adsorption onto 50 mg g MRC-CNTs Nanocomposite
The best fit equilibrium model was determined based on the linear regression correlation coefficient (R2) and for that
case Freundlich isotherm model was selected since it had the highest correlation coefficient of 0.9996 with
adsorption capacity of 3.629 mg g-1. The results were comparable to that of the study conducted by (Kaushal and
Sigh, 2017) on nanomaterials for the removal of heavy metals from wastewater.
Adsorption Kinetics of Pb (II) ions
The kinetic studies of Pb (II) adsorption on MRC-CNTs nanocomposite was carried out using the pseudo-first-order,
pseudo-second–order, liquid film diffusion and intra-particle diffusion models on experimental data. The results are
shown in figures 35 to 40.
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Figure 11: Pseudo-Second-Order Plots for Adsorption of 50 ppm Pb (II) ions onto 50 mg MRC-CNTs
Nanocomposite
Table 2:Pseudo-First-Order, Pseudo–Second-Order, intraparticle and liquid film diffusion Rate Constants for
Adsorption of Pb (II) ions on 50 mg MRC-CNTs
Pseudo-first-order
Pseudo-second -order
Pb (ppm)
Qe(mg/g)
Constant
R2
Qe(mg/g)
Constant
R2
-1
(min )
(g/mg/min)
50
26.89
0.1794
0.9198
18.2481
0.1084
0.9998
Intraparticle diffusion
Pb (ppm
50

C(mg g1
)
16.106

Liquid film Diffusion
Kd(mg g−1 mi
n−1/2)
0.2893

R2

Intercept

Kfd(mg/gmin)

R2

0.8488

0.2906

0.1793

0.9198

534

qt

18.6
18.4
18.2
18
17.8
17.6
17.4
17.2
17
16.8
16.6

y = 0.2893x + 16.106
R² = 0.8488

2

3

4
t1/2

5
(time)

6

7

8

Figure 12: Intra-particle Plots for Adsorption of 50 ppm Pb (II) ions onto 50 mg MRC-CNTs Nanocomposite
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Figure 13:
Liquid film Plot for Adsorption of 50 ppm Pb (II) ions onto 50 mg MRC-CNTs Nanocomposite
These findings imply that the mechanism of adsorption of Pb (II) ion on the MRC-CNT follows the pseudo-secondorder kinetics, indicating that the rate-limiting step was a chemical adsorption process between the metal ion and
MRC-CNTs nanocomposite.
CONCLUSIONS
In this work, the ability of MRC-CNTs to remove Pb (II) ions from aqueous solution was investigated. It was found
that the prepared MRC-CNTs acted as an effective adsorbent for the removal of Pb (II) ions with adsorption
capacity of 3.629 mg/g which was calculated by the Freundlich isotherm model.
RECOMMENDATIONS
The following recommendations were made for future study:
i.
A pilot-scale column with the developed adsorbent can be conducted for real wastewater.
ii.
A suitable modification method for preparing adsorbents can be considered to obtain maximum removal
of heavy metals and dyes.
iii.
The performance of removal of other heavy metals along with other organic pollutants like pesticides and
nitrates can be evaluated by using the developed adsorbents.
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ABSTRACT
Calculation of the minimum sample size needed to meet the primary study objective is a key feature of the design of
any clinical trial. The other reason a priori sample size determination is to limit participant harm or loss of clinical
benefit to as few study participants as possible. This article generally reviews the basic principles that determine an
appropriate sample size and provides methods for its calculation in some simple, yet common, cases. Sample size is
closely tied to statistical power, which is the ability of a study to enable detection of a statistically signiﬁcant
difference when there truly is one. A trade-off exists between a feasible sample size and adequate statistical power.
Keywords: Clinical trial, Sample size, Statistical power, Randomization, Review, Participant.
INTRODUCTION
The clinical trial is the most definitive tool for evaluation of the applicability of a clinical research. It represents “a
key research activity with the potential to improve the quality of health care and control costs through careful
comparison of alternative treatments (Freiman, Chalmers, Smith and Kuebler, 1978). A properly planned and
executed clinical trial is the best experimental technique for assessing the effectiveness of an intervention. It also
contributes to the identification of possible harms (Friedman et al., 2015). Clinical trials are voluntary prospective
studies conducted in human beings and designed to answer specific questions about the safety or effectiveness of
drugs, vaccines, other therapies or new interventions (Society for clinical trials, 2006).
A proper and sufficiently large randomized clinical trials are the best way to ascertain which interventions are
effective and safe in order to improve public health (Pezzullo, 2014). To determine the correct number of
participants to involve is key to a meaningful clinical trial. A large number of participants will make a clinical trial
unfeasible while a small number will make the trial have a very low statistical power and its findings will be
considered of less impact or the intervention is not effective. To avoid this challenge a researcher needs to determine
the correct number of participants to be recruited in a clinical trial. The number of participants in a clinical trial is
known as the sample or the study population (Friedman et al., 2015). The study population is determined in the
planning phase when developing the study protocol. This is important since, in claiming an intervention is or is not
effective it is essential to describe the type of participants on which the intervention will be tested. These includes,
specification of criteria for eligibility and description of who actually should be enrolled.
In reporting and assessing the findings of a clinical trial the researcher needs to say what population was studied and
how they were selected. This is because, (1) if an intervention is shown to be successful or unsuccessful, the medical
and scientific communities must know to what population the findings refer (Campbell et al., 1995), (ii) knowledge
of the study population helps other investigators asses the study’s merit and appropriateness (Warner, 1995), (iii) in
order for other investigators to be able to replicate the study, they need data descriptive of those enrolled. However,
this paper does not discuss into detail all aspects of the study population in clinical trials. Well elaborate description
and other details of study population can be obtained from (Duley & Farrell, 2002, Cleophas et al., 2013, Friedman
et al., 2015, Piantadosi, 2017). The scope of this paper is limited to general statistical methods used to estimate
sample size in randomized clinical trials. It brings together different statistical methods that have been utilized to
estimate sample sizes in clinical trials. It highlights the shortcomings of these methods in estimating the sample size
for clinical trials. This paper focuses only on estimation of sample size of clinical trials with single primary response
variable, multiple primary response variables.
DISCUSSION
The size of the study should be considered early in the planning phase when laying down the study protocol. In most
cases, no formal sample size is determined. The number of participants available to the investigators during a
particular period of time will dictate the size of the study. If the study requires more participants, enrollment
continues as the follow-up continues. If clinical trials do not consider the sample size requirements, they turn out to
lack the statistical power or ability to prove that intervention effects are of clinical importance.
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In a review of 71 published randomized “negative” controlled clinical trials by Freaman and colleagues in 1978. It
found out that 67 of the trials had greater than 10% risk of missing a true 25% therapeutic improvement, and with
the same risk, 50 of the trials could have missed a 50% improvement. Estimates of 90% confidence intervals for the
true improvements in each trial showed that in 57 of these “negative” trials a potential of 25% improvement was
possible, and 34 of the trials showed a potential of 50% improvement. This was attributed to small sample sizes and
needs more attention in the planning of clinical trials (Freiman, Chalmers, Smith and Kuebler, 1978).
This situation remained the same even in 1994, 383 randomized controlled trials(RCTS) with negative results were
reviewed on the basis of the power to detect 25% and 50% relative difference. 27% were classified as having
negative results. Only 16% and 36% hard sufficient statistical power. In general, only 32% of the trials with negative
results reported sample size estimation. Most trials with negative results did not have large enough sizes to detect a
25% or 50% relative difference (Moher et al., 1994). The danger that underlies this trend of conducting unethical
underpowered clinical trials is that interventions that could be beneficial are discarded without adequate testing and
may never be considered again (Friedman et al., 2015). Hitherto, many studies do contain appropriate sample size
estimates, however, after many years of critical review majority are still too small (Chan AW, & Altman DG. 2005,
Halpern SD, Karlawish JH, & Berlin JA, 2002, Friedman et al., 2015).
Basic Statistical Theory
In order to understand how to determine a meaningful sample size for clinical trials, there are basic fundamental
principles we need to familiarize with. These include hypothesis testing, significance level and statistical power
(Gueyffier & Boissel, 1998, Jia & Lynn, 2015, Gong et al., 2000, Fisher & Belle, 1997). This will be helpful to
those with no background of the basic statistical concepts.
Clinical trials can be of one intervention group and one control group (Friedman et al.,2015, Day SJ& Graham DF,
1991). In estimating the sample size for clinical trials, the primary response variable used to judge the effectiveness
of intervention should be identified. A primary response corresponds to a primary question that the investigators and
sponsors are most interested in answering. The investigators can focus on a single primary response variable or
multiple responses, this largely depends on what the investigators are interested in and the complexity of the clinical
trial. The sample size largely is based on the primary questions and their corresponding responses (Cutler et al.,
1966, Friedman et al., 2015). Generally, there are 3 different responses or outcomes; (i) dichotomous/binary
response variable (ii) continuous response variable and (iii) time to failure/occurrence of a clinical event (Koch et
al., 2015).
Single Primary Response Variable.
The single primary response variable is an outcome obtained at the end of the follow-up of a clinical trial (Clarke,
2007, Donner, 1984). These single primary responses can either be dichotomous, continuous or time to failure
(survival) responses. For the dichotomous response variables, let the event rates in the intervention group be ( PI )
and the control group be ( PC ) . For the continuous responses let the true but unknown mean level in the
intervention group be (  I ) and the mean level in the control group be ( C ). For survival rate outcomes the hazard
rate (𝜆) is often used as an event rate estimator (Donner 1984, Friedman et al., 2015).
Researchers and investigators do not know the true values of the event rates. Clinical trials give only estimates of the
^

^

event rates,

PI and PC . The investigator in a clinical trial is only interested with whether or not a true difference

exists between the event rates of participants in the two or multiple groups. Conventionally, this is done through the
null hypothesis, denoted as
needs to test

H O and

H O ; which states that no difference exists between the true event rates. The investigator

decide whether to reject it or not. The null hypothesis is assumed to be true until proven

otherwise. (Schneider, 1981).
If the event rates in a clinical trial analysis are large enough by chance alone, then it means the investigator might
reject the null hypothesis incorrectly. This is known as false positive finding or Type I error. This error should be
controlled or minimized as far as possible. The probability of Type I error is known as the significance level,
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denoted as α. Given

HO

is true, there is the probability of observing differences as large as or large than the

difference known as “P-value” normally denoted as 𝑝. The statistical decision is reject

H O , if

𝑝≤α.

α is chosen

arbitrarily, the ones used and accepted in the literature are 1%, 2.5% and 5%. (Schneider, 1981, Blackwelder, 1981,
Giangregorio & Cook, 2009, Ng, 1995).
When the null hypothesis is not true, then another hypothesis called the alternative hypothesis, denoted by

HA

must be true. The true difference between the event rates is a value δ ≠ 0. Sometimes the observed difference
between event rates can be very small by chance alone even if the alternative hypothesis is true. Due to this small

HO

observed differences, the researcher could fail to reject the

even when it is not true. This will result to a Type II

error, or a false negative. The probability of a type II error is denoted by 𝛽. 1 − 𝛽 is the probability of correctly
rejecting H O . 1 − 𝛽 is known as the statistical power of the study. The power gives the potential of the study to find
the true differences of various values of δ (Gueyffier & Boissel, 1998, Ghosh, 2002 "Will my clinical study be a
success? The Concept of Statistical Power", 2020).
In controlled randomized clinical trials, it is assumed that randomization will allocate an equal number (𝑁) of
participants to each group, that is intervention and control groups. This ensures a more powerful design than unequal
allocation (Trachtman & Caplan, 2018). Equal allocation is usually easier to implement therefore it is more
frequently used strategy because of its simplicity in the analysis (Hey & Kimmelman, 2020).
From classical statistical theory, the researcher must make a decision if he is interested with differences in one
direction only (one-sided test) or in differences in either direction (two-sided test). If one-sided test of hypothesis is
chosen, mostly from the literature the significance level should be half of what the investigator would use for a twosided test. For example, if 5% is the two-sided significance then, 2.5% would be used for the one-sided test.
In a clinical trial the total sample size is 2𝑁 ( 𝑁 per arm). Clearly, the sample size estimation is a function of δ, α
and , 1 − 𝛽. Any change to either these parameters will result in a change in sample size 2𝑁 (𝑁 per arm). If δ
decreases, then the sample size should be large enough to guarantee a high probability of finding the difference. If
the calculated sample is unrealistically large than it can be obtained, then one or more of the parameters in the
design may need to be re-adjusted. Since the significance level is usually fixed at 5%,2.5% or 1%, the researcher
should reconsider the value selected for δ and increase it, or keep δ the same and settle for a less powerful study. If
neither of these alternatives is satisfactory, serious consideration should be given to abandoning the trial (Cleophas
et al., 2013, Clinical trials, 2020).
Sample Size estimation for Dichotomous/Binary Response Variables
Two Independent Samples
The primary response variable is the occurrence of an event over some fixed period of time. The sample size
calculation should be based on the specific test statistic that will be employed to compare the outcomes. The null
hypothesis H0 (PC - PI =0) (no difference) is compared to an alternative hypothesis HA (PC - PI ≠ 0) (P, 2020). The
^

estimates of PC and PI are

^

^

PI , PC respectively, where PI =

rI
NI

^

and

PC =

rC
with rI and rC being the
NC

NI

number of events in the intervention arm and control arm respectively while

and

NC

being the number of

participants in each group. The sample size required for the design to have a significance level α and a power of 1 −
𝛽 to detect true differences of at least δ between the event rates P I and PC can be expressed by the formula
(Donner & Makuch, 1985, Friedman et al., 2015).
_

N = [ {Zα

_

_

_

_

_

p (1  p) + Zβ p C (1  pC )  P I (1  P I )}2 /( p 
C

_

Where 𝑁 = sample size per arm ( 𝑁 participants/group) with

p

1
{
2

p

p)
I

C



2

]

p

[1]

I

}, Zα is the critical value

which corresponds to the significance level and Zβ is the value of the standard normal value not exceeded with
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probability β. Zβ corresponds to the power 1 − 𝛽 (e.g. if 1 − 𝛽=0.90 Zβ =1.282 ). Values of Zα and Zβ are given in
generated tables which can be downloaded from online resources (Rochon, 2005).
When

N

I



2𝑁 =

N

C

i.e. when the two arm groups are of equal size. An alternative to the above formula is given by

1
[ ( 𝑍𝛼 + 𝑍𝛽)2
2

_

_

p(1 

p) /( p

C



p)

2

I

]

[2]

These two formulas give approximately the same answer and either may be used for the typical clinical.
By a matter of fact, participants in clinical trials do not always fully adhere with the intervention being tested. Some
fraction (RO) of participants on intervention drop-out of the intervention due to some reasons and some other
fraction (RI) drop-in and start following the intervention. The assumption here is that, participants who drop-out
respond as if they had been on control and those who drop-in respond as if they had been on intervention, then the
sample size adjustment is the same as for the case of proportions. That is, the adjusted sample size N* is a function
of the drop-out rate, the drop-in rate, and the sample size N for a study with fully compliant participants: (Friedman
et al., 2015, Cleophas et al., 2013)
N* = N/ (1-RO -RI)2
[3]
Most of the methods in statistical estimation of sample size in clinical trials have not incorporated this aspect of
drop-in and drop-out of participants. In this paper this aspect will be considered and it will be included in the final
formula for estimation of the sample size. The two formulas above precisely should be as follows, [1] becomes:
_

N = [ {Zα

_

_

_

_

_

p (1  p) + Zβ p C (1  pC )  P I (1  P I )}2 /( p 
C

p)
I

2

] / (1-RO -RI)2

And [2] becomes

1
[ ( 𝑍𝛼 + 𝑍𝛽)2
2𝑁 =
2

_

_

p(1  p) /( p

C



p)
I

2

] /(1-RO -RI)2

Where (1-RO -RI)2 is the correction factor for drop in and drop-out of participants.
Sample Size Estimation for Continuous Response Variables
Two Independent Samples
Continuous response variables include blood pressure, Spiro metric measures, neuropsychological scores, level of a
serum component and length of hospitalization just to mention a few. These variables are measured during a clinical
trial in order to provide data for statistical analysis.
Let the primary response variable be denoted as

x , is continuous with N I and N C participantsrandomized to the

intervention group and control group respectively. Let us assume that the variable 𝑥 is normally distributed with
mean μ and variance σ2. True levels of 𝜇𝑖 and 𝜇𝑐 for the intervention and control groups are unknown, but it is
assumed that σ2 is known. Normally, σ2 is unknown and must be estimated from some sample data. If the data set
used is large enough, the estimate of σ2 can be used in place of the true σ2 (Chow, 2011). But this is not easy to
evaluate hence it leaves investigators at crossroads on the efficacy of the estimates to be adopted.
The null hypothesis is

H 0 : δ= μc- μi = 0 (no significant difference) and the two-sided alternative hypothesis is H A :

δ= μc- μi ≠ 0 (there is a difference) (Bristol, 1992). If the variance is known, the test statistic is:




1

Z  ( X C  X I )/ σ (1/ N C  1/ N I ) 2

[4]





Where X I and X C represent mean levels observed in intervention and control arms (Friedman et al., 2015)
The sample size can be estimated as

N {

2

𝑍𝛼 + Zβ ) σ2/ δ2 } /(1-RO -RI)2
Where the (1-RO -RI)2 is the correction factor for the drop-in and drop-out of participants.
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[5]

Paired Data
In some clinical trials, paired outcome data may increase power for detecting differences because individual or
within participant variation is reduced. Trial participants are normally assessed at baseline and at the end of followup. Let’s assume that ΔC and ΔI represent the true, but unknown levels of change from baseline to some later point in
the trial for the control and intervention groups, respectively (Gauderman, 1992).
Estimates of ΔC and ΔI would be






d C = X C1 - X C2



and





d I = X I1 - X I 2 .

These represent the differences in mean levels of the response variable at two points for each group. The investigator
tests H0: ΔC-ΔI = 0 against HA: ΔC - ΔI ≠ 0. Using δ and σ2Δ, as deﬁned in this manner, the previous sample size
formula for two independent samples are applicable (Rosner, 1982). The total sample size per arm N can be
estimated as (Yelland et al., 2017)
N= { (Zα +Zβ)2 (1-ρ) σ2Δ /δ2 } /(1-RO -RI)2
[6]
Where the (1-RO -RI)2 is the correction factor for the drop-in and drop-out of participants (Friedman et al., 2015).
Sample Size Estimation for Repeated Measures clinical trials
These are clinical trials whose primary responses are a continuous response variable measured at each follow-up
visit unlike the methods presented earlier that consider the sample size calculation for trials where only a baseline
and a ﬁnal visit are used to estimate the effect of intervention (Lu et al., 2008). This approach is useful in thinking
about how many participants, how many responses per individual, and the time that they should be taken, are
needed. We assume that the change in response variable is a linear function of time, then the rate of change is
summarized by a slope. This model is ﬁt to each participant’s data by the standard least squares method and the
estimated slope is used to summarize the participant’s experience (Herring, 2013). The investigator must be
concerned about the frequency of the measurement and the duration of the observation period. The observed
measurement x can be expressed as 𝑋 = 𝑎 + 𝑏𝑡 + 𝑒𝑟𝑟𝑜𝑟, where 𝑎 = 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡, 𝑏 = 𝑠𝑙𝑜𝑝𝑒, 𝑡 = 𝑡𝑖𝑚𝑒, and error
represents the deviation of the observed measurement from a regression line (Berlin & Ness, 1996, Chow & Liu,
2013). The error is due to measurement variability, biological variability or the nonlinearity of the true underlying
relationship. The error is equally distributed around 0 and have a variability denoted as σ 2error. Let us assume that
σ2error is the same for every participant. The investigator will evaluate intervention effectiveness by comparing the
average slope in one group with the average slope in another group. The slope variability reflects the effectiveness
of the intervention or control. The amount of variability of slopes over participants is denoted as σ 2b.
If D represents the total time duration for each participant and P represents the number of equally spaced
measurements, σ2b can be expressed as:
σ2b = σ2B{12(𝑃-1) σ2error/(𝐷 2P(P+1))}
[7]
where σ2B is the component of variance attributable to differences in participants’ slope as opposed to measurement
error and lack of a linear ﬁt (Friedman et al., 2015, Fairclough, 2010). The sample size required to detect difference
δ between the average rates of change in the two groups is given by:
𝑁= [4(Zα +Zβ)2/ δ2][ σ2B+ {12(𝑃 − 1) σ2error/ (D2P+1))}]*

1
(1-RO -RI)2
2

[8]

Where the (1-RO -RI)2 is the correction factor for the drop-in and drop-out of participants.
Sample Size Estimation for “Time to Failure”
In time to failure outcomes we employ life tables or survival analysis methods. Survival curves for the groups are
compared to measure the effectiveness of an intervention. Non-parametric models are commonly used and this
avoids any assumption on mathematical model of the survival curve. However, for sample size estimation, some
assumptions are vital. We assume that the survival curve, S(t), follows an exponential distribution, 𝑆(𝑡) = 𝑒 − 𝜆𝑡 =
𝑒𝑥𝑝(−𝜆𝑡) where λ is the hazard rate. Using this model, survival curves are totally characterized by λ. Thus, the
survival curves from a control and an intervention group can be compared by testing 𝐻0: 𝜆𝐶 = 𝜆𝐼. An estimate of λ
is obtained as the inverse of the mean survival time. If the median survival time, T M, is known, the hazard rate λ may
also be estimated by -ln (0.5)/TM. Sample size formulations have been considered by several investigators. One
simple formula is given by Lachin, 1981.

541

𝑁 = 2(𝑍𝛼 + 𝑍𝛽)2/ [𝑙𝑛 (𝜆𝐶/ 𝜆𝐼]2
where N is the size of the sample in each group (per arm) and Zα and Zβ are deﬁned as above.
The method just described above assumes that all participants will be followed to the event. Clinical trials with a
survival outcome are terminated at time T before all participants have had an event. For those still event-free, the
time to event is said to be censored at time T. (Lachin, 1981).
For this situation, alternative formula is:
𝑁 = (𝑍𝛼 + 𝑍𝛽)2 [𝜑(𝜆𝐶) + 𝜑(𝜆𝐼)]/ (𝜆𝐼 − 𝜆𝐶 )2
Where 𝜑(𝜆) = 𝜆2/(1 − 𝑒 − 𝜆𝑇) and where 𝜑(𝜆𝐶) 𝑜𝑟 𝜑(𝜆𝐼) are deﬁned by replacing λ with 𝜆𝐶 𝑜𝑟 𝜆𝐼, respectively.
Further models can be obtained in George & Desu, 1974 and Lachin, 1981. The methods presented have some
limitations in estimating the sample size for clinical trials. They are presented with the view that they can be used to
estimate the sample size for most of the clinical trials. The methods take into consideration so many assumptions
which raise concerns on the power of the study generated from those estimates. The event rates are based on
estimations and approximations from previous studies of the same groups or people.
This is a challenge since obtaining such information is difficult in many cases. Also the event rates evidenced in the
literature are based on small sample sizes with very low statistical power which will make the trials unethical if the
same approximations are utilized in future studies. The statistical methods above do not specify at what phase they
can be utilized, as we are aware depending with the intervention in question the clinical trial is a complex task that
has a well-defined protocol which must be adhered to. Sample sizes of clinical trials are specific and usually given a
range at each and every phase. It is imperative for any method presented for sample size estimation to address this
issues. The methods have addressed the issue of drop-in and drop-out of participants but what if a participant did not
drop-out completely i.e. if the participants miss interventions or doses within the follow-up period.
Sample size Estimation for Bioequivalence Trials
When an effective intervention for example a drug product has been established and is considered the standard,
efforts are made by researchers to develop new interventions that are less expensive, have less side effects, or have
less adverse impact on an individual’s general quality of life (Proschan, 2009). This kind of studies are common in
the field of pharmaceutical industry where a drug developed by one company may be tested against an established
and marketed drug by another company. These kind of studies or trials have positive controls or commonly known
as non-inferiority designs (Classen, 2004).
Currently, there is no statistical model for designing non-inferiority trials to demonstrate complete equivalence. It is
not statistically possible to show that there is no difference between two interventions in this kind of trials. If the
investigator finds evidence not to reject the null hypothesis is not sufficient to claim that the two interventions are
equal but a lack of adequate evidence to show they are different. (Qu & Zheng, 2003). In bioequivalence trials we
need to specify δ i.e., interventions with differences which are less than might be considered equally effective or
non-inferior. More discussion on non-inferiority trial can be obtained from (Herchuelz, 1996, Patterson & Jones,
n.d., Hauschke et al., 2007). Specification for δ is a difficult task, it is left to the experts to determine depending with
the level of tolerance. For dichotomous responses we can assume interventions to be equal to P (i.e. P=PC=PI.). The
sample size can be estimated as: 𝑁 = 2𝑃(1 − 𝑃)(𝑍𝛼 + 𝑍𝛽)2/𝛿 2
Where 𝑁, 𝑍𝛼, 𝑍𝛽,are defined as above (Makuchi and Simon, 1978)
As discussed in Friedman et al., 2015, specifying δ, is a fundamental part of the design and sample size estimations
of all equivalence and non-inferiority trials. Trials should be sufficiently large, with enough power to address
properly the questions about equivalence studies. Bioequivalence trials are complex in nature due to the importance
they carry in medical interventions. Apart from the method presented above for sample estimation other methods
have been proposed (Chow, 2011, Pharmacokinetic and bioequivalence studies, 1991, Jones & Kenward, 2003).
Usually, bioequivalence studies are conducted under cross-over designs or parallel designs with raw data or logtransformed data. Researchers have to consider intra-subject and inter-subject variation when estimating sample size
in cross-over bioequivalence trials. Parallel designs are not very complicated to implement but considerations should
be taken not to carry out a wasteful clinical trial. Another limitation is the decision by the use of either logtransformed or raw data, which one should be adopted without much assumptions and still give desired results. More
detailed discussion on sample size estimation for bioequivalence trials can be obtained from Hauschke, 2002.
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Sample size estimation for clinical trials with multiple end-points
Most clinical trials have more than one primary question and a single primary response variable. Having a single
primary question and a single primary response variable is advantageous because of its simplicity in terms of design
and even execution, but this comes in handy with numerous assumptions which sometimes reduces the efficacy of
the study. Where investigators cannot agree on which outcome is most important on judging the intervention, it
results to multiple outcomes. This is true by the fact that effects of interventions are multi-dimensional. Even though
multiple primary endpoint design is challenging, it is also advantageous since it captures more complete
characterization of the intervention effects and provide more informative intervention comparisons.
For these reasons, use of more than a single primary endpoint has become a common design in clinical trials for
disease areas like oncology, infectious diseases, cardiovascular disease and bioequivalence trials in pharmaceutical
industries. For example, a clinical trial involving participants with pulmonary embolism (Urokinase Pulmonary
Embolism Trial Study Group, 1974) employed 3 methods of determining a drug’s ability to resolve emboli. They
were; lung scanning, arteriography, and hemodynamic studies.
Estimation of sample size for such clinical trials is non-trivial. The resulting need for new approaches to the design
and analysis of clinical trials has been proposed (Dmitrienko et al., 2010; Gong et al., 2000, Hung and Wang 2009;
Offen et al., 2007). Controlling type I and type II error in clinical trials involving multiple endpoints is also nontrivial. Gordoba et al., 2010 mentioned that correlation among the multiple endpoints should be considered when
estimating sample size. Correlation in multiple endpoint trials is usually unknown and therefore must be estimated
with external data. They proposed that multiple endpoints can be treated as a single composite endpoint. This will
effectively reduce the problem to a single dimension hence simplifying the design to avoid the multiplicity issues
regarding multiple endpoints. Creation and interpretation of a composite endpoint is challenging when the treatment
effects vary across components with very different clinical importance.
Hamasaki et al. (2012) discussed the sample size estimation for trials with multiple risk ratios and odds ratios as
primary contrasts. Sozu et al. (2010, 2011) presented the overall power and sample size calculations in
bioequivalence clinical trials with co-primary binary endpoints assuming that the binary endpoints are jointly
distributed as a multivariate Bernoulli distribution. They found out that there are significant challenges in estimation
of the correlation due to the multiplicity of endpoints resulting to restrictions on the correlation. Song (2009)
discussed sample size calculations with co-primary binary endpoints in non-inferiority clinical trials, but never
mentioned anything to do with restrictions on the correlation.
Xiong et al. (2005) discussed power and sample size for clinical trials with two co-primary continuous endpoints
with the assumption that the two endpoints are bivariate normally distributed and their variance-covariance matrix is
known. Sozu et al. (2006) further discussed this and extended it to continuous endpoints with the assumption that the
variance-covariance matrix is unknown using the Wishart distribution. Sozu et al. (2011) discussed extensions to
more than two continuous endpoints for both known and unknown variances. Julious and McIntyre (2012) presented
three methods of sample size estimation of clinical trials involving multiple comparisons. Since the testing
procedure for co-primary endpoints may be conservative, the methods may result into large and impractical sample
sizes. Patel (1991), Stein et al. (2007) and Kordzakhia et al. (2010) discussed methods to control the type I error rate
in order to address some of the issues above. However, these methods can lead to smaller sample sizes which is
unethical, and other technical issues.
Sozu, Sugimoto, Hamasaki and Evans, 2015 discussed sample size determination in clinical trials with multiple
endpoints. They suggested that correlation among endpoints should be incorporated into power and sample size
estimation. However, this leads to reduction of sample size. They presented methods to calculate sample sizes for
continuous co-primary endpoints with known and unknown variances, binary co-primary endpoints and continuous
primary endpoints. They also noted that these methods were only designed to address specific scenarios of multiple
endpoints trials. Before their utilization correct assumptions must be taken to avoid difficulties. The methods
discussed did not take into consideration clinical trials with more than two interventions, clinical trials with mixed
endpoints and group sequential clinical trials. Perhaps with correct assumptions the methods can be extended to
estimate sample sizes for other clinical trial designs. These methods require considerable mathematical
sophistication and knowledge of programming techniques and this effectively limits their application in practice.
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CONCLUSIONS
Sample size estimation in clinical trials must be addressed before the start of a randomized, controlled trial. It is
crucial to know in advance the likelihood of ﬁnding valid conclusions from the population assessed. It may be
acceptable to subject a patient to a chance of a less than ideal treatment, or to the psychological stress of being a
‘subject’, if there is a chance of a valid scientiﬁc outcome, but it is unethical to conduct a study the design of which
cannot make valid conclusions. Knowledge of the requirement of sample size is necessary in the planning of a
prospective study, and such information should encourage investigators into engaging in multicenter trials. The
performance of power calculations speciﬁcally demands that the minimal effect of interest is established and calls
attention to important details which may otherwise be overlooked.
A proper design and appropriate statistical analysis are essential to validity of all quantitative clinical research. A
Type-I error is better known than a type II error and reviewers and readers are more cognizant of 𝑝-values when
authors conclude that signiﬁcant differences between groups are found. Equal scrutiny is required when authors
decide that there is no statistically signiﬁcant difference. In this age of limited resources and tight budgets,
physicians may be forced to employ cheapest methods, especially if choices are thought to be similar. It is important
to consider associations among endpoints into sample size calculation when the endpoints are correlated and the
effect sizes are approximately equal among the endpoints. In bioequivalence trials, it is important that investigators
do not erroneously label two treatments as equivalent, when it has merely been shown that the differences were not
statistically signiﬁcant. All clinical studies should be based on appropriate calculations of sample size.
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ABSTRACT
The basic reproductive number, R 0 , is the expected number of secondary infections produced by a single individual
during his or her entire infectious period, in a completely susceptible population. This concept is fundamental to the
study of epidemiology and within-host pathogen dynamics. It is often used as a threshold parameter that can predicts
whether an infection will spread or not. Since the outbreak of 2019 novel corona virus disease (COVID-19) in
Wuhan and other cities of China the growth and spread of this disease is of a growing global concern. Many studies
have been carried out and are continued to be carried to model the spread and subsequent control of the disease. In
this paper, we give a brief overview of common methods of formulating R 0 from deterministic, non-structured
models. Finally, we survey the recent use of R 0 in assessing the spread of novel corona virus.
Keywords: Mathematical Modeling of infectious Diseases, Basic Reproduction ratio, COVID-19, Pandemic
INTRODUCTION
The basic reproductive number, R0, is the expected number of secondary infections produced by a single
individual during his or her entire infectious period, in a completely susceptible population. This concept is
fundamental to the study o f epidemiology and within-host pathogen d y n a m i c s (Rong et al., 2020). It is
the most important ideas that mathematical thinking h a s brought to the theory of epidemic and a key
concept in bio-mathematics and epidemiology (H o f f m a n n et al., 2005; Yong and Owen, 2016; Rong et al.,
2020). R0 is also threshold condition used to determine whether an infectious disease will spread or not in a
completely susceptible population when disease is introduced into the population (Yong and Owen, 2016).
The basic reproduction number R0 is a significant indicator in both transmission risks and control of an
infectious disease (Rong et al., 2020). Since the magnitude of R0 allows one to determine t h e amount of effort
required either to prevent an epidemic or to eliminate an infection from a population, it is therefore,
important to estimate R 0 f o r a given disease in a particular population. Such that if one person develops
the infection and passes it on to two others, then the R0 i s said to be equal to 2. If the average R0 in the
population is greater than 1, then the infection will spread exponentially, but if R0 is less than 1, then the
infection will spread only slowly, and it will eventually die out. Therefore, the higher the value of R0, the
faster an epidemic will progress (Aronson et al., 2020).
The basic reproduction number is affected by: (i) the size of the population and the proportion of susceptible people at the start; (ii) the infectiousness of the organism; and (iii) the rate of disappearance of cases
by recovery or death, the first of which depends on the time for which an individual is infective. The larger
the population, the more people are susceptible, t h e more infective the virus and the larger the R0 w i l l
be for a given virus. The faster the rate of removal of infected individuals from the population, by recovery or
death, the smaller R0 will be for a given virus (Aronson et al., 2020). The zero in “R zero” means that R0
i s estimated when there is zero immunity in the population, even though no t everyone will necessarily be
susceptible t o infection, wh ic h is the usual assumption. Therefore, i n an epidemic with a completely new
virus, the earlier the measurements are made the nearer the calculated value is likely to be to the true
value of R0 , assuming high-quality data ( Aronson et al., 2020). In demography, R0 represents the ratio o f
total p o p u l a t i o n size from the start to the end of a generation.
So generation i n epidemic models are the waves of secondary infection that flow from each previous
infection. That is, the first generation of an epidemic is all the secondary infections that results from infectious
contact from the index case. Such that, if Ri denotes the reproduction number of ith generation, R0 is simply
the number of infection generated by index case (zero generation). Therefore, R 0 can also be defined as the
expected number of secondary cases produced by generation zero (Heesterbeek, 2002).
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As a general definition, R 0 is the expected n u m b e r o f secondary i n d i v i d u a l s p r o d u c e d b y an
individual in its lifetime. In demographics a n d ecology, R0 is taken t o mean the lifetime reproductive
success of a typical member of the species. In epidemiology, R0 i s used to show the number of individuals
infected by a single infected individual during the entire infectious period, in a population which is
entirely susceptible. For in-host dynamics, R0 gives the number of newly infected cells produced by one
infected cell during its lifetime, assuming all other cells are susceptible (Hoffmenn et al., 2005).
Therefore, from the definition of R0 , it is clear that when R0 < 1, means that each infected individual
produces, on average, less than one new infected individual, and it can be predicted that the infection will be
cleared from the population with time. If R0>1, the pathogen i s able to invade the susceptible population.
This threshold b e h a v i o r i s the most important and useful aspect of the R0 concept and the infection will
increase. Finally, wh en the R0 = 1 means that, in the absent interventions in a population without immunity,
each infected individual will infect another ( Viceconte and Petrosilla, 2020).
It is therefore important to determine which control measures, and at what magnitude would be most
effective in reducing the R0 b e l o w one, to avoid reaching the endemic equilibrium. This will provide
important guideline to the public health initiatives in order to prevent the possible blown out of the
epidemic in the susceptible population. The magnitude of R0 i s also used to gauge the risk of an epidemic or
pandemic in emerging infectious disease (Hoffmenn et al., 2005). The basic reproduction number (R0 )
should not be confused with the effective reproduction number (Re ), which is sometimes referred to as (Rt
) which is the number of people in a population who can be infected by an individual at any specific time. It
changes as the population becomes increasingly immunized, either by individual immunity following infection
or by vaccination, and also as people die. Re i s affected by the number of people with the infection, the
number of susceptible with whom infected people are in contact and people’s behaviour such as social
distancing ( Aronson et al., 2020).
The COVID-19 infection, caused by the novel coronavirus SARS-CoV-2, is a transmitted virus causing
respiratory infection and highly transmitted from person to another. It is also a contagious disease that can
be transmitted through droplets, aerosols, and contact and the symptoms of COVID-19 infection appear after
approximately 2 to 5 days also referred to as incubation period, which ranges from most common symptoms
(fever, sore throat, cough, and fatigue) to variable ones (loss of smell, sputum production, headache,
haemoptysis, diarrhoea, dyspnoea, and lymphopenia) . In severe cases, infected cases may develop
pneumonia, b r o n c h i t i s , severe acute r e s p ir a to r y distress s y n d r o m e ( ARDS), m u l t i -organ failure,
and death ( Rahmanet al., 2020).
The first case of novel corona virus was detected i n the city of Wuhan China the capital of Hubei province
on December 31, 2019. After developing the pneumonia w i t h o u t a clear case and for which the available
vaccine and treatment were found to be ineffective. Currently, the disease has spread globally with the
reported case at about and deaths about as at 5th July 2020. Initially, WHO estimated the basic reproduction
number for COVID-19 to range between 1.4 and 2.5, as declared in the statement regarding the outbreak of
SARS-CoV-2, dated 23th January 2020 (WHO, 2019). Additionally, many studies a i m to precisely estimate
t h e COVID-19 R 0 . A recent review articles have estimated the R 0 for COVID-19, to range between 1.5 and
6.68 (Viceconte and Petrosilla, 2020; Liuet al., 2020). This paper givse an overview of the current methods
used in the derivation of R0 a n d assess the use of R0 in the newly emerging novel corona virus. Further,
we seek to determine t o what extent has estimation of R0 i n f o r m e d public health policy measures.
DERIVATION AND METHODS OF CALCULATING R0
Jones (2007) in his study reported that it was important to note that R0 is a dimensionless number a nd
not a rate, which would otherwise have units of time -1 . Therefore, R0 can be approximated as:
𝐼𝑛𝑓𝑒𝑐𝑡𝑒𝑑 𝐶𝑜𝑛𝑡𝑎𝑐𝑡
𝑇𝑖𝑚𝑒
𝑅0 =
×
×
𝐶𝑜𝑛𝑡𝑎𝑐𝑡
𝑇𝑖𝑚𝑒
𝐼𝑛𝑓𝑒𝑐𝑡𝑒𝑑
such that: 𝑅0 = 𝜏𝑐𝑑
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Where τ is the transmissibility i.e., the probability of infection given contact between a susceptible and
infected individual, 𝑐 is the average rate of contact between susceptible and infected individuals and 𝑑 is the
duration of infectiousness. From the above formula using a simple model of SIR (susceptible-infectedremoved) model with assumptions that: constant population size exist, constant rates of transmission or
removal, no demography i.e., no death and birth within the population and the population is considered to be
well-mixed. Considering the SIR model:
𝑑𝑠
= 𝛽𝑆𝐼
𝑑𝑡
𝑑𝐼
= 𝛽𝑆𝐼 − 𝜈𝐼
𝑑𝑡
𝑑𝑅
=𝜈
𝑑𝑡
Where β = τ ċ and is known as the effective contact rate, v is the removal rate. It means that the expected
duration of infection is simply the inverse of the removal rate: d = v −1 . Since the epidemic occurs if the
number of infected individuals i n c r e a s e s that is when dI > 0 so that:
dt
𝛽𝑆𝐼 − 𝜈𝐼 > 0
and
𝛽𝑆 > 𝐼
𝛽𝑆
>𝐼
𝜈
At the onset of an epidemic, nearly everyone is susceptible, therefore it can be said that S ≈ 1. Substituting
for S, yields
𝛽
= 𝑅𝑜 > 1
𝜈
Since beta = τ ċ and d = v −1 , then the expression of R0 can be given.
∞
𝑅0 = ∫0 𝑏(𝑎)𝐹(𝑎)𝑑(𝑎)
In this method it is straight forward to handle situations in which infectivity depends on time since infection,
or other transmission probabilities between states vary with time. The method can also be extended to
describe models in which a series of states of are involved in the reproduction of infected individuals. This
derivative beco mes increasingly cumbersome as when this method is extended to infection cycles involving
three or more generations. Jones (2007) reported next generation matrix method of finding the R0 u s i n g
intuitive approach: assuming that a system has a multiple d i s c r e t e type of infected individuals. Then, the
next generation matrix can be defined as the square matrix G in which the i, jth element of G is the
expected number of secondary infections of type i caused by a single infected individual of type j again
assuming that the population of type i is entirely susceptible. That is each element of the matrix G is a
production number. Then t h e basic reproduction number R 0 c a n be given by the spectral radius of G
which is the dominant eigenvalue of G. To illustrate this, consider a two classes of infected individual. The
next generation m a t r i x i s :
𝑎 𝑏
𝐺=⌈
⌉ (6) and the eigenvalues of G is given as:
𝑐 𝑑
𝑇

𝑇 2

2

2

𝜆±= ± √( ) − (𝐷) (7)
Where: T = a + d is the trace of the matrix G and D = ad − bc is the determinant of the matrix G. Suppose
sexually transmitted disease is introduced into a completely heterosexual population. Such that f is the
expected number of infected women and m expected number of infected men given contact with a single
infected member of the opposite sex in a completely susceptible population. Then, the next generation matrix i s
given as:
0 𝑓
𝐺=[
] (8) and R0 would thus be √𝑚𝑓
𝑚 0
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Van den Driessche and Watmough (2002) introduced a more formal of next generation m e t h o d t o derive
R0 i n situations where the population is divided into discrete classes, disjoint classes. The next generation
operator can thus be used for models with underlying age structure or spatial structure, among other
possibilities In this method the R0 is defined as the spectral radius of the next generation matrix. The formation
of the matrix involves determining two compartments, infected and non-infected from the model. To find the
R0 using next generation matrix van den Driessche and Watmough (2002) applied the following approach: Let
n be the compartments in which m are infected, such that the vector x̄ = xi , i = 1, . . . n where xi denotes
the number of individuals in the ith compartment. Let Fi(x) be rate of appearance of new infections
in compartment i and Vi(x)=Vi-(x)- Vi+(x), where Vi+(x) is the rate if transfer of individuals
into compartment i all other means and V i-(x) is the rate of transfer of individual out of the
ith compartment, then the next generation matrix is given by FV -1 from the matrix of partial
derivatives of Fi and Vi.
𝜕𝐹𝑖 (𝑥0 )

𝜕𝑉(𝑥0 )

𝜕𝑥𝑗

𝜕𝑥𝑗

From the next generation matrix G; Let 𝐹 = (

) and 𝑉 = (

) . Where x0 is the disease free equilibrium

state. Then R0 is the dominant eigenvalue of matrix G=FV. As an example, consider a SEIR epidemic model with
four compartments:
𝑑𝑠
= −𝛽𝑆𝐼 + 𝜆 − 𝜈𝑆
𝑑𝑡
𝑑𝐸
= 𝛽𝑆𝐼 − (𝜈 + 𝑘)𝐸
𝑑𝑡
𝑑𝐼
= 𝑘𝐸 − (𝑟 + 𝜈)𝐼,
𝑑𝑡
𝑑𝑅
= 𝜈𝐼 − 𝜈𝑅,
𝑑𝑡
Where β is the effective contact ratio, λ is the birth rate of susceptible, ν is the mortality rate, κ is the
progression rate from exposed to infected and γ is the removal rate.
The next generation matrix c an be calculated by identifying V and F such that:
𝛽𝜆 0
𝐹=(
) and
0 0
0
𝑘+𝜈
𝑉=(
)
𝑟+𝜈
−𝜅
Then R 0 is the leading eigenvalues of the matrix F V −1 given as:
𝜅𝛽𝜆
𝑅𝑜 =
𝜈(𝜅 + 𝜈)(𝛾 + 𝜈)
Diekmann and Heesterbeek, (2005) used the the Jacobian method to find the predictive threshold parameter. The Jacobian method is widely applied in most of the systems of ordinary differential equations, the
predictive parameter is derived from the conditions that all of the eigenvalues of the Jacobian which have
negative real parts, using the characteristics polynomials together with the Routh- Hurwitz stability conditions.
The Jacobian method allows one to derive a parameter that reflects the stability of the disease free
equilibrium. However, the predictive parameter obtained through this method may not be biologically meaning
full value for R0. Hofferman et al., (2005) therefore, suggested that if this threshold parameter does not have
the same biological interpretation as the dominant eigenvalue of the next generation matrix, then it should
not be called the basic reproductive ratio, nor denoted R0 .
The basic reproduction number as threshold criteria can also be derived from a condition based on parameter
values such that when the condition holds, the endemic equilibrium exists, but when the condition is false,
only the disease-free equilibrium exists. Referred mathematically as the transcritical bifurcation, such that at
parameter value the condition switches from being false to true at parameter values which give R0 = 1
(Hofferman et al., 2005). Outbreaks of infectious periods are brief, but continue over the course of the
patients’ l i f e t i m e , with the virus quiescent at other times. This makes calculating R0 = 1 from other
methods quite complicated.

550

Diekmann and Heesterbeek (2000) & Hethcote (2000) calculated the basic reproduction number from the final
size equation applicable to closed population, where the infection leads either to immunity or death. Here,
the number of susceptibles can only decrease and the R0 can be estimated as:
𝑙𝑛𝑆∞
𝑅𝑜 = ∞
𝑆 −1
This estimate h o l d s when the disease itself does not interfere with contact process or where contact
intensity is proportional to population density.
Nowak et al. (1997) and Lloyd (2001a) in their study estimated R0 from the intrinsic growth rate of the infected
population often denoted as r0 . From the standard models of viral dynamics, the standard relationship
between R0 and r0 is
(𝑟𝑜 + 𝑎 + 𝜈)
𝑅𝑜 = 1 +
𝑎𝑢
Where a is the death rate of the infected cells and ν is the clearance rate of the virions. If r0 + a << ν then, the
relation approaches
𝑟𝑜
𝑅𝑜 = 1 +
𝑎
This method proves useful since r0 can be readily estimated from viral load data for in-host models and
from incidence data in epidemiology..
RECENT USE O F R0 IN THE S T U D Y OF NOVEL CORONAVIRUS
Okhueso, (2020) conducted a study on a mathematical prediction for Covid-19 as global pandemic when the
infected population were quarantined with observatory procedures. In the study, t h e basic reproduction
number wa s found to be −0.009505 < 1. This shows that there were 99% chances of secondary infection
when an infected population interact by contact with the susceptible population. The study concluded that
to attain a disease-free equilibrium there should be a dedicated effort from government, decision makers
and stakeholders, Otherwise, the world would hardly get reed of the COVID-19 coronavirus and further spread
is eminent.
Mwalili et al. (2020) modified susceptible-exposed infectious-recovered ( SEIR) compartmental mathematical model for prediction o f COVID-19 epidemic dynamics incorporating pathogen i n the environment and
social distancing. The next generation matrix approach was used to determine the basic reproduction
number (R0 ). The model equations ar e solved numerically using fourth and fifth order Runge Kutta
methods. In the study, the basic reproduction number was found to be 2.03, implying that the pandemic
will persist in the human p o p u l a t i o n absent strong control measures. Results after simulating v a r i o u s
scenarios indicate that disregarding s o c i a l distancing a n d hygiene measures can have devastating effects
on the human population. The model shows that quarantine of contacts a n d isolation of cases can help
halt the spread of novel coronavirus.
Maugeri et al. (2020) modeled the novel coronavirus ( SARS-Cov-2) o u t b r e a k in Sicily. Italy. Incorporating
travel restrictions, quarantine and contact precaution as methods used to control the spread of the
epidemic. The model a Susceptible-Exposed-Infectious-Recovered-Dead (SEIRD) model to assess SARSCoV-2 transmission dynamics, working on the number of reported patients in intensive care unit (ICU) and
deaths in Sicily (Italy), from 24 February to 13 April. Overall, we obtained a good fit between estimated and
reported data, with a small fraction of unreported SARS-CoV-2 cases (19.5%; 95%CI=0%-34.7%) before 10
March lockdown. Interestingly, we estimated that the first set of restrictions reduced transmis- sion rate in
the community by 42% (95%CI=38%-46%), and that more stringent measures adopted on 23 March
succeeded to drastically curb the transmission rate by 84% (95%CI=80%-88%). They reported that there
estimates d e l i n e a t e d t h e characteristics of SARS-CoV2 epidemic before restrictions taking into account
unreported data. Further modeling after the adoption o f control measures , mo r e o v e r , indicated that
restrictions reduced SARS-CoV2 transmission considerably.
Shaikh et al. (2020) developed a mathematical model of covid-19 using fractional derivative: outbreak in
India with the dynamics of transmission and control In the study, a Bats-Hosts-Reservoir-People trans- mission
fractional-order COVID-19 model for simulating the potential transmission by incorporating of individual
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social response and control measures by the government. The basic reproduction number R 0 was determined
using the next generation m a t r i x a n d was found to be 2002283. The study found that in the absence of
some treatment, vaccine, preventive measures to reduce the spread of the virus such as social distancing,
decreasing number of contacts of susceptible population, mitigation, containment and suppres- sion against
the infection recommending self-quarantine of entire populations living in affected areas are crucial with the
participation of the public, along with the policy of reducing the transmission period by finding and isolating
patients as quickly as possible through efforts by the quarantine authorities would benefit at large towards
control of COVID-19.
Rong et al. (2020) investigated the effect of delay diagnosis on transmission of Covid-19 using a dynamical
model. The basic reproduction number was estimated based on the data of reported cases using next
generation matrix method. Sensitivity analyses and numerical simulations of the model revealed that, improving the proportion of timely diagnosis and shortening the waiting time for diagnosis can not eliminate
COVID-19 but can effectively decrease the basic reproduction number, significantly reduce the transmis- sion
risk, and effectively prevent the endemic of COVID-19, e.g., shorten the peak time and reduce the peak value
of new confirmed cases and new infection, decrease the cumulative number of confirmed cases and total
infection. More rigorous prevention measures and better treatment of patients are needed to control its
further spread, e.g., increasing available hospital beds, shortening the period from symptom onset to isolation of
patients, quarantining and isolating the suspected cases as well as all confirmed patients.
Anastassopoulou et al. (2020) conducted a study on data based analysis, modeling and forecasting of the
COVID-19 outbreak, between January 11th to February 10, 2020. On the basis of a Susceptible InfectiousRecovered-Dead (SIDR) model, the study estimated the basic reproduction number (R0 ), the per day
infection mortality and recovery rates. By calibrating the parameters of the SIRD model to the reported data,
the study attempted to forecast the evolution of the outbreak at the epicenter three weeks ahead, until
February 29, 2020. In the study, the number of infected individuals, especially of those with asymptomatic
or mild courses, was suspected to be much higher than the official numbers, which could be considered only as
a subset of the actual numbers of infected and recovered cases in the total population. They repeated the
calculations under a second scenario that considers twenty times the number of con- firmed infected cases and
forty times the number of recovered, leaving the number of deaths unchanged. Based on the reported data, the
expected value of R0 as computed considering the period from the 11th of January until the 18th of January
2020, using the official counts of confirmed cases was found to be 4.6, while the one computed under the
second scenario was found to be 3.2. Thus, b a s e d on the SIRD simulations, the estimated average value of
R0 was found to be 2.6 based on confirmed cases and 2.0 based on the second scenario.
Wang and Yang, (2020) proposed a mathematical model for the novel coronavirus epidemic in Wuhan ,China.
The model described multiple t r a n s m i s s i o n pathways in the infection dynamics, a n d emphasized the role
of the environmental reservoir in the transmission and spread of COVID-19. Based on the parameter value
the basic reproduction number ( R0 ) w a s estimated to 4.25. They reported that based on the current
development of COVID-19 it is still being speculated t h a t the disease would persist in the human world and
become endemic. Therefore, vaccines for the novel corona virus could play an important role in curbing the
spread of this virus.
Ivorra et al. (2020) developed a mathematical model for the spread of the corona virus disease 2019. The
model takes into account the known characteristics of the disease, existence of infectious cases, different
sanitary and infectious conditions of hospitalized people. The model also considered the need of beds in
hospitals. In the study, the value of the basic reproduction number (R0 ) for covid-19 was found to be 4.225.
The study reported that the effective reproduction number decreases, mainly due to the application of control
measures, and reached vales lower than 1 after February 2020. They concluded that the magnitude of the
epidemic could be drastically reduced when increasing the percentage o f detection o f covid-19 cases.
Liu et al. (2020) developed a mathematical model which covers the data of reported case s , the number of
unreported cases for the Covid-19 epidemic in Wuhan China. The model sought to answer fundamental
issues regarding the epidemic: How will the epidemic evolve with respect to reported cases and unreported
cases? How will the number o f unreported cases influence the severity of the epidemic? how will public
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health measures such as isolation quarantine, and public closing, mitigate the final size of the epidemic? In the
study the basic reproduction number was determined using generation matrix method and was found to be
4.13. They concluded that public health measures, such as isolation quarantine and public closings greatly
reduce the size of the epidemic, and make the turning point much earlier than without these measures. They also
reported that the number of unreported cases greatly affect the value of (R0 ).
Liu et al. (2020) further conducted a review on the basic reproduction number of Covid-19 virus by comparing
12 published articles from January 1, 2020 to February 7, 2020 and they reported that the mean and the
median estimates for R0 were 3.38 and 2.79 respectively which exceed WHO estimates from 1.4 to 2.5. They
further reported that, studies using stochastic and statistical methods for deriving R0 reported estimates
that are reasonably comparable. However, the studies u s i n g mathematical methods produce estimates t hat
were, on average, higher. Some of the mathematically derived estimates fal l within the range produced the
statistical and stochastic estimates. They concluded that it was important to further assess the reason for
the higher R0 values estimated by some the mathematical studies.
CONCLUSION
Basic reproduction number of COVID-19 is important parameter during a pandemic which is used to
estimate the risk of COVID-19 outbreak and evaluate the effectiveness of implemented measures. Many studies
ha v e shown that R0 of COVID-19 depends on many factors. In light of this, i t is important to
thoroughly understand transmission dynamics and implement effective prevention and control programs as
well as early diagnosis and timely treatment. It is also crucial and important to establish a joint strategies
involving prevention, control, a n d m e d i c a l treatment . The s t r a t e g i e s should b e systematic, scientific,
normative, and works perfectly in understanding of COVID-19. To control the spread of this disease it will
be highly useful to take care of especially personal hygiene individually, apply social isolation, strengthen the
immune system by natural and healthy nutrition, socially support social isolation, scan those with symptoms
of COVID-19 infection by laboratory tests and take care especially for those who are at older ages. Finally,
current estimates o f R0 f o r COVID-19 might be biased due to constant change of parameters during the
pandemic and accurate a s s u m p t i o n s introduced. Consequently, more reliable R0 as more data and
information come to light about the COVID-19 will be realised.
FUTURE PROSPECT
More studies are still needed on the spread and mitigation strategies of COVID-19, in order to bring more
insight on the policy formulation and control measures. Modeling effort should b e expanded t o include
temporal a n d spatial scale. Finally, validating key modeling assumptions, connecting models with realistic
data, tailoring models to practical needs, and leveraging the support from other analytical and computational
techniques is required.
CONFLICT OF INTEREST
No conflict of interest
ACKNOWLEDGEMENT
We thanks t h e administrative staff in the department of physical science of Chuka University f o r their
hospitality and assistance in matters related to our research work.
REFERENCES
[1] Alimohamadi, Y., Taghdir, M., & Sepandi, M. (2020). The estimate o f the basic reproduction number
for novel coronavirus disease (COVID-19): a systematic review and meta-analysis. Journal of Preventive
Medicine and Public Health.
[2] Anastassopoulou, C., Russo, L., Tsakris, A., & Siettos, C. (2020). Data-based analysis, modelling and
forecasting of the COVID-19 outbreak. PloS one, 15(3), e0230405.
[3] Aronson, J. K., Brassey, J., & Mahtani, K. R. (2020). When will it be over?”: An introduction to viral
reproduction numbers, R0 and Re. The Centre for Evidence-Based Medicine develops, promote.
[4] Dietz, K. (1993). The estimation of the basic reproduction number for infectious diseases. Statistical
methods in medical research, 2(1), 23-41.
[5] Diekmann, O. & Heesterbeek, J. A. P. (2000) Mathematical epidemiology of infectious diseases: model

553

building, analysis and interpretation. New York: Wiley
[6] Jones, J. H. (2007). Notes on R0 . California: Department of Anthropological Sciences, 323, 1-19.
[7] Heesterbeek, J. A. P. (2002) A brief history of R0 and a recipe for its calculation. Acta Biotheret. 50,
189–204.
[8] Hethcote, H. W. (2000) The mathematics of infectious diseases. SIAM Rev. 42, 599–653.
[9] Heesterbeek, J. A. P., & Dietz, K. (1996). The concept of R0 in epidemic theory. Statistica Neerlandica,
50(1), 89-110.
[10] Heffernan, J. M., Smith, R. J., & Wahl, L. M. (2005). Perspectives on the basic reproductive ratio.
Journal of the Royal Society Interface, 2(4), 281-293.
[11] Ivorra, B., Ferrández, M. R., Vela-Pérez, M., & Ramos, A. M. (2020). Mathematical modeling of the
spread of the coronavirus disease 2019 (COVID-19) taking into account the undetected infections. The
case of China. Communications in nonlinear science and numerical simulation, 105303.
[12] Liu, Z., Magal, P., Seydi, O., & Webb, G. (2020). Understanding unreported cases in the COVID-19
epidemic outbreak in Wuhan, China, and the importance of major public health interventions. Biology,
9(3), 50.
[13] Liu, Y., Gayle, A. A., Wilder-Smith, A., & Rocklöv, J. (2020). The reproductive number of COVID-19
is higher compared to SARS coronavirus. Journal of travel medicine.
[14] Lloyd, A. L. (2001). The dependence of viral parameter estimates on the assumed viral life cycle:
limitations of studies of viral load data. Proceedings of the Royal Society of London. Series B: Biological
Sciences, 268(1469), 847-854.
[15] Maugeri, A., Barchitta, M., Battiato, S., & Agodi, A. (2020). Modeling the Novel Coronavirus (SARSCoV-2) Outbreak in Sicily, Italy.
[16] Mwalili, S., Kimanthi, M., Ojiambo, V., Gathungu, D., & Mbogo, R. W. (2020). SEIR model for
COVID-19 dynamics incorporating the environment and social distancing.
[17] Nowak, M. A., Lloyd, A. L., Vasquez, G. M., Wiltrout, T. A., Wahl, L. M., Bischofberger, N.,
. & Lifson, J. D. (1997). Viral dynamics of primary viremia and antiretroviral therapy in simian
immunodeficiency virus infection. Journal of virology, 71(10), 7518-7525.
[18] Rahman, B., Aziz, I. A., Khdhr, F. W., & Mahmood, D. F. Preliminary Estimation of the Basic
Reproduction Number of SARS-CoV-2 in the Middle East.
[19] Rong, X., Yang, L., Chu, H., & Fan, M. (2020). Effect of delay in diagnosis on transmission of
COVID-19. Mathematical Biosciences and Engineering, 17(3), 2725-2740.
[20] Shaikh, A. S., Shaikh, I. N., & Nisar, K. S. (2020). A mathematical model of covid-19 using fractional
derivative: Outbreak in india with dynamics of transmission and control.
[21] van den Driessche, P. & Watmough, J. 2002 Reproduction numbers and sub-threshold endemic equilibria for compartmental models of disease transmission. Math. Biosci. 180, 29–48.
[22] Victor, A. (2020). Mathematical predictions for COVID-19 as a global pandemic. Available at SSRN
3555879.
[23] Viceconte, G., & Petrosillo, N. (2020). COVID-19 R0 : Magic number or conundrum?. Infectious disease
reports, 12(1).
[24] World Health Organization. (2005). Statement on the Second Meeting of the International Health
Regulations. Emergency Committee regarding the outbreak of novel coronavirus (2019-nCoV); 2005. In
URL: https://www. who. int/news-room/detail/30-01-2020-statement-onthe-second-meeting-of-theinternational-health-regulations.

554

SELECTION OF OPTIMAL FEATURES IN STATISTICAL MODELLING
Gachoki, P.K., Njoroge, G.G.1 and Muraya, M.M.2
Department of Physical Sciences, Chuka University, P.O Box 109-60400, Chuka, Kenya
2
Department of Plant Science, Chuka University, P.O Box 109-60400, Chuka, Kenya
Corresponding author email: pkgachoki@gmail.com

1

ABSTRACT
In statistical modelling, selection of optimal features entails making a selection of relevant predictor variables to be
used in development of statistical models. Most modelling studies have focused on construction of statistical models
skipping out or failing to put on record the process of selection of best features which is an integral part of statistical
modeling. This failure might lead to use of duplicated features, features that are less relevant or other that have low
variance in addition to random features which could result to poor performing prediction models. This study seeks to
discuss how feature selection can be done as a pre-requisite for statistical modeling. Some of the methods used in
selection of best features include; forward selection, backward elimination, recursive elimination, entropy selection,
variance threshold elimination, chi-square statistics, tree based selection, feature importance and correlation matrix
with heat maps. This study is vital to researchers building statistical models since use of optimal features in
statistical modeling would lead to high performing statistical models.
Keywords: Feature selection, forward selection, feature importance, correlation matrix with heatmaps
INTRODUCTION
In development of statistical models, features selection entails various objectives. First is obtaining a minimal subset
of features that is useful and enough to the concept being targeted (Wang & Liu, 2016). Further it entails selection of
a subset of features that can produce an optimum criterion function when compared with all the subsets of the
available data. Selection of best features aims at attaining improved prediction accuracy. In addition, feature
selection can also aim at getting a reduced structure of the data without a significant decrease in prediction accuracy
of the algorithm developed using the optimal selected features (Jovic & Bogunovic, 2015).
Feature selection has continued to be one of the usually skipped steps during development of statistical models
(Ramaswami & Bhaskaran, 2009). This process is very vital especially where the data sets involved comprise of
many features. The selection of best features can help in dropping out features what are redundant of some that
could be highly correlated. The redundancy and correlation could affect the prediction accuracy of the prediction
models. This study sought to investigate whether several feature selection methods would help to improve the
accuracies of the prediction models (Shardlow, 2016).
Some of the statistical techniques that can be used in feature selection are forward selection, backward elimination,
recursive feature elimination, univariate selection, and feature importance and correlation matrix with heatmaps
(Venkatesh & Anuradha, 2019). Forward selection is an iterative procedure which starts with having no feature in
the model. In each iteration, a feature is added that improves the model till an addition of a new feature does not
improve the performance of the model. For backward elimination, the starting point is a model with all the features
(Miao & Niu, 2016). In each iteration, the least significant feature is removed until no improvement is observed.
Recursive feature elimination is a greedy otimization algorithm which aims to find the best perfoming feature at
each iteration. The algorithm constructs the next model with the features until all the features are exhausted. The
features are then ranked based on their order of elimination. However, forward selection, backward eliminination
and recursive feature elimination works well with small data sets (Venkatesh & Anuradha, 2019). For big data, the
selection process would be very slow. This necessitates the use of more robust feature selection methods.
Such techniques include; univariate selection, and feature importance and correlation matrix with heatmaps
(Duchesnay & Löfstedt, 2018). The general idea underlying these methods is creation of a lot of subsets from the
data each time giving the model accuracy. These methods are easy to use and also yield good results. In univariate
selection statistical tests can be used to select features that have the strongest relationship with the output variable.
This involves selection of the 𝑘 best class that can be used with a suite of different statistical tests to select a specific
number of features. For-instance, chisquare statistical tests for non-negative features can be used to select the best 10
features for a certain problem (Duchesnay & Löfstedt, 2018).
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Addressing the problem of feature selection in a large data set can also be done using the features importance. This
is where the feature importance of each feature in the dataset is obtained using the feature importance property of the
model (Helwig, 2017). Feature importance gives a score for each feature of the data. The higher the score the more
the importance or the feature is towards the output variable.
Generally, feature importance is an inbuilt class that comes with tree based classifiers. the other method is
correlation matrix with heat maps. Correlation states how features are related to each other or the target variable.
This correlation is positive if increase in one value of the feature increases the value of the target variable and
negative if increase in one value of the feature decreases the value of the target variable (Helwig, 2017).
The objective was achieved by obtaining data with over 32 features and fitting a logistic regression model leaving
out feature selection step. The data was then subjected to several feature selection techniques and then refitting the
logistic regression model with the reduced data. The feature selection methods applied included; forward selection,
backward elimination, recursive feature elimination and entropy feature selection technique. The logistic model was
used because the response variable in the data was a binary classification problem. The results showed that features
selection produced models with better prediction accuracies when compared with when the process was left out.
METHODOLOGY
The data was obtained the Kaggle website. The response variable was a binary classification of benign and
malignant cancer tumors. The data had about 32 explanatory variables. The process of data analysis involved fitting
a logistic regression model skipping out the process of feature selection at first.
The prediction accuracy of this model was compared to similar models fitted after subjecting the data to various
feature selection techniques. The feature selection methods used were; forward selection, backward elimination,
recursive feature elimination and entropy feature selection methods.
Models validation was by using the training and the testing data set. The training data set was 70% of the data and
30% formed the testing sets. Models comparison was done based on the prediction accuracies of the model on the
classification problem.
Forward Selection
In the forward selection method, the software looks at all the predictor variables selected and picks the one that
predicts the most on the dependent measure (Haque et al., 2018). That variable is added to the model. This is
repeated with the variable that then predicts the most on the dependent measure. This little procedure continues until
adding predictors does not add anything to the prediction model anymore.
Backward Selection
In the backward selection, all the predictor variables chosen are added into the model. Then, the variables that do not
(significantly) predict anything on the dependent measure are removed from the model one by one (Haque et al.,
2018). The backward method is the preferred method, because the forward method produces so-called suppressor
effects. These suppressor effects occur when predictors are significant when another predictor is held constant.
Recursive Feaure Elimination
This method aims at obtaining a subset of features that yields the best performing model. The method creates models
iteratively keeping aside the best and worst performing features after each iteration. Next models are fitted with the
remaining features until all the features are exhausted. The ranking of the features is then done based on the order in
which they were eliminated.
Entropy Feature Selection
Entropy feature selection is also called mutual information (Glinka et al., 2017). This is a basic method that
measures how much knowledge between two attributes are correlated. Mathematically, it is defined as;
Consider the high dimensional data D = N*M,
where M is the number of feature and N is the number of the instances.
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Let x and y be two random features or variables, p(x) and p(y) be their probability density functions and p(x, y) be
their joint probability density function (Singh et al., 2014). Then their mutual information (MI) can be defined as;
𝑝(𝑥,𝑦)
MI(X,Y) = ∑𝑥 ∑𝑦 𝑝(𝑥, 𝑦)𝑙𝑜𝑔
𝑝(𝑥)𝑝(𝑦)

Using the entropy and mutual information the problem can be solved in different ways which are as follows;
Let H(X) denote Shannon’s entropy of X, then;
H(x) = -∫ 𝑝(𝑥) log(𝑝(𝑥)) 𝑑𝑥
The entropy is related to mutual information as follows:
MI(X,Y) = H(X) – H(X,Y)
HI(X,Y) = H(X,Y) – H(X/Y) – H(Y/X)
As a feature selection criterion, the best feature will maximize the mutual information MI(X, Y), where X is the
feature vector and Y is the class indicator.
Models Evaluation and Comparison

Models fitted in this study were evaluated on their performance based on the following criteria;
∑ True positive+∑ True Negative
Accuracy =
∑ Total Population
∑ True positive

Sensitivity = ∑ Condition positive
∑ True Negative

Specificity = ∑ Condition Negative
Prevalence =

∑ Condition positive
∑ Total Population
∑ True positive

Positive Predicted Value (Precision) = ∑ Predicted Condition Positive
∑ True Negative

Negative Predicted Value = ∑ Predicted Condition Negative
True Positive

True Positive

Precision= True positive+false positive = Total Predicted Positive
True Positive

True positive

Recall = True Positive+False Negative = Actual Positive
𝐹1 score = 2*

Precision∗Recall
Precision+Recall

RESULTS AND DISCUSSION
Pleriminary Analysis
The preliminary analysis involved generation of descriptive statistics such as the means, standard deviations,
maximums and minimums (Table 1). The results showed that the average radius mean of the tumors was 14.1273
units. The average of the perimeter means of the tumors was 91.969 units. The average of the variable fractal
dimension mean was .0627976 units. The mean of the variable smoothness_se was 2.86606 units. The standard
deviations of the variables were less than the means. This was a sign of homogeneity among the data values for the
various variables. The means for the other variables are as presented in Table 1.
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Table 1: Descriptive Statistics

radius_mean
texture_mean
perimeter_mean
area_mean
smoothness_mean
compactness_mean
concavity_mean
concave points_mean
symmetry_mean
fractal_dimension_mean
radius_se
texture_se
perimeter_se
area_se
smoothness_se
compactness_se
concavity_se
concave points_se
symmetry_se
fractal_dimension_se
radius_worst
texture_worst
perimeter_worst
area_worst
smoothness_worst
compactness_worst
concavity_worst
concave points_worst
symmetry_worst
fractal_dimension_worst
Valid N (listwise)

N
Statistic
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569
569

Minimum
Statistic
6.98
9.71
43.8
144
.0526
.0194
.0000
.0000
.1060
.04996
.112
.3602
.757
6.8
.001713
.00225
.00000
.00000
.00788
.000895
7.93
12.02
50.4
185
.0712
.0273
.0000
.0000
.1565
.0550

Maximum
Statistic
28.11
39.28
188.5
2501
.1634
.3454
.4268
.2012
.3040
.09744
2.873
4.8850
21.980
542.2
.031130
.13540
.39600
.05279
.07895
.029840
36.04
49.54
251.2
4254
.2226
1.0580
1.2520
.2910
.6638
.2075

Mean
Statistic
14.1273
19.2896
91.969
654.89
.096360
.104341
.088799
.048919
.181162
.0627976
.40517
1.216853
2.86606
40.337
.00704098
.0254781
.0318937
.0117961
.0205423
.00379490
16.2692
25.6772
107.261
880.58
.132369
.254265
.272188
.114606
.290076
.083946

Std. Deviation
Statistic
3.52405
4.30104
24.2990
351.914
.0140641
.0528128
.0797198
.0388028
.0274143
.00706036
.277313
.5516484
2.021855
45.4910
.003002518
.01790818
.03018606
.00617029
.00826637
.002646071
4.83324
6.14626
33.6025
569.357
.0228324
.1573365
.2086243
.0657323
.0618675
.0180613

Feature Selection
Feature Selection by Recursive Feature Elimination (RFE)
The process of selecting variables using Recursive Feature Elimination (RFE) is as shown in Table 2. When four
best features were selected using RFE, the prediction accuracy of the fitted model was 90.80%. When the best eight
features were selected using RFE, the prediction accuracy was 93.97%. After selection of the best sixteen features,
the prediction accuracy improved to 94.82%. When thirty best features were selected using RFE, the prediction
accuracy of the fitted model was 94.02%. Therefore, the optimal number of features as selected using RFE was
sixteen. The top 5 variables (out of 16) as selected using Recursive Feature Elimination (RFE) were;
perimeter_worst, concave_points_worst, area_worst, radius_worst, and concave_points_mean. The list of the
selected of the selected features using RFE based on their importance is presented in Table 3.
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Table 2: Variable Selection by Recursive Feature Elimination (RFE)
Variables
Accuracy
Kappa
AccuracySD
4
0.9080
0.8044
0.03563
8
0.9397
0.8715
0.03133
16
0.9482
0.8900
0.03104
30
0.9402
0.8725
0.03295

KappaSD
0.07491
0.06639
0.06576
0.07047

Selected

*

Table 3: Features selected using Recursive Feature Elimination (RFE) based on their importance
[1] "perimeter_worst"
[2]"concave_points_worst"
[3] "area_worst"
[4] "radius_worst"
[5] "concave_points_mean"
[6] "area_se"
[7] "texture_worst"
[8] "concavity_worst"
[9] "texture_mean"
[10] "concavity_mean"
[11] "area_mean"
[12] "radius_se"
[13] "smoothness_worst"
[14] "perimeter_mean"
[15] "perimeter_se"
[16] "radius_mean"
Selection of Features by Backward Selection
The process of selection of features by backward selection was similar to the RFE. From backward selection, the
optimal number of features was eighteen (Table 4). This was two features more than what had been selected using
RFE. The list of the features selected using backward selection is presented in Table 5.
Table 4: Number of features selected by backward selection
Samples
Predictors selected
398
18

Classes
2

Table 5: Features Selected by Backward Selection based on their importance
DF Deviance
AIC
<none>
0.00
38.00
perimeter_mean
1
22.05
58.05
compactness_worst
1
23.08
59.08
concavity_mean
1
25.78
61.78
radius_mean
1
26.20
62.20
concavity_se
1
28.18
64.18
symmetry_mean
1
28.24
64.24
compactness_se
1
33.27
69.27
concave_points_se
1
34.41
70.41
fractal_dimension_worst
1
34.77
70.77
symmetry_se
1
36.59
72.59
concave_points_mean
1
37.00
73.00
fractal_dimension_se
1
38.01
74.01
symmetry_worst
1
38.94
74.94
radius_worst
1
39.52
75.52
compactness_mean
1
41.26
77.26
area_se
1
42.74
78.74
texture_mean
1
44.61
80.61
perimeter_worst
1
1081.31
1117.31
Selection of Features by Entropy Selection
When the entropy selection was used, twenty five features were selected from the data (Table 6). The selected
features were listed based on their importance in Table 7. The features were then used to fit models so that
comparison can be with models fitted using features selected using other methods.
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Table 6: Number of features selection by entropy selection
Samples
Predictors selected
398
25

Classes
2

Model Fitting
Logistic Regression Model with all the Features
The results in Table 9 is the logistic regression model where feature selection had not been done. The model had all
the 32 features from the data. The results indicated that an increase in the variable radius mean of the tumor by 1
unit decreased the chances of the tumor being malignant by 9.903775e+02 times. A unit increase in the texture mean
by 1 unit increased the chances of the tumor being malignant by 1.145513e+01 times. A unit increases in the
concave points mean by 1 unit increases the chances of the tumor being malignant by 1.138650e+04 times. A unit
increase in the fractal dimension mean by 1 unit decreases the chances of a tumor being malignant increases by
3.493666e+03 times. A unit increases in the variable perimeter_se increases the chances of a tumor being malignant
by 5.366880e+01 times. Variables investigated had a significant effect on the type of tumor being diagonised.
Selection of Features by Forward Selection
Use of forward selection to select optimal features yielded the highest number of features. The number of features
selected was thirty as presented in Table 8. The results in Table 10 shows how the fitted logistic regression model
performed in classifying and predicting if a tumor was malignant or benign. The model had a prediction accuracy of
97.08%. The precision (positive predicted value) of the model was 98.25%. The model sensitivity was 93.33%.
Table 7: List of features by their importance using entropy feature selection
Attributes
Importance
perimeter_worst
0.4850561
area_worst
0.4675581
concave_points_worst
0.4538449
radius_worst
0.4478213
concave_points_mean
0.4155797
perimeter_mean
0.4087355
area_mean
0.3881128
radius_mean
0.3814810
area_se
0.3664849
concavity_mean
0.3499271
concavity_worst
0.3458024
radius_se
0.2562297
perimeter_se
0.2523637
compactness_worst
0.2145325
compactness_mean
0.2142234
concavity_se
0.1483622
concave_points_se
0.1402913
texture_mean
0.1265121
texture_worst
0.1217746
symmetry_worst
0.1008219
smoothness_worst
0.0941130
compactness_se
0.0691604
symmetry_mean
0.0669995
smoothness_mean
0.0641805
fractal_dimension_worst
0.0596582
symmetry_se
0.0272433
fractal_dimension_se
0.0257642
fractal_dimension_mean
0.0231045
texture_se
0.0000000
smoothness_se
0.0000000
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Table 8: Number of features selection by forward selection
Samples
Predictors selected
398
30

Classes
2

Model Fitting using Variables from Forward Selection
The performance of the model fitted using forward selection was presented in Table 11. The model performance
based on accuracy, precision and sensitivity was 97.08%, 98.25% and 93.33%. This performance was similar to the
model fitted without doing any feature selection. However, this model had 30 features as compared to the model
without feature selection that had 32 features. The reduction in the number of features led to reduced training time of
the model. This results indicated that it was possible to drop some features that could have been redundant or highly
correlated with the remaining features without significantly lowering the model performance.
Model Fitting using Variables from Entropy Selection
The variables selected using entropy selection were applied in model fitting to find out if the performance of the
model was improved. The results were presented in Table 12. The model performance was 95.91% in terms of
accuracy, 92.06% in terms in terms of precision and 96.67% in terms of sensitivity. This was a reduced performance
when compared to the model without feature selection and the model from the forward selected variable. Entropy
selection yielded twenty five features which was lower that the complete set of features or the features from forward
selection. A reduction of the prediction accuracy meant that this method dropped some features that were vital in
model building.
Table 9: Logistic Regression Model
Term
Estimate
(Intercept)
1.051554e+02
radius_mean
-9.903775e+02
texture_mean
1.145513e+01
perimeter_mean
9.743985e+01
area_mean
2.585920e+00
smoothness_mean
2.947579e+03
compactness_mean
-8.526539e+03
concavity_mean
2.219474e+03
concave_points_mean
1.138650e+04
symmetry_mean
-2.836263e+03
fractal_dimension_mean
-3.493666e+03
radius_se
-1.635119e+03
texture_se
-1.992183e+01
perimeter_se
5.366880e+01
area_se
2.032495e+01
smoothness_se
-2.378366e+04
compactness_se
1.631593e+04
concavity_se
-6.128921e+03
concave_points_se
3.931166e+04
symmetry_se
-2.073166e+04
fractal_dimension_se
-1.088166e+05
radius_worst
3.877885e+02
texture_worst
1.384641e+00
perimeter_worst
-2.947268e+01
area_worst
-1.043073e+00
smoothness_worst
-1.177138e+03
compactness_worst
-1.178895e+03
concavity_worst
3.930469e+02
concave_points_worst
-1.419982e+03
symmetry_worst
3.534347e+03
fractal_dimension_worst
1.190558e+04

std.error
4.009638e+05
1.560410e+05
3.530283e+03
2.559560e+04
5.745781e+02
1.035082e+06
8.904460e+05
4.943034e+05
9.282659e+05
2.343713e+05
1.652806e+06
5.034541e+05
2.387207e+04
2.473653e+04
3.870656e+03
2.990972e+06
3.105827e+06
5.893287e+05
2.950471e+06
2.814956e+06
1.888605e+07
4.104385e+04
3.685304e+03
5.744130e+03
3.184540e+02
4.179253e+05
2.761519e+05
1.677193e+05
5.219040e+05
2.750049e+05
1.485167e+06
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Statistic
0.0002623
-0.0063469
0.0032448
0.0038069
0.0045006
0.0028477
-0.0095756
0.0044901
0.0122664
-0.0121016
-0.0021138
-0.0032478
-0.0008345
0.0021696
0.0052510
-0.0079518
0.0052533
-0.0103998
0.0133239
-0.0073648
-0.0057617
0.0094482
0.0003757
-0.0051309
-0.0032754
-0.0028166
-0.0042690
0.0023435
-0.0027208
0.0128519
0.0080163

Table 10: Performance of the model fitted without feature selection
Accuracy
0.9708
95% CI
(0.9331, 0.9904)
No Information Rate
0.6491
P-Value [Acc > NIR]
<2e-16
Kappa
0.9351
Mcnemar's Test P-Value
0.3711
Sensitivity
0.9333
Specificity
0.9910
Pos Pred Value
0.9825
Neg Pred Value
0.9649
Prevalence
0.3509
Detection Rate
0.3275
Detection Prevalence
0.3333
Balanced Accuracy
0.9622
Model Fitting using Features from Recursive Feature Selection
The features selected using Recursive Feature Selection were used in model fitting and performance compared with
models fitted using features from other methods. The model had 95.91% accuracy, 85.55% precision and a
sensitivity of 100%. This performance was similar to the model fitted with features from entropy selection.
However, recursive feature selection yielded fewer features which made the model to train faster compared to all the
other models. The model fitted using features from RFE performed lower than the model from no feature selection,
backward elimination and forward selection.
Table 11: Performance of the model fitted using variables from forward selection
Accuracy
0.9708
95% CI
(0.9331, 0.9904)
No Information Rate
0.6491
P-Value [Acc > NIR]
<2e-16
Kappa
0.9351
Mcnemar's Test P-Value
0.3711
Sensitivity
0.9333
Specificity
0.9910
Pos Pred Value
0.9825
Neg Pred Value
0.9649
Prevalence
0.3509
Detection Rate
0.3275
Detection Prevalence
0.3333
Balanced Accuracy
0.9622
Table 12: Perfomance of the model fitted using variables from entropy selection
Accuracy
0.9591
95% CI
(0.9175, 0.9834)
No Information Rate
0.6491
P-Value [Acc > NIR]
<2e-16
Kappa
0.9112
Mcnemar's Test P-Value
0.4497
Sensitivity
0.9667
Specificity
0.9550
Pos Pred Value
0.9206
Neg Pred Value
0.9815
Prevalence
0.3509
Detection Rate
0.3392
Detection Prevalence
0.3684
Balanced Accuracy
0.9608
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Table 13: Perfomance of the model fitted using variables from recursive feature selection
Accuracy
0.9591
95% CI
(0.9175, 0.9834)
No Information Rate
0.6491
P-Value [Acc > NIR]
<2e-16
Kappa
0.9125
Mcnemar's Test P-Value
0.2334
Sensitivity
1.0000
Specificity
0.9369
Pos Pred Value
0.8555
Neg Pred Value
1.0000
Prevalence
0.3509
Detection Rate
0.3509
Detection Prevalence
0.3918
Balanced Accuracy
0.9685
Model Fitting using Features from Backward Selection
The results of the performance of the model fitted with features selected by backward elimination is presented in
Table 14. The number of features was eighteen. The model fitted had performance similar to the model fitted
without features selection and the model fitted using forward selection. However, the models fitted without feature
selection and the one for forward selection took more time to train due to the more number of features involved.
This means that the model by from backward eliminated features was better compared to the other models. Of all the
models fitted, this is the model that attained the best prediction accuracy taking less time to train.
Table 14: Performance of the model fitted using variables from backward elimination
Accuracy
0.9708
95% CI
(0.9331, 0.9904)
No Information Rate
0.6491
P-Value [Acc > NIR]
<2e-16
Kappa
0.9351
Mcnemar's Test P-Value
0.3711
Sensitivity
0.9333
Specificity
0.9910
Pos Pred Value
0.9825
Neg Pred Value
0.9649
Prevalence
0.3509
Detection Rate
0.3275
Detection Prevalence
0.3333
Balanced Accuracy
0.9622
Models Comparison
The models fitted using data from various methods of feature selection were compared using the F-score values
which incorporated both the precisions of the models in addition to their recall values. The results were presented in
Table 15. The results indicated that backward selection yielded features that produced the best performing model in
terms of accuracy, F1 score and training speed. Models from no feature selection and forward selection has similar
values of accuracy and F1 scores but took more time to train due to the increased number of features.
Recursive feature selection yielded the least number of features after selection and thus training a model using the
features took the least time. However, the model produced less accuracy F1 scores as compared to the model from
backward eliminated features. This meant that the method dropped some features which were key in improving the
model performance.
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Table 15: Comparing Performance of the Fitted Models
Model
No. of
Accuracy
Features
No feature selection
32
0.9708
Forward selection
30
0.9708
Backward selection
18
0.9708
Entropy selection
25
0.9591
Recursive feature selection
16
0.9591

Precision
(positive predicted value)
0.9825
0.9825
0.9825
0.9206
0.8555

Recall
(sensitivity)
0.9333
0.9333
0.9333
0.9667
1.0000

𝐹1 Score
0.957268
0.957268
0.957268
0.943087
0.922123

CONCLUSION
In conclusion, the aim of this study was to review some features selection methods and find out whether feature
selection is an important prerequisite in statistical modeling. The methods tackled were forward selection, backward
elimination, entropy selection and recursive feature selection method. The findings revealed that feature selection
was important since it yield some fewer features which could still relay the same information contained in the
complete set features. This is because the dropped features were either highly correlated to the retained set of
features or they were redundant. Such features could therefore be dropped without losing the information from the
complete set of features. Features selection also helped to reduce the model training time. From the methods applied
in in this study, backward selection produced the best performance in selecting the best features. The method
reduced the number of features from thirty two to eighteen and still retained the prediction accuracy of the model
with all the features. Backward elimination therefore outperformed the other considered methods when applied with
the data set considered for this study.
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ABSTRACT
Kenya's economic growth has been lower than in other nations, especially the European nations for a long time.
Macroeconomic indicators are the main factors that affect the economic growth of a country. The study sought to
model Kenya macroeconomic indicators using principal component analysis. The study used PCA to capture data of
34 macroeconomic indicators for the period 1980 to 2019. The study aimed at applying PCA to reduce the
dimensionality of the macroeconomic indicators and classify them into principal components. The study aimed at
improving the way macroeconomic data has been handled in the past since several assumptions about the
relationship between macroeconomic variables and economic growth have been made in the previous studies. The
KMO statistics was found to be 0.720 and the p-value was 0.000. The KMO statistics indicated that the correlation
matrix was appropriate for component analysis and the p-value depicted a significant difference. With reference to
the correlation matrix, the variable were found to be closely correlated. Principal Component analysis was used to
reduce the variables using varimax technique to principal components without compromising the variability of the
original data. Only 8 variables (Principal Components) were retained since they explained 85% of the overall
variations after scree plot, Kaiser Criterion and parallel analysis extraction approaches were utilized. The first
component explained 28% of the total variance and was highly correlated with 10 macroeconomic indicators. Since
the first principal component had the highest variance it was concluded that the monetary related macroeconomic
indicators greatly impact economic growth in Kenya. Future researchers should consider having more diversified
variables to help explain how economic growth is impacted by the all-round macroeconomic indicators.
Keywords: Principal Components, Gross Domestic Product, Eigenvalues, Eigenvectors, Correlation Matrix
INTRODUCTION
Pearson first described principal component analysis (PCA) in 1901, by preparing a fully functional method that
generates a set of orthogonal axes placed in decreasing order and determining the main directions of the variability
of samples (Pearson, 1901). Principal component analysis helps researchers to be able to reduce the number of
possible variables and group them into factors (principal components). Some of these variables tend to be redundant,
hence the importance of using PCA (Zou et al., 2006). Principal component analysis helps ensure that all variables
that are related to each other are grouped together, especially if they measure the same construct.
When utilizing a large data set, it becomes increasingly difficult to interpret. Therefore, PCA is used to reduce the
dimensionality of such data sets with minimal loss of information. The principal component analysis helps in the
creation of uncorrelated variables that successfully maximize the variance. When dealing with many variables, say
more than 20 variables, it becomes difficult to study these variables individually. For instance, fitting a regression
model to a data set comprising of more than 20 variables would be much difficult to determine the effect of each of
these variables (Corner, 2009). However, such a data set dimensionality can be reduced with minimal loss of
information, hence creating new uncorrelated variables that are easier to study. Principal components are obtained
from Eigenvalues calculated from the data set matrix. Therefore the principal components are defined by the data set
at hand hence making PCA an adaptive data analysis technique.
Researchers have previously adopted PCA to carry out studies in different fields. For instance, a study by Esmaeili
& Shokoohi (2011) applied PCA to assess the effects of oil prices on world food prices. The study's main objective
was to apply PCA to investigate the movement of food prices and the macroeconomic index, especially the oil price.
Additionally, PCA was meant to understand the influence of the macroeconomic index on food prices. The GDP,
food production index, consumer price index, and crude oil prices were the macroeconomic variables that were
studied for the period 1961 and 2005 around the world. Scree plots and the proportion of variance (Kaiser Criterion)
were used in determining the optimal number of common factors. The correlation coefficient between the extracted
principal components and macroeconomic index varied between 0.87 for the world GDP and 0.36 for the consumer
price index. The study concluded that the food production index had the greatest influence on the macroeconomic
index. Additionally, it was also concluded that the oil price index had an influence on the food production index.
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However, oil prices had an indirect impact on food prices. Although the study was effective, it failed to use parallel
analysis which has been found effective to help in making the decision of the number of components to be retained.
When performing principal component analysis, the challenge of over and under extraction of components usually
arises hence the need to use several procedures when extracting components. A study by Njoroge et al. (2014)
applied PCA to evaluate secondary school examination results. The study aimed at finding the principal components
in terms of subjects that contribute to student's performance. Data for three years in school that were purposively
selected from Nyanza, Nairobi, Rift Valley, and eastern provinces in Kenya was used. The SPSS software was used
for analysis. Principal component analysis brought out the component loadings and the correlation structure between
the different subjects in which one principal component was extracted. The results depicted that all subjects were
highly correlated, and the first component had the highest variance. The principal component emerged to be English;
hence, it was considered the subject that played the most significant role in the performance of the examination. This
study used both Kaiser and Catelli scree plots extraction procedures. However, this study exhibits the problem of
under or over-extraction since it did not go further to apply parallel analysis in the determination of the components
to be retained.
Generally, most researchers find it challenging to determine the number of components that they should retain when
applying PCA. This results in the problem of the under-extraction of over-extraction. To effectively use Keiser's
criterion, Boligon et al., (2016), suggest that a researcher need to use a sample size of more than 250 observations
and have an average commonality of more than 0.6 so that they can retain all factors with eigenvalue beyond 1.
Field (2005) further makes a suggestion that a sample size of more than 300 observations makes scree plot an
effective procedure of factor extraction. However, Granato et al. (2018) analyzed different studies that utilized
various principal component extraction methods, including the Keiser criterion, scree plot, and parallel analysis. The
comparison made by the study reviewed that parallel analysis was the most effective method in deciding the number
of components a researcher should retain. Once the principal components are obtained, they must be renamed into
new variables to be used in making inferences.
The principal component analysis is currently used in exploratory data analysis and in coming up with predictive
models. It is done through the decomposition of the auto values of the covariance matrix. The results of the PCA are
discussed in terms of principal components (Factor scores) (Brown, 2009). The main objective of PCA is to
construct a linear combination of variables under study so as to explain the variance and covariance of a random
vector that consists of random variables. The linear combination is what is known as the principal components.
Consider a random vector of interest X  (X , X ,..., X ) with a covariance matrix  and eigenvalues
'

1

2

N

1   2  3  ...   n  0
We have the linear combinations as follows;
'
Y1  a1 X  a11 X 1  a12 X 2  ...  a1 p X p
'
Y p  a 2 X  a 21 X 1  a 22 X 2  ...  a 2 p X p
.
.
.
'
Y p  a p X  a p11 X 1  a p 2 X 2  ...  a pp X p

(1)

'
'
We have Var(Yi )  a i  ai and Cov(Yi Yk )  a i  a k where i, k  1,2,3,..., p
The principal components Y1 , Y2 ,...,YP should, therefore, capture as much information as possible.

Let  be the covariance matrix with the eigenvalue eigenvector pairs (1 ,  1 ), ( 2 ,  2 ),..., ( p ,  p ), and

1   2  3  ...   n  0 , then the 𝑖th principal component is given by:
'
Y1   1 X   11 X 1   12 X 2  ...   1 p X p
for i  1,2,3,..., p
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(2)

It is interesting to note that the variance of the 𝑖𝑡h principal component is the 𝑖𝑡h eigenvalue.
'
'
Var(Yi )   i   i  i and Cov(Yi Yk )   i   k  0 where i  1,2,3,..., p and i  k
The principal components are linear combinations of the random variables. They are uncorrelated and have
variances equal to the eigenvalues of Σ (the covariance matrix), and their development does not require any
distributional assumption about multivariate normality (Lever et al., 2017).
The proportion of the total variance explained by the 𝑘𝑡h principal component can be written as:

1

(3)

1   2  ...   p

Where 𝜆𝑘 is the eigenvalue of the 𝑘𝑡h principal component. For instance, if the first 𝑘 principal components can
explain most of the variations in the population covariance, then 𝑘 variables can replace the original 𝑝 variables with
little loss of information (Lever et al., 2017).
The main objective of PCA is to find common factors known as Principal components in the form of linear
combinations of variables under study hence ending up ranking them according to their importance. In PCA, the
extractions of PC can be made using either the original multivariate data set or using the covariance matrix if the
original data set is not available (Field, 2016). In deriving PC, the correlation matrix was used, instead of the
covariance matrix since different variables in the data set are measured using different units and thus might have
different variances. Using the correlation matrix is equivalent to standardizing the variables to zero mean and unit
standard deviation. Obtaining the principal component involved decomposing the covariance matrix of the random
vector of interest. After the transformation of the random vector, the covariance matrix relative to the transformed
vectors was used to determine the components. In this case, the principal components were determined from the
originally standardized variables' covariance matrix. These are equal to the extracting the principal components
using the correlation matrix of the original variables. This, this study applied PCA to model Kenya macroeconomic
indicators. As opposed to other studies that have used PCA before, this study used Kaiser Criterion, scree plots, and
parallel analyses for extracting and making decisions on retaining principal components. The main objective of the
study was to apply PCA to reduce the dimensionality of Kenya Macroeconomic variables and classify them into
principal component based on communalities. The analysis of data was done using SPSS and R Software.
METHODOLOGY
Research Design and Data Collection
The study adopted correlational research design. Correlational research design was used in the efforts of determining
the kind of relationship that naturally occurs between the variables under study. The correlational research design
helped figure out the variables related to each other in any way (Marczyk et al., 2005).
This study aims at examining 34 macroeconomic variables. The data set matrix is a N  P matrix where N is the
macroeconomic variables. The study used secondary data, which was collected from the Kenya National Bureau of
Statistics (KNBS) and the World Bank websites. The data was be stored in excel sheets then later imported to
statistical software for analysis.
RESULTS AND DISCUSSION
Keiser-Meyer-Olkin
The Kaiser-Meyer Olkin (KMO) and Bartlett's Test help in measuring sample adequacy hence helping examine the
appropriateness of principal component analysis. An approximate chi-square, degrees of freedom and significance
level are utilized in helping explain the adequacy.
Table 1: KMO and Bartlett's Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Approx. Chi-Square
Bartlett's Test of Sphericity
df
Sig.
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.720
1972.683
561
.000

Null Hypothesis: The inter-correlation matrix of the variables is not different from an identity matrix.
Alternate Hypothesis: The inter-correlation matrix of the variables is different from an identity matrix.
Test Results
χ2 = 1972.683; df = 561; p<0.0001
Statistical Decision
According to the test results, the inter-correlation matrix of the variables is significantly different from an identity
matrix. This implies that the sample inter-correlation matrix did not come from a population in which the intercorrelation matrix is and identity matrix. Principal Component Analysis is usually recommended for analysis if the
Bartlett’s test of sphericity is statistically significant that is p-value is less than 0.05 and the KMO statistics exceeds
0.6. According to the rule of thumb, a Kaiser-Meyer-Olkin Measure of Sampling Adequacy that is greater than 0.7 is
considered to be a good indication that PCA is useful for the variables under study. According to the results in table
1. The KMO statistics was 0.720 which is a good indication that the correlations matrix is for component analysis.
The Bartlett’s Test of Sphericity was used to test the difference between the correlation matrix for variables and the
identity matrix. The Bartlett's Test of Sphericity obtained for the data was 1972.683 and p-value was 0.000 which
was an indication of a significant difference hence implying that the correlation matrix for the measured variables
was significantly different from the identity matrix hence remaining consistent with the factorable assumption of the
matrix. Therefore, the Bartlett's Test in the above table is precisely sufficient for the data under study.
Communalities
The ith communality can be said to be the sum of the square of the loadings of the i th variables on the n common
factors. Communality is used to measure the total percentage of the variance in any given variable explained by all
components jointly.
Table 2: Communalities
Variable
Broad money (% of GDP)
Communications, computer, etc. (% of service imports, BoP)
Current health expenditure (% of GDP)
Domestic credit to private sector (% of GDP)
Domestic general government health expenditure (% of GDP)
Electric power consumption (kWh per capita)
Exports of goods and services (% of GDP)
Government expenditure on education, total (% of GDP)
Gross capital formation (% of GDP)
Gross domestic savings (% of GDP)
Gross fixed capital formation (% of GDP)
Gross savings (% of GDP)
Households and NPISHs Final consumption expenditure per capita growth (annual %)
ICT goods imports (% total goods imports)
Imports of goods and services (% of GDP)
Inflation, consumer prices (annual %)
Insurance and financial services (% of service imports, BoP)
Labor force participation rate, total (% of total population ages 15-64)
Lending interest rate (%)
Life expectancy at birth, total (years)
Military expenditure (% of GDP)
Population, total
Official exchange rate (LCU per US$, period average)
Foreign direct investment, net inflows (BoP, current US$)
Unemployment, total (% of total labor force)
Total fisheries production (metric tons)
Tariff rate, applied, weighted mean, all products (%)
Manufacturing, value added (% of GDP)
Air transport, freight (million ton-km)
Air transport, passengers carried
Aquaculture production (metric tons)
Cereal yield (kg per hectare)
Access to electricity (% of population)
Remittance inflows to GDP (%)

Extraction Method: Principal Component Analysis
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Initial
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000
1.000

Extraction
.944
.695
.914
.925
.807
.885
.924
.698
.850
.933
.872
.825
.773
.905
.866
.856
.661
.948
.905
.961
.851
.955
.944
.765
.842
.908
.707
.845
.889
.936
.919
.654
.906
.726

Table 2 depicts that the communalities of each macroeconomic indicator is greater than 0.7 and implication that all
the indicators have a similar pattern hence highly correlated. The high correlation indicates that all the indicators
highly influence economic growth.
Scree Plot and Parallel Analysis
A scree plot is a line plot of the eigenvalues of the principal components. It is used in determining the number of
principal components to retain. It gives a precise visualization of the magnitude of variability with each one of the
principal components. On the other hand, parallel analysis help in determining the number of variables to be
retained. It is useful since it has been found to be the most accurate.

Figure 1: Scree plot
The Scree test was carried out to help visually analyze the Eigen values for point of inflection. The components to
be retained according to the scree plot were the observations above the point of inflection. The visual representation
above appears to have a decrease in downward slope after the ninth principal component an indication that the 8
preceding principal components can be precisely summarized to be representatives of the variables in totality. As
indicated in the scree plot, the utilization of Eigen values extracted 8 principal components from the data. According
to Kaiser’s Eigen value >1 rule, the principal components with eigenvalues exceeding 1 should be the only retained.
However, to help avoid over extractions and under extraction, parallel analysis was carried out. Parallel analysis has
been pointed out by various researchers as the most effective method of retaining principle components. Using
parallel analysis, 8 variables were retained for further analysis.
Total Variance Explained
Total variance explained indicates the ratio between the variance of principal component and the total variance. The
total column usually give the eigenvalue or the amount of variance within the original variables that is accounted by
each of the principal components.
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Table 3: Total Variance Explained
Initial Eigenvalues
% of
Total
Cumulative %
Component
Variance
1
9.768 28.730 28.730
2
5.545 16.307 45.038
3
4.242 12.478 57.515
4
3.120 9.177 66.692
5
2.136 6.283 72.974
6
1.667 4.904 77.879
7
1.384 4.072 81.951
8
1.132 3.329 85.280
9
.867 2.550 87.830
10
.714 2.099 89.929
11
.620 1.824 91.754
12
.519 1.528 93.281
13
.414 1.218 94.499
14
.369 1.086 95.585
15
.292 .858
96.443
16
.265 .779
97.222
17
.201 .592
97.815
18
.174 .512
98.327
19
.127 .374
98.700
20
.104 .306
99.007
21
.088 .258
99.265
22
.061 .180
99.444
23
.045 .131
99.576
24
.040 .118
99.693
25
.033 .096
99.789
26
.030 .087
99.876
27
.017 .051
99.927
28
.011 .033
99.961
29
.007 .019
99.980
30
.003 .008
99.988
31
.002 .007
99.995
32
.001 .003
99.998
33
.000 .001
100.000
6.676E34
.000
100.000
005
Extraction Method: Principal Component Analysis.

Extraction Sums of Squared
Rotation Sums of Squared
Loadings
Loadings
% of
Cumulative
% of
Cumulative
Total
Total
Variance%
Variance%
9.768
28.730 28.730
7.09720.873 20.873
5.545
16.307 45.038
6.90820.317 41.190
4.242
12.478 57.515
3.2729.623 50.813
3.120
9.177 66.692
2.8838.479 59.292
2.136
6.283 72.974
2.5957.632 66.924
1.667
4.904 77.879
2.3246.834 73.758
1.384
4.072 81.951
2.0666.076 79.834
1.132
3.329 85.280
1.8515.445 85.280

The results in table 3 depicts that the first component explains 28.7% of the total variance. The second component
explains approximately 16.3% of the overall variance. The third component, fourth component, fifth component,
sixth component, seventh component and eighth component explain about 12.5%, 9.2%, 6.3%, 4.9%, 4.1%, and
3.3% respectively of the total variation. The table depict that the first components explains the largest variation and
a descending trend is established as we move from one component to the other. The study applied orthogonal
Varimax technique to produce the uncorrelated factor structures. The study found that the summarized overall
variation in the original set of data variables per the 8 retained components was approximately 85.3%.
Rotated Component Matrix
The rotated component matrix helps in determining what the components represent. It contains the estimates of the
correlations between each of the variables and the estimated principal components.
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Table 4: Rotated Component Matrix
Component
1
2
.883

Broad money (% of GDP)
Communications, computer, etc. (% of service
imports, BoP)
Current health expenditure (% of GDP)
Domestic credit to private sector (% of GDP)
.543
Domestic general government health expenditure
.625
(% of GDP)
Electric power consumption (kWh per capita)
Exports of goods and services (% of GDP)
-.514
Government expenditure on education, total (% of
-.478
GDP)
Gross capital formation (% of GDP)
.446
Gross domestic savings (% of GDP)
Gross fixed capital formation (% of GDP)
.535
Gross savings (% of GDP)
Households and NPISHs Final consumption
expenditure per capita growth (annual %)
ICT goods imports (% total goods imports)
Imports of goods and services (% of GDP)
Inflation, consumer prices (annual %)
Insurance and financial services (% of service
imports, BoP)
Labor force participation rate, total (% of total
population ages 15-64) (modeled ILO estimate)
Lending interest rate (%)
-.590
Life expectancy at birth, total (years)
.909
Military expenditure (% of GDP)
Population, total
.473
Official exchange rate (LCU per US$, period
average)
Foreign direct investment, net inflows (BoP,
.745
current US$)
Unemployment, total (% of total labor force)
(modeled ILO estimate)
Total fisheries production (metric tons)
Tariff rate, applied, weighted mean, all products
(%)
Manufacturing, value added (% of GDP)
Air transport, freight (million ton-km)
.695
Air transport, passengers carried
.916
Aquaculture production (metric tons)
.862
Cereal yield (kg per hectare)
Access to electricity (% of population)
.818
Remittance inflows to GDP (%)
a. Extraction Method: Principal Component Analysis.
b. Rotation Method: Varimax with Kaiser Normalization.
c. Rotation converged in 15 iterations.

3

4

5

6

7

8

.765
.655

.569

.746
.473
.584

.472
.465 .469
-.410

-.692
-.799
.603
.469

.428
-.763
.926
.687

.428
.809
.691

.792

-.450

.597
-.901
.833
.927
.400
.862
.873
.402

-.461

.441

.851
-.438

.801
.572

The results in table 4 depicts that component 1 is highly correlated with 10 original variables (Broad money,
Communications, computer etc.(% of service imports), Domestic credit to private sector, Electric power
consumption, Gross capital formation, Gross domestic savings, Military expenditure, Official exchange rate,
Population total and Remittance inflows to GDP). This component mostly resemble the monetary economy.
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Component 2 was powerfully correlated with 7 of the original variables (Access to electricity, Air transport freight,
Air transport, Aquaculture production, foreign direct investment, Lending interest rate, Life expectancy at birth).
This component closely resembles the investment factor of the economy.
Component 3 was highly correlated with 4 of the original variables (Domestic general government health
expenditure, Government expenditure on education, Labor force participation rate, Total fisheries production). This
component resembles the expenditure segment of the economy.
Component 4 was highly correlated with 3 of the original variables (Exports of goods and services, Gross savings,
Inflation consumer prices). This component resembles the trade and openness of the economy.
Component 5 was highly correlated with 3 of the original variables (Imports of goods and services, Insurance and
financial services, Unemployment total). This component resembles the labor economy.
Component 6 was highly correlated with 3 of the original variables (Current health expenditure, Manufacturing
value added, Tariff rate) which is a representation of open economy with government activities.
Component 7 had only 1 of the original variables that is ICT goods import a representation of economy technology
advancement.
Component 8 was highly correlated with 3 of the original variables (Cereal yield, Gross fixed capital formation,
Households and NPISHs Final consumption expenditure) a representation of consumption factor of the economy.
CONCLUSION
From the above analysis, all the 34 macroeconomic indicators have been found to be highly correlated. The variation
in the data can be attributed to the first 8 components that collectively explain up to 85% of the total variation.
However, from the loadings, components 1 has the greatest variation of 28% depicting that the monetary factors
have greatest impact on Kenya Economic growth. Additionally, the second component explains up to 16% of the
total variations depicting that the investment factors also have a greater impact on Kenya economic growth. The
analysis depicts that ICT and consumption factors have less impact on the economic growth.
RECOMMENDATION
This study recommends that Government budgeting strategies should be reevaluated so as to ensure that the
monetary factors are motivated further to help in further economic growth. Additionally policy makers and advisors
together with the most of the financial institutions should work closely together to help the monetary economy take
a step further hence increasing the country’s economic growth. Future researchers should consider having more
diversified variables to help explain how economic growth is impacted by the all-round macroeconomic indicators.
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ABSTRACT
Attaining price stability is one of the objectives of monetary policy in any economy to protect both consumers' and
producers' interest. Unpredictable food and beverages prices make it difficult for consumers to plan for their
expenditure in case of unexpected inflation. On the flip side, low prices may hurt producers as they may not be able
to protect their profit margins. It is therefore imperative to develop a precise and accurate model to forecast Kenya's
commodity prices. Therefore, the current sought to model the commodities price of food and beverage in Kenya
using a Seasonal Autoregressive Integrated Moving Average (SARIMA). SARIMA model takes into account the
seasonal periodic fluctuations in a series that usually recur with about the same time interval. Secondary data on
monthly food price index was obtained from the KNBS website. The data covered the period from January 1991 to
June 2017 with a total of 318 monthly observations. Data analysis was carried out using the R-statistical software.
Using the Maximum Likelihood Estimation method, the SARIMA (0,1,2) (0,1,1) 12 model had better forecasts
accuracy than other competing orders based on the Bayesian Information Criterion (BIC=1638.42) criterion with
MAE of 2.25 in its forecasting ability. The two-year predictions of food and beverages price index showed an
oscillatory behaviour with an increasing trend. The forecasts can help consumers adjust expenditure in preparation
for periods of inflation. Policymakers should make priorities to ensure stability of future commodity prices.
Keywords: SARIMA Models, Consumer Price Index, Monetary Policy, Price Stability, Modelling, Forecasting
INTRODUCTION
Inflation is a general increase in price levels over time. Prices of different consumer goods and services are
evaluated by the Consumer Price Index (CPI). Thus, the monthly or yearly inflation rate is determined by comparing
the CPI for a given month to the CPI of that same month in the previous year. Price stability remains the primary
objective of monetary policy formulation and implementation (CBK, 2017). The Central Bank of Kenya (CBK)
through its monetary policies is mandated to maintain stable price levels to avoid inflation (Mutwiri, 2017).
However, with the fluctuation in oil prices, other commodity prices are bound to fluctuate. Kaufmann (2011) &
ECB (2010) attributes the surging oil prices to the role of supply sides contributed by both OPEC and non-OPEC
countries. According to OECD report 2011, rise in oil prices results from the increasing oil demand, declining oil
production by OPEC coupled with geopolitical and climatic conditions. Price fluctuation in commodity prices may
lead to deterioration in the balance of payments and the resultant uncertainty in future prices is likely to affect
investment and depress economic growth. Price volatility is a major feature of commodity markets and calls for
understand future trends to make informed decisions on investments and government policies concerned with price
control (Knaut & Paschmann, 2019).
Several economic studies have employed econometric tools to examine how inflation affects most crucial
macroeconomic variables like consumption, investment, and economic growth. For example, using Structural vector
autoregressive (SVAR) and Granger causality techniques, Mwangi et al. (2013) researched the linkages between
product prices and both general inflation (non-food and non-fuel inflation). It was believed that food price and oil
prices shocks had a key role in building up of relentless inflationary pressures in the Kenyan context. Food and oil
prices were found to have a significant role in predicting inflation. Moreover, the effect of oil prices was more
persistent in determining inflation than that of food prices. Ngwen et al. (2015) evaluated the linkage between
inflation, growth and progress of the economy and government expenditure, in the case of Cameroon. The study
outcomes found a long-run association between growth and economic progress, government expenditure and
inflation. In another study, Maxwell et al., (2000) discovered that in the short run, both the inflation and government
disbursements directly impacted on the economic progress. Monitoring these price indices is therefore important as
it helps in making evidenced-based policies concerning consumption and investment. Deflation may affect the
economy as it reduces the profitability of firms hence act as a disincentive to investment. It is therefore imperative
that price levels be stabilized in a manner that drives economic growth. In Kenya, inflation is controlled by the
monetary policy committee who provides policies aimed at maintaining price stability (Onderi & Njuru, 2015).
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The Box-Jenkins (1960) techniques have gained popularity in the modelling of time series exhibiting seasonality.
Specifically, SARIMA models have found their applicability in many fields and areas. It has been adopted mostly in
modelling either monthly or quarterly data. Saz (2011) highlighted the comparative advantage of using SARIMA
models in terms of parsimony and the efficiency of data modelling especially for a series exhibiting seasonal
periodic fluctuation over time for instance Kenya commodity price index. A study which dwelled on consumer price
index was done by Nyoni (2019) using annual time series data on CPI in Belgium from 1960 to 2017, he modelled
and forecasted CPI using the Box – Jenkins ARIMA technique. The study presented the ARIMA (0, 2, 1) model for
predicting CPI in Belgium. The model used in the study did not account for the seasonal component of the CPI data
as it used annual time series data. Research by Kumar et al. (2014) fitted an ARIMA (2, 1, 0) and forecasted annual
sugarcane production data in India from 1950 to 2012. This model was able to forecast sugarcane production in
India and also predict an increase in sugarcane production in 2013 and a sharp decrease in 2014. Mwanga et al.
(2017) when modelling quarterly sugarcane yields data and forecast future yields based on the past values found out
that SARIMA (2,1,2) (2,0,3)4 as the best model which had the lowest AIC and thus a good fit to the quarterly
sugarcane yields data from 1973-2014. They conclude that Seasonal ARIMA models are proving to be good
candidates of modelling time series with seasonal patterns and can be applied in any sector.
The most recent study was done by Mutwiri (2019) on Forecasting of Tomatoes Wholesale Prices of Nairobi in
Kenya using the SARIMA model. The selected SARIMA (2, 1, 1) x (1, 0, 1)12 model was used to forecast the mean
monthly real tomato prices from January-2011 to December-2011 by using the observed data of the period January2003 to December-2016. The study only addressed one particular commodity that is Tomato wholesale prices in a
particular region and did not focus on the average CPI for food and beverage prices in Kenya. Therefore, this study
will focus on modelling and forecasting of food and beverage prices in Kenya using SARIMA models using
monthly series data on CPI from 1991 to 2017 to provide a model that may help track price indices in Kenya,
particularly food and beverage prices. The modelling process will be done following the Box-Jenkins (1976) model
building approach which entails, identification, specification of the model, model estimation and model diagnostics.
Seasonal Autoregressive Integrated Moving Average Models
According to Shekhar & Williams (2007), SARIMA models are an adaptation of autoregressive integrated moving
average (ARIMA) models used to fit seasonal time series data. That is, it takes into account the underlying seasonal
nature of the series to be modelled. SARIMA model is suitable when the series contains both seasonal and nonseasonal behaviour (Kumar & Vanajakshi, 2015). Seasonality in a time series refers to a regular pattern of changes
that repeats over in time-periods, where h defines the number of time-periods until the pattern repeats (Verbesselt et
al., 2010). Data observed every month has h being 12. In a seasonal ARIMA model, seasonal AR and MA terms
predict 𝑋𝑡 using past values and errors at times with lags that are multiples of S (the span of the seasonality).
Seasonality behaviour is common on most time-series data makes the ARIMA model inefficient to be applied to the
series. The seasonal ARIMA model incorporates non-seasonal and seasonal factors in a multiplicative model and is
denoted as the SARIMA model (Mutwiri, 2019). Non-seasonal ARIMA models are usually denoted as ARIMA (p,
d, q) where the parameters p, d, and q are non-negative integers and p is the order of the autoregressive model
indicating the number of time lags, d is the degree of differencing, and q is the order of the moving-average model
(Wang & Niu, 2009). However, the seasonal ARIMA model incorporates non-seasonal and seasonal factors in a
multiplicative model and is denoted as ARIMA (𝑝, 𝑑, 𝑞) (𝑃, 𝐷, 𝑄)ℎ (Chen & Wang, 2007).
The first part with the lower notation consists of the non-seasonal component and the second part with upper case
notation consist of the seasonal part. The h is the number of periods in each season or the period of repeating
seasonal pattern. That is, the seasonal component repeats itself after every h observations. Periodicity (h) can be 12,
for monthly data or four for quarterly time-series data. Chatfield (2000), states that if the series is seasonal, with s
periods per year, then a Seasonal ARIMA (hereby abbreviated SARIMA) model may be obtained as a generalization
of an ARIMA.
The SARIMA model with seasonality can be represented as follows:
𝛷(𝐵ℎ )𝜑(𝐵)𝑋𝑡 − 𝜇 = 𝛩(𝐵𝑚 )Ө(𝐵)𝑒𝑡 .
(1)
Where; 𝛷(𝐵ℎ ) is the seasonal AR operator, 𝜑(𝐵)𝑋𝑡 is the non-seasonal AR part, 𝛩(𝐵𝐵 ) is the seasonal MA
operator, Ө(B)℮t is the non-seasonal MA operator, 𝑋𝑡 is the time series of the observation at time t, B is the backshift
operator, ℮t is the white noise, h is the number of periods in a year.
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Applying the backward shift operator, the operators can be written as:
𝛷(𝐵ℎ ) = 1 − 𝛷1 𝐵ℎ – 𝛷2 𝐵2ℎ − ⋯ − 𝛷𝑝 𝐵𝑝ℎ

(2)

𝜑(𝐵)𝑋𝑡 = 1 − 𝜑𝑡 𝑋𝑡−1 − ⋯ − 𝜑𝑝 𝑋𝑡−𝑝

(3)

𝛩(𝐵𝑚 ) = 1 + 𝛩1 𝐵𝑚 + 𝛩2 𝐵2𝑚 + ⋯ + 𝛩𝑞 𝐵𝑞𝑚

(4)

Ө(𝐵)℮𝑡 = 1 + Ө1 ℮𝑡−1 + ⋯ + Ө𝑞 ℮𝑡−𝑞

(5)

Data and Methods
The study employed a time series research design. In this study design, measurements of the same variable are taken
at different points in time. SARIMA modelling technique was applied to fit and forecast monthly Kenya’s food and
beverage prices index data from January 1991 to June 2017. The selected data has 318 data points. The secondary
data was extracted from the website of KNBS (knbs.or.ke). The data analysis was done using R -Statistical Software
(R Core Team, 2013). The preliminary stage entailed checking for stationarity of the data. SARIMA models are
appropriate for stationary time series satisfying the condition of constant mean and variance over time. For a
stationary time-series data, the scatter points in the time series plot appear to have a constant mean and variance and
oscillates around the mean. Statistically, stationarity of the data was tested using the Augmented Dickey-Fuller
(ADF) according to Dickey and Fuller (1979).
The ADF procedure attempts to retain the validity of the test based on white noise errors in the regression model by
ensuring that errors are indeed white noise. If the ADF statistic will be greater than the critical value at 5%
significance level then the null hypothesis that there is a unit root would be accepted and the series is considered
non-stationary. If the series is found to be non-stationary, differencing at different degrees of freedom is done until a
stationary series of a given degree of differencing is obtained. The main objective of seasonal differencing will be to
remove seasonal trend and seasonal random walks in our data. Chatfield (2000), further elaborates that a seasonal
autoregressive term, for example, is one which depends linearly on seasonal lagged values of the series. The
SARIMA model with non-seasonal terms of the order (p, d, q) and seasonal terms of the order (P, D, Q) is
abbreviated as SARIMA(p, d, q)(P, D, Q)𝑆 model and may be written as
𝜑(𝐵)𝛷(1 − 𝐵 𝑆 )𝐷 𝑋𝑡 = 𝜃𝐵(𝛩)(𝐵 𝑆 )𝑍𝑡

(6)

where 𝜑 and 𝛩 denote polynomials in 𝐵 𝑆 of order P, Q respectively. One model which is particularly useful for
seasonal data is the SARIMA model of order (0,1,1)(0,1,1) 12 . Shumway and Stoffer (2006) confirmed that the
multiplicative seasonal autoregressive integrated moving average model, or SARIMA model, of Box and Jenkins
(1970) is given by;
𝜑𝑃 (𝐵 𝑆 )𝛷(𝐵)∇𝑆 𝐷 ∇𝑑 𝑥𝑡 = 𝛼 + 𝛩𝑄 (𝐵 𝑆 )𝜃(𝐵)𝑍𝑡
(7)
Where: 𝑍𝑡 is the Gaussian white noise process. The general model is denoted as ARIMA (p d q) (P, D, Q) 12. The
ordinary autoregressive and moving average components are represented by polynomials 𝛷(𝐵) and 𝜃(𝐵) of orders p
and q, respectively and the seasonal autoregressive and moving average components by 𝜑𝑃 (𝐵 𝑆 ) and 𝛩𝑄 (𝐵 𝑆 ) of
orders P and Q and ordinary and seasonal difference components by
∇𝑑 = (1 − 𝐵)𝐷 𝑎𝑛𝑑 ∇𝑆 𝐷 = (1 − 𝐵 𝑆 )𝐷
Since the data of interest in this study is monthly data, s = 12, hence our equation will be written as,

(8)

(1 − 𝐵)(1 − 𝐵12 )𝑋𝑡 = (1 + 𝜃𝐵)𝛩(𝐵12 )𝑍𝑡
(9)
under this method, we shall employ monthly CPI data with 12 seasons per year (s= 12), where the first-order AR(1)
model will use 𝑋𝑡−12 to predict 𝑋𝑡 , while the seasonal first order MA(1) will use 𝑍𝑡−12 as its predictor.
Modelling Process
The first step of modelling according to Box and Jenkins approach will be identifying the suitable order of SARIMA
(p, d, q) (P, D, Q) model. This will entail plotting and examining the sample autocorrelation function (ACF) and
partial autocorrelation function (PACF) of the stationary series to check the degree of internal correlation between
observations in a time series and at different lags. The number of significant spikes suggests the order of the model.
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The non-seasonal and the seasonal AR orders, p and P, will be estimated by observing the non-seasonal and the
seasonal cut-off lags on the ACF plot. Similarly, the MA orders, q and Q, are respectively estimated by the cut-off
lags of the partial autocorrelation function (PACF). For the order of differencing d and D depends on the order of
differencing done to make the series stationary.
ACF AND PACF of a stationary time-series data
Autocovariance Function
Assuming the variance of 𝑋𝑡 is finite, the autocovariance function is defined as the second moment product
𝛾(𝑠, 𝑡) = 𝛾𝑋 (𝑠, 𝑡) = 𝑐𝑜𝑣(𝑋𝑠 , 𝑋𝑡 ) = 𝐸[(𝑋𝑠 − 𝜇𝑠 )(𝑋𝑡 − 𝜇𝑡 )], for all s and t. Note that 𝛾(𝑠, 𝑡) = 𝛾(𝑡, 𝑠) for all
time points s and t. The autocovariance measures the linear dependence between two points on the same series
observed at different times. Very smooth series exhibit autocovariance functions that stay large even when the t and
s are far apart, whereas choppy series tend to have autocovariance functions that are nearly zero for large
separations. Given that the autocovariance 𝛾𝑋 (𝑠, 𝑡) of stationary time series depends on s and t only through|𝑠 −
𝑡|, the notation can be rewritten a𝑠 𝑡 + ℎ, where h represents the time shift.
𝛾𝑋 (𝑡 + ℎ, 𝑡) = 𝐸[(𝑋𝑡+ℎ − µ)(𝑋𝑡 − µ)] = 𝑐𝑜𝑣(𝑋𝑡+ℎ , 𝑋𝑡 )
𝑐𝑜𝑣(𝑋ℎ , 𝑋0 ) = 𝛾(ℎ, 0) = 𝛾(ℎ).

(10)

Autocorrelation Function (ACF)
The autocorrelation function is defined as:
𝛾(𝑠,𝑡)
𝜌(𝑠, 𝑡) =

(11)

√𝛾(𝑠,𝑠)𝛾(𝑡,𝑡)

According to Cauchy-Schwarz inequality:
|𝛾(𝑠, 𝑡)| 2 ≤ 𝛾(𝑠, 𝑠)𝛾(𝑡, 𝑡)
it can be shown that −1 ≤ 𝜌(𝑠, 𝑡) ≤ 1.

(12)

The ACF measures the linear predictability of 𝑋𝑡 using only 𝑋𝑠 . Given a stationary time series data; the ACF can be
expressed as:
𝛾(𝑡 + ℎ,𝑡)
𝛾(ℎ)
𝜌(ℎ) =
=
(13)
𝛾(𝑡 + ℎ,𝑡 + ℎ)𝛾(𝑡,𝑡)

𝛾(0)

Partial Autocorrelation Function
Another important measure is called partial autocorrelation, which is the correlation between 𝑋𝑠 and 𝑋𝑡 with the
linear effect of “everything in the middle” removed. For a stationary process 𝑋𝑡 , the PACF (denoted as 𝑄ℎℎ ), for
ℎ = 1, 2, … is defined as:
𝑄11 = corr(Xt+1 , Xt ) = 𝜌1
̂ t+h , Xt − X
̂ t ), ℎ ≥ 2 = 𝜌1
𝑄ℎℎ = corr(Xt+h − X
(14)
̂ t+h and X
̂ t is defined as:
Where; X
̂ t+h = 𝛽1 𝑋𝑡+ℎ−1 + 𝛽2 𝑋𝑡+ℎ−2 + ⋯ + 𝛽ℎ−1 𝑋𝑡+1
X

(15)

̂ t = 𝛽1 𝑋𝑡+1 + 𝛽2 𝑋𝑡+2 + ⋯ + 𝛽ℎ−1 𝑋𝑡+ℎ−1 .
X

(16)

If 𝑋𝑡 is Gaussian, then 𝑄ℎℎ is actually conditional correlation
𝑄ℎℎ = 𝑋𝑡 , 𝑋𝑡+ℎ |𝑋𝑡+1 + 𝑋𝑡+2 + ⋯ + 𝑋𝑡+ℎ−1

(17)

Competing orders of the models were compared based on minimization of the Akaike Information Criterion
(Akaike, 1977), Schwarz Criterion (Schwarz, 1978) and Hannan-Quinn Criterion (Hannan & Quinn, 1979). Model
evaluation criterion in time series modelling and forecasting can be done using various parameters such as the Mean
Error (ME), Root Mean Square Error (RMSE), Mean Absolute Error (MAE) and Mean Absolute Percentage Error
(MAPE), Akaike's Information Criteria (AIC), Bayesian Information Criteria (BIC). Several competing models may
be ranked according to their AIC, or BIC with the one having the lowest information criterion value being the best.
These information criteria judge a model by how close its fitted values tend to be to the true values, in terms of a
certain expected value. The criterion attempts to find the model that best explains the data with a minimum of free
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parameters but also includes a penalty that is an increasing function of the number of estimated parameters. This
study employed Akaike's Information Criteria and the BIC to select the best model which is parsimonious. A model
which has a lower value of these information criteria will be preferred.
Akaike’s Information Criterion
According to Akaike (1974) and Schwarz (1978), the AIC function is denoted by:
2𝑓

𝐸𝑆𝑆

𝐴𝐼𝐶 = ( ) 𝑒 𝑛
𝑁
where; 𝑛 =Number of observations, 𝑓 =Number of parameters, and 𝐸𝑆𝑆 =Error sum of square

(18)

According to (Zhang, 2013), the AIC statistic can also be obtained by:
𝐴𝐼𝐶 = −2 log(𝐿) + 2log(𝑝 + 𝑞) ,
(19)
where 𝐿 indicates the likelihood of the data with a certain model, 𝑝 and 𝑞 indicates the lagged orders of AR and MA
term respectively.
Bayesian Information Criterion
According to Gideon E. Schwarz (1978), BIC can be obtained as;
𝐵𝐼𝐶 = −2 log(𝐿) + 𝑘log(𝑛)

(20)

𝑘

Or 𝐵𝐼𝐶 = log(𝜎𝑒2 ) + log(𝑛) ,
(21)
𝑛
where; k: is the number of parameters in the statistical model, (p+q+P+Q+1), L: is the maximized value of the
likelihood function for the estimated model, n: is the sample size, and 𝜎𝑒2 : is the error variance. Both BIC and AIC
are used for two different reasons. While AIC tries to approximate the model towards the reality of the situation,
BIC tries to find the perfect. The BIC approach is criticized as no perfect model can be obtained however it is useful
since it penalizes the model more heavily for having more parameters as compared to AIC (Hyndman et al., 2015).
Model Diagnostics
The significance level of individual coefficients was measured by Box-Pierce Q statistics and jointly together by
Ljung-Box LB statistics. The model is considered adequate if and only if the p-value associated with the Ljung-Box
Q statistic is higher than the critical level of significance. Moreover, the correlogram of the residuals can be used to
check residuals’ autocorrelation. If there is no serial correlation, the autocorrelations and partial autocorrelations at
all lags should be nearly zero, and all Q-Statistics should be insignificant with large probability values.
Model Accuracy Evaluation
The accuracy of the model selected for forecasting must be higher than that of all the competing models. Hyndman
& Koehler (2006) studied and compared all measures accuracy and settled on Mean Absolute Scaled Error (MASE)
as the best measure of accuracy on forecasting. Thus, the accuracy of the model in this study employed all the three
methods namely; MAE, MAPE and MASE for testing the model accuracy. The model with the minimum of these
values is considered to be the best for forecasting. In a perfect forecast, the MAE = MASE = MAPE = 0. The
smaller the value the better the prediction and the big the value the poorer the predictive ability of the model.
Root Mean Square Error (RMSE)
The RMSE is defined as:
𝑅𝑀𝑆𝐸 = √

𝐸𝑆𝑆

(25)

𝑛

RMSE measures the “mean prediction error”. For a “Perfect” fit the RMSE will be zero. It is used to measure the
difference/residuals between values predicted by the model and the observed values.
Where: 𝐸𝑆𝑆 is the error sum of squares
𝐸𝑆𝑆 = ∑𝑛𝑡=1(𝑦̂𝑡 − 𝑦𝑡 )2

(26)

which implies that
𝑅𝑀𝑆𝐸 = √

∑𝑛
̂𝑡 −𝑦𝑡 )2
𝑡=1(𝑦
𝑛

=√

2
∑𝑛
𝑡=1 𝑒𝑡

(27)

𝑛
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Mean Absolute Error (MAE)
The MAE is defined as:
𝑀𝐴𝐸 =

∑𝑛
𝑡=1|𝑌𝑡 −Ŷ𝑡 |
𝑛

,

(28)

Where: 𝑌𝑡 is the actual observation value at time t, Ŷ𝑡 is the forecasted observation value at time t, and 𝑛 is the total
number of observations.
RESULTS AND DISCUSSION
Descriptive Statistics
This study aimed at analyzing the consumer price index data covering the period from January 1991 until June 2017,
a total of 318 monthly observations. Table 1 shows that the series the least Food and Beverage Price Index (FBPI) to
be recorded was 75.83 and the highest was 196. The series is more varying since the standard deviation is large
(33.36). This is also a suggestion that the data is non-stationary. However, the measures of variation indicate that the
data is approximately normally distrusted since the skewness statistic close to zero.
Table 83: Descriptive Statistics
Statistic
Min
Mean
Price Index 75.83
119.88

Variance
1113.21

SD
33.36

Max
196

Skewness
0.624

Kurtosis
0.906

Deco mposing the Food and Beverage Price Index Data
A seasonal time series consists of a trend component, a seasonal component and an irregular component.
Decomposing the time-series means separating the time series into these three components. Seasonal decomposition,
as used by Doulah (2018) while examining temperature data in Bangladesh, was employed to determine whether the
series exhibits the three components. As expected in a time series data like food and beverage index data, figure 1
shows that the original data has a changing variance over time with its associated three components and random
error. The trend analysis shows an upward trend. Since the series has a seasonal component, modelling it using
SARIMA is suitable. (Figure 1).

Figure 20: Decomposition of the Price Index Series
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Testing for Non-stationarity
The plot in figure 1 shows the seasonal fluctuation in the monthly food and beverage price index data. The data
appears to be not stationary. The non-stationary data has mean, variance, and correlation that changes over time.
Generally, there is an increasing trend with no clear evidence of systematic variation about the mean on the time
series plot. This makes the SARIMA model suitable since it captures seasonal variation a given series.

Figure 21: Time Series Plot of Food and Beverage Price Index
Moreover, with not stationary data the behaviour of the ACF and PACF plot may not aid in the identification of the
order of both seasonal and non-seasonal AR and MA parts. As shown in figure 3, the ACF plot of the series does not
tail of, even at lag 25. The coefficients on the autocorrelation function have a slow fall affirming that the series is
non-stationary.

Figure 22: ACF and PACF Plots of Food and Beverage Price Index Series
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Therefore, we get the seasonal differences of the series at lag 12 and then examine stationarity. Figure 4 shows the
present monthly FBPI data and the associated ACF and PACF plots. An examination of the seasonally differenced
series shows the presence of a trend. The associated ACF plot shows strong seasonal wave patterns that decline
moderately. The non-seasonal lags decay rapidly confirming the presence of seasonal behaviour. Therefore, the
series is non-stationary.

Figure 23: Time series plot of seasonally differenced series at lag 12 and Associated ACF
Since the series is not entirely stationary, thus, the first difference of the seasonally differenced series is applied on
the resultant series. Based on this visualization in figure 5, differenced data has slightly more stationary properties
and no obvious trend or seasonality makes it suitable for use in estimating the parameters of the model.

Figure 24: First difference of the seasonally differenced series at lag 12
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To affirm the test, we applied the statistical test for the series stationarity using ADF unit roots tests. The results of
the Augmented Dickey-Fuller (ADF) test on the FBPI series are represented in Table 2. The results indicate that
series is stationary in the First difference and at the first difference of the seasonally differenced series at lag 12
(p<0.05). Thus, the model ARIMA (p, d, q) we will have the value d=1whereas the model ARIMA (P, D, Q) we will
have the value D=0.
Table 84: Unit Root Test

ADF
P-value

Level

First Difference

-2.0813
0.5422

-7.3809
0.01**

Seasonal Difference
at lag 12 (SDL12)
-5.4164
0.01**

First Difference
of the SDL12
-7.0196
0.01**

Model building for the monthly Food and Beverage Price Index Series
According to Shumway & Stoffer (2017), the process of model fitting entails data visualization, data transformation
where necessary, model identification of dependence order, estimation of the parameter, diagnostic analysis and
choosing an appropriate model. Thus, this section presents the second stage of the analysis of determining the best
suitable SARIMA model.
Model Identification
After the detection of stationarity of the series, the order of both seasonal and seasonal part AR’s and MA’s process
suiting the model is then determined by examining the behaviour of both ACF and PACF. Figure 4 shows ACF and
PACF plots, taking seasonal lags up to 50 lags.
Non-seasonal behaviour:
We examine the early lags to determine the non-seasonal terms. Spikes in the ACF, at low lags, indicate nonseasonal MA terms. Whereas, spikes in the PACF, at low lags, indicate possible non-seasonal AR terms. The early
lags in the PACF tails at lag 2. Thus, we can estimate the non-seasonal MA (2) process. The PACF shows a highly
significant spike at lag 1 which then levels until lag 12, 24, and so on. However, the spikes dwindle with time. The
sequence is accompanied by a tapering pattern in the lags of the ACF plot. Thus, a non-seasonal AR (1) can suit part
of the model.
Seasonal behaviour:
To determine the order of this component we examine the patterns across lags that are multiples of S. For monthly
data, as in this case, the behaviours of the spikes around lags 12, 24, 36, and so on, is examined. The ACF plot
shows a cluster of (negative) spikes around lag 12 and lags 24, and 48. However, positive clusters of spikes are seen
at lag 36. The PACF is tapering in multiples of S=12; That is the PACF has significant lags at 12, 24, and 36 akin to
seasonal MA (1) process. Based on the ACF and PACF of the 12th differences, we can estimate an ARIMA (1,1,0)
(0,1,1)12.

Table 85: AFC and PACF Plots of the First Difference of the Seasonally Differenced series at lag 12
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It is a common practice to examine a combination of orders in a bid to determine a model that minimizes either of
the chosen information criteria. Table 4 shows the comparison of models using AIC and BIC.
Table 86: Comparison of SARIMA Models Using AIC and BIC
SARIMA
S
AIC
BIC
MODEL(Order)
(0,1,2) (1,0,0)
12
1673.422
1688.457
(0,1,2) (0,0,1)
12
1673.413
1688.449
(0,1,2) (0,1,1)
12
1638.415
1653.296
(0,1,3) (1,0,1)
12
1673.473
1696.026
(1,1,0) (1,0,0)
12
1674.78
1686.056
(1,0,0) (0,1,1)
12
1674.78
1686.056
(1,1,0) (0,1,1)
12
1639.008
1650.169
(1,1,1) (1,0,0)
12
1675.383
1690.418
(1,1,1) (0,0,1)
12
1675.374
1690.409
(1,1,2) (1,0,0)
12
1673.856
1692.651
(2,1,0) (1,0,0)
12
1675.108
1690.143
(2,1,1) (1,0,0)
12
1674.154
1692.949
(3,1,0) (1,0,0)
12
1676.813
1695.608
(3,1,1) (1,0,0)
12
1677.179
1699.732
(3,1,1) (0,0,1)
12
1677.173
1699.726
(0,1,3) (1,0,0)
12
1674.732
1693.527
The results from Table four indicate that according to Akaike (AIC) and Schwartz (SIC) criteria, SARIMA ((0,1,2)
(0,1,1) 12 model is the most suitable. The parameters given are the non-seasonal specification of AR (0), differencing
(1), and MA (2), followed by the seasonal specification of seasonal AR (0), seasonal differencing (1), seasonal MA
(1), and period or span for the seasonality (12).
Estimation of the Model
The maximum likelihood estimation method is employed in the estimation of the coefficients of the model. An
iteration procedure is required when estimating the parameters of SARMA models (Box & Jenkins, 1976). The
results of the SARIMA ((0,1,2) (0,1,1) 12 model show that all the estimated SARIMA coefficients are statistically
significant (Table 5).
Table 87: Table of Coefficients
Estimate
ma1
0.4625
ma2
0.1501
sma1
-1.0000

SE
0.0587
0.0548
0.0796

t. value
7.8743
2.7386
-12.5645

p. value
0.0000
0.0065
0.0000

Diagnostics Checks of the Model
Normality Test
The standardized residuals estimated from the models should behave as an independently and identically distributed
sequence with zero mean and constant variance. A normal probability plot or a Q-Q plot can aid in the identification
of the departure of the distribution of residuals from normality. The residual plot shows that the standardized sample
residual plots depict a constant variance. The normal Q-Q plots show that the residuals are approximately normally
distributed since they lie along the 450 line (Figure 6).
Autocorrelation
There is no correlation between each lag of its values since the residuals don’t have any significant autocorrelation
as shown by the ACF plot (Figure 6). That is, the plots of the ACF of the residuals lack enough evidence of
significant spikes an indication that the residuals are white noise. The results also showed that the residuals are nonsignificant with the Ljung – Box-Pierce statistics up to lag 7. That is the autocorrelation and partial autocorrelation
coefficients are non-statistically significant in up to lag 7 since the associated Q-statistics have large probabilityvalues. The results imply that that residuals are not autocorrelated hence do not call for the usage of ARCH models.
The fitted SARIMA (0,1,2) (0,1,1)12 model can therefore be used for forecasting.
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Figure 25: Diagnostic Checks
Forecasting
Forecasting helps in planning and decision-making process since it gives an insight into the future uncertainty using
the past and current behaviour of given observations (Doulah 2018). Therefore, the resultant model was used to fit
h-step ahead forecasts. The forecast for the next 24 months from July 2017 to July 2020 with the 95% confidence
interval as shown in figure 7. The forecast results depicted a decreasing pattern of FBPI in the last quarter of 2017
followed by an increasing trend in the third quarter of 2018. Thereafter the price index increases steadily up to the
third quarter of 2020. The accuracy of the model in making h-step ahead prediction was done using the accuracy-test
summarized in table 6.
Table 88: Model Accuracy Test
Parameter
ME
RMSE
Value
0.09650335
3.216398

MAE
2.252747

MPE
0.09048207

MAPE
1.818399

MASE
0.8673462

CONCLUSION
Following the Box-Jenkins approach, this study assessed the ability of the SARIMA models to fit and forecast food
and beverage and price index series of Kenya from January 1991 to June 2017. Based on minimum AIC, and BIC
values, the findings showed that best order among competing orders of SARIMA was SARIMA (0,1,2) (0,1,1) 12
model and can forecast the FBPI for Kenya with MASE of 0.867. The forecasts covered the 24 months from July
2017 to July 2020. The forecast results depicted a decreasing pattern of an increasing trend from the third quarter of
2018 till the third quarter of 2020. Based on these forecasts, prices seem to be highly volatile. Thus, policymakers
should take appropriate monetary policy options to stabilize the prices. Since price fluctuations have been attributed
to surging world oil prices, there is a need to create a buffer stock to even out oil demand within the country more so
as Kenya recently began oil exploration and production. The oil production and distribution should be managed to
avoid intentional hoarding. Give that investment and consumption decisions continually rely on prospects, future on
a comparison of this model with other competing models that capture seasonality is recommended.
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Figure 26: Actual Time Series Plot of FBPI and the h=24 Step Period Forecasts
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ABSTRACT
A move towards industrialization is an active ingredient in achieving sustainable economic development owing to
the derived benefits of the creation of employment opportunities and enhanced international trade. Through its big
four agenda launched on December 12, 2017, Kenya aims to foster the manufacturing sector. One of the industrialagenda is reducing the costs of industrial inputs. Thus, an accurate predictive model that can be used to gauge the
cost of manufacturing inputs ought to be developed. The current study compared the pertinence of two Holt-Winter
Exponential Smoothing (HWES) techniques in forecasting Kenya's industrial inputs price data. Unlike simple
moving average, where past values are weighted equally, exponential functions assign exponentially decaying
weights, over time. The study used secondary data on Kenya's monthly industrial inputs price index from January
1980 to June 2018 extracted from the OECD website. The data had 450 observations and was analyzed using R
software. The findings indicated that a hybrid of both the additive and multiplicative HWES model efficiently
captures the nonlinearity or seasonality of industrial inputs price index series. Specifically, the “optimal” model was
a specification of the multiplicative error, additive trend, and multiplicative seasonality (“MAM”) with a
performance accuracy of 2.3% in terms Mean Absolute Percentage Error (MAPE) in making 24 months step-ahead
forecasts. The model outperformed the purely additive (2.44%) or multiplicative HWES model (2.55%). The
estimated smoothing of alpha, beta and gamma were; 0.9647, 0.1378, and 0.0004, respectively. The prediction
future prices movement is beneficial to producers, consumers and policymakers. The 24-period forecast of the
industrial inputs the price index indicates a falling trend, and indication that the industrial agenda shows some
prospects in the reduction of the cost of inputs.
Keywords: Industrial Inputs Price Index, Holt-Winter Exponential Smoothing, Additive Model, Multiplicative
Model, Forecasting, Kenya
INTRODUCTION
Industrialization is the process by which an economy is transformed from primarily agricultural to one based on the
manufacturing of goods. It is an essential ingredient in achieving sustainable economic growth and development
through the creation of employment opportunities, enhancing international trade and assure maximum utilization of
a country's resources. In, Kenya, Agriculture, industry and the service sectors contributed 15.7%, 21.6% and 62.7%
to GDP growth rate of 5.1% in 2017 (AfDB, 2017). Empirical studies have revealed that the manufacturing sector
has the highest employment multiplier effect as compared to other sectors. Bivens (2003) showed that every 100
jobs in the manufacturing sector support 291 jobs in other sectors of the economy, compared to 118 in the health
sector, and 154 jobs in the service sector. According to Biven (2003), manufacturing production demands for
intermediate goods and capital equipment than other sectors. Thus, layoffs in the manufacturing sector have a higher
spillover effect on indirect employment loss than in other sectors. According to Berger et al. (2017), developing
economies can create significant jobs in the non-tradable sectors by shifting towards skill-intensive production. With
the world share of manufacturing value added (MVA) as a percentage of GDP is 16%, the Middle East & North
Africa and sub-Saharan Africa had 14% and 10% respectively (World Bank, 2018). The African Economic Outlook
(2018) report indicated that Eastern African countries like Kenya, Uganda, Tanzania and Rwanda had respective
growth in MVA of 4.8%, 5.1%, 8.9%, and 9%. Since most African countries lag in terms of MVA, Africa has been
on the move to unlock and enhance its manufacturing potential with the most recent launch of the Africans
Continental Free Trade Area (AfCFTA) in March 2018. It should create a single continental market for goods and
services as well as a customs union with free movement of goods through the removal of tariffs (AU, 2020).
Likewise, Kenya recently launched its Big 4 Agenda on December 12, 2017, comprising of four pillars; enhancing
manufacturing, affordable housing, food and nutrition security, and universal healthcare coverage (The Presidency,
2020). Additionally, the manufacturing sector is an economic pillar under the Vision 2030 long-term development
launched in 2008 (Kenya Vision 2030) aiming to transform Kenya to a middle-income country by 2030. Kenya's
priority sectors under the manufacturing pillar are textile apparel/cotton, leather, agro-processing (tea, dairy &
meat), fish processing, construction materials, oil, Mining and gas iron and steel and information communication
and Technology (KAM, 2017).
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Even though Africa is a cost-effective location for manufacturers due to its high population size, which is a source
of cheap labour (Tate et al., 2014), most manufacturing companies in Kenya face challenges of the increased cost of
inputs in their production processes (KAM, 2018). Moreover, Kenya’s share of the manufacturing sector to GDP has
been declining from 11.8% in 2011 to 8.4% in 2017. According to KAM (2018) priority agenda, it is an expectation
that MVA will increase from 8.4% in 2017 to 15% by 2022. One of the first pillar under enhancing manufacturing is
competitiveness and level playing field with one of its agendas being to lower the cost of imported industrial inputs
(KAM, 2018). Therefore, it is imperative to understand how the cost of industrial inputs has been evolving.
According to Köppelová & Jindrová (2019), quantitative information knowledge is essential when making policy
decisions. The approach relies on and on data analysis, interpretation, and forecasting tools. Thus, time series
analysis has become indispensable in the modern world as time-series data is continually rising (Hassani &
Mahmoudvand, 2018). Classical models widely used to forecast the economic and ﬁnancial time series, such as
unemployment and stock indices, are based on restrictive assumptions of normality, linearity and the stationarity of
the observed data (Hassani & Mahmoudvand, 2018). However, most time-series data do not meet these assumptions.
In as much as non- linear models such as cointegration models, Autoregressive Integrated (AR), Moving Average
(MA), Autoregressive Integrated Moving Average (ARIMA) and Seasonal Autoregressive Integrated Moving
Average (SARIMA) models have been developed, the data has to be stationary. As well, most economic and
ﬁnancial time series are characterized by non-stationarity caused by exogenous shocks such as; technological
change, policy changes, and changes in consumer preference. Such shocks have rendered parametric models
inaccurate in modelling and forecasting (Hassani & Thomakos, 2010). Violation of parametric assumptions in
classical time series modelling calls for data transformations, e.g., by differencing or log transformation. According
to Hassani and Mahmoudvand (2018), such data transformation results in a loss of information. Non-parametric
methods can produce a better fit for the data with a higher accuracy performance than parametric methods.
As a non-parametric method, the parametric assumptions relating to normality, stationarity, and linearity do not
apply when modelling with Exponential Smoothing Techniques (EST). It is used to isolate trends and seasonality
from irregular variation (Chan et al., 2011). The technique eliminates the high variations in the signal while
maintaining the significant patterns of series (Muhamad & Mohamed Din, 2015). The Holt Winter and
Autoregressive Integrated Moving Average (ARIMA) class of models use past values to obtain future values
(Hanzak, 2008). However, the two models have some disparity. First, the ARIMA model is capable of describing
stationary data by differencing method (Wei, 2006). Secondly, the ARIMA model expresses a series in terms of both
lagged values and the error values of the original series, unlike EST which only uses lagged values. While ARIMA
class models and Holt Winter Exponential Smoothing (HWES) model integrates both Seasonal and trend data
patterns into the model to enhance its performance Syafei, et al. (2019), HWES does not consider stationarity of
data. Instead, HWES employs iterative steps and past observations are weighted to obtain predictive values (OmaneAdjepong et al., 2013). Moreover, unlike the simple moving average models where lagged observations are
weighted equally, exponential functions allocate gradually decreasing weights over time (Ostertagová & Ostertag,
2011). The EST has been applied in univariate time series modelling and forecasting of air quality (Nimesh et al.,
2014), population (Nazim & Afthanorhan, 2014), agrometeorological time series, consisting of air temperature,
wind speed (Murat et al., 2016), monthly rainfall (Dhamodharavadhani & Rathipriya (2019), students’ admission
(Himawan & Silitonga, 2019), Chicken Business Profit (Sudirman, 2020). Based on model evaluation criterion such
as Mean Absolute Percentage Error (MAPE), the HWES model produced better forecasts compared with single
EST, double EST and ARIMA class models. Therefore, the current study compared the pertinence of two HWES;
the additive and multiplicative HWES technique in fitting and forecasting Kenya’s industrial inputs prices index.
DATA AND METHODS
The current study employed HWES to fit and forecast Kenya's industrial inputs price index data. The price index
under consideration aggregates the data for both metals and non-metals (Agricultural) industrial inputs. Metals Price
Index is calculated based on the prices of raw materials including Copper, Aluminum, Iron Ore, Tin, Nickel, Zinc,
Lead, and Uranium while Agricultural Raw Materials Index, Timber, Cotton, Wool, Rubber, and Hides. No
sampling technique is employed in this study since it deals with a univariate time series data. Therefore, secondary
data set of Kenya’s monthly industrial inputs price index data, over 25 years, from June 1993 to June 2018 (450
observations) obtained from the Organization for Economic Co-operation and Development (OECD) website
(https://www.oecd.org/). The period is considered appropriate as it encompasses the pre- and post-industrial agenda
towards industrialization in Kenya under the Vision 2030 long-term development launched in 2008. Additionally,
this period is inclusive of the global crisis in 2008, which causes structural changes in time series data, making the
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time series data non-stationary (Hassani & Mahmoudvand, 2018). Thus, the model demonstrates its capability of
capturing such structural breaks in a time series data.
Holt-Winters Exponential Smoothing Technique
Exponential Smoothing techniques were first suggested by Brown (1956) and expanded by Holt (1957). Triple
exponential smoothing was first suggested by Holt's student, Peter Winters in 1960. It is suitable for time-series data
that exhibit both seasonality and trend (Singh et al., 2019. The HWES technique comprises of a forecast equation
with three smoothing equations. The first is at level; 𝑙𝑡 , followed by trend 𝑏𝑡 , and lastly for the seasonal component
denoted by 𝑠𝑡 , with respective smoothing parameters 𝛼, 𝛽, and 𝛾. The Holt-Winters method has two versions,
additive and multiplicative, the use of which depends on the characteristics of the particular time series.
Additive Model
The additive method is preferred when the seasonal variations are roughly constant through the series. That is when
the seasonal or trend component is not proportional to the level of the series. That is, we can overlay or add the
components together to reconstruct the original series. If Y is the price index, the component form for the additive
method is: 𝑦𝑡+ℎ|𝑡 = 𝑙𝑡 + ℎ𝑏𝑡 + 𝑆𝑡+ℎ−𝑚(𝑘+1)
(2.1)
Where; m denotes the frequency of the series. In this case, m is taken as 12 since the data is monthly and k is an
integer such that the estimates of the seasonal indices used for forecasting come from the end year of the sample
data. The level equation shows a weighted average between seasonally adjusted observation 𝑦𝑡 − 𝑆𝑡−𝑚 and nonseasonal forecast 𝑙𝑡−1 + 𝑏𝑡−1 for time for 𝑡. Seasonal equation shows a weighted average between current seasonal
index, 𝑦𝑡 − 𝑙𝑡−1 − 𝑏𝑡−1 and the seasonal index of the same season last year (h periods ago). The specification of this
model takes the form “AAA” denoting the additive error, additive trend, and additive seasonality.
Multiplicative Model
The multiplicative model is preferred when the seasonal variations are changing proportionally to the level of the
series. With this model, the seasonal component is expressed in relative terms (percentages), and the series is
seasonally adjusted by dividing through by the seasonal component. Annually, the sum of the seasonal components
is approximately m. Generally, the additive model is represented as follows:
𝑌𝑡 = 𝑆𝑡 ∗ 𝑇𝑡 ∗ 𝐸𝑡
(2.2)
The component form for the multiplicative method is: 𝑦𝑡+ℎ|𝑡 = (𝑙𝑡 + ℎ𝑏𝑡 )𝑆𝑡+ℎ−𝑚(𝑘+1) . The multiplicative
seasonality model takes the form “MMM”. That is, with a multiplicative error, trend, and seasonality.
Data Analysis
Data was be analyzed using the R Statistical Software (R Core Team, 2020). The analysis involved presenting the
general descriptive statistics of the series, decomposition of the time series properties of the series using technique
and eventually fitting the model.
The procedure of obtaining both the Holt-Winters Triple Exponential Smoothing Additive and Multiplicative
models are outlined below;
Step 1: Determining the initial values: For the stationary (S), trend (T) and seasonally (I) components using
equations the following equations;
1
𝑆𝐿 = 𝑋𝐿 , 𝑆𝐿 = + (𝑋1 + 𝑋2 + ⋯ + 𝑋𝐿 )
(2.3)
𝐿
1 (𝑋𝐿+1 − 𝑋1 ) (𝑋𝐿+2 − 𝑋2 )
(𝑋𝐿+𝐿 + 𝑋𝐿 )
𝑇𝐿 = {
+
+ ⋯+
}
(2.4)
𝐿
𝐿
𝐿
𝐿
𝑋𝑘
𝐼𝐿 =
,
𝑘 = 1,2,3, … 𝐿
(2.5)
𝑆𝐿
Step 2: Choosing the Values for the Smoothing Parameters.
Unlike in single exponential smoothing, TES usually has more than one smoothing parameter. The initial parameters
are α, β and γ, ranging between 0 to 1. While the choice of smoothing parameters can be subjective, it can be
estimated by minimizing the sum of squared errors (SSE) (Hyndman & Athanasopoulos, 2018). The errors are
obtained as 𝑒𝑡 = 𝑥𝑡 − 𝑥̂𝑡|𝑡−1 , 𝑡 = 1, . . . , 𝑇, that is, the one-step-ahead within-sample forecast errors.
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The optimum parameters and initial values of the model minimizes the SSE obtained as;
𝑇

𝑇
2

𝑆𝑆𝐸 = ∑(𝑥𝑡 − 𝑥̂𝑡|𝑡−1 ) = ∑ 𝑒𝑡 2
𝑖=1

(2.6)

𝑖=1

Unlike in linear regression analysis, which uses a formula to calculate the regression coefficients minimizing the
SSE directly, it requires a non-linear minimization problem necessitating the use of an optimization tool (Scales,
1985). In this study, the determination of the smoothing parameter (α) is based on trial and error. To determine the
value of α, the series are smoothed based on guessed values from 0.1 to 1 by 0.1 as used by Muhamad & Mohamed
Din (2015). The best value of α to be used is the one that minimizes the SSE. According to Lazim (2013), a smaller
value of α suits a stable time series data while a larger α suits a rapidly changing series.
Step 3: Calculation of TES data stationary with additive and multiplicative method can be performed using
equations as used by Siregar, et al. (2017).
Additive: 𝑆𝑡 = 𝛼(𝑋𝑡 − 𝐼𝑡−1 ) + (1 − 𝛼)𝑆𝑡−1 + 𝑇𝑡−1 )
𝑋
Multiplicative: 𝑆𝑡 = 𝛼 𝑡 + (1 − 𝛼)(𝑆𝑡−1 + 𝑇𝑡−1 )
𝐼𝑡−𝐿

Where; 𝑋𝑡 is the observations of the industrial inputs index series
𝛼; smoothing factor, 0 < 𝛼 < 1
𝑆𝑡 ; are the observations of the smoothed data
𝑇𝑡−1 ; Trend factor
𝐼𝑡 ; initial value index
Step 4: Estimation of the trend data using equations below:
Additive: 𝑇𝑡 = 𝛽(𝑆𝑡 − 𝑆𝑡−1 ) + (1 − 𝛽)𝑇𝑡−1 )
Multiplicative: 𝑇𝑡 = 𝛽(𝑆𝑡 + 𝑆𝑡−1 ) + (1 − 𝛽)(𝑇𝑡−1
Where; 𝛽 is the trend smoothing factor, 0 < 𝛽 < 1
Step 5: Estimation of the initial value I is then done using the equation below;
Additive: 𝐼𝑡 = 𝛾(𝑋𝑡 − 𝑆𝑡 ) + (1 − 𝛾)𝐼𝑡−𝐿 )
𝑋
Multiplicative: 𝐼𝑡 = 𝛾 𝑡 + (1 − 𝛾)𝐼𝑡−𝐿
𝑆𝑡

Where; 𝛾 is the seasonal smoothing factor, 0 < 𝛽 < 1
Step 6: After obtaining all the parameter values, then m step ahead forecasts is estimated using the equation 2.7
(Himawan & Silitong, 2019).
𝐹𝑡+𝑚 = (𝑆𝑡 + 𝑚𝑇𝑡 )𝐼𝑡−𝐿+𝑚 )
(2.7)
Step 7: The RMSE is then computed based on the fitted values and recorded. Step two to sx, is repeated until a final
model which minimizes the SSE (Equation 3.12) is obtained. The model minimizing the prediction error rate is
chosen and used for forecasting (Köppelová & Jindrová, 2019).
Step 8: The best model is then used to make m-step-ahead predictions using equation 2.7.
Models Evaluation Criterion
Several performance metrics have been used to evaluate the performance of models based on error measurement
(Lazim, 2013). The prediction errors are the differences between the actual and forecasted values. This study
employed the Mean Absolute Percentage Error (MAPE), which estimates the square root of the averaged squared
prediction errors, to compare the performance of SSA and the two TES additive and multiplicative. The MAPE
measures the average absolute error across the periods, expressed aa s percentage of the observation values (Jana,
2016). The MAPE is calculated using the following equation (Himawan & Silitong, 2019).
𝑛

1
𝑋𝑡 − 𝐹𝑡
𝑀𝐴𝑃𝐸 = ∑ |
| × 100
𝑛
𝑋𝑡

(2.8)

𝑡=1

The best model for adoption is the one that minimizes the value of MAPE based on the 24 months step-ahead
forecasts covering the period between July, 2018, to July 2022.
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RESULTS AND DISCUSSION
The current study looks into the applicability of SSA to monthly industrial inputs price index data from January
1980 to June 2017. The time series plot in figure 1 presents an oscillatory change in the price index in the 1990s
followed by a sharp rise from January, 20002. The impact of the recession of 2008/2009 attributed to the banking
crisis is evident due to a sharp fall in the industrial inputs price index within this period. This shows that the price
index data is elastic and can respond to global economic shocks. Such exogenous shocks make data non-stationary
with seasonal fluctuation. Thus, the use of a filtering technique such as SSA could provide better results since it can
filter, extract, and model such signals (Silva, Hassani, and Heravi 2018). In general, it is observable that the monthly
industrial inputs price index series depicts seasonality and trend pattern. Therefore, the associated harmonic
components should be extracted and modelled Holt and Winters Triple Exponential smoothing.

Figure 27: Monthly Industrial Inputs Price Index Data (1982M1–2017M6)
Descriptive Statistics
As shown, in table 1, the least price index was 50.92 recorded in September, 1989, whilst the highest was 217.07,
recorded in April, 2014. The priced index between January, 1982 to June, 2019 averaged 98.20 with a standard
deviation of 38.40. The measures of dispersion indicate that the data is non-symmetrical to the mean suggesting that
the seasonality skews the distribution of the data (Table 1). However, since HWES is a non-parametric method
which is da-a adaptive, the distribution of the data is not of the utmost importance.
Table 89: Descriptive Statistics
Min
Mean
Price Index
50.92
98.20

SD
38.48

Max
217.07

Skewness
1.03

Kurtosis
0.06

Decomposing the Data
Most time-series data represent an amalgam response of physically interpretable signal of concern ana d certain
amount of noise (Rekapalli & Tiwari, 2015). A time series can portray trend, seasonal or irregular component.
 Seasonal component refers to variations in a given series concerning the calendar cycles. For example, the
demand for ice cream might increase during summer and decrease during winter. Typically, seasonality is the
tendency of time-series data to exhibit a behaviour that repeats itself after some fixed interval; say after
quarterly, semi-annually or monthly periods.
 Trend component is the overall pattern of the series which can either be decreasing or increasing over time.
 Cycle component comprises of the decreasing or increasing patterns that are not seasonal.
 The error or residual component is the portion of the series that is not explained by seasonality, cyclical, or
trend components.
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Decomposing the time series is the process of extracting or separating these components. The current study
employed the “Seasonal and Trend decomposition using Loess” (STL) decomposition method to decompose the
series into its constituents. Here, Loess is a method for estimating nonlinear relationships which estimate the
seasonal component of a series using smoothing technique and corrects the initial series by removing seasonality
(Cleveland et al., 1990). STL is more advantageous over the classical, SEATS (Seasonal Extraction in ARIMA
Time Series) and X11 decomposition techniques (Dagum and Bianconcini 2016).
(i)
(ii)
(iii)

The rate of change in the seasonal component and the smoothness of the trend-cycle can be customized.
In case of the presence of outliers in the data set, robust decomposition can be adopted to minimize the
impact of influential observations on the estimates of the trend-cycle and seasonal components.
𝑋11 specifically handles high varying frequency data such as weekly, intraday series where trading day
variation and holiday effects occur

By applying STL decomposition to the price index series, figure 8 depicts the original time series (observed) and its
three additive components; the estimated trend, seasonal, and the irregular component. The fitted trend component is
oscillatory with both increasing and decreasing trend. A steady increase occurred between 200p to 2009 followed by
a sharp rise in 2010.

Figure 28: Robust Decomposition of the Industrial Inputs Price Index Series Using STL
Since the series has both seasonality and trend, forecasts can be made using triple exponential smoothing (HoltWinters exponential smoothing method). The technique estimates the level, slope and seasonal component at the
current time point (Holt, 1957 and Winters, 1960). The Holt-Winters seasonal method comprises the forecast
equation and three smoothing equations representing the estimates of the level (𝑙𝑡 ) one for the slope of the trend
component (𝑏𝑡 ), and another for the seasonal component (𝑆𝑡 ) with corresponding smoothing parameters; alpha (𝛼),
beta (𝛽), and gamma (𝛾). All the parameter values range between 0 and 1. Values closer to 0 indicates that relatively
little weight is placed on the most recent observations when making forecasts of future values. The resultant
components can be described using an additive model or multiplicative.
Figure 4.3 shows the plot the original time series with the forecasted values using the HWT filtering technique. A
preliminary evaluation of this technique shows that it can well fit the price index series since the plot depicts that the
in-sample forecasts (red line) are congruent with the observed values (black line).
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Figure 29: Ho-t Winters Triple Exponential Smoothing (Auto-plot from "HoltWinters" function in R)
To determine the best predictive model, different model specifications are fitted and their accuracy performance
evaluated using RMSE. Table 4.2 depicts the accuracy of the two pure additive and multiplicative models with four
hybrid model specifications. The predictive accuracy of a purely additive model is better (2.44% based on the
MAPE) than a purely multiplicative model (2.55% based on the MAPE). The smaller value of 𝛾 for the purely
additive model relative to the multiplicative model implies that the seasonal component in the later changes more
with time. The increasing size of the seasonal parameter (𝛾) for the multiplicative model elicits that the model is
more suitable to capture frequently changing seasonality in the series than the additive model.
Conversely, the smaller value of 𝛽 for the purely additive model relative to the purely multiplicative model implies
that the slope component of the series described by the additive model barely changes over time. As indicated by the
decomposed series (Figure 4.2) the trend component frequently changes over time. Thus, a larger beta, as in the
additive model could be appropriate to capture the trend component. Similarly, the error term can best be described
by the multiplicative model since it has a relatively small  value. Generally, the best model specification is of the
multiplicative error, additive trend, and multiplicative seasonality(“MAM”). The model is assumed “optimal” and
thus best fit for the data since it minimizes the RMSE of 2.30% by harmonizing all the parameters (Table 4.2)
Table 90: Models Evaluation
Smoothing Parameters
Alpha
Beta
Gamma
Model Specification
ETS (A, Ad, A)
0.9903
0.1411
0.0096
ETS (M, Md, M)
0.8024
0.1263
0.1937
ETS (M, Ad, A)
0.9983
0.1412
0.0017
ETS (M, Ad, M)
0.9647
0.1378
0.0004
Note: All model parameters are optimized based on the minimization of BIC values

Phi
0.8
0.9365
0.8
0.8742

MAPE
2.44
2.55
2.33
2.30

Figure 4 shows the decomposition of the series using the resultant ETS (MAM) model into the level, slope, and the
seasonal component
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Figure 30: Decomposition of the Series by ETS (MAM)
Model diagnostics
Use of time series modelling techniques relies on the satisfaction of the assumption that, the prediction errors are
white noise in nature (Köppelová & Jindrová, 2019) usually an uncorrelated stochastic quantity with zero mean and
constant variance (Zhang & Karniadakis, 2017). The residual plot in figure 4.4 depicts that the assumption of
constant variance over time was met. That is the residuals seems to have a constant mean and variance over time
with minor fluctuations. Secondly, the forecast errors are normally distributed as indicated by the histogram. Lastly,
there is no significant autocorrelation at lags 1-24 as depicted by the Autocorrelation Function (ACF) plot.

Figure 31: Residuals Diagnostics
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Forecasting
Given the MAM model minimized the MAPE and that the assumption of heteroscedasticity, normality, and no
autocorrelation of the forecast errors was met, this HWES technique is an adequate predictive model of the
industrial inputs price index. The 24 months step-ahead forecasts from the model are shown as a blue line, with the
80% prediction intervals as a dark grey shaded area, and the 95% prediction intervals as a grey shaded area (Figure
4.5).

Figure 32: Forecasts from MAM HW model
CONCLUSION
The exponential smoothing technique was applied to the industrial inputs price index series to allow for an
examination of its underlying component and in making short period time forecasting. The best forecasting model
was a hybrid of both additive and multiplicative model. The specification of the model was a multiplicative error,
additive trend, and multiplicative seasonality (“MAM”) with a performance accuracy of 2.3% in terms Mean
Absolute Percentage Error (MAPE) in making 24 months step-ahead forecasts. The estimated smoothing of alpha,
beta and gamma were; 0.9647, 0.1378, and 0.0004, respectively. The low value of the seasonal parameter (𝛾)
suggests that the industrial inputs price index series is not highly affected by seasonal fluctuations. The high value of
the smoothing parameter  points out that the variation of the series is large. The results highlight that the prices
index series is higher variability in the short run. Thus, there is a need to ensure that prices are stable and
sustainable. Nonetheless, the 24-period forecast indicates a falling trend in the price index. Owing to its simplicity
and accuracy, the HWES technique can be of practicable importance for monthly time series forecasting
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ABSTRACT
Heusler compound Mn2CoAl has been reported to possess the spin gapless property. It has been proposed as a
candidate for application in fabrication of spin-logic and energy efficient spintronic devices. While some theoretical
studies have reported a ferromagnetic order in the ordered alloy, some have reported a ferrimagnetic order. Some
reports have found the regular L21 crystal structure more stable, while others have reported the inverse Heusler
structure as being more stable. Recently, its ferrimagnetic order was observed experimentally using the
synchrotron-based x-ray magnetic circular dichroism technique. These results have been explained using theoretical
investigations of the interaction between the atom resolved states and magnetic moments using the Density
Functional Theory (DFT), as implemented in the Quantum ESPRESSO package, for the compositionally ordered
and disordered systems as well as distorted and un-distorted crystal structures. The exchange-correlation potential is
treated with the Generalized Gradient Approximation (GGA), employing the Perdew-Burke-Ernzerhof (PBE)
exchange-correlation functional (PBE-GGA). The inverse Heusler structure is found to be more stable than the L2 1
structure. There is a near zero gap in the majority states, while a clear gap at the Fermi level is evident in the
minority states. Tetragonalizing the structure causes an increased intersection of the Mn d states at the Fermi level,
causing the electronic structure to tend towards a half metal rather than a spin gapless semiconductor. Higher
structural distortions destroy the half metallic gap, resulting in a metallic electronic structure. Intermixing of the
states results in a half metallic electronic structure. The Mn magnetic moments couple antiferromagnetically in the
optimized, slightly distorted and compositionally rearranged structures. A ferromagnetic coupling is found in the
more distorted structures.
INTRODUCTION
Regular full Heusler compounds represent a class of X2YZ compounds, where X is a transition metal element, Y a
transition, rare earth or alkaline earth element and Z a main group element (Graf et al., 2011). They exhibit
exceptional properties, key of which is magnetic properties from a combination of non magnetic elements, like in
the case of Mn2VAl (Sanvito et al., 2017). Apart from having a net magnetic moment, many Heusler systems have
an electronic structure that is spin polarized at the Fermi level, resulting in half-metallicity, a very useful property in
spintronics. Half metallic materials can be used to control the magnetic properties of existing electronics, by the
introduction of a spin polarized current into the standard industrial semiconductors such as silicon. They exhibit high
tunability, high Curie temperatures and can have extremely diverse compositions (You et al., 2019). Additionally,
Heusler 's have the same crystallographic structure as semiconductors and since the discovery of the first half
metallic material, NiMnSb in 1983, a sequence of experimental as well as theoretical efforts have been carried out to
predict novel semiconductor or half-metallic systems (Khandy et al., 2019)
Heusler compounds are especially experiencing renewed interest due to the realization of materials that are
applicable in semiconductor spintronics and magnetoelectronics, such as spin gapless semiconductors in Mn 2 rich
Heusler compounds. In spin gapless semiconductors, one spin channel has a zero band gap, while the other has the
usual energy gap at the Fermi level. In particular, the conduction and valence band edges of the majority electrons
touch at the Fermi energy, resulting in a zero band gap in the majority channel. In such a material, no threshold
energy is required to move electrons from occupied states to empty states. In addition, both holes and electrons can
be a hundred percent spin polarized, leading to new functionalities in devices (Ouardi et al., 2013). Spinfilter materials can be made from ferromagnetic or ferrimagnetic semiconducting Heusler compounds and are of
particular interest since the mobility of carriers is larger than in usual semiconductors (Galanakis et al., 2014). Spin
gapless semiconductors bridge the gap between semiconductors and half-metallic ferromagnets (Chen et al., 2018).
Mn2CoAl has been demonstrated both from experiment and theoretical investigations to exhibit the spin gapless
property (Wei et al., 2018 ; Zhou et al., 2016). It has been reported to be a ferromagnetic spin gapless semiconductor
(SGS) with complete spin polarization (Zhou et al., 2015). However, a study of the electronic properties of
Mn2CoAl using the Generalised Gradient Approximation (GGA) to treat the exchange–correlation energy and the
Beck-Johnson (mBJ) approach, found it to exhibit a half-metallic (HM) character with 100% spin polarization at the
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Fermi level. Ferromagnetism with a total magnetic moment of 2 μB was found, with the Hg2CuTi structure being
more energetically favourable than the L21, Cu2MnAl type structure (Mokhtari et al., 2020).There have however
also been reports of bulk Co2MnAl crystallizing in the L21 structure, from experimental studies, obtained by
induction melting and 10 day annealing at 600–1190 °C under a magnetic field of 5 kOe9 (Zhu and Zhao, 2017).
However, Graf, et al., (2009), reports that the Cu2MnAl and the Hg2CuTi structures are hardly distinguishable by Xray diffraction. Care has to be taken in structural analysis, as both have general fcc like symmetry (Graf et al., 2009).
There have been studies on the effect of disorder and lattice distortion on electronic and magnetic properties of
Mn2CoAl. The magnetic moments of Mn were found to be reduced from the predicted value due to structural
disorder from a study of the magnetic properties of epitaxially grown thin films of Mn 2CoAl studied using X-ray
magnetic circular dichroism, (Jamer et al., 2014). Tetragonalization of the lattice, which can occur during films
growth was shown not to have an effect on the spin gapless character of the perfect cubic compound by
employing ab initio electronic structure calculations on Mn2CoAl Heusler compound. However atomic swaps were
found to destroy the spin gapless character giving rise to a half-metallic state (Galanakis et al., 2014).
In a recent study in which experimental data, and band structure calculations that included disorder were compared,
as-prepared Mn2CoAl film was reported to be best described as a disordered metal, rather than a spin gapless
semiconductor (Buckley et al., 2019). In yet another study of a stoichiometric Mn2CoAl Heusler alloy, the main
phase was found to be Mn1.8Co 1.4 Al0.8, rather than Mn2CoAl. The Mn1.8Co 1.4 Al 0.8 phase was found to be a
disordered inverse XA Heusler structure with, Mn (A) and Al (C) sites partially substituted by Co and Mn
respectively. The disordered structure was found to be half metallic from first-principles calculations although
annealed stoichiometric Mn2CoAl exhibited semiconducting-like resistivity and low anomalous Hall conductivity.
An analysis of microstructure seemed to suggest charge localization due to intersection of the Fermi level with Mn
3d and Co 3d states in Mn1.8Co 1.4 Al 0.8 to be the cause for the semiconductor like resistivity, rather than a signature
of a spin gapless semiconductor (Xu et al., 2019).
From the foregoing, the importance of the technologically relevant properties of Mn 2CoAl Heusler system is
evident. The understanding of these properties, leading to a proper classification and a deeper understanding of the
mechanism at the atomic level influencing these properties, will lead to a faster industrial application and
exploitation in design of spintronic and magnetoelectronic devices using Mn 2CoAl Heusler compound. In this
Density Funtional Theory (DFT) study, as implemented in the Quantum ESPRESSO code, structural optimization of
Mn2CoAl has been carried out, followed by electronic structure calculations for disordered and structurally distorted
Heusler system, as a first and preliminary study, of a series of investigations on the Mn 2CoAl Heusler system. The
effect on the site resolved atomic magnetic moments for the various systems has been reported.
Computational Details
DFT calculations as implemented in the Quantum ESPRESSO code were performed to determine the structural,
electronic and magnetic properties of Mn2CoAl. The self-consistent Projector Augmented Wave (PAW) approach
(Blöchl, 1994) employing the Perdew-Burke-Ernzerhof parametrization of the Generalized Gradient Approximation,
(GGA-PBE), to treat the exchange and correlation for the stoichiometric Mn2CoAl, in the Hg2CuTi and L21 full
Heusler structure, was employed to carry out a spin polarized investigation. The structural optimizations and
electronic structure are conducted using the Broyden–Fletcher–Goldfarb–Shanno (BFGS) minimization. A
Monkhorst–Pack uniform K point grid with 4 x 4 x 4 k points was chosen for static total energy calculations until a
stopping criterion of energy change less than 10-4 a.u. was attained. The integration over the irreducible part of the
Brillouin zone was done using the Marzari-Vanderbilt smearing method with a Gaussian spreading of 0.05, using
uniform cut-off energy for wavefunctions of 80 Ry.
RESULTS AND DISCUSSIONS
In this section, the structural, properties will be discussed. The electronic and magnetic properties for the most stable
structure will then be discussed, followed by those of the distorted and disordered structures.
Structural Properties
Structural optimization for X2YZ Heusler, Mn2CoAl, in the inverse and L21 crystal structures, whose prototypes are
Hg2CuTi and Cu2MnAl respectively, was carried out using the PBE-GGA exchange and correlation approximation.
The inverse Heusler structure with space group F43m, space group no. 216, is commonly observed if the atomic
number of Y is higher than the one of X from the same period, as is the case for Co and Mn in Mn2CoAl. The
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Wyckoff positions for X are 4a (0, 0, 0) and 4d (3/4, 3/4, 3/4), while the Y and the Z atoms are located at 4b (1/2,
1/2, 1/2) and 4c (1/4, 1/4, 1/4), respectively (Graf et al., 2011; Chen et al., 2015; Graf et al., 2009). The L21
structure belongs to the Fm-3m space group, space group number 225. The Mn atoms occupy the 8c (¼, ¼, ¼) sites,
while the Co and Al atoms occupy the 4b (½, ½, ½) and 4a (0, 0, 0) positions respectively. An equivalent L21
structure would have the X, Y and Z atoms in the 8c (¼, ¼, ¼), 4a (0, 0, 0) and 4b (½, ½, ½) positions respectively
(Enamullah et al., 2015). The 1 x 1 x1 unit cells used in this work, having 16 atoms each in the two crystal structures
are shown in Fig 1.

Fig.1 (a): L21 structures in which Mn occupies the 8 equivalent 8c (¼, ¼, ¼) sites, while
Co and Al occupy the 4b (½, ½. ½) and 4 a (0, 0, 0) sites respectively. (b) Inverse Heusler
Mnstructure
2CoAl is found to be more stable in the Hg2CuTi structure than the L21 structure as shown in Fig.2.
in which Mn occupies 4 a (0, 0, 0) and 4d (𝟑/𝟒, 3/4, 3/4) sites, Co and Al

occupy

the 4b (½, ½. ½) and 4c (¼, ¼, ¼) sites respectively

Fig. 2: Volume optimization for Mn2CoAl using PBE-GGA approximation
The optimized lattice parameter for the inverse structure is found to be 5.75 Å, while that of the L2 1 structure is
found to be slightly larger at 5.85 Å. This value compares well with previous studies, in which the lattice parameter
for the inverse Heusler structure has been found to be 5.73 Å and 5.787 Å, while employing the GGA approximation
(Mokhtari et al., 2020; Chen et al., 2015).
Electronic properties
In this section, the electronic structure for the optimized as well as compositionally and structurally distorted
structures are discussed. The electronic structure for the optimized inverse Heusler system reveals a near zero energy
gap feature in the majority states, and a clear energ gap in the minority states. A very small section of the majority
valence states intersect the Fermi level as shown in Fig. 3. A closer look at the orbital contribution of the d wave
functions at the Fermi level reveals that the d states of one of the Mn (2) atoms have slightly higher energies,
resulting in their intersection of the Fermi level, as well as a much smaller contribution from the d states of the Co
and Mn (1) atom.
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Fig. 3: Total Density of States (TDOS) and Projected Density of States (PDOS)
for optimized inverse Heusler structure of Mn2CoAl
An introduction of a small tetragonal distortion of the inverse cubic unit cell, such that the c/a ratios are 0.97 and
1.03, resulted in slightly more states intersecting the Fermi level, with increasing distortion, thereby, tending more
towards a half metallic electronic structure rather than a spin gapless electronic structure as shown in Fig. 4.

Fig. 4: Total Density of States (TDOS) for structurally distorted structures of Mn2CoAl
For higher distortions such that the c/a ratios are 0.688 and 1.52, the metallic character emerges as shown in Fig. 5
and 6, with sharp peaks appearing at the Fermi level, which is indicative of structural instability.

Fig. 5: Total Density of States (TDOS) and Projected Density of States (PDOS)
for Mn2CoAl with c/a ratio of 0.688.
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Fig. 6: Total Density of States (TDOS) and Projected Density of States (PDOS)
for Mn2CoAl with c/a ratio of 1.52
The electronic structure for the L21 structure was also studied, even though it was found to have higher energy, so as
to better understand the interaction between the d states when the Mn atoms occupy equivalent positions. In Fig 7, it
is evident that the Mn states have the same energy for both atoms. Their hybridization causes their states to be
pushed to lower energies, hence reducing the majority states at the Fermi level.

Fig. 7: Total Density of States (TDOS) and Projected Density of States (PDOS) for optimized
L21 structure of Mn2CoAl
However, the semiconducting gap in the minority states is destroyed, with the Co d states being pushed to lower
energies. The electronic structure is metallic, with both spin channels conducting and a ferromagnetic coupling
between all the transition metal elements.
The effect of mixing the Co and Mn sites in the inverse structure resulted in a half metallic electronic structure as
shown in Fig 8, arising from hybridization of d states of the transition metal elements.
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Fig. 8: Total Density of States (TDOS) and Projected Density of States

(PDOS) for

Mn2CoAl with Co and Mn mixed sites
Magnetic properties
In this section, the atom resolved magnetic moments for the various systems are discussed. Table one summarizes
the site resolved magnetic moments for the atoms.

Table 1: Site resolved magnetic moments for the Mn2CoAl atoms
in
c/a ratio
Magnetic Moments (μB)
c/a =1
c/a = 0.970
c/a = 1.030
c/a = 0.688
c/a = 1.520
Co Mn mixed

Mn(1)
-1.848
-1.853
-1.852
1.212
1.449
-1.784

Mn(2)
2.659
2.659
2.658
1.624
2.064
2.429

Co
0.729
0.728
0.726
0.841
0.980
1.050

Al
-0.025
-0.024
-0.024
-0.025
-0.053
-0.028

The two Mn atoms couple ferrimagnetically for the optimized structure and for the slightly distorted structures, as
well as the compositionally rearranged structure. However, in the more distorted structures, they couple
ferromagnetically. Mokhtari et al., (2020), found a magnetic moment of 2.550 μB on the Mn(2) atom, using the
GGA approximation, which compares well with the value of 2.659 μB found in this study. In other works, the value
was found to be 2.800 μB, which also coupled ferrimagnetically with the second Mn atom (Mokhtari et al., 2020;
Galanakis et al., 2014)). Intermixing the Co and Mn sites leads to a reduction of the magnetic moment of Mn (2)
atom to 2.429 μB, evidently due to the increased hybridization between the Mn (2) and Co d states due to better
overlap of the orbitals as shown in Fig. 8. Contracting the structure causes the magnetic moment for the Mn (2) atom
to decrease, while expanding causes it to increase. For a lattice constant of 5.65 Å, 5.70 Å and 5.80 Å, the magnetic
moments are 2.416 μB, 2.539 μB and 2.769 μB respectively. This is as a result of increased hybridization in the
contracted structure due to enhanced overlap of the orbitals upon contraction.
CONCLUSION
In this study, Mn2CoAl has been found to be more stable in the inverse Heusler structure. The electronic structure
reveals almost vanishing states at the Fermi level in the majority states, explaining why Mn2CoAl has been
classified as half metallic rather than spin gapless in some studies. We find Mn d states intersecting the Fermi level
to a slightly greater extent than the Co d states, which altogether are however very few. The electronic structure
from this study therefore is half metallic rather than spin gapless. The Mn magnetic moments are ferrimagnetically
coupled in the optimized inverse structure and reduce as a result of compositional rearrangement of the atoms. Upon
structural distortion, the magnetic moments remain constant except for greater distortions of the structure. Further
treatment of the d states of the transition metal elements, taking into account their localization in the next part of this
series, will provide a more definite description of the electronic structure of this interesting system
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ABSTRACT
Groundwater from shallow aquifers is an important source of portable water in Chuka Sub-County. However, most
shallow boreholes in Chuka Sub-County are undocumented and susceptible to contamination by both geogenic and
anthropogenic activities. This study was conducted to evaluate the quality of shallow boreholes water in Chuka SubCounty. Samples were collected from twenty boreholes in Chuka Sub-County during the dry and wet seasons. The
temperature, pH and conductivity were determined in situ using a meter. The concentration of cations was
determined using ICP-MS. The concentrations of anions were determined using standard APHA analytical methods.
Obtained data was analyzed using SAS software version 9.4. The temperatures and conductivities of borehole waters
were within the limits set by KEBS and WHO. The pH of water in most boreholes during the wet season was within
the limits set by KEBS and WHO. However, borehole water at Karandini (T15) was highly acidic (pH of 3.95)
during the wet season. During the dry season, borehole waters were slightly acidic (4.42 - 6.44) except for the
borehole at Ndagani market (T11), whose water was alkaline (pH = 8.75). The concentrations of macro-cations
(Ca2+ and Mg2+) were higher during the dry season. The concentrations of the trace and toxic cations differed
significantly across sites and seasons but were within the limits set by KEBS and WHO. The concentrations of
anions (NO3-, SO42-, Cl- and PO43-) were within the limits set by KEBS and WHO for portable water. However, the
concentration of nitrate in several boreholes during the dry season was within the range that cause chronic health
effects including colorectal, ovarian, thyroid, kidney and bladder cancers. Groundwater from most boreholes in
Chuka Sub-County is generally safe for domestic uses but require regular monitoring for quality.
Keywords: Groundwater, borehole, contamination, geogenic, anthropogenic, heavy metals
INTRODUCTION
Sub-Saharan Africa suffers acute water shortage with 315 million people remaining without access to improved
drinking water (Cobbing and Hiller, 2019). In Kenya, 43% of the population does not have access to clean water
(Marshall, 2011). The country is tending toward chronic water scarcity because of increasing water demand due to
rapid population growth, industrialization and expansion of irrigated agriculture (Mogaka et al., 2009; Kithiia,
2012).The crisis is more severe in rural areas where almost half of the population does not have access to clean
water and relies on raw water from rivers, lakes and dams (Marshall, 2011). Water scarcity will continue to be
increase due to rapid population growth, urbanization, increasing per capita consumption rates, increasing average
temperatures and climate change and pollution of surface water resources (Gizaw and Gan, 2017; Goulden et al.,
2009). In rural areas, shallow groundwater resources are increasingly being used for provision of domestic water
supply to due to the ease of drilling and uplifting water from shallow hand-dug, hand-drilled and machine drilled
shallow wells (Mumma et al., 2011). These wells are therefore highly susceptible to contamination by both geogenic
and anthropogenic sources because their sitting does not require reconnaissance surveys and hydrogeological studies
(RoK, 2006; Okotto-Okotto et al., 2015).
In Chuka Sub-County of Tharaka-Nithi County, a significant part of the population obtains domestic water from
shallow boreholes due to inadequate supplies by Nithi Water and Sanitation Company (NIWASCO). These
boreholes are usually dug without hydrogeological studies because the government of Kenya does not regulate
abstraction of groundwater from shallow wells (RoK, 2006). The population of Chuka Sub-County in Tharaka-Nithi
County is increasing rapidly due to urbanization and establishment of several tertiary learning institutions in the
Sub-county. Groundwater from shallow wells and boreholes is being used to bridge the deficit in supply from piped
water resources in the county. These boreholes are susceptible to pollution because their construction and operation
is not regulated by the government. This study was aimed at evaluating the physico-chemical parameters of
groundwater from shallow boreholes. The physico-chemical properties and the concentration of anions, cations and
heavy metals in groundwater from several boreholes spread out throughout the Sub-County.
MATERIAL AND METHODS
Study Area
The area is located in the highest altitude of the county geographically, between latitude 00 o 07’ and 00o 26’ South
and between longitudes 37o 19’ and 37o 46’ East. Major towns in Tharaka Nithi County include Chuka which is
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highly populated with 45,882 residents and Chogoria with a lower population of 33,378 residents (KNBS, 2010).
The area has deep red soils composed of volcanic ashes and weathered materials from the lahars.
Sample Collection
Groundwater samples were collected from the boreholes during the dry and wet seasons using 250 ml sterilized PET
bottles. The bottles were rinsed three times with respective borehole water prior to sampling. Samples were then
collected from each borehole in triplicate and labelled T1 to T20. The pH, conductivity and temperature of the water
samples were measured in situ using meters. The sampling site are given in table 1.
Table 1: Sampling sites with codes, longitudes and latitudes
Name of sampling site
Codes
Latitude
Mungoni
T1
-0.3239489
Kibumbu
T2
-0.3335136
Ikuu Boys
T3
-0.3479525
Ndagani Slaughter
T4
-0.3367368
Kiandogo Village
T5
-0.3502179
Ndagani Marine
T6
-0..3086445
Njaina
T7
-0.30894876
Kirege
T8
-0.3479532
Iruma
T9
-0.3495257
Ndagani Tumaini
T10
-0.3343615
Ndagani Market
T11
-0.3365329
Kirigi Village
T12
-0.3485243
Kirubia
T13
-0.3349398
Kangoro
T14
-0.3499825
Karandini
T15
-0.3602106
Kagumo
T16
-0.3452342
Ikuu Market
T17
-0.3602106
Rukindu
T18
-0.3207712
Kathigirini Village
T19
-0.2491951
Karigini Village
T20
-0.3455232

Longitude
37.6557212
37.6437504
37.6233826
37.6499972
37.6393124
37.6743652
37.6757678
37.6233826
37.6255826
37.6740452
37.6451324
37.6244724
37.645954
37.6288856
37.6341194
37.646274
37.6341194
37.6607199
37.73082228
37.6249728

Analysis Of Samples
Elemental Analysis: Samples were filtered. Then 50 ml aliquot of each sample was transferred to a 100 ml beaker.
10 ml of 2.0M HNO3 solution was added, evaporated, cooled and diluted to 50 ml mark in volumetric flask with
ultrapure water. The commercially obtained standards, resultant samples and blank were then analyzed using ICPMS following the standard calibration method. Analysis of Chloride: The concentration of chloride ions in the
water samples was determined using the argentometric method (APHA Method 4500-Cl- B) described in the
literature (APHA, 2017). The water sample was filtered; the pH adjusted to 7-10 with 2.0M NaOH and 2.0M of
H2SO4 and then titrated with 0.0141N AgNO3 solution in the presence of potassium chromate indicator to a pinkyellow endpoint.
Analysis of Nitrate: The concentration of nitrate ions in the water samples was determined using a
spectrophotometric method (APHA Method 4500-NO3- B) described in the literature (APHA, 2017). A 50 ml
aliquot of the filtered sample was transferred into a beaker then 1 ml of 1.0N HCl solution was added and the two
mixed thoroughly. Standards were prepared through serial dilution of a 1000 ppm NaNO 3 stock solution. The blank
(reagent water), the standards and the samples were then analyzed by measuring absorbance at 220 nm and 275 nm
using UV-Visible Spectrophotometer. The standard calibration method was then used to determine the
concentration of nitrate in the samples. Analysis of Sulphate: The concentration of sulphate ions in the water
samples was determined using a turbidimetric method (APHA method 4500-SO42- E) described in the literature
(APHA, 2017). Standard sulphate solutions were prepared by dissolving 0.1479g of anhydrous Na 2SO4 in distilled
water and make up to 1 litre. A 1000 mL buffer solution was prepared by dissolving 30 g magnesium chloride
(MgCl2. 6H2O), 5 g sodium acetate (CH3COONa .3H2O), 1.0 g potassium nitrate (KNO3) and 20 mL acetic acid
(CH3COOH; 99% in 500 mL distilled water and made up to 1L. Then 50 mL of a standard solution was transferred
into a 250 mL conical flask and thoroughly mixed with 10 mL of the aforementioned buffer solution using a
magnetic stirrer. A spoonful of BaCl2 crystals was then added while stirring and stirring continued at constant speed
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for about 60 s. The solution was then poured into an absorption cell, allowed to settle to about 5 min and its
absorbance measured at 420 nm using UV-Visible spectrophotometer.
Analysis of Phosphate: The concentration of phosphate ions in the water samples was determined using the
colorimetric method (APHA Method 4500-P E) described in the literature (APHA, 2017). A 100 mL combined
reagent was prepared by mixing 50 mL 5.0 N H2SO4, 5.0 mL antimony potassium tartrate solution (prepared by
dissolving 1.3715 g K(SbO)C4H4O6. ½ H2O in 400 mL distilled water in a 500 mL volumetric flask and topping to
the mark with distilled water), 15 mL ammonium molybdate solution (prepared by dissolving 20 g (NH4)6Mo7O24.
4H2O in 500 mL distilled water), and 30 mL of 0.1 M ascorbic acid solution. A 50 mL filtered water sample was
transferred into a 250 mL conical flask followed by 1 drop of phenolphthalein indicator and 8 mL of the combined
reagent. The resultant solution was mixed thoroughly and allowed to stand for 10 min. The solution was then
transferred into a quartz cuvette and its absorbance measured at 880 nm using UV-Visible spectrophotometer. The
calibration blank (reagent water and combined reagent) and standard phosphate solutions (prepared using anhydrous
KH2PO4) were also taken through the entire procedure.
RESULTS AND DISCUSSION.
Physico-Chemical Parameters: The temperature, pH and conductivity of borehole waters during the wet and dry
seasons are given in Table 2 During the wet season, the lowest and highest temperatures were recorded at the T1
(23.3oC) and T7 (29.0oC) sites, respectively. The mean temperature for the wet season was 25.75 oC while the
standard deviation was 1.84. Lowest and highest temperatures were at T17 (24.8 oC) and T7 (32.1oC) during the dry
season. The mean temperature and standard deviation for dry season were 29.1oC and 1.83, respectively.
Table 2: Physico-Chemical Parameters of Borehole Waters
Site
Physico-Chemical Parameters
Temperature (oC)
pH
WS
DS
WS
DS
T1
23.3
27.3
8.52
5.44
T2
23.9
27.8
7.51
5.17
T3
23.3
29.1
8.08
4.98
T4
26.8
29.0
7.96
4.96
T5
26.3
29.4
7.0
4.77
T6
24.0
30.5
5.91
6.44
T7
29.0
32.1
6.61
4.8
T8
27.3
30.3
9.06
4.83
T9
26.8
30.7
8.1
5.15
T10
26.2
30.0
5.94
4.96
T11
27.7
31.4
7.49
8.75
T12
27.6
31.1
8.57
4.9
T13
27.4
30.6
5.96
5.3
T14
27.2
29.3
8.47
4.97
T15
27.2
29.3
3.95
4.72
T16
23.8
27.1
6.1
5.01
T17
24.1
24.8
5.89
4.42
T18
23.5
27.3
6.35
5.88
T19
23.7
26.8
9.3
5.18
T20
25.9
28.6
7.57
4.66
Mean
25.75
29.125
7.217
5.2645
Min
23.3
24.8
3.95
4.42
Max
29
32.1
9.3
8.75
St. dev
1.837189
1.830696
1.356536
0.933175
Note: DS= Dry Season; WS = Wet Season

Conductivity (µs/cm)
WS
DS
37
34.1
40.5
42.4
36.9
37.7
62.9
63.4
57.8
55.2
16
540
31.3
22.5
40.1
38.2
53.5
52.9
33.8
32.9
1150
1208
21.4
19.5
100.8
39.9
20.6
24
30.5
27.1
61
76.7
60.9
59.4
58.9
119.2
63.8
58.8
81.5
59.1
102.96
130.55
16
19.5
1150
1208
247.3636
277.3128

Temperatures were significantly higher during dry season than during the wet season. The seasonal variation may be
due to heavy rainfall and large quantity of fresh water in flow (Kumar and Prabhahar, 2012; Ombaka et al., 2013).
Moreover, temperature affects several factors that determine the odour and taste of water (Ombaka et al., 2013;
WHO, 2017). During the wet season, the lowest pH of 3.95 was recorded at site T15 while the highest pH of 9.3
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was recorded at the T19 site. The mean pH and the standard deviation during the wet season were 7.2 and 1.36,
respectively. However, the borehole water at site T15 (3.95) is highly acidic, this could be due to the geology of the
site. During the dry season, the pH ranged from 4.42 to 8.75. The mean pH and the standard deviation were 5.3 and
0.93, respectively. The borehole waters were slightly acidic (4.42-6.44) except for site T11 (8.75), whose water was
alkaline. The alkalinity is an indication of high amount of ions like SO 42- (Prasad et al., 2014; Buridi and Gedala,
2014). The hydrogen ion are very few and are able to enter and disrupt mineral structures so that, they contribute to
dissolved constituents.(Ombaka et al.,2013).The pH of water is influenced by several factors including dissolved
gases (e.g. carbon dioxide), volume of water and dissolved chemical species of both geogenic and anthropogenic
origins (Murhekar, 2011; Thomas et al., 2009; Buridi and Gedala, 2014; Kumar and Prabhahar, 2012). The final pH
of the water is determined by the geology of the sampling site. Highly acidic water can cause adverse health effects
such as irritation, gastro-intestinal disorders and redness of the eyes. Moreover, high acidity can lead to corrosion of
several metals (Ombaka et al., 2013). The electrical conductivity has a mean of 102.96 and a standard deviation of
247.36. During the dry season, the electrical conductivity has a mean of 130.55µs/cm and a standard deviation of
277.31. The borehole water at site T11 had remarkably higher conductivities that the other boreholes in the study
area during both the wet (1150 µs/cm) and the dry (1208 µs/cm) seasons. Electrical conductivity signifies the
amount of total dissolved salts. It is a tool to assess the purity of water. High electrical values at T11 indicate the
presence of high amount of dissolved inorganic substances in ionized form. The values of electrical conductivity
depend upon temperature, concentration and types of ions present. (Prasad et al., 2014; Buridi and Gedala, 2014).
Concentration of Macro-Cations in Borehole Waters: The concentrations of macro-cations in borehole waters are
shown in Table 3. In wet season, concentrations of 44Ca ranged from 0 to 797.72 ppb with a mean average of 89.58
ppb. Moreover, the concentration range for the dry season was zero to 3259.11 ppb with a mean of 339.25 ppb.
Table 3: Concentrations of Macro-Cations in Borehole Waters
Ca 44(ppb)
Mg (ppb)
Site
WS
DS
WS
DS
T1
61.49
32.29
270.56
174.10
T2
16.22
0.00
217.97
49.52
T3
106.36
161.36
256.59
287.86
T4
151.56
51.41
396.82
248.08
T5
166.63
416.27
410.77
381.15
T6
0.00
3259.11
53.76
4043.75
T7
19.35
42.47
245.93
114.94
T8
0.00
0.00
168.37
224.29
T9
77.21
403.09
276.32
241.11
T10
7.25
0.00
165.69
162.16
T11
0.00
0.00
21.88
0.00
T12
77.15
0.00
238.03
0.00
T13
797.72
232.25
537.57
152.12
T14
41.25
0.00
311.10
126.11
T15
13.26
181.37
185.07
337.40
T16
16.38
392.67
565.74
800.46
T17
71.62
267.75
376.42
800.76
T18
101.99
1236.91
553.98
1145.57
T19
0.00
16.37
184.19
273.69
T20
66.19
91.72
1398.36
382.14
Mean
89.5815
339.252
341.756
497.2605
Min
0.00
0.00
21.88
0.00
Max
797.72
3259.11
1398.36
4043.75
St. dev
174.17
744.76
290.87
883.92
Note: DS= Dry Season; WS = Wet Season

Ca 43 (ppb)
WS
47.11
9.58
83.83
117.37
97.41
0.00
26.35
0.00
43.11
42.32
0.00
61.48
479.87
36.73
30.34
14.37
55.09
52.69
0.00
38.32
61.7985
0.00
479.87
103.71

DS
24.80
19.75
85.16
33.14
215.56
1511.29
23.92
15.58
206.12
0.00
0.00
0.00
120.94
14.05
106.24
190.97
142.67
609.71
27.44
51.36
169.935
0.00
1511.29
345.16

The concentrations of 43Ca ranged zero to 479.87 ppb for the wet season and zero to 1511.29 ppb for the dry season.
The mean concentrations were 61.80 and 169.94 ppb for the wet and dry seasons, respectively. The main source of
magnesium in the underground water sample may be attributed to the geological sources such as dolomites, biotite
and pyroxene that are abundant in the basement rocks of the sampled area (Saana et al., 2016). The mean
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concentrations for the wet and the dry seasons were 341.76 and 497.26 ppb, respectively. Concentration of the
macro cations is higher during the dry season. The levels were higher during the dry season and lower during wet
season for both calcium isotopes and magnesium. The higher concentration of macro cations is presumably due to
the geology of the areas (Ombaka et al., 2013). Low concentration of calcium observed could attribute to the
absence of sulphate and phosphate containing rocks in the study area.
Concentration of trace metals in borehole waters: The concentrations of trace cations in borehole waters are shown
in Table 4.The concentration of manganese in all boreholes was zero except T6 (13924.34 ppb), T14 (20.95 ppb)
and T18 (1341.27 ppb). The concentrations of manganese during the wet season ranged from zero to 203.89 ppb
with a mean concentration of 25.94 ppb. The concentrations in all boreholes were zero except T3 (15.03 ppb), T4
(58.64 ppb), T5 (7.49 ppb), T13 (203.89 ppb), T16 (196.33 ppb), T18 (33.45 ppb) and T20 (3.98 ppb). The
concentration of manganese in all boreholes during both the dry and the wet season is significantly lower than the
maximum allowed value of 0.1 mg/L set by the KEBS (KEBS, 2015) and the health-based value of 0.4 mg/L set by
the WHO for portable water (WHO, 2017). In addition, the concentrations are lower than levels with potential to
cause neurotoxicity in children (He et al., 1994; Groschen et al., 2009; Bouchard et al., 2011).Manganese occurs
naturally in ground waters sources and soils. Dissolution of manganese from minerals and rocks is favoured by low
pH (< 7), anoxic conditions and micro-organisms that degrade organic carbon (Homoncik et al., 2010).
The concentrations of iron during the dry season ranged from zero to 3368.8 ppb with a mean of 209.68 ppb while
during the wet season, the concentrations ranged from zero to 715.17 ppb with a mean concentration of 35.76 ppb.
These concentrations are lower than levels of 0.5 to 50 mg/L usually found in natural fresh waters and the 2 mg/L
allocated to drinking water as part of the minimum daily dietary requirement for iron (WHO, 2017). The
concentration of cobalt during the dry season ranged from zero to 14.77 ppb with a mean concentration of 1.73 ppb.
The concentrations were within the range for naturally occurring cobalt in groundwater from geogenic sources
(Hamilton, 1994). Cobalt is a constituent of several minerals including smeltite, cobaltite and linneite that are
abundant in the nickel-bearing laterite deposits, sedimentary copper deposits and the nickel-copper sulphide deposits
hosted in mafic and ultramafic rocks (Hamilton, 1994; Barceloux, 1999). The concentrations of copper during the
dry season ranged from zero to 26.68 ppb with mean concentration of 2.15 ppb. During the wet season, the
concentrations were between zero and 21.90 ppb with mean concentration of 1.18 ppb. These low levels further
suggests that groundwater in the study area is not contaminated by copper from anthropogenic sources. The level of
zinc during the dry season was zero in all samples. The concentrations during the wet season ranged from zero to
1166.13 ppb with a mean concentration of 88.26 ppb. The higher levels of zinc during the wet season are due to
geochemical conditions than enhance mineralization from zinc bearing minerals (McPhail et al., 2003).
Concentration of toxic metals in borehole waters: The concentrations of toxic metals in borehole waters are
shown in Table 5. During the wet season, the concentrations ranged from zero to 6.45 ppb with a mean
concentration of 0.32 ppb. Moreover, the concentrations of lead are two orders of magnitude lower the maximum
concentration limit indicating that the groundwater is not contaminated with lead from anthropogenic sources. The
concentrations of lead were generally higher during the dry season than in the wet season presumably due to
enhanced solubilisation from lead-bearing minerals and rocks at low pH in the boreholes (Zheng et al., 2009). The
concentration of cadmium during the dry season was below the detection limit while concentrations during the wet
season ranged from zero to 0.22 ppb with a mean concentration of 0.02 ppb. The concentration of mercury during
the dry season ranged from zero to 0.1 ppb with a mean concentration of 0.01 ppb. The concentration during the wet
season was below the detection limit. The concentrations of arsenic during the dry season ranged from zero to 1.4
ppb with a mean concentration of 0.07 ppb. In addition, the concentrations during the wet season ranged from zero
to 0.43 ppb with a mean concentration of 0.02 ppb. These concentrations are significantly lower than the maximum
concentration limit of 0.01 mg/L set by KEBS and the guideline value 0.01 mg/L set by the WHO (KEBS, 2015;
WHO, 2017). The concentrations of boron in groundwaters ranged from zero to 75.59 ppb during the dry season
and zero to 45.85 ppb during the wet season. The mean concentrations were 12.54 and 5.39 ppb during the dry and
the wet season, respectively. The concentrations are within the guideline maximum value of 2.4 mg/L set by the
WHO for portable water (WHO, 2017). The very low values also suggest that the boron in groundwaters is of
geogenic origin presumably as a result of leaching from rocks and soils containing borates and borosilicates (WHO,
2017). The concentration of strontium during the dry season ranged from 1.56 to 240.01 ppb with mean
concentration of 32.32 ppb. The concentrations during the wet season ranged from zero to 34.76 ppb with mean
concentration of 12.73 ppb. The concentration of barium ranged from zero to 201.91 ppb during the dry season and
zero to 37.11 ppb during the wet season. The mean concentrations were 10.10 and 1.86 ppb during the dry and the
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wet season, respectively. These concentrations are all within the maximum concentration limit of 0.7 mg/L set by
KEBS and the guideline value 1.3 mg/L set by the WHO (KEBS, 2015; WHO, 2017). The primary source of
barium in groundwater is leaching from barium compounds in ore deposits and rocks (WHO, 2017).
Table 4. Concentrations of Trace Cations in Borehole Waters
Site

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
Mean
Min
Max
St. dev

Concentration (ppb)
Mn
DS
WS
0.00
0.00
0.00
0.00
0.00
15.03
0.00
58.64
0.00
7.49
13924.34
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
203.89
20.95
0.00
0.00
0.00
0.00
196.33
0.00
0.00
1341.27
33.45
0.00
0.00
0.00
3.98
764.33
25.9405
0.00
0.00
13924.34
203.89
3111.969614 61.350504

Fe
DS
0.00
0.00
0.00
0.00
163.68
3368.82
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
661.10
0.00
0.00
209.68
0.00
3368.82
159.916874

WS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
715.17
0.00
0.00
35.7585
0.00
715.17
758.581727

Co
DS
0.15
1.13
0.00
0.06
1.09
9.88
0.06
0.00
3.87
2.49
0.00
0.40
0.00
0.00
0.00
14.77
0.17
0.50
0.00
0.00
1.7285
0.00
14.77
3.839707

WS
32.85
2.90
4.00
2.37
0.89
26.93
1.24
1.84
0.35
5.08
0.70
2.07
0.05
2.42
1.72
37.94
320.52
151.92
0.74
1.89
29.921
0.05
320.52
76.513021

Cu
DS
0.00
0.00
0.00
0.00
0.00
0.00
3.21
0.00
0.00
0.00
0.00
26.68
13.11
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.15
0.00
26.68
6.495134

WS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
21.90
0.00
1.79
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1.1845
0.00
21.90
6.495130
21

Zn
DS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

WS
1166.13
0.00
0.00
51.06
0.00
114.20
12.33
19.25
0.00
0.00
0.00
77.24
27.50
62.90
0.00
47.73
4.37
146.44
0.00
36.12
88.2635
0.00
1166.13
257.104001

Note: DS= Dry Season; WS = Wet Season

Table 5. Concentrations of toxic elements in borehole waters
Site

T1
T2
T3
T4
T5
T6
T7
T8
T9
T10
T11
T12
T13
T14
T15
T16
T17
T18
T19
T20
Mean
Min
Max
St. dev

Concentration (ppb)
Pb
DS
WS
5.54
0.00
0.00
0.00
22.81
0.00
62.80
0.00
2.31
0.00
0.00
0.00
2.20
0.00
0.00
0.00
15.58
0.00
5.79
0.00
0.00
0.00
4.94
0.00
0.00
6.46
0.00
0.00
3.01
0.00
108.30
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2.52
0.00
11.79
0.32
0.00
0.00
108.3
6.45
26.92
1.44

Cd
DS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

WS
0.00
0.22
0.02
0.00
0.03
0.02
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.01
0.00
0.03
0.02
0.00
0.22
0.05

Hg
DS
0.06
0.02
0.00
0.03
0.00
0.00
0.00
0.00
0.00
0.00
0.10
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.00
0.1
0.03

WS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

As
DS
0.00
0.00
0.00
0.00
0.02
1.40
0.00
0.00
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.07
0.00
1.4
0.31

Note: DS= Dry Season; WS = Wet Season
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WS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.43
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.43
0.10

B
DS
11.20
7.00
0.00
11.10
21.95
3.43
1.30
8.43
8.43
0.00
75.59
6.76
1.20
16.40
6.11
17.51
14.08
0.00
2.59
37.79
12.54
0.00
75.59
17.46

WS
9.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
45.85
0.00
0.00
2.07
0.00
0.00
0.00
34.70
0.00
16.11
5.39
0.00
45.85
12.71

Sr
DS
7.97
14.50
23.29
23.01
26.86
240.01
5.05
10.82
14.97
6.97
12.57
1.56
12.67
13.32
21.57
53.02
40.66
87.91
11.09
18.65
32.32
1.56
240.01
52.72

WS
9.41
11.33
18.88
26.78
25.59
0.00
4.10
5.64
9.22
4.17
9.36
4.64
34.76
12.39
6.34
18.71
23.07
11.58
4.42
14.21
12.73
0.00
34.76
9.19

Ba
D
0.00
0.00
0.00
0.00
0.00
201.91
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
10.10
0.00
201.91
45.15

WS
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
37.11
0.00
0.00
0.00
0.00
1.86
0.00
37.11
8.30

Concentration of anions in borehole waters
The concentrations of anions in borehole waters are shown in Table 6. The concentration of nitrate is significantly
higher during the wet season than the dry season in almost all boreholes. The higher nitrate concentrations during
the wet season can be attributed to several factors including leaching of nitrate from agricultural fields, surface runoff into unprotected wells, sub-surface drainage into improperly cased wells and seepage of nitrate from latrines
located close to boreholes.
Table 6. Concentration of anions in borehole waters
Concentration of Anions (mg/L)
Site
Nitrate (NO3-)
Phosphate (PO43-)
DS
WS
DS
WS
T1
2.831
5.141
0.045
0.000
T2
1.013
9.525
0.044
0.000
T3
0.299
3.412
0.068
0.050
T4
1.206
9.919
0.049
0.005
T5
1.396
10.855
0.049
0.004
T6
1.237
1.012
0.050
0.000
T7
0.754
5.521
0.043
0.000
T8
0.186
4.861
0.058
0.075
T9
0.571
4.714
0.062
0.112
T10
0.206
2.523
0.050
0.012
T11
0.306
2.422
0.150
0.139
T12
0.194
1.290
0.041
0.000
T13
0.196
1.152
0.043
0.018
T14
0.311
1.264
0.045
0.000
T15
0.347
2.427
0.043
0.000
T16
1.171
17.315
0.091
0.000
T17
1.954
19.555
0.043
0.000
T18
0.418
4.378
0.052
0.020
T19
0.258
2.468
0.056
0.045
T20
1.026
3.578
0.056
0.090
Mean
0.794
5.667
0.057
0.029
Min
0.186
1.012
0.041
0.000
Max
2.831
19.555
0.150
0.139
St. dev 0.699
5.247
0.025
0.043
Note: DS= Dry Season; WS = Wet Season

Sulphate (SO42-)
DS
WS
0.8887
0.370
2.422
0.290
7.019
0.230
0.162
0.433
0.218
0.407
10.154
0.294
0.918
0.094
0.840
0.030
2.428
0.019
1.932
0.000
8.339
14.335
0.378
0.000
0.362
0.000
0.189
0.000
0.278
3.000
3.080
0.000
0.3075
0.000
9.101
12.906
3.936
5.415
5.332
3.615
2.914
2.072
0.162
0.000
10.154
14.335
3.298
4.220

Chloride (Cl-)
DS
WS
0.720
1.000
0.680
1.100
0.640
1.000
0.700
1.000
0.720
1.100
0.820
0.900
0.840
1.050
0.680
1.050
0.680
1.650
0.680
0.850
1.240
1.750
0.700
1.250
0.660
1.250
0.660
1.250
0.680
1.000
0.700
1.100
0.640
1.050
0.660
0.950
0.620
1.250
0.740
1.150
0.723
1.135
0.620
0.850
1.240
1.750
0.723
0.225

The concentration of nitrate in all boreholes was within the WHO maximum acceptable limit of 50 mg/L for NO 3- in
portable water (WHO, 2017). The water therefore does not pose adverse health effects (e.g. methaemoglobinaemia)
associated with acute nitrate toxicity (WHO, 2017). However, the concentration of nitrate in several wells during
the dry season is within the range that has been shown to cause chronic health effects including colorectal, ovarian,
thyroid, kidney and bladder cancers (Jones et al., 2016; Schullehner et al., 2018; Temkin et al., 2019).
The concentration of orthophosphate during the dry season ranged from 0.041 to 0.150 mg/L with a mean
concentration of 0.057 mg/L. During the wet season, the concentration ranged from zero to 0.139 mg/L with a mean
concentration of 0.029 mg/L. These concentrations are significantly lower than the 2.2 mg/L maximum
concentration permissible in natural portable water in Kenya (KEBS, 2015). Thus, the concentration of PO 43- in the
groundwater does not pose any health or environmental problems. The concentrations of PO43- in almost all samples
were significantly lower during the wet season. This suggests that surface run-off and leachate from soils containing
phosphatic fertilizers or manure was not the major source of orthophosphate in the groundwater. The orthophosphate
in these volcanic soils can be immobilized and retained by several processes including precipitation or coprecipitation by multivalent cations (e.g. Ca2+) and adsorption by iron oxide minerals (Griffioen, 2006; Domagalski
and Johnson, 2012). Thus, the background concentration of orthophosphate in the groundwater can be attributed to
dissolution of phosphate-containing minerals in aquifer sediments. The concentration of orthophosphate in aquifers
decreases as the pH of the groundwater decreases due to enhanced adsorption and retention by iron oxide minerals
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in the sediments under acidic conditions (Griffioen, 2006; Domagalski and Johnson, 2012). The lower
concentrations of PO43- ions during the dry season are therefore consistent with the higher acidity of the groundwater
during this period.
The concentration of sulphate during the dry season ranged from 0.162 to 10.154 mg/L with mean concentration of
2.914 mg/L. Moreover, the concentration was between zero and 14.335 mg/L with mean concentration of 2.072
mg/L during the wet season. The concentration of sulphate in all boreholes was significantly lower than the
maximum permissible concentration of 400 mg/L in natural potable water set by the KEBS (KEBS, 2015). The
concentrations of sulphate in groundwater in the study area do not pose any aesthetic or health hazards. Thus, the
concentration of sulphate ions in groundwater during the wet season was significantly lower than corresponding
concentrations during the dry season presumably due to dilution by external water that is abundant during this
season. The lower concentration during the wet season suggests that the sulphate in groundwater is not
anthropogenic but is derived from sulphate bearing minerals in the aquifers (WHO, 2017). The mean concentrations
of chloride were 0.723 and 1.135 mg/L during the dry and the wet season, respectively. These concentrations are
very low compared the maximum permissible concentration of 250 mg/L set by the KEBS (KEBS, 2015). The
concentrations are also significantly lower than the 200-300 mg/L taste thresholds for the chloride anion (WHO,
2017). The concentrations of chloride in groundwater in the study area therefore do not pose any aesthetic or health
hazards. The concentrations of chloride is considerably higher during the wet season. This suggests that agricultural
run-off or leaching from soils is a possible source of chloride in addition to dissolution of chloride containing
minerals. Concentration of Cl above 5mg/L could result to the irritation of the oesophagus, a burning sensation in
the mouth and throat, spontaneous vomiting episodes of dermatitis and asthma can be triggered by exposure to
chlorinated water.
CONCLUSION
The water is most boreholes in Chuka Sub-County meet the permissible maximum limits set the WHO and KEBS
for portable water. Therefore, the water in most boreholes is generally safe for human consumption and shows
minimal contamination from anthropogenic sources, especially during the dry season. However, nitrates levels are
higher there is indication of contamination from agricultural run-off during the wet season. The concentrations of
nitrate in several boreholes is at levels that can cause chronic health effects. In addition, water in some boreholes is
highly acidic, which increases the risk of geogenic contamination through dissolution of minerals from rocks.
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ABSTRACT
Background: Advanced practice nursing and midwifery education was introduced globally and in Kenya with an
objective of introducing high quality nursing and midwifery care services that would result to improved patients
outcomes. Currently there are hundreds of advanced practice nurses and midwives who are underutilized and more
precisely in Kenya due to little available evidence of the impact of advanced practice nurses and midwives on
patients’ outcomes. Objective: To review available evidence on the impact of advanced practice nurses and
midwives on patients’ outcomes. Methods: A wide search method was used to site literature from variety of
databases. Review process involved inclusion of qualitative, quantitative and mixed method research studies that
were recent and relevant to this study’s objective. Data were abstracted, organized into themes and sub-themes,
summarized and results were reported by means of narrative synthesis. Quality of the research study was evaluated
by using Mixed Method Appraisal Tool (MMAT) version 2018. Measures of advanced practice nurses’ and
midwives’ impact were matched against a set framework including clinical significance for evaluating patient’s
outcomes. Results: Out of the 10 studies that were included, the results suggested that there was a great impact of
advanced practice nurses and midwives on positive patients’ outcomes. The outcomes were; early detection of
disease complications, efficient and effective continuity of care, diagnostic accuracy and reduced polypharmacy,
reduced length of hospital stay, reduced mortality rates, innovative service delivery, patient safety and satisfaction.
Conclusion: There is need for more involvement of advanced practice nurses and midwives in healthcare delivery
systems and specifically in Kenya in order to achieve positive patients’ outcomes.
Keywords: Impact, Advanced, Practice, Nurses, Midwives, patients, outcomes, healthcare.
BACKGROUND OF THE STUDY
Many countries have witnessed an increasing number of advanced practice nurses and midwives in the past years
but studies indicate that they are under uterised[1]. International Council of Nurses (ICN) defines an advanced
practice nurse as a registered nurse who has acquired the expert knowledge base, complex decision-making skills
and clinical competencies for expanded practice, the characteristics of which are shaped by the context and/or
country in which s/he is credentialed to practice. A master's degree is recommended for entry level. There is no clear
definition of an advanced practice midwife. However a specialist or advanced midwife plays a very strategic part in
healthcare service delivery. Specialist midwives are expected to review and receive referrals coming from fellow
midwives where care was deemed complex. Advanced midwives assume such roles as consultants, clinicians,
educators, managers and researchers [2]. Midwives in Liberia perform advanced maternity care services
independently and competently [3].
The increasing number of advanced practice nurses and midwives has been a rejoinder to challenges that have been
facing healthcare settings in most countries such as the changing people’s needs for good health. While there is this
increased demand for specialized nurses and midwives, their roles and scope are not well defined. A well defined
role would be a catalyst to organized outputs and better patients’ outcomes that would encourage specialized nurses
and midwives to remain in clinical areas rather than shifting into management roles. The roles can be categorized as
expertise and consultancy, leadership and management, education and research in all specialties from the lowest to
highest levels of healthcare settings. Literature indicates that investing in advanced practice nursing and midwifery
not only improves patients’ outcomes but also results to reduced cost of healthcare and reduced national economic
burden [4, 5]. Clinical significance can be a measure of impact of advanced practice nurses and midwives on patients’
outcomes. This involves assessing reduction of severity of signs and symptoms of the underlying sickness, patients’
satisfaction and improved quality of life in relation to the nursing and midwifery interventions employed. Advanced
practice nursing and midwifery was introduced globally and in Kenya with an objective of introducing high quality
nursing and midwifery care services that would result to improved patients outcomes. However the advanced nurses
and midwives are underutelised due to little available evidence of their impact on patients’ outcomes.
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Objective and Question
To review available evidence on impact of advanced practice nurses and midwives on patients’ outcomes.
What evidence is available on the impact of advanced practice nurses and midwives on patients’ outcomes?
METHODOLOGY
Study Design
A systematic review of literature from qualitative, quantitative and mixed method research studies was conducted. A
wide search strategy was employed using key word like advanced, practice, nurses, midwives, impact, patients,
outcomes and healthcare. Data search and retrieval was done from databases like PubMed Central, Google Scholar,
BioMed Central, ScienceDirect and HINARI. Only recent data from 2016-2020 was considered in the search
strategy. Free text words combined with Boolean operators, that is OR, AND in study titles and abstracts, reference
list search from articles that were included formed part of the search strategy.
Inclusion Criteria
General criteria for inclusion were adopted for all the articles. The criteria were relevant qualitative, quantitative and
mixed method that were related or focused on the impact of advanced practice nurses and midwives on patients’
outcomes, peer reviewed recent articles not older than 5 years since publication, written in English language.
Exclusion Criteria
General criteria for exclusion were adopted for all the articles. The criteria were; irrelevant studies those were not
related or did not focus on the impact of advanced practice nurses and midwives on patients’ outcomes, articles
older than 5 years since publication, written in other languages apart from English language.
SEARCH RESULTS
The number of total identified articles was 116 and the Preferred Reporting Items for Systematic reviews and MetaAnalysis (PRISMA) selection process was followed. From these identified articles, duplicates were removed. After
removal of duplicates, 100 articles were screened for eligibility. These were further reviewed critically in
consideration of inclusion and exclusion criteria and 41 articles were found potentially eligible. Finally only 10
articles were included for this review and analysis after removing those which did not specify the impact of
advanced practice nurses and midwives on patients’ outcomes: [Figure 1].
Identification
Total articles identified: 116

Screening
Articles screened after duplicates were removed: 100

Eligibility
Eligible articles after eliminating those that did not meet
inclusion cliteria: 41

Inclusion
Included articles for review and analysis after removing

those which did not
specify the impact of advanced practice nurses and midwives on
patients’ outcomes: 10
Figure 1: Review Selection Process
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Quality Appraisal
Quality of research study was evaluated by using Mixed Method Appraisal Tool (MMAT) version 2018 [Table 1].
Table 1: Characteristics of Included Articles
First Author
Publication Title/Key Words
Year
Eaton et al.

2019

SánchezGómez et al.

2019

Kilpatrick et al.

2020

O'Toole et al.

2019

Unruh et al.

2018

Coster et al.

2018

Lamb et al.

2018

Anderson C

2018

Roche et al.

2017

Woo et al.

2017

The impact of advanced
practice providers on the
surgical resident experience:
Agree to disagree?
Benefits of Advanced
Practice Nursing for Its
Expansion in the Spanish
Context.
A mixed methods quality
improvement study to
implement nurse practitioner
roles and improve care for
residents in long-term care
facilities.
Patient Satisfaction With
Innovative Nurse
Practitioner Cardiology
Services.
Benefits of Less Restrictive
Regulation of Advance
Practice Registered Nurses
in Florida
What is the impact of
professional nursing on
patients' outcomes globally?
Describing the leadership
capabilities of advanced
practice nurses using a
qualitative descriptive study
Exploring the role of
advanced nurse practitioners
in leadership
The effectiveness of
emergency nurse
practitioner service in the
management of patients
presenting to rural hospitals
with chest pain
The impact of the advanced
practice nursing role on
quality of care, clinical
outcomes, patient
satisfaction, and cost in the
emergency and critical care
settings

Inclusion Criteria

Study Results

Relevant to this review
objective, credible, recent,
written in English

Positively impacted care through
continuity of care and efficient
services

Relevant to this review
objective, credible, recent,
written in English

More effective follow up of chronic
patients with early detection of
disease complications

Relevant to this review
objective, credible, recent,
written in English

Decreased polypharmacy and
transfers to acute care were reduced

Relevant to this review
objective, credible, recent,
written in English

Safe patients’ outcomes, early
detection of coronary artery disease,
patient satisfaction, innovative ways
of service delivery.
Reduced healthcare cost in Florida

Relevant to this review
objective, credible, recent,
written in English
Relevant to this review
objective, credible, recent,
written in English
Relevant to this review
objective, credible, recent,
written in English

Reduced mortality risk in acute
departments

Relevant to this review
objective, credible, recent,
written in English
Relevant to this review
objective, credible, recent,
written in English

Positive clinical outcomes, cost
efficiency.

Relevant to this review
objective, credible, recent,
written in English

Improved length of stay to
consultation and treatment, reduced
mortality rate, cost saving.

Contributes to conducive nursing
care environment for patients and
staffs.

Diagnostic accuracy, patients
satisfaction, reduced length of stay
and waiting time

Data abstraction and synthesis
There was a data abstraction form for every design focusing on qualitative, quantitative and mixed methods results.
Quantitative data were synthesized through collating the design, interventions, results as well as outcome measures.
Moreover, qualitative data were synthesized by thematic analysis and revised to clarify possible uncertainties.
Report on Results
Out of the 10 studies that were included, the results suggested that there was a great impact of advanced practice
nurses and midwives on positive patients’ outcomes. Impact on clinical significance of implemented interventions
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was an outcome indicator. Positive symptomatic patient outcomes were clinically significant in most studies. The
studies indicated that the advanced practice nurses and midwives had positive impact on physical and psychological
outcomes. The interventions of advanced practice nursing result to patient satisfaction or satisfying improved care
and explanation of their concerns. There was evident reduction in mortality rate, reduced length of hospital stay and
reduced waiting time with cost effective care services. There was great evidence of acceptable and valuable
advanced interventions. Competency among the staffs was evident, prompt decision making, accuracy of diagnosis
and quality services was also very evident. Early detection of disease complications, continuity of care, reduced
polypharmacy, innovative service delivery, patient safety and satisfaction [Table 1].
DISCUSSION
The search strategy of this literature review was thorough. It comprised of rigorous criteria of article inclusion and
exclusion, systematic extraction of data as well as the process of quality assessment. There was a limitation to this
review whereby during quality assessment, one of the studies met minimum threshold but it was considered valuable
in order to comprehensively demonstrate the impact of advanced practice nurses and midwives towards positive
patients’ outcomes [7]. This inclusion criterion has some degree of implications to the research results. One study had
a small sample size hence hindering conclusive synthesis of evidence [9].
From the start, there was evidence of advanced practice impact on various aspects of patients’ outcomes. There was
evidence of perceived patients’ satisfaction from patients who were interviewed [6, 7, 8]. Advanced practice nursing
positively influenced patients’ care by continuity and efficiency of services [9]. There was a report of effective follow
ups of patients with chronic diseases and early detection of disease complication [10]. Decreased poypharmacy and
reduced transfers of patients to intensive care departments [11]. In a study on patient satisfaction with innovative
nurse practitioner cardiology services, more innovative mechanisms of service provision were reported and early
detection of coronary artery disease.
In another study to evaluate the impact of professional nursing on patients' outcomes globally, reduced mortality rate
was reported in acute departments having advanced practice nurses [12, 7]. Literature indicates that advanced nursing
and midwifery leadership contributes to promotion of a conducive nursing and midwifery care for patients [13].
Diagnostic accuracy, reduced length of hospital stay, and reduced waiting time for healthcare services was reported
in areas where advanced nursing and midwifery practitioners were deployed [6, 7]. There were other reports on cost
effectiveness of overall services by advanced nurses and positive clinical outcomes such like reducing severity of
symptomatology as a measure of impact of interventions [5, 7]. Therefore the respective articles availed more
information thus strengthening clinical significance. This review proposes greatly positive impact of advanced
practice nurse and midwife on patients’ health outcomes.
What is known about impact of advanced practice nurses and midwives on patients’ outcomes?
Advanced nursing and midwifery was introduced globally and in Kenya with an objective of introducing high
quality nursing and midwifery care services that would result to improved patients outcomes, but the advanced
nurses and midwives are underuterised specifically in Kenya due to little available evidence of their impact on
patients’ outcomes.
What does this study add?
This study proved that advanced practice nurses and midwives influence various positive patients’ outcomes
Implications of this study to healthcare systems
This study recommends further and robust studies to evaluate individual patients’ perspectives regarding the care
given to them by these advanced practice nurses and midwives compared by others registered nurses and midwives.
CONCLUSION
A clearly demonstrated impact of advanced practice nurses and midwives on positive patient health outcomes is
very crucial for professional development, successful workforce organization and to provide a guideline on support
needed for nurses and midwives to advance their professional practices. This review has determined the clinical
significant evidence of positive impact of advanced practice nursing and midwifery on patients’ health outcomes.
The study recommends further and robust studies to evaluate individual patients’ perspectives regarding the care
given to them by these advanced practice nurses and midwives compared by others registered nurses and midwives.
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ABSTRACT
Rice milling involves removal of the husk and bran layer, a process which causes emission of inorganic dust and
synthetic chemicals that have adverse effects on respiratory health, eyes and skin of exposed workers. Further, rice
husk is known to have high silica content which may cause pulmonary disease resembling asbestosis and possibly
bronchogenic carcinoma. It is estimated that most workers spend a third of their time at work hence the need for
positive occupational risk perception through awareness which has a significant impact on safe behaviour at work.
This study assessed the level of awareness on occupational safety and health among rice mill workers in central
Kenya (Mwea). Four out of the seven large scale mills were selected at random for the purpose of this study. The
study population was 400 and the sample size was 196. Cross sectional survey study design was adopted and
structured questionnaires were administered. The level of training (21%) and knowledge (24%) of safety and health
at workplace was low. The supervisors’ awareness was also low (33%) across the sampled mills. The respondents’
perception of the positive safety climate was (53%) disagree while the managers’ measure of importance of health
and safety in the workplace on a scale of 1 to 10 was at an average of 4.5. There was no significant association
between safety awareness and age (p=0.919) and the cross tabulation between level of education and safety
awareness was p=0.98. None of the selected mills had registered their premises as a workplace or formed safety and
health committee. The study concluded that the level of awareness on safety and health was low among the workers
and occupiers of the workplaces in the selected rice mills. The government should deal with the abysmal registration
of workplaces for improved level of awareness, workers enlightenment of legal rights and reduced workplace
hazards, injuries and accidents.
Key words: workplace, occupational, awareness, safety, health, hazards
BACKGROUND OF THE STUDY
Rice is a swamp grass which is widely cultivated as a source of food, especially in Asia and it belongs to the seed of
the grass species Oryza Sativa (Asian rice) or Oryza glaberrima (African rice). According to Food and Agriculture
Organization (FAO) (2017), rice is the agricultural commodity with the third highest world-wide production (rice,
741.5 million tonnes in 2014), after sugarcane (1.9 billion tonnes) and maize (1.0 billion tonnes). Rice cultivation
was introduced in Kenya in 1907 from Asia (Ministry of Agriculture, 2009). It is currently the third most important
cereal crop after maize and wheat. It is grown mainly by small-scale farmers as a commercial and food crop. About
80% of the rice grown in Kenya is from irrigation schemes established by Government while the remaining 20% is
produced under rain-fed conditions. Globally rice is one of the most important food crops in the fight against hunger
(Ministry of Agriculture, 2009). According to the Ministry of Agriculture National Rice Development Strategy
(NRDS), (2009), rice production in Kenya is by small-scale farmers in Central (Mwea), Western (Bunyala), Coast
(Tana delta, Msambweni) and Nyanza provinces (Ahero, West Kano, Migori and Kuria). About 300,000 rice
farmers provide labour and also earn their livelihood out of the crop’s production. There are four major rice mills
spread across the country with varying capacities. This includes the Lake Basin Development Authority (LBDA)
with a milling capacity of 3.5 metric tons, Mwea NIB 24 metric tons, Western Kenya Rice mills 3 metric tons and
Tana Delta with 3 metric tons per hour. Additionally, there are several small privately owned ones especially in
Mwea irrigation scheme. The scheme produces over 50% of all the rice in Kenya making Wanguru town an
important commercial centre with numerous rice stores and several rice mills (Oyuke, 2010). Mwea is in Kirinyaga
County and it is located in the central highlands of Kenya in the former Central Province and lies between latitudes
00 42′ 0″ South of Equator and 370 22′ 0″East.
Milling is a crucial step in post-production of rice and the basic objective of rice milling system is to remove the
husk and the bran layers, and produce an edible, white rice kernel that is sufficiently milled and free of impurities
(Agropedia, 2012). The milling process causes emissions of dust and the work environment is typically filled with
fine and coarse dust which is detrimental to the respiratory system and skin of exposed workers. This not only
affects the workers but also the community living in nearby areas breathe air mixed with dust every day. This causes
air pollution to the local community and reduces quality of life. (Kiattisak et al,2011). The other occupational health
hazards that the rice mill workers are vulnerable to are; ergonomic-workplace/job/task design, uncomfortable
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workstation height, and poor body positioning (Tirthankar et al, 2017). Eye injuries, respiratory tract infections,
physical injuries like bruises, wounds and amputations are also evident (Oginyi et al, 2017). A study by Ahinsa et al,
(2019) on haematological disorders in rice mill workers in Pradesh concluded that rice husk dust causes
deterioration of haematological parameters in subjects working at rice mills. In another study by Razlan et al, (2000)
on respiratory health of rice millers in Kelantan, Malaysia it was found out that chest tightness was among the
common symptoms i.e. (34.9%) of workers complained. In India, which is one of the largest producer of rice in the
world, there is high prevalence of respiratory morbidity (42.66%) among rice mill workers. There was statistically
significant relationship between duration (years) of working and respiratory morbid condition (Seema et al, 2010).
According to a study by Prasanna et al, 2008), the noise from machines in the rice mills was found to be the major
occupational hazard for the rice mill workers. About 25% of the total workers were found to be exposed to higher
levels of noise than 85dBA in the locations where workers were engaged for most of the time. In a study on
occupational exposure to airborne fungi among rice mill workers with a special influence to aflatoxin producing A
flavours strains, conducted at National Institute of occupational health, Meghani Nagar, Bawla Town India by Desai
et al, 2003) it was found out that there was highly significant total and respirable dust concentration in the
workplace (p<0.01). this study concluded that the rice mill workers are occupationally exposed to airborne aflatoxin
producing strains of A flavus. Safety awareness and positive perception of risk exposure cannot be over emphasized.
Leiter et al 2009) work in the Italian printing industry on occupational risk perception a structured equation analysis
confirmed a model of risk perception on the basis of employees’ evaluation of the prevalence and lethalness of
hazards as well as the control over hazards they gain from training. The number of injuries sustained was positively
related to the perception of risk exposure and negatively related to the evaluations about the safety training. The
study concluded that if the workers increase the adoption of safety procedures the injuries will be prevented.
The major job component in the rice mills is heavy lifting and carrying of grain filled sacks on the backs and
shoulders by workers. This causes one of the most common work related injuries referred to as musculoskeletal
disorders. In Karimnagar India, musculoskeletal complaints (45.7%) in rice mill workers were significantly
associated with duration of work in years (Mohan, et al, 2016). In spite of the various hazards that the workers in the
mills are exposed to, in Kenya, there is inadequate registration of workplaces by Directorate of Occupational Safety
and Health Services (DOSHS) which according to Auditor General’s report, (2018) is at 0.6%. Further, the report
points out that this inadequacy means that there is minimal information about the workplaces which makes it
difficult for DOSHS to plan and follow up on safety and health issues; minimal adherence to safety and health
standards at workplaces which in turn has led to increased risk of occupational hazards/injuries; and inadequate
investigation of accidents and diseases due to minimal and late notifications of accidents which is caused by nonenforcement of the OSH Act, 2007 and lack of awareness among employees.
In neighbouring countries like Uganda, registration of workplaces is at 0.1% according to Auditor General’s report,
(2016). This was attributed to lack of awareness by the respective occupiers of workplaces, inadequate
system/mechanism to monitor compliance, manual registration system rather than an online one so as to encourage
registration, and non-punitive penalties for non-compliance. The biggest worry for the emerging economies is a
huge working population with low literacy rates and abysmal awareness of occupational health hazard (Meswani,
2008), the need of the hour should therefore be to spread the awareness of occupational hazards to the large work
population. In developing countries, work related research, education and training have not been widely recognised
as the most important factor for sustainable workplace improvement (Ahasan and Imbeau, 2003). This is despite the
World Health Organization (WHO) strategy on occupational health for all which stresses effective transmission of
data and raising of public awareness through public information as one of its priority objectives (WHO, 1995).
Per capita, consumption growth of rice is 12% per annum as compared to 1% for maize and 4% for wheat
(Wanjogu, 2017). The NRDS (2008-2018) blue print and vision 2030 initiative is to increase the rice production
from the current 178,580 metric tonnes to 300,000 metric tonnes by 2022. This projected increase in production will
cause an upsurge of rice mills in rice growing areas and the number of workers exposed to occupational hazards will
increase exponentially. It has been established from other studies that exposure of rice mill workers to high levels of
rice mill dust which constitutes of organic and inorganic dusts and synthetic chemicals may have adverse effects on
their respiratory health and various organs such as eyes, and skin (Tirthankar,et al,2017). To reduce the level of
exposure both to workers and the environment, it is important that the workers are aware of workplace health and
safety and the importance of obeying the safety and health rules and regulations in the workplace. As provided for in
the Occupational Safety and Health (OSH) Act, (2007), employees have a legal right to expect a safe and healthy

620

work environment. Further, when employees are aware of safety procedure, it will help the employers to reduce
their legal liability which often occurs when employees or customers are injured in the course of regular business
(Kimberlee, 2018). Thus, it is important to establish the level of OSH awareness among rice mill workers in central
Kenya (Mwea) for reduced accidents, deaths, injuries and ill health in the workplace and improved notifications of
work related accidents by employers and employees.
The first objective of the current study was to assess the level of awareness in Occupational Safety and Health
(OHS) among rice mills workers in central Kenya (Mwea). The second one was to determine the association
between OSH awareness and selected demographic variables. The findings of this study provide a basis for policy
makers in the Ministry of Labour to enforce registration of all rice mills as workplaces as provided for in section 44
of Occupational Safety and Health Act, 2007. This will ensure that workers are aware of OSH through training for
improved workplace safety, health and welfare.
MATERIALS AND METHODS
The study area was Mwea irrigation scheme in central Kenya, Kirinyaga County which produces 50% of all the rice
in Kenya and consequently has the largest number of rice mills compared with other rice growing zones in Kenya.
Out of the current seven large scale mills four were selected at random for the purpose of this study. The study
population (400) consisted of all the permanent staff working in the mills. The sample size (n= 196) was randomly
selected. Cross sectional survey study design was adopted and structured questionnaires were administered after
obtaining local ethical approval to conduct the study from the authorized personnel in the mills. Data was analysed
using frequency counts and percentages and was presented using statistical tables and charts.
RESULTS AND DISCUSSION
Respondents’ social demographic profile
The social demographic profile indicated that the respondents’ gender was 74% male and 26% female, while 69 %
were married and 31% single. The respondents’ level of education was 78% secondary, 16% primary and 6%
university. Most (74%) of them were 45 years and below and 66% worked as mill loaders while 17% worked in the
offices and 17% worked as machine operators.
Respondents’ safety and health awareness (training for the safety of workers)
The results indicated that the level of training on safety and health in the workplace across all the selected mills was
low (21%). Health and safety awareness is dependent on the level of training and plays a role in the safe use of
plant, machinery and equipment and how workers respond in case of an emergency.
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Figure 1: Respondents’ level of training in the respective mills
As pointed out by Meswani, (2008), the biggest worry for the emerging economies is a huge working population
with low literacy rates and abysmal awareness of occupational health hazard, the need of the hour therefore being to
spread the awareness of occupational hazards to the large work population. In developing countries, work related
research, education and training have not been widely recognised as the most important factor for sustainable
workplace improvement (Ahasan and Imbeau, 2003). This is despite the World Health Organization (WHO) strategy
on occupational health for all which stresses effective transmission of data and raising of public awareness through
public information as one of its priority objectives (WHO, 1995).
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Evaluation of workers’ knowledge on safety and health at work
This evaluation was carried out using the following questions under the section on workers’ knowledge on safety
and health at work: “is your safety and that of your colleague your responsibility”; “Do you always wear your PPE
while performing your work”; would you instruct your colleague if you found him performing unsafe act”; “does
your knowledge of safety increase with time”; Do you know safety and health committee members in your mill”;
“have you been trained on basics of first aid”; are you aware of factories and other places of work rules and
regulations”. The response to these questions across the selected mills were 24% yes and 76% no indicating that
knowledge on safety and health at work was very low.
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Figure 2: Respondents’ knowledge on safety and health at work
These results were in agreement with a study by Pilusa et al, (2018) which found out that workers’ knowledge of
occupational legislation and related health and safety benefits was at 16.36%. The low level of knowledge was
despite the legislation’s accrued benefits of ensured safety, rights of workers, ensured compensation for
occupational injuries and illness, and provided guidance in the prevention of occupational injuries and illness. In
another study by Nasab et al, (2009) on evaluation of knowledge, attitude and behaviour of workers towards
occupational health and safety, it was found out that the level of knowledge was 52% low, 36.7% moderate and
10.5% high. It is important for employers to design and implement programs aimed at promoting knowledge,
attitude and safety culture in the workplace. It is generally accepted that 80-90% of accidents are due to human error
(Salminen, 2017). Workers should have the right knowledge, attitude and behaviour otherwise effort put towards
having accident free workplace will be in vain.
Supervisor’s awareness on safety and health in the workplace
The results indicated that the supervisor’s awareness on safety and health in the workplace was low (33%) across the
sampled mills. This meant that workers were not adequately protected against exposure to workplace hazards
through enforcement of OHS policies and procedures; awareness of OHS rights and responsibilities and workplace
culture that encourages worker participation and safety. According to Yanar et al, (2018), OHS vulnerability and
lack of supervisor support independently increased the likelihood of physical injuries at work. The Occupational
Health and Safety Act (OHSA) defines a supervisor as a person who has charge of a workplace or authority over a
worker. Supervisors are responsible for a great deal of what goes on day to day in the workplace. Workers must be
able to report unsafe or unhealthful workplace conditions or hazards to a supervisor without fear of reprisal. The
Occupational Safety and Health (OSH) Act, 2007 requires supervision of apprentices, indentured learners and
inexperienced workers as indicated in section 98 and 99(1). The enforcement of the Act was a challenge where
supervisor’s awareness on safety and health in the workplace was low as shown in the figure below.
The importance of supervisor’s awareness on safety and health is further stressed by Safety and Health in
Agriculture Convention, 2001 (No. 184) article 7(b) which holds that the employer shall ensure that adequate and
appropriate training and comprehensive instructions on safety and health and any necessary guidance or supervision
are provided to workers in agriculture , including information on the hazards and risks associated with their work
and the action to be taken for their protection taking into account their level of education and difference in language.
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Figure 3: supervisor’s awareness on safety and health in the workplace
Workers safety and health climate- the environment
The results indicated that the respondents’ perception of positive safety climate in the selected mills was 53%
disagree, 41% agree and 6% strongly agree in all selected mills. As per Workplace Health and Safety Queensland,
(2017) safety climate is the perceived value placed on safety in an organisation at a particular point in time.
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Figure 4: Workplace health and safety: the environment (workers’ health and safety climate)
There is need for the mills management to improve the safety climate in the workplace in order to motivate the
employees to behave safely and improve their uptake of health and safety related policies and programs for reduced
work related injury rates and improved production. Good safety culture should lead to good safety climate (Talabi et
al, 2015) where workers are encouraged to report unsafe conditions to supervisors; wear any safety gear required to
do the job; follow the safety rules and procedures; ask questions when not sure and ask for help if needed.
Managers’ awareness on health and safety in the workplace
The mill managers’ awareness on safety and health in the workplace was assessed by asking the following questions
in the questionnaire; “using a scale of 1 to 10 please indicate how important health and safety at work is in your
mill; is the mill registered as a workplace with the Ministry of Labour; how do you capture statistics of accidents at
the workplace; what is the fraction of the budget that addresses health and safety in your mill; does the mill under
your management have a functional health and safety committee”. The results indicated that out of the four selected
mills, mill B had the highest scale (6) out of 10 on the importance of health and safety, while mill C had the lowest
(3). On average, the scale was at (4.5) with a standard deviation of 1.12 which was considered low. This brought it
to light that managers in the selected mills did not consider health and safety in the workplace as important.
According to Health and Safety Authority, (2019), a safety and health management system is a necessary tool in an
organisation to ensure, health and safety work organisation and policy in a company; planning process for accidents
and ill-health prevention; good practices, procedures and resources for developing and implementing, reviewing and
maintaining the occupational safety and health policy. The outcomes of good health and safety management system
are reduced accidents and ill health cases; promoted business efficiency and productivity; provided safety, health
and welfare at work as provided for in the Factories Act cap (254) and allocated resources in the budget for safety
and health. Further, where health and safety is regarded highly, Safety and Health in Agriculture Convention, 2001
(No.184) will be fully adopted. The convention charges the employer to ensure that workers receive and understand
the safety and health information supplied by manufacturers, importers and suppliers of machinery, tools and
equipment as well as be informed and consulted on safety and health matters including risks from new technologies.
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Figure: 5 Importance of health and safety at work in a scale of 1 to 10
The study also sought to establish whether the selected mills were registered as a workplace with the Ministry of
labour, a legal requirement under OSH Act (2007) section 44 (1) which provides that before any person occupies or
uses any premises as a workplace, he shall apply for the registration of the premises by sending to the Director a
written notice containing the particulars set in the Fourth Schedule of the Act. Section 45 (6) of the same Act
requires that an occupier shall renew the certificate of registration annually. It was observed from the results that
none of the selected mills had adhered to this legal requirement. This case of non-registration was in support of
Auditor General’s report (2018) Kenya, which observed that there was inadequate registration of workplaces by
Directorate of Occupational Safety and Health Services (DOSHS) which was 0.6% of the 1,700,000workplaces in
Kenya. Further, the report points out that this inadequacy is an indication that there is minimal information about the
workplaces which makes it difficult for DOSHS to plan and follow up on safety and health issues; minimal
adherence to safety and health standards at workplaces which in turn has led to increased risk of occupational
hazards/injuries; and inadequate investigation of accidents and diseases due to minimal and late notifications of
accidents which is caused by non-enforcement of the Act and lack of awareness among employees. In neighbouring
countries like Uganda, registration of workplaces is at 0.1% according to Auditor General’s report, (2016). This was
attributed to lack of awareness by the respective occupiers of workplaces, inadequate system/mechanism to monitor
compliance, manual registration system rather than an online one so as to encourage registration, and non-punitive
penalties for non-compliance. To further assess the managers’ awareness on health and safety in the workplace, the
study sought to know if in the selected mills there were functional safety and health committees. The results
indicated that none of them had formed the committee in their respective mills. Formation of safety and health
committee by the occupier of every factory and other places of work is domiciled under the Legal Notice of Kenya
No. 30, (2004). The committee is responsible for all health and safety issues of the enterprise including undertaking
safety audits. The study observed that this could be blamed on the managers’ low level of health and safety
awareness. It was also observed from the results that the management in the mills did not have any method of
capturing statistics of accidents at the workplace and that the fraction of the budget that addressed health and safety
was minimal and in some cases none at all.
CONCLUSION
The level of awareness on safety and health was low among the workers and occupiers of the workplaces in the
selected rice mills. The government should deal with the abysmal registration of workplaces for improved level of
awareness, workers enlightenment of legal rights and reduced workplace hazards, injuries and accidents.
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Table 1: Treatments used for evaluation of performance of grain amaranth
Treatment
Inter-row spacing Fertilizer applied (units Number of plants ha-1
(cm)
ha-1)
S1F1
90
0
37,037
S2F1
75
0
44,444
S1F2
90
5 tons FYM
37,037
S2F2
75
5 tons FYM
44,444
S1F3
90
10 tons FYM
37,037
S2F3
75
10 tons FYM
44,444
S1F4
90
20 kg P2O5
37,037
S2F4
75
20 kg P2O5
44,444
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Plate 1: Pumpkin fruits and leaves

Figure 5: Monthly income from sale of pumpkin fruits
by farmers
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perspective. International Journal of Biodiversity and Conservation, 1(7):208-214.
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2) Siddiqui, Z.A. and Akhtar, M.S. 2007. Biocontrol of chickpea root-rot disease complex with phosphatesolubilising microbes. Journal of Plant Pathology, 89:67-77.
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Research, 2(12):649-655.
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Macmillan Education Ltd, London, UK.
Chapter in a book: Kauffman, C.S. and L.E. Weber. 1990. Grain amaranth. p. 127-139. In: J. Janick and J.E. Simon
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(Ed.). Proceedings of IPGRI International Workshop on Genetic Resources of Traditional Vegetables in
Africa: Conservation and Use. 29th-31st August, 1995, ICRAF Headquarters, Nairobi
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district, Kenya. Master of Science Thesis, University of Nairobi, Kenya.
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