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1. Introduction 
Usage of Information and Communication Technologies (ICTs) is a relatively new method of disseminating agricultural information 
among smallholder agrientrepreneurs in vast majority of developing countries (FAO, 2012). Indeed, some areas of ICT application are 
receiving tremendous attention in Africa. Mobile phone, radio and television, for example, are gradually being used more widely in 
many areas of rural agrienterprises (Ajani, 2014). This is due to inadequate extension agents which has made ICTs to become more 
attractive option for delivery of extension information. This is also because they have the potential to reach many agrientrepreneurs 
with timely and accessible content. 
Providing smallholder agrientrepreneurs with agricultural information could improve agrienterprises development, by helping them to 
grow more profitable crops. Which could sell for more income. Widespread ownership and usage of ICT tools in Sub-Saharan African 
countries could also mean that smallholder agrientrepreneurs have great opportunity to get timely, adequate and affordable agricultural 
information (Irunguet al., 2015). 
According to Steinfield et al. (2015), ICTs tools, such as mobile phones have emerged as a useful tool to obtain current agricultural 
information and help smallholder farmers to get market knowledge and insight. The most common information transmitted via ICTs 
are weather forecasts, price information, pests and diseases information and better farming practices. This ICT tool could also provide 
mobile banking and timely payments such as usage of M-pesa and M-shwari which has increased financial inclusion of smallholder 
farmers (Irungu et al., 2015). 
The integration of ICT into agrienterprises can help in the transformation of smallholder farmers from their current subsistence level, 
marked by low productivity and low added-value, to an innovative, commercially-oriented, internationally competitive and modern 
agricultural sector’(World Bank, 2014). Many researchers have been concerned with how ICTs could provide farmers with required 
information to make objective choices of profitable agrienterprises and niche markets (Fawole et al., 2012; Macharia, 2013 and Ajani. 
2014). However, there is under-utilization of ICTs for agricultural production and marketing. It is imperative to digitize agricultural 
production, processing and marketing in order for smallholder agrientrepreneurs to fetch high income from utilization of ICT tools. 
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Abstract: 
Recently, there has been emergence in the use of modern Information Communication Technologies (ICTs) in the different 
operations of agrienterprises. This ranges from the provision of agricultural information to marketing of agricultural 
products through the use of cellular phones, radio and television. Despite the potential of these ICT tools to enhance 
efficiency in agrienterprises’ operations, there is low capacity and usage of these tools in rural agrienterprises. The aim of 
this study was to determine and quantify the socio-economic factors influencing decision by smallholder agrientrepreneurs 
to use ICT tools in their agrienterprises, describe and characterize structure of ICT usage in rural Kenya. The study used 
multistage sampling to select a sample of 183 pineapple agrientrepreneurs in Gatundu North Sub-County, Kiambu County. 
Data was collected with the help of a structured questionnaire. Using multivariate probit model to evaluate the socio-
economic factors influencing the decision to use ICT tools, the study found that age, education, household size, farm size, 
group membership, extension contact, credit access and installation of electricity significantly influenced the decision to use 
ICT tools in agricultural transactions. The study therefore recommends policy interventions to enhance access to credit, 
collective action, electricity access and reduction of illiteracy levels among agrientrepreneurs through training and 
extension services. 
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There is limited empirical evidence on influence of socio-economic factors on usage of ICT tools by smallholder agrientrepreneurs. A 
number of empirical studies have analyzed the relationship between personal characteristic of farmers and information sources 
(Adeogun, Olawoye, and Akinbile 2010; Sife et al., 2010 and Ali, 2012) and they have assumed that farmers’ personal characteristics 
influence the usage of ICT tools. However, the socio-economic factors play a key role in the usage of different ICT tools. Therefore, 
this paper attempts to address this gap in the existing knowledge by providing a micro perspective on the influence of 
agrientrepreneurs socio-economic characteristics on usage of ICT tools.  
 
2. Materials and Methods 
 
2.1. Study area and Sampling Design 
The study was conducted in Gatundu North sub-county, where farm households consist of highly commercialized agrienterprises and 
their production decisions are closely linked to their commercialization. The Sub-county borders Nairobi and Kajiado Counties to the 
south, Machakos to the east, Muranga to the north and north east and Nakuru to west. It extends between longitude 36° 31′ and 37 ° 
15′ east and latitude 0° 25′ and 1° 20′ south. The average annual rainfall received by the sub-county is 1,200 mm per annum. The 
average temperature is between 7°C to 34°C. Agriculture is the major economic activity in the sub-county and it contributes 17.4% of 
population’s income. The study area was chosen because majority of smallholder farmers households have withdrew from their 
traditional crops tea and coffee and ventured into commercial pineapple farming with intense use of ICT tools in marketing and 
accessing agricultural information (KHCP, 2013). Limited access to timely and accurate information has been identified as a major 
hindrance to the development of agrienterprises in the study area.  
Multi-stage sampling approach was used to select the sampled households. The first sampling technique was purposive sampling 
which was used to select the Sub-County and the wards. Primary data were collected for analysis from sampled households in the four 
wards, namely, Kamwangi, Kanyoni, Gakoe and Kinungi. Data collectors were recruited and trained four about three days both in 
field and in class. The draft questionnaires were pre-tested after which necessary corrections and comments were addressed before 
administering interview. Then simple random sampling was used to select a sample of 183 smallholder agrientrepreneurs. Face-to-face 
interviews was conducted to the respondents using the pretested semi-structured questionnaires to elicit data on ICT tools usage, 
household socio-economic and institutional characteristics, production and marketing. Key ICT tools of interest were mobile phones, 
television and radio which were identified as the major ICT tools used in the study area (Okello et al., 2011). 
 
2.2. Econometric Model 
The smallholder agrientrepreneurs reported that they used multiple ICT tools to access agricultural information. Therefore it was 
assumed that smallholder farmers were using these multiple ICT tools (mobile phones, television and radio) simultaneously for similar 
information needs. The proposed methodology will provide insight on the agrientrepreneurs’ socioeconomic factors that lead to their 
usage of ICT tools. The null hypothesis of this research is that, there is no significant difference between the socioeconomic 
characteristics of agrientrepreneurs and their usage of ICT tools. This implies that agrientrepreneurs irrespective of their sex, 
household size, age, farm size and education will use a given ICT tool. The empirical specification of choice decision over the three 
ICT tools can be modelled in two ways, by either multinomial or multivariate regression analysis. The key underlying assumptions of 
multinomial models is that the error terms of the choice equations are mutually exclusive (Greene 2003). However, the choices among 
the three ICT tools are not mutually exclusive as agrientrepreneurs can access information from more than one ICT tool at the same 
time and therefore the random error components of the information sources may be correlated. To account for such short-comings, 
selection decisions were modelled using Multivariate Probit (MVP) model. The MVP model simultaneously regresses a combination 
of several correlated binary equations against a single vector of explanatory variables. Empirically the model can be specified as 
follows: 

௜ܻଵ = ܺ′௜௝ଵߚଵ + 	  ௜ଵߝ
௜ܻଶ = ܺ′௜௝ଶߚଶ + 	 ௜ଶߝ  

௜ܻଷ = ܺ′௜௝ଷߚଷ + 	  ௜ଷ, (5)ߝ
Where, i = agrientrepreneur identification, Yi1 = 1, if agrientrepreneur uses radio to access agricultural information (0 = otherwise), Yi2 
= 1, if agrientrepreneur uses television to access agricultural information (0 = otherwise), Yi3 = 1, if agrientrepreneur uses mobile 
telephony to access agricultural information and to undertake transactions such as marketing produce, mobile banking and mobile 
money transfers (0 = otherwise), X′i = Vector of socio-economic factors influencing use of ICT tool, βj = Vector of unknown 
parameters (j = 1, 2, 3), and ε = is the error term. Socio-economic factors influencing use of ICT tools can be tested by running three 
different independent binary probit or logit models by assuming that error terms are mutually exclusive. However, the decision to use 
different ICT tools may be correlated, thus the elements of error terms might experience stochastic dependence. In this situation, a 
multivariate probit model of the following form is used to test the hypothesis: 

௜ܻଵ = ܺ′௜௝ߚ௝ + 	 ௜௝ߝ , (6) 
Where Yij (j =1….,3) represent the three different ICT tools faced by the ith agrientrepreneurs (i = 1..…183), X′ij is a 1 × k vector of 
observed variables that affect the choice decision of agrientrepreneur,  βj is a k × 1 vector of unknown parameters (to be estimated), 
and εij is the unobserved error term. It assumed that the error terms (across j = 1… m alternatives) are multivariate and are normally 
distributed with mean vector equal to zero, the unknown parameters in Equation (6) are estimated using simulated maximum 
likelihood. All the three pairs of the estimated correlation coefficients were statistically significant from zero implying a strong 
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interdependence among the three ICT tools in usage to access agricultural information. The Wald test 

  



  0001.0,98.12454

2
p  implied that the data was fairly fit for MVP model and the likelihood ratio test  

  



  0001,51.363

2
p  of the independence of multiple usage of various ICT tools was strongly rejected. This indicates 

that multiple use of different ICT tools among households is not mutually independent. The explanatory variables were derived from 
review of past studies on usage of ICT tools (Barret, 2008; Okello et al., 2010; Jenkins et al., 2011 and Sekabira, 2012).  
 
3. Results and Discussion 
 
3.1. Descriptive Statistics 
Descriptive statistics of variables used in the econometric model are presented in Table 1. For comparison, we differentiate between 
users of the three ICT tools (mobile phones, television and radio). The upper part of the table shows the means of the continuous 
variables while the lower part shows the frequencies and percentages of the categorical variables used. The results show the 
demographic and economic characteristics of the users of these ICT tools.  
 
Variables  Definition of variables and their measurements Mobile phone 

(n=157) 
Television 

(n=106) 
Radio 

(n=144) 
Continuous Variables  Mean S.E Mean S.E Mean S.E 

Age Age of the decision maker in years 39.61 0.843 37.79 0.992 41.21 0.100 
Hsize  Number of family members in the household 4.31 0.135 4.12 0.151 4.32 0.145 
Fsize  Farm size owned by household (in acres) 1.75 0.099 1.95 0.130 1.79 0.110 
Econt  Number of extension contacts from extension agents 1.05 0.088 1.26 0.114 1.01 0.093 
Dist  Distance to the nearest output market in kilometres 9.20 0.949 8.88 1.159 8.27 0.948 

Categorical variables Freq. % Freq. % Freq. % 
Gen  Percentage  of male decision makers 99 63.06 64 60.38 88 61.11 
Acc Percentage of respondents with access to credit 107 68.15 81 76.42 86 59.72 

Grpmember Percentage of respondents who are members of farmer groups 115 73.25 78 73.58 98 68.06 
Inst Percentage  of respondents who have installed electricity in 

homestead 
122 77.71 91 85.85 98 68.06 

ICTtrn Percentage  of respondents who had access to ICT training 92 58.60 69 65.09 81 56.25 
Table 1: Description and expected sign of the variables used in regression model. 

 
 Use TV Use Radio Use Phone 
Use TV 1.000   
Use Radio 0.367***  1.000  
Use Phone 0.256*** -0.100*** 1.000 

Table 2: Correlation coefficients for MVP regression equations 
*** represents significance at 1% 

 
3.2. Results of Multivariate Probit Model 
This section presents the estimation results on the socio-economic factors influencing the use of ICT tools by smallholder 
agrientrepreneurs. The regression results of multivariate probit model are presented in Table 3. 
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ICT tools Mobile phones Television Radio 
Variable  Coeff. Std. Err Coeff. Std. Err Coeff. Std. Err 

Age (years) -0.028* 0.016 -0.027** 0.013 -0.011 0.012 
Sex (male=1)  0.207 0.423 -0.062 0.276 -0.324 0.263 

Education (years)  0.144 0.170  0.338*** 0.097  0.214** 0.095 
Household size (members)  0.373** 0.152 -0.033 0.080 -0.043 0.077 

Farm size (acres) -0.005 0.158  0.291*** 0.108  0.213* 0.116 
Off farm income (KES) -0.012 0.431 -0.350 0.264 -0.019 0.241 

ICT training (yes=1) -0.341 0.982 -0.465 0.488 -0.160 0.505 
Group membership (yes=1)  1.928*** 0.606 -0.219 0.271 -0.256 0.275 
Extension contact(number)  0.619 0.613  0.633** 0.271  0.338 0.265 

Credit access  0.219 0.467  0.528* 0.271 -0.390 0.277 
Distance to market (km) -0.015 0.018 -0.019* 0.010 -0.017* 0.009 

Installed electricity (yes=1)  1.692*** 0.532  0.715*** 0.249 -0.568** 0.285 
Constant   3.438 2.646 -1.305 0.932  2.387** 1.089 

∂ i -1.094** 0.486 -1.771*** 0.280  0.776 0.201 
ρ j -0.798*** 0.176 -0.647*** 0.163  0.650*** 0.116 

Lr. Test for indep. Eqns. Rho21=rho31=rho32=0 Chi2(3) = 36.943 prob ˃ chi2 = 0.0000 
Table 3: Multivariate probit results for socio-economic factors influencing use of ICT tools among smallholder agrientrepreneurs 

*, **, *** = significant at 10%, 5% and 1%   level, respectively 
 
Age of the key decision maker had a negative effect on mobile phone and television usage with an additional age reducing their usage 
by 2.8% and 2.7% respectively. These results show that an additional year to the age of the household head is associated with less 
probability of that household to use mobile phones and television as sources of agricultural information. Older household heads 
perhaps would be less likely to adopt modern ICT tools such as mobile applications because they would believe that conventional 
sources of information are still the best. Jenkins et al. (2011) and Okello et al. (2010) found age had significant influence on usage of 
modern ICT facilities.  
The education level of the household head had significant effect on television and radio usage as sources of agricultural information. 
An increase in education by one year enhanced television and radio usage by about 0.34 units and 0.21 units respectively. The results 
show exposure to education permits an individual farmer to control the rate of message input and develop the ability to store and 
retrieve information from television and radio usage. Education enables the individual farmers to know how to seek for and apply 
information on improved farm practices. This is because as the individual gained the ability to read, he is able to extend the scope of 
his experience through the audio-visual media. This is consistent with results of previous studies which showed education to be a 
catalyst of modernization by giving the individual access to information through modern technologies (Jenkins et al., 2011). 
Household size had a significant and positive effect on mobile phone usage with an additional family member increasing its usage by 
37.3%. This could be due to households with large family size are likely to be under pressure to produce more, not only for family 
consumption but also for sale. The desire to produce more could lead to agricultural information seeking and usage of mobile phones. 
The findings were in conformity with Sekabira (2012) who found for every one person increase in family size, probability to adopt 
ICTs-based MIS by traders increased by 3.3%.  
Farm size had a significant and positive effect on television and radio usage, with an additional acre increasing their usage by 29.1% 
and 21.3%, respectively. Therefore, farmers with larger land size are more likely to produce more leading to higher income. The 
higher income and desire to produce more could lead to agricultural information seeking through usage of television and radio. 
Olaleye et al. (2009) also found that increase in farm size increases the probability of a household in using agricultural technologies.  
Group membership had a positive significant effect on use of mobile phones. The probability of using mobile phones as a source of 
information and for agricultural purposes is positive and significantly affected by a households’ participation in a rural groups. 
Membership to group was expected a priori to contribute positively on ICT tools usage due to access and sharing of information 
among the members even without physical meeting. This is because farmers find it convenient to use mobile phone to share 
information, particularly if they are far apart. Further, this could be due to the relatively cheaper cost of calling and short media short 
message service (SMS). Barret (2008) found group membership influences farmers in the usage of modern technologies. With scarce 
or inadequate information sources and imperfect markets, groups such as traders and farmers’ groups facilitate the exchange of 
information, and enable farmers to access inputs on schedule and overcome credit constraints.  
The number of contact with extension service providers was significant and had a positive effect on usage of television as a source of 
agricultural information. An increase in extension contact by one enhanced television usage by 63%. Extension agents popularizes 
innovation by making farmers exchange ideas, experiences and makes it cheaper to source information. During survey, it was 
observed that farmers who had frequent contacts with extension agents had a higher probability of using television as a source of 
information. This is especially the fact that staff of some local television stations such as Inooro TV, Njata TV and Utugi TV were 
visiting farmers and offering them one to one extension services and encourage them to watch agricultural programmes they 
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broadcast. Mwaura et al. (2014) found that extension services helps farmers to adopt modern agricultural technologies, since it makes 
them aware of the availability and benefits of these technologies and their inherent characteristics.   
Access to credit was significant and had a positive effect on television usage with an additional access to credit increasing its usage by 
53%. It was observed that the move to digital broadcasting from analogue broadcasting brought several challenges to rural community 
in accessing agricultural information through television. Majority of rural farmers were not able to buy the digital set-top boxes 
thereby hindering them to use television as a source of agricultural information. Feder et al. (2000) found that household heads that 
have access to credit increases their likelihood of using modern ICT tools. 
Distance to the nearest market place determines the ease at which commodities are accessible to consumers. This variable was 
significant and had a negative effect on television and radio usage with an additional distance to output market reducing the use of 
television and radio by 1.9% and 1.7% for a kilometer increase. This variable was found to be statistically different at 10% 
significance level. This was intriguing since distance to the nearest market, was expected to play an imperative role in increasing the 
likelihood of households in using ICT tools to access agricultural information. This is possibly due to smallholder farmers were 
mainly interested in making more profits, therefore they could not be interested in accessing information or marketing their produce 
through expensive ICT tools. Further, they would prefer selling their produce at farm gate which is cheaper than incur cost of using 
ICT tools in marketing. Sekabira (2012) found that with increasing distance to town centers farmers were less likely to use expensive 
ICT tools to market their produce. 
Household electricity installation was significant and had a positive effect on usage of mobile phones and television but negative 
effect on use of radio as a source of agricultural information. Farmers who had installed electricity at their homes had a higher 
probability of using mobile phones and television by proportion of 1.69 and 0.72 respectively. However, it was unexpectedly observed 
installation of electricity reduced use of radio by 1.7%. This can be due to farmers have been using it for a number of years without 
the dependence of electricity because they could manage to buy dry cells. Electricity for powering ICT tools is the primary constraint 
to using ICT in their agrienterprises. Although  generators  and  dry cells  can  be  used  as  alternative  sources of  power,  these  
alternatives  were found to expensive and unaffordable by the rural majority  of  poor  rural  farmers. Since access to television 
requires electricity, it is difficult for the farmers to access information through this information communication tool. Samuel et al. 
(2005) found a positive correlation between mobile phones and television ownership and access to electricity. This is possibly because 
ICT tools are electricity dependent.  
 
4. Conclusion and Recommendations 
The aim of the study was to determine the socio-economic factors influencing the use of ICT among smallholder agrientrepreneurs. In 
achieving the objective, multivariate probit regression model was used to assess the socio-economic factors influencing the use of 
mobile phones, television and radio. Findings were that age, education, household size, farm size, group membership, extension 
contact, and credit access, installation of electricity, positively influenced the use of ICT tools. This rises policy concern on 
importance of socio-economic attributes of ICT tools users in dissemination of agricultural information and undertaking transactions. 
The study therefore recommends policy interventions to enhance access to credit, collective action, electricity access and reduction of 
illiteracy levels among agrientrepreneurs through training and extension services. 
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