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ABSTRACT 

Digital Extension Services (DES) bridge the gap created by declining access to 

conventional extension systems by leveraging ICT tools to deliver real-time updates, 

cost-effective solutions, and scientific information that enhance agricultural 

productivity. Despite these advantages, the current digital landscape remains poorly 

mapped, and adoption of digital tools and platforms is still limited among smallholder 

farmers. This research examined the determinants of DES adoption among 

smallholder farmers in Murang’a County, Kenya. The study documented the current 

landscape and emerging trends in digital agricultural extension services; assessed the 

level of awareness, access, and utilization of DES; and determined the key factors 

influencing the adoption of digital agricultural extension services among smallholder 

farmers in Murang’a County. The study was anchored in two theories: Diffusion of 

Innovation (DoI) Theory and the Technology Acceptance Model (TAM). A mixed-

methods approach was used to gather quantitative and qualitative data from the four 

sub-counties of Kiharu, Maragua, Kandara, and Gatanga using instruments such as a 

structured questionnaire and key informant interviews. Data were collected from a 

sample of 352 participants using Yamane’s formula through a multi-stage sampling 

comprising purposive, random, snowballing, and proportionate sampling techniques. 

The data were analyzed in Stata version 19 using descriptive and inferential statistics 

and presented in tables and figures. The findings revealed that mobile applications 

such as the MyMurang’a App remain dominant due to their bundled services, while 

Mugambo wa Murimi on Inooro TV is the most preferred broadcast program for 

agricultural information. Emerging trends include the integration of blockchain 

technology, Common Interest Groups (CIGs), Farmer Field and Business Schools 

(FFBS), WhatsApp-based extension systems, agripreneur-driven extension models, 

short agricultural videos, digital soil mapping, and data-driven advisory services 

leveraging artificial intelligence. Results indicate that 73.6% of farmers were aware of 

DES, and about 53.1% reported use, with high cost of internet bundles as the most 

significant deterrent to frequent use of digital platforms. Bivariate probit analysis 

showed that awareness significantly influenced utilization.  Awareness was shaped by 

marital status, soil fertility, connectivity, education, and market search, while 

cooperative membership, credit access, education, and off-farm employment 

determined use. Negative binomial regression indicated that intensity of use was 

positively associated with household size, land size, education, cooperative 

membership, extension access, market search, and credit access, but negatively 

influenced by age and marital status. Barriers to DES adoption included high data 

costs, limited digital literacy, restricted smartphone ownership, poor mobile 

connectivity, and insufficient knowledge of existing services. Policy 

recommendations emphasize reducing internet costs through partnerships with 

telecommunications firms to provide subsidized or zero-rated data packages for 

agricultural platforms, strengthening rural digital infrastructure, enhancing digital 

literacy programs, and localizing agricultural content to improve relevance and 

accessibility. Furthermore, integrating digital technologies into existing conventional 

extension services can create hybrid models that combine trusted face-to-face advisory 

systems with ICT-enabled platforms, thereby improving farmer confidence, reach, and 

sustained adoption. 
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DEFINITION OF THE OPERATIONAL TERMS 

Access: Ability to obtain and use digital agricultural extension services that provide 

farmers with advisory services for making informed decisions. 

Adoption: The study defined adoption as the mental process of voluntary decision-

making and action by farmers to accept, integrate, and consistently use a novel 

practice, service, or technology in their farming activities (Wosene et al., 2025).  

Awareness: Recognition/familiarity or acquisition of knowledge of existing 

agricultural extension service tools and platforms, their attributes and functionalities 

(Mukherjee et al., 2024; Mwale & Chiweshe, 2024). 

Digital Extension Service:  The utilization of ICT or digital technologies, such as 

mobile applications, websites, social media, and call centers, that facilitate the 

exchange, delivery, and management of advisory services and information between 

extension officers, research stations, and farmers (Cheboi & Darso, 2025). 

Landscape: The entire environment or context within which digital extension services 

operate. It includes digital platforms, tools, and technologies used, extension methods, 

models and approaches, key actors, opportunities, challenges, and services provided 

to facilitate the transfer of information and provide rural advisory services  

Smallholder Farmer: A smallholder farmer is defined as a producer who owns and 

operates a small piece of land ranging from 1 to less than 10 hectares, who depends 

mainly on family labour, and whose production is primarily for home consumption 

(Begum & Vijaya, 2024).  

Utilization: This is the actual use or application of the digital agricultural extension 

services. It extends beyond awareness, availability, and access to incorporate active 

leverage of ICT devices in extension with a view to meeting felt and unfelt needs of 

the farmers. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background of the Study 

Agriculture is regarded as the mainstay of national economies due to its instrumental 

role in income generation, employment creation, rural economic development, 

contribution to Gross Domestic Product (GDP), and poverty alleviation worldwide 

(Anami, 2026; Singh, 2026; Rao, 2026). The sector is not standalone; it is strongly 

supported by the agricultural extension service, which bridges the gap among 

scientists, policymakers, and farmers (Mugabo et al., 2026; Karki et al., 2026; Maulu 

et al., 2021). A report by the Kenya Agricultural Sector Extension Policy defined 

extension as a set of services and institutions that facilitate access to agricultural 

information, skills, and technologies to improve agricultural efficiency, food and 

nutrition security, and overall individual well-being (KASEP, 2023).  

Agricultural extension integrates functions like the dissemination of information, 

advisory services, encouraging adoption of modern technologies and sustainable 

agricultural practices, facilitating access to resources, technology transfer, training and 

education, research and development, farmer-market linkages, and participatory 

decision-making (Karki et al., 2026; Mpundu & Musenge, 2026; Chaudhari et al., 

2024). These functions are driven by extension agents who serve as agents of change, 

promoting effective transfer of knowledge within the farming community, thereby 

enhancing accessibility of knowledge even by farmers in remote areas who may be 

grappling with digital literacy challenges. Extension agents present modern 

technologies to farmers and assist them in navigating through the technologies in the 

entire process of adoption (Lee et al., 2026; Karki et al., 2026). 

Within sub-Saharan Africa, research has shown that agricultural extension and 

advisory services have undergone a tremendous technological change over the past 

decades (Mukherjee et al., 2025; Norton & Alwang, 2020). This transition is viewed 

through the lens of a traditional extension system that was marked by top-down 

approaches, such as the training and visits model, which were linear in nature, to a 

multi-stakeholder partnership that provides space for joint delivery of extension 

advisories by both public and private sectors. Top-down approaches fail to incorporate 

bottom-up experiences because of their purely teaching-oriented nature; hence, the 
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shift to a pluralistic extension system that allows learning through collective 

information sharing among stakeholders (Schultze et al., 2026). 

Joint knowledge sharing is driven by demand and participatory-oriented extension. 

Demand-driven extension services have been widely implemented due to the unique 

needs of farmers and the heterogeneous nature of farming systems. Demand-driven 

approaches have emerged to better align extension content with smallholder context. 

These changes have also resulted in a shift in the role of the extension agent to that of 

a facilitator and knowledge broker, bridging the gap between research institutions, 

extension services, and the farming community (Schultze et al., 2026; Hainzer et al., 

2024; Thapa et al., 2025). 

In response to this shift, there has been a need to adopt new farming methods, 

techniques, and tools to increase agricultural efficiency, ushering in digitalization, in 

which decision-making is supported by digital technologies in a data-driven economy 

(Abati & Opoku, 2026; FAO, 2021). Farmers, who are the main recipients of extension 

services, require timely agricultural information to make informed farming decisions 

(Thapa et al., 2025). However, conventional extension, characterized by physical 

interaction, has failed to disseminate up-to-date information due to the use of 

antiquated methodologies, resource-intensive processes, a shortage of extension 

agents and funding, and an inability to meet the diverse needs of farmers for modern 

agricultural practices; hence limited in audience coverage. In addition, it didn’t equally 

favour men and women, especially in participation in agricultural training and access 

to resources (Priya et al., 2025; Khatri et al., 2024; Sen et al., 2024).  

Digitizing agriculture is regarded as a panacea for the challenges associated with the 

traditional extension system. Digital extension service complements traditional 

extension, thus aiding in solving the food insecurity problems (Bharti et al., 2026; 

Naika et al., 2021; Deji et al., 2024). Digital extension services integrate ICT tools 

with a view to enhancing accessibility, inclusivity, and efficiency in the dissemination 

of agricultural information. Digital extension leverages tools like mobile-based 

applications, websites, social media, call centers, internet platforms, mobile phones, 

drones, Geographical Information Systems (GIS), and emerging technologies such as 

blockchain and Artificial Intelligence (Byamukama et al., 2025; Khatri et al., 2024; 

Cheboi & Darso, 2025). These tools support agricultural production by providing 
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localized, context-specific advisory services, enhancing traceability, and improving 

network connectivity in agriculture (Porciello et al., 2022). Information obtained from 

these digital tools helps in better decision-making, hence increasing agricultural 

productivity (Priya et al., 2025; Sen et al., 2024).  

Kenya has recorded rapid digital growth. A report by the Communication Authority of 

Kenya showed a high proliferation of mobile phone subscribers, usage, and 

connectivity, with a notable increase in overall mobile phone penetration, standing at 

143%, with smartphones and feature phones standing at 80.8% and 62.2%, 

respectively, earning Kenya the nickname “Silicon Savannah.’’ Despite high growth, 

utilization of these digital platforms remains low due to distrust, high device costs, 

limited capacity building, and limited access to information (Vutukuru & Njagi, 2023; 

Njuguna et al., 2025; Communications Authority of Kenya, 2025). The adoption of 

digital extension solutions is influenced by various factors, grouped as who, why, and 

where. The ‘who’ context encompasses farmers’ structural and sociodemographic 

characteristics; the ‘where’ context encompasses institutional and spatial 

characteristics; and the ‘why’ dimension focuses on the motivation for innovation 

adoption (Miine et al., 2023).  

In Murang’a County, the shift has been towards digitizing county services to ensure 

efficient delivery. It has witnessed a rapid proliferation of mobile phone ownership 

and the need for climate-smart agricultural technologies (Bitok et al., 2023). However, 

empirical evidence on determinants of the adoption of digital extension services 

remains limited. Therefore, this study sought to examine the determinants of the 

adoption of digital agricultural extension services in Murang’a County in Kenya. 

1.2 Statement of the Problem 

Kenya's economy and food security are heavily reliant on agriculture, which is the 

second-largest contributor to the country's gross domestic product, after the services 

sector, accounting for about 33% of total GDP. Agriculture is also a major source of 

income, as approximately 75% of the population depends on the sector. However, the 

sector's contribution has continued to fluctuate, disrupting agricultural productivity 

(Lokuruka, 2020). Smallholder farmers, who play a vital role in production, still face 

significant contextualized challenges, including unpredictable weather, soil 

degradation, financial resource challenges, limited market access, and unaffordable 
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inputs, further constraining agricultural productivity and resilience (Gumbi et al., 

2023; Nyasimi et al., 2022). This is due to the conventional extension system's 

inability to meet farmers' specific needs (Kansiime et al., 2021).  

Traditional extension is characterized by a shortage of extension personnel, outdated 

methods, limited resources, and an inability to provide localized and timely 

information (Byamukama et al., 2025; Tambo et al., 2020). Integration of digital 

extension services has been identified as a promising solution to surmount the 

contextualized challenges attributed to traditional extension services (Gumbi et al., 

2023; Sen et al., 2025). Digital agricultural extension services leverage ICT tools such 

as mobile phones, Artificial Intelligence, Blockchain technology, drones, internet-

based platforms, and Geographical Information Systems, providing real-time, cost-

effective agricultural solutions and localized information (Byamukama et al., 2025). 

Furthermore, Kenya has advanced in mobile phone network coverage, with 99% of 

the population covered, but only 33.5% use the internet, creating a wide usage gap 

(Communication Authority of Kenya, 2024). 

Despite the benefits of digital agricultural extension services, such as real-time 

updates, cost-effective solutions, and extensive mobile coverage, adoption remains 

relatively low and slow among smallholder farmers (Cui & Wang, 2023). Furthermore, 

there is limited empirical documentation of the digital extension landscape and 

emerging trends in Kenya, particularly in Murang’a County. While mobile 

applications, broadcast programmes, and social media platforms are proliferating, 

systematic evidence on their typologies, access, utilization, and inclusivity remains 

limited. Therefore, this study sought to examine the determinants of the adoption of 

digital agricultural extension services among smallholder farmers in Murang’a 

County. 

1.3 Objectives of the Study 

1.3.1 General Objective 

The broad objective of this study was to examine the determinants of smallholder 

farmers' adoption of digital extension services in Murang’a County, Kenya. 
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1.3.2 Specific Objectives 

To achieve the broad objective, the study was guided by the following specific 

objectives: 

i. To document the current landscape and emerging trends in the provision of 

digital agricultural extension services (DES) in Murang’a County.  

ii. To assess the level of awareness, access, and utilization of the digital extension 

services among smallholder farmers in Murang’a County. 

iii. To determine the factors influencing the adoption of digital agricultural 

extension services among smallholder farmers in Murang’a County. 

1.4 Research Questions 

 The researcher used the following research questions during the research:  

i. What is the current landscape and emerging trends of digital agricultural 

extension services available to smallholder farmers in Murang’a County? 

ii. What is the level of awareness, access, and utilization of digital extension 

services among smallholder farmers in Murang’a County? 

iii. What are the factors influencing the adoption of digital agricultural extension 

services among smallholder farmers? 

1.5 Significance of the Study 

The determinants of adoption of digital extension services in Murang’a are a topic that 

has not been exhaustively investigated. However, with the digital age, it was 

significant to investigate the determinants of the adoption of digital extension services.  

The study was significant in identifying gaps in the existing literature on digital 

technology, contributing to academic knowledge by extending the theories of 

Diffusion of Innovation and Technology Acceptance Model within the context of 

digital agricultural extension services. In addition, limited research on the current 

landscape and emerging trends in digital extension was a critical gap filled. The study 

was also beneficial for future comparative studies and analyses, since the same 

methodology can be applied to different contexts, thereby expanding beyond the 

geographical scope of Murang’a County. 



6 

The findings of this study would benefit multi-stakeholders. Relevant study insights 

can be leveraged by the government, policymakers, and agricultural practices both at 

the county and national levels. This assists in formulating targeted interventions that 

support digital agricultural extension, promoting agricultural development strategies. 

Extension agents would benefit from study insights by developing a nuanced 

understanding of the challenges of adopting digital services, enabling tailoring of 

extension approaches based on the needs of the farmer. In addition, farmers will derive 

direct benefits from this study by obtaining more tailored, accessible, and effective 

digital extension solutions for productivity and income improvement, which in turn 

leads to food and nutritional security, aligning with the Bottom-Up Economic 

Transformation Agenda (BETA). Moreover, the study will inform the implementation 

of the Kenya Agricultural Sector Transformation and Growth Strategy (ASTGS) 

2019-2029, especially the flagship on digitization and agricultural data systems, and 

the Kenya Agricultural Extension Policy (KASEP) 2023, which emphasizes the 

utilization of ICTs in agricultural extension service delivery. 

This study on digital extension has the potential to contribute to achieving the UN 

Sustainable Development Goals (SDGs). For instance, SDG 1 (no poverty) is 

supported by digital extension, which provides various agricultural information 

services related to weather, markets, pests, and diseases, among others, thereby raising 

income levels and farm productivity. SDG 2 (zero hunger) is achieved through the use 

of digital tools to offer precision advice, thereby contributing to increased yields; SDG 

5 (gender equality) is promoted by ensuring inclusivity and empowering women to 

access financial services and resources digitally. In addition, SDG 10 (reduced 

inequalities) is achieved by bridging the information gap and ensuring equal access; 

SDG 13 (climate action) by providing information on climate-smart practices to 

mitigate climate change; and SDG 17 (partnership) through multi-stakeholder 

collaboration in extension, thereby strengthening agricultural partnerships. 

1.6 Scope of the Study 

Geographically, the study was confined to the County of Murang’a, with a key focus 

on the sub-counties of Gatanga, Maragua, Kandara, and Kiharu. The methodological 

approach employed a mixed-methods research design, integrating qualitative and 

quantitative data within a single study. Structured questionnaires, key informant 
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interviews, publications, and reports were used as sources to gather both primary and 

secondary data. The study subject scope was limited to smallholder farmers of 

Murang’a County who engaged in crop and livestock husbandry. The study gathered 

data on the digital landscape and trends on socio-economic, institutional, and 

technological factors of the smallholder farmers. Additionally, extension agents and 

digital extension service providers were also involved. The content scope concentrated 

on the current digital landscape and emerging trends, awareness, access, utilization, 

and factors influencing the adoption of digital agricultural extension solutions. 

1.7 Assumptions of the Study  

The study assumed that the respondents were potential users of digital extension 

platforms and services. The responses were anticipated as honest, accurate, and 

consistent with the data collection instruments administered. It was assumed that the 

data gathered were fairly representative of the study area. 

1.8 Contributions of the Thesis 

This study contributes empirical evidence on the adoption of digital agricultural 

extension services among smallholder farmers in Murang’a County. It documents the 

current digital extension landscape, emerging technologies, farmers’ awareness, 

access, and utilization of digital extension services. The study also contributes 

evidence on socioeconomic, institutional, and technological factors influencing 

adoption and intensity of digital extension use. By focusing on Murang’a County, it 

adds location-specific evidence to the existing body of research, particularly on 

smallholder farmers engaged in crop and livestock production. Methodologically, the 

study contributes through its mixed-methods approach, combining quantitative and 

qualitative evidence. The findings also provide useful information for policymakers, 

extension practitioners, and digital service providers. 

1.9 Organization of the Thesis 

The study is organized into five chapters. Chapter one outlines the introduction, which 

encompasses the research study background, problem statement, broad and specific 

objectives, research questions, study justification, the study scope and limitations, and 

the operational definition of terms used in the study. Chapter two presents a review of 

related literature and studies. It highlights the reviews of the existing literature and 

relevant studies that have been carried out to assist in establishing the theoretical 
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foundation and scientific voids that the proposed study aims to fill. Chapter three 

presents the research methodology broken down into the study's research design, 

population, and sample sizes, data collection tool, procedures, and analysis techniques. 

Chapter four outlines results and discussions in terms of study findings for each 

objective and respective discussion; the methods used for data analysis and the form 

used to present the findings are also outlined, and Chapter five provides a summary, 

conclusions, and recommendations.  
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Introduction 

Chapter two presents an empirical and theoretical review of digital extension services 

in agriculture. It shows related literature on concepts of DES, evolution of DES from 

paper to pixel, typology of digital extension services, and research theories 

underpinning the research.  It places a special emphasis on establishing a theoretical 

and empirical ground by exploring key concepts of digital agricultural extension 

services, trends, the modern landscape, and scientific lacunae in the existing body of 

knowledge. 

2.2 Concepts of Digital Extension Service (DES) 

Digital extension services are defined as electronic services that farmers receive 

through digital platforms; they encompass weather information, agronomic and 

financial advice, and market access, inter alia (Byamukama et al., 2025). According 

to Awad (2021), digital agriculture extension integrates digital content and platforms, 

communication and advisory services, data and analytics, digital literacy and capacity 

building, and partnerships and collaborations (Awad, 2021).  

Within the Kenyan context, digital solutions in agriculture leverage machine learning, 

mobile applications, satellite imagery, e-contracts, and decentralized technology, 

automated meteorological posts, artificial intelligence, and Macro Data utilizing 

Internet of Things (IoT) and cloud technologies, such as cameras, drones, sensors, 

inter alia (Duguma & Bai, 2024; Kiaka, 2024). Digitalization of agricultural extension 

blends ICT with existing conventional extension practices to deliver more timely, 

effective, targeted, and specific transfer of farmers’ knowledge, information, and 

extension services (Awad, 2021).  

2.3 Evolution of Extension Service in Kenya: From paper to pixels 

Agricultural extension services have gradually shifted from traditional methods, 

which relied on pamphlets, face-to-face interactions, radio programs, and in-person 

visits (Priya et al., 2025). Despite conventional extension services having merits such 

as fostering trust through in-person interactions, accessibility to remote areas, local 

networking, and immediate feedback, they, however, posed serious hurdles such as 

higher costs in terms of travel, venue, and materials, limited reach, and time-
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consuming organizing and coordinating in-person events (Purwadi et al., 2023). 

Before 1914, extension services in Africa, to a large extent, were provided by 

missionaries who set up farms as demonstration plots alongside their missionary work 

of spreading the gospel (Maratha et al., 2025). In Kenya, the agricultural extension 

service has its roots in the early 1900s. This service is not static but has undergone 

various transformations since the establishment of the colonial government (KASEP, 

2023).    

According to Mukembo & Edwards (2016), during the colonial period, Kenya adopted 

a bifurcated system of extension, which included a whole farm approach focused on 

food production and a commodity-based approach. The commodity-specialized 

approach was employed, supported by private companies, such as parastatals and 

corporations dealing with the production of commercial crops (Mukembo & Edwards, 

2016). Commodity-based approaches were well packaged and encompassed advisory 

services alongside input subsidies and credit. They were mainly for the white settlers 

who were actively involved in the agricultural commercial farming system. However, 

the indigenous Africans cultivated for subsistence use and practiced pastoralism. Their 

extension approaches involved the use of force and threat because their settlements 

were marginalized (KASEP, 2023) 

The year 1954 was marked by the introduction of the Swynnerton Plan, which aimed 

to shape agricultural policy by addressing the problems encountered by Africans 

(Samoei et al., 2025). The plan was divided into three phases, namely, land 

adjudication to discontinue the customary tenure system; consolidating land into 

blocks per household to eliminate fragmented parcels of land, to permit greater 

specialization in the production of cash crops, and finally, land registration to grant 

tenure security (Swynnerton, 1954).  

The government believed that individual ownership of land would permit African 

farmers to adopt modern farming practices (Amatsimbi, 2024). It resulted in enhanced 

governmental engagement in the planning process through consolidating and 

enclosing the land holdings, land reforms leading to personal land ownership systems, 

the offering of banking and financial services, increased breeding of livestock, and 

supporting the continual farming of profitable crops (Amatsimbi, 2024). 
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Local African farmers were granted the rights to engage in cash crop husbandry and 

dairy farming, had access to marketing facilities, and were also granted an increase in 

technical assistance (KASEP, 2023). The plan also aimed to enhance the uptake of 

novel practices and technologies among African farmers to promote agricultural 

productivity. As a result, efforts were made and goals set for farm incomes to provide 

technical aid in all farming aspects (Amatsimbi, 2024). Following the implementation 

of the plan, the Agriculture Department provided advisory services to African farmers. 

Extension officers urged farmers to cultivate new varieties of crops, utilizing fertilizers 

to improve the yield of crops. The department set up research stations to educate 

farmers and promote the growth of novel agricultural technologies and various crop 

varieties suited to different agro-ecological zones (Amatsimbi, 2024).  

However, Kenya’s agricultural sector still experienced several limitations such as 

difficulty in accessing rural advisory services, low budgetary allocation for 

development of agriculture, limited adoption of farming techniques, land 

fragmentation, inappropriate regulatory frameworks, lack of credit facilities for 

farmers, absence of cohesive land policy, high input cost, soil degradation from 

outdated agricultural methods, inadequate infrastructure for transportation, and 

adulteration of agricultural products (Amatsimbi, 2024). In the 1960s and early 1970s, 

successes in extension were witnessed in hybrid maize technology dissemination, 

artificial insemination, and cooperative movement supported by established training 

centers for pastoralists and farmers (KASEP, 2023). 

The 1980s and 1990s were marked by the introduction of structured extension 

approaches that encompassed training and visits (T&V) and farming systems (KASEP, 

2023). Training and Visits was devised by Benor and Harrison in 1977 and prioritized 

extension service at the local level by having extension staff trained, who would later 

disseminate the information to the farmers (Benor, 1984). It was conducted in three 

phases: i) Workshops conducted on monthly basis where extension officers and 

researchers interacted to discuss technical agricultural subjects, and later formulation 

of practical technical recommendations, ii) training sessions conducted fortnightly 

where the technical and practical recommendations formulated during the workshops 

disseminated to frontline extension agents, and iii) the frontline extension agents after 
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getting the formulated recommendations were required to train the chosen farmers 

(Benor, 1984). 

During the early 1990s, the introduction of Structural Adjustment Programs (SAPs) 

resulted in the government reducing funding of extension services, freezing the 

employment of extension personnel, and retrenching extension staff, which led to a 

decrease in advisory service delivery (Selim, 2026). In the year 2010, decentralization 

of governance was put in place by Chapter 11 of the 2010 Kenyan Constitution, which 

resulted in a devolved government system, thereby setting up 47 county governments 

with great autonomy. Devolution aimed to promote participation of the locals and 

dissemination of advisory services (Wekesa et al., 2025; Irene et al., 2017). This 

further led to structural adjustment in the Ministry of Agriculture, therefore 

transferring coordination to the County Departments of Agriculture to promote 

context-specific information and feedback in extension communication. However, 

effective delivery of advisory services at the county level was still constrained by poor 

coordination, insufficient funding, and limited capacity to support extension services 

(Hangula et al., 2026). 

According to Bergström et al. (2024), the 2000s ushered in a significant shift in 

technology, with evidence of internet connectivity and mobile phone devices. The 

advent of ICT in the provision of agricultural extension services emerged in phases, 

namely the traditional and mass communication phase, the mobile and computer 

penetration phase, and the third phase marked by interactive and smart digital tools 

that provide two-way communication (Priya et al., 2025). These devices provide 

various applications, for instance, M-kilimo, which has significantly transformed the 

delivery of extension services expertly since they relay information on various key 

farming aspects such as weather, agronomy, and market, inter alia (Yashabh et al., 

2025).  

Modern agricultural technology now leverages Artificial Intelligence, drones, and 

remote sensors in supporting crop and livestock husbandry (Bhat, 2021). Despite these 

advances, the digital age still faces challenges related to infrastructure, data privacy, 

and digital literacy. Furthermore, technologies and practices to combat shocks of 

climate change have been adopted (Yu et al., 2024). Group and gender-based 

extension is being implemented to promote inclusivity in extension for social equality 
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and poverty alleviation (Priya et al., 2026). Multiple stakeholder partnerships are 

being promoted by the established Agricultural Technology and Innovation Centers 

(ATICs) because the centers provide a platform for knowledge brokering (Maryono et 

al., 2023).  

2.4 Current Landscape and Trends in Digital Agricultural Extension Services.  

In the last decade, digital agricultural extension services have rapidly progressed from 

the traditional officer-led approach to advisory services to a multifaceted knowledge 

delivery system using technology (Aker et al., 2021). The drivers of this 

transformation are the growing pressure on extension systems, which are affected by 

climate variability, the rising demands of the population, the reduction of the extension 

worker-farmer ratio, and the need for cost-effective scalability in agricultural advisory 

services (Ferdousi et al., 2024). Digital extension now stands as a key component of 

agricultural transformation policies and strategies in developing contexts, providing a 

means for real-time information exchange and supporting better decision-making and 

farmer responsiveness (Ongachi et al., 2026). 

2.4.1 Typology of Digital Extension Tools and Platforms  

Digital extension tools are the specific technologies that make up the digitalization of 

delivering agricultural information and advisory services directly to the farmers 

(Coggins et al., 2021). They are of varying complexity, accessibility, and 

interactiveness, depending on the digital maturity of agricultural systems (Aker et al., 

2016). SMS-based advisory messaging is one of the most popular systems that sends 

brief agricultural information on weather forecasts, pest infestations, and input 

recommendations (Gitau et al., 2025). SMS is still very relevant because it is 

compatible with basic mobile phones and poses low literacy requirements, especially 

for smallholder farmers in rural areas (Midamba et al., 2026). Nevertheless, SMS tools 

have been mainly unidirectional, allowing limited interaction and feedback between 

farmers and extension providers, limiting their potential for long-term impact in 

supporting complex decision-making (Ifigeneia, 2015).  

Interactive Voice Response (IVR) systems enable farmers to listen to pre-recorded 

agricultural information via voice commands in their native tongue (Mutisya & 

Kumar, 2025). IVR systems are particularly useful for farmers who may not be well-

versed in reading and enhance access to digital agriculture (Mutisya & Kumar, 2025). 
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While IVR systems have the benefit of being accessible, they can be constrained by 

limitations such as outdated content, limited personalization capabilities, and reliance 

on mobile networks for functionality (Aker et al., 2021). Mobile applications (Apps) 

are a more sophisticated form of tool that delivers interactive agricultural advisory 

services that are multimedia in nature (Njuguna et al., 2025). Common features in 

these applications are pest diagnosis, weather forecasts, tracking market prices, and 

input recommendations (Njuguna et al., 2025).  

Empirical evidence suggests that mobile apps enhance farmer decision-making by 

offering real-time, context-specific information (Njuguna et al., 2026). Other 

important ones are social media tools such as WhatsApp, Facebook, WeChat, TikTok, 

YouTube, and Telegram groups (Idrees et al., 2025). These platforms will help in 

farmer-to-farmer communication that will allow quicker dissemination of agricultural 

information, peer learning, and problem-solving (Ramavhale et al., 2024). Alongside 

this, WhatsApp groups have become a notable extension medium in rural Kenya, 

where they are significantly effective (Ojwang, 2024).  

With the advent of new tools and chatbots powered by artificial intelligence, digital 

extension services are entering a new frontier (Sarfo et al., 2025). These are designed 

to leverage machine learning and natural language processing to deliver tailored 

agricultural advice to farmers in response to their inquiries and context (Sarfo et al., 

2025). AI solutions for accessibility are being adopted in messaging services like 

WhatsApp and USSD. They are not widely adopted in smallholder settings, however, 

because of data limitations, lack of trust, and lack of infrastructure (Sarfo et al., 2025). 

Finally, the Internet of Things (IoT) is a tool for the emergence of precision agriculture 

systems (Boruah et al., 2024). The technologies capture real-time information on soil 

moisture, crop health, and climatic conditions, which enables highly localized and 

data-driven advisory services (Dey et al., 2025). 

 According to Priya et al. 2025, digital agricultural extension services leverage digital 

extension tools (DET). These tools aid in wider audience coverage and reach by 

facilitating agricultural information access and transfer. In addition, the use of these 

digital tools enhances farmers' knowledge and promotes farm productivity (Owusu et 

al., 2025). Digital tools act as knowledge brokers, and they include smartphone calls 

and applications such as WhatsApp (Coggins et al., 2021). Smartphone services and 
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information have a transformative ability, especially for farmers who possess 

smartphone devices. This, in turn, has enhanced the usage of m-services (Marwa et 

al., 2020). 

The literature shows that Communication tools for delivering extension services can 

be one-way, two-way, or multidirectional (Apriani, 2023). First, one-way digital 

communication platforms do not enable direct interaction between the sender and the 

recipient and are characterized by a static, unidirectional flow of information. Radio 

is the most prevalent and the most economical, followed by platforms like short 

message services and videos (Silvestri et al., 2020). Interactive platforms facilitate the 

exchange of relevant experiences, information, and ideas, thereby enhancing multi-

stakeholder collaboration and leading to improved agricultural output and returns (Sen 

et al., 2025). 

Kenya is one of the technology hubs for digital agricultural tools in Africa, thus giving 

it the name “Silicon Savannah,” resulting in 4.5 million smallholder farmers owning 

mobile phones. The study results showed applications that provide farmers with 

information, such as iShamba and Digi Farm, which link farmers with financial 

services such as credit, and the AgroCares Scanners, which provide personalized 

advice regarding soil health. Furthermore, ACRE Africa provides insurance against 

agricultural uncertainties (Njuguna et al., 2025). Digital tools that keep farmers in the 

loop and provide access to markets include DigiFarm, Apollo Agriculture, and Farms 

Drought Coins, while farm advisory services related to farm management are obtained 

from Farm Cloud and FarmShield, Twiga Foods, and Kenya Agricultural Observatory 

Platform (KAOP) (Kiaka, 2024).  

2.4.2 Emerging Digital Technologies in Agricultural Extension 

The integration of emerging technologies in agricultural extension is triggering the 

fourth revolution, termed agriculture 4.0. These digital technologies show potential to 

promote optimal use of farm inputs, minimize environmental degradation, and 

enhance agricultural productivity (Cui & Wang, 2023). The digital agricultural 

extension sector is in a state of flux, with the emergence of new technologies, 

convergence of platforms, and a shift toward blended service offering models 

(Akande, 2025). The advent of artificial intelligence (AI) and machine learning in 

agricultural advisory systems is one of the most visible trends emerging in agriculture 
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(Mishra & Mishra, 2023). Big data analytics and predictive modelling powered by AI 

are applied to understand crop performance, pest infestations, and climate change 

adaptation options (Thayalan et al., 2026). In recent years, these systems have been 

integrated into mobile interfaces to improve the usability and scalability of the 

application in rural areas (Özoğul, 2025). 

Precision agriculture, aided by IoT and satellite-based remote sensing technologies, is 

another trend being observed (Agarwalla et al., 2026; Hussain et al., 2024). These 

systems can be used to gather data on farm conditions and make informed decisions 

about interventions that can enhance resource efficiency and productivity, while also 

providing a more targeted approach to addressing specific issues (Raji & Njoku, 

2024). Research shows that precision agriculture is well-suited to meet the demands 

of climate-sensitive areas where uncertainty in rainfall and pest risks requires timely, 

site-specific responses (Asnakew et al., 2026; Njuguna et al., 2026). Yet, adoption is 

still hampered by smallholder farmers' infrastructural and financial constraints 

(Choruma et al., 2024).  

Another notable trend is the creation of hybrid extension systems, where digital 

platforms are integrated with the human extension service (Hashim et al., 2024). To 

improve the efficiency of extension officers, digital tools are now being applied that 

use automated alerts, farmer databases, and decision-support systems. Combined with 

the speed and scalability of digital systems, this hybrid model enhances farmers' trust 

and adoption (Ongachi et al., 2026). Participatory and network-based extension 

ecosystems are also on the rise (Next-Gen Agricultural Extension, 2025). Farmers are 

no longer mere recipients of information in agriculture but active participants in digital 

communities like WhatsApp groups and online forums (Thirumal et al., 2026; 

Musafiri et al., 2022). They can facilitate the dissemination and sharing of knowledge 

and accelerate the diffusion of Innovation (Musafiri et al., 2022).  

Furthermore, there is a transition towards data-driven and integrated agricultural 

platforms taking place, which combine multiple services, such as input supply and 

credit access through a single platform, as well as weather and market information. 

These platforms aim to provide all-inclusive agricultural support and reduce the 

extension silos in agricultural services delivery (Runck et al., 2021; Byamukama et 
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al., 2025c). Digital inequality and affordability pose important constraints to equitable 

access, however (Fabregas et al., 2022). 

2.5 Awareness, access, and utilization of digital extension services 

Although digital agriculture is rapidly gaining traction, the extent of the diffusion of 

the new technology among smallholders remains uneven, with awareness, access, and 

utilization determining whether smallholder farmers can or will adopt the new 

technology, particularly in sub-Saharan Africa (Ongachi et al., 2026; Njuguna et al., 

2026). Although the implementation of ICTs in rural farming systems has been 

increasing, empirical studies over the past few years have revealed moderate to low 

awareness of the use of agricultural extension services using digital means (Ongachi 

et al., 2026).  

While digital extension platforms have multiplied in the developing world, many 

farmers are still not aware of them, as disseminating information through digital 

platforms is challenging, and extension outreach is lacking, as emphasized by Ongachi 

et al. (2026). This gap is also seen in high coverage of mobile phones, which indicates 

that there is no direct link between access to ICTs and awareness of agricultural digital 

services, even in contexts with high mobile phone coverage (Ongachi et al., 2026; 

Mutisya & Kumar, 2025). Increased mobile phone penetration in rural Africa has led 

to enhanced access to agricultural extension services in digital format, with disparities 

in infrastructure and costs remaining (Njuguna et al., 2025; Parlasca et al., 2021).  

Njuguna et al. (2026) contend that although smart sensor technology and mobile-based 

advisory systems have been rapidly expanding in recent years, farmers in Kenya's rural 

areas have not received the same access as their urban counterparts, as the cost of 

Internet data and the lack of mobile Internet connectivity in rural areas have been 

issues. Likewise, Kwikiriza et al. (2026) report that extension systems in East Africa 

are still disjointed, hampering farmers' consistent access to reliable and timely 

agricultural information.  

While mobile phone usage is common, access to more advanced digital tools, 

including mobile phones with SIM cards, is limited because of infrastructure 

constraints, particularly in remote rural areas (Kwikiriza et al. 2026; Midamba et al. 

2026). There is evidence that suggests that while the population has access to digital 
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agricultural extension services, the frequency and intensity of their use are low. 

Farmers in Western Kenya are also often users of ICT-based platforms, mainly 

WhatsApp groups, SMS alerts, and mobile-based market information systems, but use 

these services infrequently and are mostly brief and focused during specific 

agricultural events, such as planting, pest infestation, and market changes (Midamba 

et al., 2026).  

Digital extension services are used as an auxiliary aid and support, but not as a farming 

systems decision-making support system (Midamba et al., 2026; Njuguna et al., 2026). 

Incorporating feedback systems in the digital advisory system is more likely to make 

the use of digital advisory systems consistent when the information is perceived as 

credible. However, when users lack trust in the information provided by the algorithm 

or sources outside it, their engagement with digital platforms is reduced in the long 

term (Njuguna et al., 2026; Ongachi et al., 2026). This corroborates the more general 

findings that usability and relevance are crucial factors for the uptake of agricultural 

technologies (Mutisya & Kumar, 2025).  

Demographic factors such as gender, age, and education have particular effects on the 

patterns of awareness, access, and use. As highlighted by the authors of Majiwa et al. 

(2026), income differences, digital literacy, and access to digital devices are major 

challenges for women farmers in using sophisticated digital tools in agriculture, 

including AI-led advisory services. In the same way, Mutisya and Kumar (2025) 

determine that younger farmers are more inclined to use digital platforms than older 

farmers, primarily because younger farmers are more familiar with and open to 

innovation with digital platforms.  

The use of digital agricultural information, which is further enhanced by education, 

helps the interpretation and application of digital information effectively by literate 

farmers (Majiwa et al., 2026; Mutisya & Kumar, 2025). The smallholder uptake of 

emerging technologies such as artificial intelligence (AI), Internet of Things (IoT), 

remote sensing, and machine learning is low in Africa, and these are now being 

integrated into agricultural extension (Asnakew et al., 2026; Njuguna et al., 2026). 

The technologies have the potential to advance precision agriculture and real-time 

advice services, but their uptake is hampered by their low awareness, low 

infrastructure, and affordability issues (Asnakew et al., 2026). Consequently, there is 
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a tremendous disparity in the technology development and application by farmers at 

the level of the user (Asnakew et al., 2026; Ongachi et al., 2026). 

In Sub-Saharan Africa, there is relatively high awareness of digital extension services, 

such as basic mobile-based services. However, disparities exist between smallholder 

farmers in local areas and cities, as well as between male and female counterparts. By 

2022, 23 percent of those who dwell in suburban areas used the internet in comparison 

to 64 percent of those living in urban areas (ITU, 2022). According to the Tegemeo 

Institute (2023), low use of digital tools is associated with distrust and unaffordable 

costs. 

Farmers in distant places with poor internet access prefer radio to access information. 

Mobile phones with a good internet connection also facilitate easy access to 

information (Awasthi et al., 2025). However, women are more affected in accessing 

mobile phone services (Kansiime et al., 2021). On a global scale, approximately 37% 

of the total population does not have internet access (Priya et al., 2025). Poor access 

is caused by digital illiteracy, lack of ownership and control, and high charges for 

digital devices  

Smallholder farmers access extension services through various channels, including 

traditional and digital, or a combination of both. However, traditional extension 

methods remain dominant (Purwadi et al., 2023). However, traditional methods still 

prevail. The findings of Purwadi et al. (2023) show that, of the conventional sources, 

radio is the most commonly used communication channel. Conventionally, extension 

services were delivered through various farmer groups, extension officers, exchange 

by local communities, and knowledge sharing among friends and families, and 

digitally through social media channels like YouTube, WhatsApp, and Short Message 

Service (Purwadi et al., 2023).  

Radio is still dominant as the source used to provide agricultural information, followed 

by television and mobile phones. However, according to FAO (2021), digital illiteracy, 

a shortage of human capital, and limited infrastructural investments are major barriers 

to effectively leveraging these digital devices. This is attributed to low possession, 

control challenges, a shortage of time to listen to the programs, and engagement in 

other agricultural activities (Kansiime et al., 2021). 
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Ifeanyi-Obi &Corbon (2023) studied in Akwa Ibom State, Nigeria, about the delivery 

of extension digital services, showing a high utilization of extension tools among 

advisory agents in the exchange and dissemination of Agri-related information. 

According to Owolabi and Yekini (2022), awareness among agricultural extension 

agents, which in turn influences their utilization of digital tools in the delivery of 

extension services, is especially important when connecting farmers to the market.  

Furthermore, Digital extension services (DES) help farmers get the information 

required to enhance productivity and efficiency in the usage of resources (Sen et al., 

2024). 

Furthermore, Ifeanyi-Obi & Corbon (2023) reported that based on the utilization level 

of digital tools for the delivery of extension service the most common used digital tool 

is mobile phone calls followed by WhatsApp, video player, radio, television, SMS, 

Facebook, audio visual aids, computers and laptops, YouTube, tablets, Instagram, 

Geographical Information System (GIS), remote sensing equipment, blogs and finally 

LinkedIn. According to Alhassan et al. (2023) WhatsApp is the main digital platform 

leveraged by users for the dissemination of agricultural information. The most 

accessed and used digital platforms are TV, radio, and mobile phones, amounting to 

over 70%, with only 27.7 % of the users having internet access. WhatsApp and 

Facebook are moderately accessed, while Twitter and computers are the least used. 

Farmers who leverage these platforms mainly look for knowledge on agricultural 

production, crop protection strategies, and the market.  

2.6 Factors Influencing Adoption of Digital Agricultural Extension Services 

Research shows that technology adoption is shaped by socioeconomic factors that 

involve a user’s or farmer's personal background. These factors include gender, age, 

marital status, farmer group membership, income, educational level, and years of 

experience in farming (Cui & Wang, 2023). For instance, young people are more open 

and willing to experiment with technology compared to the elderly because the youth 

are more tech-savvy. The old people show a negative perception towards digital 

extension services due to unwillingness to embrace change; they tend to be 

conservative and skeptical because of their long experience with indigenous technical 

knowledge (Bontsa et al., 2023). 
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 Education level is also an important determinant of adoption behavior. With an 

educated farmer, they can better understand digital agricultural information and make 

better decisions, and they are more likely to be able to use mobile platforms 

(Amoussouhoui et al., 2024). The evidence presented in Kenya suggests that education 

is a key determinant of the adoption of agricultural services leveraging ICT tools, as 

it increases the perceived usefulness and ease of use, as outlined in the Technology 

Acceptance Model (Mutisya & Kumar, 2025; Waaswa et al., 2024). In addition, the 

attainment of formal education and years of farming experience positively correlates 

with technology adoption among the users (Cui & Wang, 2023).  

Gender differences also exist in the adoption, and women farmers are also 

marginalized in terms of access to smartphones, income status, and access to training 

programmes (Majiwa et al., 2026). These inequalities lead to less exposure to the 

digital extension systems and limit the ability for women to use these systems over a 

prolonged period of time. Female farmers primarily assist with farming and may lack 

the resources to adopt digital technologies (Cui & Wang, 2023). The size of the 

household and farming experience also affect the decisions about adopting. Farm 

household size can also provide greater farm resources for using digital tools in 

management. But more experienced farmers may be resistant to new technologies as 

they heavily depend on the indigenous knowledge systems and farming experience 

(Waaswa et al., 2024). 

Technological factors are technology-related attributes such as complexity of 

technology, technology cost, implementation, and triability that influence digital 

uptake. Affordable equipment is a motivating factor for technology adoption (Cui & 

Wang, 2023). A farmer who adopts digital extension services can make informed 

decisions, hence improving farming operations. However, poor internet connectivity 

and high costs of digital tools limit digital adoption (Gizachew et al., 2024). 

Technology characteristics influence adoption decisions to a high degree: perceived 

usefulness and ease of use are key to the Technology Acceptance Model (TAM). 

Digital extension services are more likely to be embraced by the farmers if they believe 

such services will boost productivity, reduce uncertainty, and enhance the efficiency 

of farm management (Njuguna et al., 2026). Compatibility also has an impact on 

adoption, as it relates to the viability of existing farming practices. Farmers are more 
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likely to accept technologies that fit in with their farming practices and local contexts 

and are less likely to sustain their use of complex technologies (Abdullahi et al., 2026).  

Agroecologically related factors influencing technology adoption include natural 

resources found on the farm and land acreage that support the farmer. Farmers with 

large tracts of land are more inclined to adopt digital technologies. Large parcels of 

land offer farmers the best investment, cost, risk, and shock absorption mechanism. 

Soil quality, crop yields, availability of water for irrigation, and past weather shocks 

influence technology adoption; farmers tend to integrate technologies adaptable to the 

natural conditions (Cui & Wang, 2023).  

Institutional factors include the collective role of government, private, and non-

governmental agencies, and their effect on technology adoption. Government 

subsidies, financial support, access to extension services, and contract farming are 

institutional factors that can facilitate technology adoption among the smallholder 

farmers (Cui & Wang, 2023).  A study conducted by Guay et al. (2025) on factors 

influencing the adoption of digital extension services in Kibanggay, Lantapan, 

Bukidnon, Philippines, revealed that institutional factors play a pivotal role in the 

adoption of digital extension services and that government policies, extension 

services, and support obtained from the institutions were positively correlated with 

farmers' utilization of digital extension services. Technical service mechanisms, such 

as training on the network. 

Gao et al. (2024) examined three policy approaches acting as policy incentives 

promoting the adoption of digital extension services, such as financial support from 

the government, technical service support, and legal service rendered by the 

government. In terms of government financial support, enhancing transparency in 

fund allocation builds users’ trust and understanding of the digital policy, making users 

enthusiastic to adopt. The government legal service is attained by publishing laws on 

digital extension services, which promote awareness of these regulations. Consistent 

legal support by the government enhances farmers' eagerness towards the adoption of 

digital extension services. Technical service measures assist in better understanding 

agricultural technologies. This understanding promotes digital application in the 

agricultural value chain, encouraging adoption of these technologies. 
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Extension agents are often the links between farmers and mobile agricultural advisory 

services, and they can help farmers understand how to use the services and the benefits 

they can provide (Ongachi et al., 2026). Training programmes and capacity 

development are also important. Digital literacy training has boosted the confidence 

of farmers in utilizing mobile-based agricultural services and also facilitated the 

inclusion of these services in their everyday farming decision-making (Mutisya & 

Kumar, 2025). Farmer groups and farmer cooperatives have also proven to be useful 

tools for improving adoption by providing farmers with access to agricultural 

information systems, peer learning, and shared experiences.  

Gizachew et al. (2024) examined determinants of digital tool adoption among farmers 

who produce ginger in Southern and Central Ethiopia. The study used a mixed-method 

research design. The results indicated that the adoption of digital agricultural tools 

promotes agricultural productivity and an increase in income level. According to the 

study findings, barriers to digital adoption can be surmounted by policy interventions 

that focus on cost reduction and enhancing network coverage of the digital agricultural 

tools. In addition, investment in supporting digital infrastructure, designing user-

friendly initiatives, frequent farmer training sessions, and incentivizing agriculture 

through the provision of subsidies and loans at low interest rates.  

Psychological and behavioral factors encompass users' beliefs and attitudes towards 

technology (Cui & Wang, 2023). Farmers' motivation, confidence in using digital 

tools, and openness to technology affect decisions toward technology adoption (Guay 

et al., 2025). Attitude towards technology, perceived usefulness, and perceived ease 

of use form the basis of behavioral intention as described by the Technology 

Acceptance Model (Njuguna et al., 2026). Behavioral factors that can influence 

adoption include trust; if farmers trust that the advice provided is credible and reliable, 

they will be more inclined to adopt it. With little faith in the automated or external 

recommendations, the adoption rate is considerably reduced (Midamba et al., 2026).  

Risk perception also affects behavior. Even if farmers have access to digital tools, they 

are less likely to adopt them if they see the tools as being risky, complex, and/or 

unreliable. On the other hand, positive experiences and trialability enhance confidence 

and persistence (Musafiri et al., 2021). The sustained adoption is due to habit 

formation. After farmers repeatedly use digital platforms and experience value from 



24 

them, usage becomes a habit and is integrated in the long run into farmers' decision-

making processes (Mutisya & Kumar, 2025). 

2.7 Theoretical Framework 

A theoretical framework provides an overall guideline for the data analysis. It serves 

to test and challenge existing theories, clearly establish the connections between 

observations and facts, predict and control situations, and develop hypotheses (Van 

Der Waldt, 2024). The study was anchored on the following theories: 

2.7.1 Diffusion of Innovation Theory- Rogers (2003) 

The study was underpinned by the Diffusion of Innovation theory by Everett M. 

Rogers to explain how, why, and at what rate new ideas and technologies spread 

(Rogers, 2003). According to Hornor (2022), diffusion is the process by which an 

innovation is communicated through specific channels over time among smallholder 

farmers or members of a social system. An innovation is an idea, practice, or object 

perceived as new by an individual or other unit of adoption (Kouame & Ikporukpo, 

2020). Diffusion of innovation comprises four main elements, namely the innovation, 

communication channels, time, and social system. Innovation is an idea or object that 

is perceived as new by an individual or other unit of adoption. Communication 

channels are the means by which messages are transmitted from one individual to 

another, whereas mass media channels are methods of transmitting messages, such as 

television, radio, and newspapers. Interpersonal channels involve face-to-face 

exchanges between two or more individuals. A social system is a set of interconnected 

units engaged in joint problem-solving to achieve a common goal. The members or 

units of a social system may be individuals, informal groups, organizations, and/or 

subsystems (Hornor, 2022).  

According to Guo & Huang (2024), adoption is a five-stage decision process, namely, 

knowledge, persuasion, decision, implementation, and confirmation. However, there 

exist five adopter categories of an innovation, namely, the innovators, early adopters, 

early majority, late majority, and laggards. In the adoption process, the adoption units 

evaluate innovation within the purview of five characteristics, namely, relative 

advantage, compatibility, observability, trialability, and complexity (Christiansen et 

al., 2021; Zondo & Ndoro, 2023). In the context of this study, farmers, as members of 

the social system, tend to use digital extension services if their benefits are easy to see 
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(observability). In addition, the digital platform needs to be better than the one it seeks 

to replace in terms of benefits (relative advantage), align with their farming methods 

and practices (compatibility), be tested on a limited scale before full uptake 

(trialability), and be easy to understand and use (simplicity). This theory was important 

to the study in various ways. First, it provided a framework for assessing the adoption 

of digital extension services. Secondly, it helps in identifying factors affecting the 

process of adoption. 

 

Figure 2.1: Components of Diffusion of Innovation Theory 

Source: Savari et al. (2025) 

2.7.2 Technology Acceptance Model (TAM) 

The study was anchored on the Technology Acceptance Model (TAM), which was 

introduced by Fred Davis and Richard Bagozzi (1986) and used to illustrate how users 

come to accept and use a technology. TAM presents acceptance of technology as a 

three-stage process, by which the external variables initiate cognitive responses 

(perceived use of use and perceived usefulness) leading to affective response (attitudes 

and intention), which finally influences users' behavior (Marikyan & Papagiannidis, 

2026; Ghanem & Elgamel, 2026). According to the theory, an individual's behaviour 

in using a novel technology is influenced by two primary factors, namely perceived 

usefulness (PU) and perceived ease of use (PEOU). Perceived usefulness is the extent 

to which a person believes that using a particular technology will enhance his or her 

job performance, while perceived ease of use is the extent to which a person believes 

that using a novel technology is effortless (Marikyan & Papagiannidi, 2026; Bazine, 

2025; Mutisya & Kumar, 2025).  
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In the context of this study, TAM was employed to understand the perception and 

response of the smallholder farmers towards digital extension services and the 

association between farmer beliefs and external factors such as socio-economic, 

institutional, and technological factors that influenced the behavioural intention to use 

digital extension services. Furthermore, enabling understanding that there is a high 

likelihood of adoption if smallholder farmers perceive digital tools and platforms as 

useful (PU) in enhancing farm income, decision-making, and overall farm 

productivity, and if they perceive them as easy to navigate (PEOU) (Nyagango et al., 

2023).  

 

Figure 2.2: Technology Acceptance Model 

Source: Du et al. (2024) 

2.8 Conceptual Framework 

A conceptual framework (CF) depicts the research study variables and points out their 

association with each other (Kiarie, 2020; Masanja et al., 2023). A conceptual 

framework, as a tool, helps build a connection between reviewed literature, research 

methodology, and research study design (Kulesa et al., 2024).  

The conceptual framework in Figure 2.3 illustrates the causal relationship between 

adoption and socio-economic, institutional, and technological factors influencing the 

adoption of digital extension services. As such, the dependent variable is the adoption 

of digital extension services and the independent variables, were: (i) socio-economic 

factors such as gender, marital status, age, education level, and farming experience, 

(ii) institutional factors such as credit access, farmer group membership, credit, 

market, and extension service access and (iii) technological factors such as the cost of 

the devices, and internet connectivity.  The framework integrated awareness and 
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access as the intervening variables. Adoption of digital extension services was 

measured in terms of intensity of use. The anticipated output of this study was 

improved productivity, food security, documentation of digital extension tools, 

platforms, and emerging trends, and poverty alleviation among smallholder farmers. 

 

Figure 2.3: Conceptual Framework 
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2.9 Gaps identified in the Literature 

The study intended to fill contextual, knowledge, and methodological gaps. The topic 

is studied, but not in the context of Murang’a County, particularly in the Kiharu, 

Gatanga, Maragua, and Kandara Sub-counties. In addition, digital extension is 

underexplored, and it is also evident that most of the past studies adopted quantitative 

methods and may have neglected the qualitative approach to enable the obtaining of 

rich data. The current study intends to fill the research gap by employing a mixed-

methods approach to explore the determinants of adoption of digital extension services 

in Murang’a County in Kenya. The gaps are shown in Table 3.1 below. 

Table 2.1: Gaps identified in the Literature 

Author  Title  Research 

findings  

Gap in the 

study 

Focus of the 

current 

study  

Kiarie (2020) 

 

Determinants 

of digital 

technologies 

adoption 

among small-

scale farmers 

in Kenya - a 

case of Embu 

and Kirinyaga 

Counties 

Findings 

indicate that 

access to 

extension 

services, 

resources, and 

managerial 

capability had 

a significant 

effect on 

technology 

adoption.  

The study was 

limited to the 

Counties of 

Embu and 

Kirinyaga. 

Solely focused 

on the 

descriptive 

research 

design. 

The study 

intended to 

fill the 

geographical 

gap by 

focusing on 

Murang’a 

County. 

The current 

study 

integrated a 

mixed-

method 

research 

design. 

Okello et al. 

(2021) 

Determinants 

of utilization 

of agricultural 

technologies 

Farmer group 

membership 

and closeness 

to agricultural 

The study was 

limited to dairy 

farmers only. 

The study 

was extended 

to cover 

smallholder 
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among 

smallholder 

dairy farmers 

in Kenya. 

extension 

offices 

enhanced 

technology 

adoption. 

farmers 

engaged in 

both crop and 

livestock 

production. 

Amoussohoui 

et al. (2023) 

Analysis of the 

factors 

influencing the 

adoption of 

digital 

extension 

services: 

evidence from 

the 

RiceAdvice 

application in 

Nigeria. 

Indicates that 

perceived 

usefulness 

(PU) and 

perceived ease 

of use 

(PEOU) drive 

the use of 

digital 

applications. 

The study 

solely 

concentrated on 

a digital 

application 

(RiceAdvice) 

and one crop 

(Rice) 

The study 

delved into 

the broader 

landscape 

and emerging 

trends in 

digital 

extension. 

Phanith et al. 

(2023) 

Digital 

agricultural 

extension 

services for 

development 

of smallholder 

farmers in 

Southeast 

Asia. 

The study 

indicates poor 

internet 

connectivity 

and 

infrastructure 

as the main 

challenges 

affecting 

extension in 

remote areas. 

The study was 

limited to 

smallholder 

farmers in 

Southeast 

Asian countries 

of the 

Philippines, 

Cambodia, and 

Vietnam. 

The current 

study focused 

on 

smallholder 

farmers in 

Murang’a 

County in 

Kenya. 
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2.10 Chapter Summary  

Chapter two provides a review of the literature on digital agricultural extension 

services. It contains the empirical literature, theoretical framework, conceptual 

framework, and research gaps. The theories that guided the study included the 

Diffusion of Innovation (DOI) Theory and the Technology Acceptance Model (TAM).   
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CHAPTER THREE 

RESEARCH METHODOLOGY 

 

3.1 Introduction 

This chapter outlines the methods used in the study to assess digital agricultural 

extension services among smallholder farmers and extension service providers. It 

provides the study design, study site, the targeted population, sampling techniques and 

size, data collection tools, data analysis, validity, reliability, pre-test, and ethical 

considerations. 

3.2 Research Design 

A research design is a systematic blueprint employed to study a scientific problem by 

answering research questions through data collection, measurement, and analysis, and 

for control of variance (Kiarie, 2020; Indu & Vidhukumar, 2020). A mixed-methods 

research design, combining quantitative and qualitative approaches in a single study, 

was employed (McLaughlin et al., 2025). A quantitative method was used to gather 

data on awareness, access, and utilization, as well as factors affecting the digital 

agricultural extension service. In contrast, a qualitative method was used to gain 

deeper insights into the landscape and current trends. A mixed-methods approach 

helps answer research questions by integrating the strengths of both approaches while 

minimizing the weaknesses of a single approach. In addition, it also permits deeper 

inquiry, answers a variety of research questions, provides more evidence, and solves 

problems with both words and numbers (Dawadi et al., 2021; Oranga et al., 2025). 

3.3 Study Area 

The study was carried out in the County of Murang’a, located in the central part of 

Kenya, with a total population of 1,056,640, at latitudes 0034’S and 107’S and 

longitudes 360 E and 37027’ E (Kenya National Bureau of Statistics, 2019; Mwangi, 

2021). The County lies at an altitude of 914m above sea level eastwards and at 3353 

m above sea level westwards. Murang’a County was selected because it is the leading 

county in digital automation of job creation and e-government service ranked at 

98.3%, with the rapid proliferation of digital tools and services, ranked at 62.3% after 

Nairobi (67.7%), Kirinyaga (65%), and Nyandarua (63.9%) for those who own a 

mobile phone (Communication Authority of Kenya, 2025; Otieno, 2026). The County 

has also shown integration of digital systems in the distribution of farm inputs, for 
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instance, maize, to farmers registered under the Inua Mkulima programme, marking a 

significant shift towards digitalization of county services (Kilimo News, 2026).  

The County is located approximately 50 kilometers from the capital city of Kenya, 

Nairobi (Mwangi, 2021). It is bordered to the East by Kirinyaga, Embu, and Machakos 

counties, to the West by Nyandarua, to the North by Nyeri, and to the South by 

Kiambu.  It covers an area of approximately 2558.8km2, comprising seven sub-

counties, namely Mathioya, Kangema, Kiharu, Kandara, Gatanga, Maragua, and 

Kigumo (Murang’a County Government, 2025). The sub-counties are divided into 35 

wards, 32 divisions,118 locations, 294 sub-locations, and 4278 villages (Murang’a 

County Government, 2023). Geographically, the study focused on four sub-counties, 

namely Kiharu, Gatanga, Kandara, and Maragua, because they served as a good 

representation of all agro-ecological zones in Murang’a. Gatanga and Kandara cover 

the upper midland, depicting a high-potential area, and Kiharu and Maragua represent 

the lower midland, covering the semi-arid agroecological zones (Murang’a County 

Government, 2023). 

 

 

Figure 3.1: Administrative map of Sub-Counties in Murang’a 

Source: Murang’a County CIDP, 2023-2027 

 

Agricultural activities in Murang’a County contribute to about 70% of local 

employment opportunities and 60% of income sources (Murang’a County 

Government, 2023). The County has six agro-ecological zones and three main climatic 
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regions: western, central, and eastern. Zone 1, covering the western region, depicts the 

highest potential (upper highland humid) areas characterized by economic activities 

such as tea farming, tourism industry, and forestry, and extends to the sub-counties of 

Gatanga, Kandara, Mathioya, Kangema, and the higher parts of Kigumo. 

Lower highland humid (LHH), upper midland subhumid and humid, located in the 

central region dominated by zones 2 and 3, east of the Aberdare ranges, are suitable 

for tea, maize, banana, dairy, and coffee farming. It covers Gatanga, Kigumo, Kahuro, 

and some parts of Kiharu, Mathioya, and Kangema. The fourth, fifth, and sixth agro-

ecological zones are dominantly arid and semi-arid and are located in the lower parts 

of Maragua Sub-County in the flat region of Makuyu Division, Kiharu, Ithanga, and 

Kandara. These regions favor the cultivation of pineapple and coffee under irrigation 

(Murang’a County Government, 2023).  

In terms of rainfall, the County receives rainfall ranging from 750-1700 mm per 

annum in two distinct seasons. Long rains are received from the month of March to 

May, with April being the peak in rainfall amount, recording approximately 213mm 

on average. The short rains are received in October, November, and December, 

recording 135mm on average. February is the driest month with an average rainfall of 

21mm (Mwangi, 2021). In addition, the county has volcanic rocks, which enhance soil 

fertility, promoting agricultural activities (Murang’a County Government, 2023). 

This, therefore, provided a strong framework, making Murang’a County an ideal site 

for exploring the determinants of the digital extension service.  

3.4 Target Population 

According to Hossan et al. (2023), a population is defined as an entire group of 

individuals, objects, or events with similar observable characteristics. The target 

population is a specific subset of the larger study population that is the primary focus 

of inquiry (Willie, 2023). The study targeted 352 smallholder farmers who practice 

crop and/ or livestock husbandry and are potential users of digital extension services. 

Therefore, the unit of analysis was smallholder farmers. Participants were recruited 

through farmer groups, local farmer networks, and the county extension officer of 

Murang’a County. In addition, the qualitative component targeted 16 key informants, 

including the County Agricultural Director, extension agents in Murang’a, youth 
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agripreneurs under the digital extension model, the Principal of KATC Mariira Farm, 

and digital extension service providers. 

3.5 Sampling Techniques and Sample Size 

In research, sampling refers to the selection of settings, individuals, and/or units to 

participate in the study (Hossan et al., 2023). A multistage sampling procedure was 

used to select 352 smallholder farmers for the study. First, four sub-counties (Kiharu, 

Kandara, Gatanga, and Maragua) were purposively selected to represent the diverse 

agro-ecological zones and varying levels of uptake of digital agricultural extension 

services in Murang'a County. This purposive approach helped align the sample with 

the study objectives (Campbell et al., 2020). Second, three wards were randomly 

selected from each sub-county, yielding a total of twelve study wards.  

Third, villages within each ward were randomly selected using village lists obtained 

from local sub-county agricultural extension offices. The sample was proportionally 

allocated across the four sub-counties based on the estimated number of farming 

households. Eligible smallholder farmers were then selected through simple random 

sampling from farmer registers maintained by ward agricultural offices and farmer 

groups. Where farmer registers were incomplete, snowball sampling was used to 

identify additional eligible respondents, thereby minimizing under-coverage in the 

selected villages.  

Snowball sampling, also known as chain-referral or network sampling, is a non-

probability sampling method used when participants are hard to identify or access. It 

involves starting with a small group of known individuals and relying on them to 

recruit or refer new individuals who meet the study criteria. This process continues 

until the desired sample size or a saturation point is reached (Nikolopoulou, 2023). 

Yamane's formula (1967), suitable for an infinite population, a survey, and a simple 

random sampling approach, was used to obtain the study sample size. 

n=N/(1+N(e)2 

Where n = the required sample size 

N=the total population size; e = the margin of error (0.0532) 
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n=71,278/ {1+71,278(0.0532)2} =352 

Thus, the final sample size was 352 smallholder farmers. 

The sample was distributed proportionately across sub-counties using:  𝑛𝑖 =
𝑁𝑖

𝑁
× 𝑛 

 

Table 3.1: Determination of sample size of the four Sub-Counties 

Sub-County Number of farmer 

households  

Sample size 

Kiharu 24,915 123 

Kandara 8,098 40 

Gatanga 18,018 89 

Maragua 20,247 100 

Total  71,278 352 

Source: Sub-County agricultural extension offices, 2026 

A total of sixteen key informants were interviewed, including the County Agricultural 

Director, extension agents in Murang’a, youth agripreneurs under the digital extension 

model, the Principal of KATC Mariira Farm, and digital extension service providers. 

Interviews followed a structured KII protocol designed to elicit insights on typologies 

of DES, access, utilization, and constraints of digital extension services. Data 

collection continued until saturation was reached, ensuring that no new themes 

emerged (Guest et al., 2020).  

Table 3.2: Matrix of Key Informant Interview Participants 

Category No. of Participants 

Extension agents 4 

Youth agripreneurs 4 

DES providers 4 

Agricultural directors 4 

Total 16 
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3.6 Data Collection Instruments 

Data collection involved a combination of primary and secondary sources. Primary 

data collection, conducted through surveys, was obtained by use of 352 structured 

questionnaires and key informant interviews conducted using the interview guides. A 

systematic desktop review of secondary data was conducted, drawing on diverse 

sources, including national government policy documents, county government 

periodic reports, NGO and donor reports, private-sector and AgriTech firm 

publications, academic and research outputs, and institutional and cooperative records. 

This triangulation of sources ensured a broad and reliable evidence base (Bowen, 

2009).  

Questionnaires were administered and recorded at the household level using Kobo 

Collect software by research assistants under the close supervision of the principal 

investigator. Five research assistants were trained to assist with data collection. These 

assistants used password-protected mobile devices and encrypted the collected data 

on Kobo servers to ensure only the researcher and academic supervisors had access. 

The questionnaires were written in English; however, translations into Kikuyu and 

Kiswahili were provided for respondents who did not understand English. Also, for 

in-depth exploration, sixteen key informant interviews (KII) were conducted to gather 

qualitative data from county agricultural extension officers and digital service 

providers to collect data on the landscape of digital extension. 
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Table 3.3: Method of data collection and analysis for each objective 

Objective   Type of data  Approach

es   

Respondents   Data 

analysis and 

presentation 

1. To document the 

current landscape and 

emerging trends in 

the provision of 

digital agricultural 

extension services 

(DES). 

Primary and 

Secondary 

data  

(Qualitative)  

Qualitative 

approach 

through  

document 

review and 

analysis. 

Key 

informant 

interviews. 

 

Publications, 

journals, policy 

documents 

Experts, 

extension 

officers, digital 

extension 

service 

providers. 

Thematic 

analysis to 

identify 

themes 

across 

documents.  

 

2. To assess the level 

of awareness, access, 

and utilization of 

digital extension 

services among 

smallholder farmers. 

Primary data  

(Quantitative 

and 

qualitative)  

Mixed 

methods 

approach 

through a 

survey  

Questionna

ire  

 

Smallholder 

farmers  

Descriptive 

statistics  

(frequencies, 

percentages, 

graphs, 

means). 

Thematic 

analysis 
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3. To determine the 

factors influencing 

the adoption of 

digital agricultural 

extension services. 

Primary 

(quantitative 

data)  

 Structured 

questionna

ire 

 

Smallholder 

farmers. 

Descriptive 

statistics  

(frequencies, 

percentages, 

means) 

Regression 

(bivariate 

probit, zero-

truncated/neg

ative 

binomial 

regression) 

 

 

3.7 Validity of the Instruments 

Validity refers to the extent to which a study instrument accurately measures what it 

intends to measure and how well the data collection tool performs its functions 

(Andersson et al., 2024; Sürücü & Maslakçi, 2020). The study instruments were 

subjected to content and face validity. Content validity refers to how representative 

the questions are and how well it covers the complete range of the construct being 

investigated. It helps inspect the data collection tools to see that it has all the necessary 

components (Ireri, 2022). This was made possible by carefully aligning the questions 

in the research instruments with the study’s specific objectives. A judgment approach 

was also used, whereby expert and professional judgment was obtained by having my 

two knowledgeable supervisors read, judge, and make recommendations where 

necessary.  

Face validity checks whether the data collection instrument looks right by examining 

how it appears in terms of readability, formatting, feasibility, and language consistency 

and style used (Ireri, 2022). Ireri (2022) further posits that face validity can be 

achieved by the researcher's subjective evaluation to check for relevance and 

presentation of the instrument. This was made possible by having the questionnaire 

scrutinized by my supervisors, who agreed that it met the face validity requirements. 

The responses gathered from the experts and the pilot test aided in understanding 
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whether the questions captured in the data collection tools accurately led to the 

anticipated response. Questions found unclear were revised to minimize the chances 

of misinterpretation by the respondents. 

3.8 Reliability of the Instruments 

Reliability refers to the consistency and stability of measurement across time, 

instruments, and different observers (Andersson et al., 2024; Sürücü & Maslakçi, 

2020). The internal consistency, which checks for items' homogeneity, was tested 

using Cronbach's alpha, which tests the reliability of a scale. Cronbach's alpha values 

ranging from 0.7 to 1.0 are reliable (Yun et al., 2023). Cronbach's alpha was computed 

in Stata to assess the reliability of the items. The study items on the benefits of digital 

extension services have relatively high internal consistency, as the alpha coefficient 

for the 6 items is 0.8830. 

Table 3.4: Cronbach’s Alpha 

Variable/Instrument Component No. of items Cronbach’s 

Alpha 

Type of information farmers seek/access 

through DES 

13 0.7858 

Enablers of Digital Extension Service 6 0.8830 

Organizations that have supported DES 8 0.6834 

 

3.9 Piloting of the Instruments 

A pilot test, also known as a feasibility study, is a small-scale version of the methods 

and procedures carried out before large -scale quantitative research to evaluate the 

feasibility of the intended, full-scale project (Ireri, 2022). It was conducted in 

Kirinyaga County outside the study area to avoid contaminating the main sample. 

According to Bujang et al. (2024), 30 is the minimum acceptable sample size for a 

pilot study for assessing questionnaire reliability. Therefore, the data collection 

instruments were tested with 30 participants, who were given the same questionnaire 

to respond to. A pilot test was conducted to assess research feasibility and suitability 

and to examine the sufficiency of the instruments used in the research (Bujang et al., 

2024). The pilot testing identified unanticipated challenges that may arise while using 

the research instrument to improve the research instrument. It aided in ensuring that 
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the research instruments are accurate and consistent before the initiation of the data 

collection exercise. The pre-test examined the clarity of the questions, the time taken 

to complete and respond to questions, and variability of responses (Fraser et al., 2018). 

3.10 Data Collection Procedures. 

Before the commencement of the data collection exercise, ethical clearance was 

sought from the Murang’a University of Technology Institutional Scientific and Ethics 

Review Committee (MUT-ISERC) under license number (P027/1/2026). Ethical 

approval was also granted by the National Commission for Science, Technology, and 

Innovation (NACOSTI/P/26/4185271) and by the County Agricultural Office of 

Murang’a County. Once in the study area, the researcher and the research assistants 

clearly introduced themselves to the respondents and explained the study purpose, 

both during the pre-testing stage and fieldwork. For the respondents who consented, 

survey questionnaires were then administered using Kobo Collect Toolbox 

(v2025.3.3), which enabled the capture of the GPS coordinates of the respondents’ 

locations.  

3.11 Data Analysis and Presentation 

Data analysis is the organization and reduction of data to provide findings that need 

interpretation (Kiarie, 2020). Analysis of the data employed both descriptive and 

inferential statistics. Before analysis, all questionnaires were scrutinized for accuracy 

and completeness, which entailed editing, coding, exporting to Stata Software, and 

cleaning to correct possible errors before analysis. Descriptive statistics were 

conducted for quantitative data collected through a structured questionnaire and were 

analyzed using Stata version 19 software in the form of percentages, frequencies, 

means, and standard deviation to depict patterns. The results were then presented as 

tables, charts, and graphs. Inferential analysis was used to examine the relationship 

between dependent and independent variables using econometric models such as 

bivariate probit, multivariate probit, and zero-truncated/negative binomial regression. 

The interpretation of model estimates was based on standard errors, p-values, and 

coefficients. Qualitative data findings from open-ended questionnaires, key informant 

interviews, and data collected from secondary sources were thematically grouped and 

presented in narrative summaries supported by direct quotations where appropriate, 

accompanied by tables for clarity and comparison. 
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3.12 Econometric Modeling Framework 

To address objectives (ii) and (iii), namely assessing awareness, access, and utilization 

of DES and identifying factors influencing adoption, the study employs a multi-stage 

econometric framework. This framework recognizes that awareness, adoption, and 

intensity of use are interrelated but distinct decisions. 

3.12.1 Bivariate Probit Model  

To correct for the potential endogeneity of awareness of DES and to evaluate its causal 

effect on service utilization, the study applies a bivariate probit model. This approach 

allows simultaneous estimation of awareness and adoption decisions while accounting 

for correlated unobserved factors (Greene, 2018). Previous studies have demonstrated 

the suitability of this framework. For example, Katengeza et al.  (2011) examined 

awareness and use of electronic-based market information services in Malawi, 

showing that socio-economic characteristics and access to ICT devices significantly 

influenced adoption. Similarly, Mugari et al. (2025), in a South African context, 

analyzed the endogenous relationship between extension access and the 

implementation of sustainable land management practices (SLMP). These studies 

highlight the robustness of the bivariate probit model in capturing interdependencies 

between awareness, access, and adoption of ICT-based agricultural innovations. 

The analysis jointly examines farmers’ awareness and use of DES. These two 

decisions are likely influenced by similar observed and unobserved factors such as 

age, membership in farmer groups, ownership of ICT devices, and access to extension 

services (Katengeza et al., 2011). Since awareness is a necessary precursor to DES 

use, it becomes an endogenous explanatory variable. Estimating the two decisions 

separately may lead to biased results due to correlated error terms. Therefore, a 

bivariate probit model is employed. 

The regression model for DES utilization is specified as:   

 

𝐷𝐸𝑆𝑖 =∝1+ 𝛾𝑎𝑤𝑎𝑟𝑒𝑖 + 𝑋′𝑖𝛿1 + 𝛲′𝑖𝛿2 + 𝜇1     (1) 

 

Where, for each farmer, 𝑖, DES is the binary variable equal to 1 if the farmer utilized 

DES, and 0 otherwise. 𝛾 measures the effect of awareness on DES use; 𝑋𝑖 is a set of 

exogenous variables influencing DES utilization; 𝛲𝑖 represents awareness-related and 
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other exogenous variables not captured by 𝛸, while 𝛿1 and 𝛿2 are vectors of 

coefficients to be determined by the model, and 𝜇1 is the error term.  

The variable aware in equation (1) can be modeled as: 

 

𝑎𝑤𝑎𝑟𝑒𝑖 = ∝2+ 𝑋′𝑖𝛽1 + Ρ′2𝛽2 + 𝜇2   (2) 

 

Where for each farmer, 𝑖, 𝑎𝑤𝑎𝑟𝑒 is the binary variable equal to 1 if the farmer is aware 

of DES and 0 otherwise. 𝑋𝑖 is a vector of explanatory variables; and 𝛽1 and 𝛽2 are 

coefficient vectors, and 𝜇2 is the error term. Since 𝑎𝑤𝑎𝑟𝑒𝑖 in Eq. (1) may be 

endogenous, the parameter 𝛾 would be inconsistent if estimated separately due to 

omitted variable bias. To address this, Eqs. (1) and (2) are estimated jointly using 

maximum likelihood, which yields consistent parameter estimates (Greene, 2018). 

The error terms are assumed to follow a bivariate normal distribution: 

(
𝜇1

𝜇2
) ~𝑁 ((

0

0
) , (

1 𝜌
𝜌 1

) )        (3) 

Where 𝜌 Captures the correlation between awareness and use decisions. A significant 

𝜌 Justifies the use of a joint estimation approach.  

3.12.2 Multivariate probit (MVP) model 

Farmers often adopt multiple digital extension platforms simultaneously (e.g., SMS-

based advisories, mobile applications, radio, social media, or WhatsApp groups). 

These adoption decisions are likely interdependent due to complementarities or 

substitution effects. To account for this, the study employs a multivariate probit (MVP) 

model, which allows joint estimation of correlated binary adoption decisions (Greene, 

2018; Wooldridge, 2010). The MVP model has been applied to agricultural ICT 

adoption contexts and the use of DES. For example, Ntsoane et. al. (2025) examined 

smallholder farmers’ choice of ICT tools in South Africa, while Asnakew et al. (2026) 

analyzed the adoption of multiple digital platforms in Ethiopia. Both studies highlight 

complementarities across ICT tools and justify the MVP framework for analyzing 

interdependent adoption decisions. 

The latent adoption equation for each DES platform 𝑗 is specified as:  
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𝐷𝑃∗
𝑖𝑗 = 𝑋𝑖𝛽𝑗 + 𝜀𝑖𝑗 ,          𝑗 = 1, … , 8    (4) 

 

The observed outcome is:  

 

𝐷𝑃𝑖𝑗 = {
1         𝑖𝑓 𝐷𝑃∗

𝑖𝑗 > 0

0        𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒 
       (5) 

 

Where 𝐷𝑃∗
𝑖𝑗 is the latent propensity of the farmer 𝑖 to adopt DES platform 𝑗; 𝐷𝑃𝑖𝑗 is 

the observed binary adoption decision, 𝑋𝑖 is a vector of explanatory variables; 𝛽𝑗 is a 

platform-specific parameter vector, and 𝜀𝑖𝑗 are error terms. The error terms follow a 

multivariate normal distribution such that  

𝜀𝑖 = (𝜀𝑖1, 𝜀𝑖2, … , 𝜀𝑖𝐽)~ 𝑀𝑉𝑁(0, Σ)       (6) 

 

Where Σ is the variance–covariance matrix with non-zero off-diagonal elements. The 

off-diagonal elements 𝜌𝑗𝑘capture correlations between adoption decisions across 

platforms.  

 

3.12.3 Intensity of DES Use 

Conditional on adoption, the second stage models the intensity of DES utilization, 

measured as the count of digital extension interactions or platforms used within a 

specified reference period. Because this outcome is discrete and non-negative, a count 

data model is appropriate (Cameron & Trivedi, 2013). 

The baseline specification employs a Poisson regression model. However, since 

Poisson models restrict the mean equals the variance, the study formally tests for 

overdispersion. If overdispersion is detected, the model is re‑estimated using a 

Negative Binomial regression (NBREG), which allows more flexible variance 

assumptions (Greene, 2018). To maintain conceptual consistency with the adoption 

decision, the intensity model is estimated only among adopters, using zero‑truncated 
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Poisson or Negative Binomial estimators as appropriate (Wooldridge, 2010). Results 

are reported in terms of incidence rate ratios (IRR) and marginal effects. 

The Negative Binomial regression is specified as: 

𝐷𝐼𝑖  ~ 𝑁𝐵(𝜇𝑖, 𝛼)         (7) 

ln (𝜇𝑖) = 𝑋𝑖𝛽           (8) 

Where 𝐷𝐼𝑖 is the intensity of DES use (count of digital platforms adopted by the farmer 

𝑖); 𝜇𝑖is the expected number of platforms adopted, 𝑋𝑖 is a vector of explanatory 

variables; 𝛽 is a vector of parameters; and 𝛼 is the dispersion parameter capturing 

overdispersion.  

The variance is given by: 

Var(𝐷𝐼𝑖) = 𝜇𝑖 + 𝛼𝜇𝑖
2       (9) 

This specification accounts for overdispersion in the count data, providing robust 

estimates of the factors driving deeper engagement with DES.  

3.12.4 Robustness, Diagnostics, and Estimation Considerations 

All models employed robust standard errors, with clustering at the ward or sub-county 

level where applicable to account for intra-location correlation. Multicollinearity was 

assessed using variance inflation factors (VIF). Sensitivity checks included alternative 

specifications of key explanatory variables (e.g., alternative measures of digital access 

and institutional support). Given the possibility that access to digital infrastructure 

may be correlated with unobserved household characteristics, the analysis controls for 

a comprehensive set of socio-economic and locational variables. The findings were 

therefore interpreted as associational, with robustness checks strengthening 

confidence in inference. 

3.13 Ethical Considerations  

Pursuant to ethical research principles regarding the use of human subjects, it was 

imperative to guarantee the protection of all participants. For this study, a permit letter 

was sought from the Murang’a University of Technology Institutional Scientific and 

Ethics Review Committee (MUT-ISERC) under license number (P027/1/2026) before 
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carrying out the research. The researcher also obtained approval from the National 

Commission for Science, Technology, and Innovation (NACOSTI/P/26/4185271) and 

from the County Agricultural Office of Murang’a County. The research purpose was 

introduced and elaborated, and enough information was provided concerning the 

objectives. 

Informed consent was obtained from all participants, ensuring voluntary participation; 

participants’ anonymity; confidentiality of responses; and the freedom to withdraw at 

any time without consequences. The research also ensured safe storage and adherence 

to the Data Protection Act (2019). Data will be stored securely for five years, after 

which any electronic data will be permanently deleted, and all hard copies used for 

data collection will be shredded. Research findings were disseminated in the form of 

a full thesis submitted to Murang’a University of Technology and published in 

academic journals, seminars, and conference presentations. Farmer feedback was 

shared through meetings and with county extension officers, excluding respondents' 

details. Only coded data was used for publication 

3.14 Chapter Summary  

In summary, this chapter provides a detailed methodological scope for examining 

digitized extension in the County of Murang’a. It employed a mixed-method research 

design to collect quantitative and qualitative data using structured questionnaires and 

KIIs on the digital extension service from Kiharu, Mbiri, and Gaturi Sub-Counties in 

Murang’a. It outlines the survey method and procedure for data collection. It also 

underscores the importance of ensuring the validity and reliability of test instruments 

and compliance with ethical issues regarding research 
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CHAPTER FOUR  

RESULTS AND DISCUSSION 

 

4.1 Introduction 

This chapter outlines the research findings and discussions on the determinants of 

adoption of digital extension services in Murang’a County, Kenya, under each specific 

objective. Data analysis was conducted using descriptive and inferential statistics. 

Descriptive analysis used mean, percentage, and standard deviation to present data on 

respondents’ socio-economic and institutional characteristics. A descriptive analysis 

of the awareness, access, and utilization of digital agricultural extension services 

among smallholder farmers is also presented. The chapter also presents a bivariate 

probit that allows simultaneous estimation of awareness and adoption decisions while 

accounting for correlated unobserved factors and a Poisson regression that models the 

intensity of DES utilization, measured as the count of digital extension interactions or 

platforms used within a specified reference period. Qualitative data were obtained by 

key informant interviews and from secondary sources such as literature searches, 

reports, and publications. 

 

4.2 Response Rate  

Table 4.1 below represents the questionnaire response rate from the respondents. 

Table 4.1: Response Rate 

Item  Frequency Percentage (%) 

Respondent  352 100.0 

Non-respondents  0 0.00 

Total  352 100.00 

 

The researcher administered 352 structured questionnaires, and all 352 responded, 

yielding a response rate of 100%. This was attributed to the researcher seeking 

participants’ verbal consent before data collection, where only participants who 

consented were interviewed. Additionally, face-to-face data collection could also have 

led to a higher response rate. Since all questionnaires were complete and met the 

study's inclusion criteria, no cases were excluded from the final analysis. According 
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to Musiimenta et al. (2024), a response rate of 70% or higher is considered a good 

representation of the study target population. This rate is robust, comprehensive, and 

a good reflection of inclusive data collection. In addition, the response rate reflects a 

high level of participation, mitigating the risk of non-response bias and thereby 

enhancing the validity, reliability, and credibility of the study findings. A response rate 

of 100% surpassed the expected rate and was therefore considered adequate for data 

analysis. 

4.3 Farm and Farmers’ Characteristics of the Sampled Farmers  

In this section, results on smallholder demographic characteristics that influence 

farmers' decisions to use digital extension services are presented. The socio-

demographic characteristics analyzed include the respondent's gender, age, marital 

status, household size, farmer's age, and education level. 
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Table 4.2: Socio-demographic characteristics of the respondents (n=352) 

Categorical Variables Frequency  Percentage 

Gender of the Farmer    

Male  176 50.00 

Female  176 50.00 

Marital status    

Single  95 27.14 

Married  239 68.29 

Divorced/separated  8 2.29 

Widowed  8 2.29 

Level of education    

No formal  7 1.99 

Primary  85 24.15 

Secondary  196 55.68 

Tertiary (college/certificate) 48 13.64 

University (degree/higher) 16 4.55 

Farming  350 99.43 

Scale of farming operation   

Subsistence (mainly for home 

consumption) 

87 24.86 

Small-scale commercial (small 

surplus for sale) 

222 63.43 

Medium-scale commercial (regular 

sales, moderate income) 

40 11.43 

Large-scale commercial (significant 

production for markets/business) 

1 0.29 

Continuous variables Mean  Std. Dev.  

Household size  3.70 1.80               

Age (Years) 33.5 10.64          

Farming experience (years) 8.44 8.98        
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Regarding gender, 352 respondents took part in the survey; male respondents 

constituted 176 (50%), and female respondents constituted 176 (50%). The equal 

representation of male and female respondents indicates that digital extension services 

are relevant to both genders within the study area. This could suggest that gender 

differences in access to agricultural information have diminished due to digital 

technologies. Findings by Ajesh (2024) indicate that digital extension services reduce 

gender inequalities, aligning with SDG 5. Digital platforms promote gender 

inclusivity by empowering women farmers to access tailored agricultural information, 

financial services, and resources, often via a mobile application, hence bridging the 

information gap between the genders. 

With respect to marital status, singles accounted for 27.14% of the respondents, the 

widowed for 2.29%, the divorced for 2.29%, and the married for 68.29%. This 

suggests that most respondents were from the family household, which may have 

implications for agricultural support and labour availability. According to Chepkemoi 

(2025), married farmers aid one another in decision-making, spreading risks, and 

providing additional labour to promote agricultural profitability. This finding is 

compatible with those of Joel et al. (2025), who conducted a study on the effectiveness 

of ICTs in extension service delivery among smallholder farmers in Nigeria and found 

that 66.7% of the respondents, who constituted the majority, were married. 

The study results on education level reveal that the majority of respondents had 

attained a secondary level of education (55.68%), followed by primary education 

(24.15%), tertiary education (13.64%), university education (4.55%), and finally, 

those with no formal education at 1.99%. This suggests that the respondents had 

attained at least a basic level of education. Higher education levels produce individuals 

ready to integrate digital tools by equipping them with problem-solving skills, 

analytical capabilities, and exposure to technological platforms and tools.  

Furthermore, postgraduate education increases one’s cognitive ability to understand 

and apply technological innovations (Makinde et al., 2025). However, effective 

traditional and digital extension approaches should be integrated to reach 

predominantly farmers with low levels of education and, consequently, low digital 

literacy. This finding is consistent with Joel et al. (2025), who reported that the 

majority of respondents (60%) who had attained at least secondary education had basic 
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numeracy and literacy skills, which promoted greater understanding and led to 

technology adoption. 

With respect to farming, the majority of respondents (99.43%) engaged in farming. 

Results on the scale of farming operations show that 24.86% of respondents produced 

for subsistence, mainly for home consumption. Additionally, 63.43% of farmers 

engaged in small-scale commercial farming with small surpluses for sale, and 11.43% 

engaged in medium-scale commercial farming with regular sales and moderate 

income. Only 0.29% of farmers engaged in large-scale commercial production with 

significant market and business activity. These findings suggest that the majority of 

respondents engaged in a self-sustaining farming system, where farmers cultivate 

mainly to meet family needs as the priority, with market considerations for surplus 

produce in second place. Findings by Shedeed (2020) showed that not all subsistence 

farmers have access to land. Additionally, socioeconomic factors limit the expansion 

of agricultural plots and any increase in the level of production.  

With respect to household size, the average household size of the respondents was 3.7 

members.  This indicates that most farmers in Murang’a County live in medium-sized 

households; such households with youth may help support the elderly in using digital 

tools since members can benefit from knowledge exchange, digital skills, and labour 

when needed. Findings of Alela et al. (2024) showed that a unit increase in household 

size results in low technology adoption because large households spend more money 

on food in order to maintain their family, instead of adopting technology. Findings by 

Majiwa et al. (2026) indicate that larger households provide additional income and 

labor resources, which can support the adoption of new technologies. 

In terms of age, respondents' age averaged 33.5 years. The results suggest that a high 

number of respondents are in the youthful category, delineating individuals in their 

productive years who are economically active.  This further implies the existence of a 

conducive ecosystem to experiment with digital solutions. According to Makinde et 

al. (2025), the younger generation is usually more receptive towards innovations and 

advances in technology, which might influence their willingness and ability to 

experiment with digital innovations, thus enhancing digital adoption. This finding 

aligns with Aja et al. (2024), who reported that youths show high adaptability, risk 

tolerance, and enthusiasm for technological change.  
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According to the farming experience, the sampled respondents averaged 8.44 years, 

suggesting that the majority of the small-scale farmers had moderate to extensive years 

of experience in farming. Farmers with extensive farming experience are likely to have 

more practical knowledge and skills in agricultural technologies that suit their farms 

by serving as the chief repository of indigenous knowledge, hence can evaluate new 

farming technologies and their accompanying benefits. These findings are in 

agreement with the findings by Joel et al. (2025), who conducted a study on the 

effectiveness of ICTs in extension service delivery among smallholder farmers in 

Nigeria. The researchers found that farmers who had farming experience of 6-10 years 

constituted the majority at 80.8%. 

4.4 Economic Characteristics of the Smallholder Farmers in Murang’a  

The section reports on the economic characteristics of the respondents, such as 

employment status, sources of livelihood, monthly income, and expenditure. 
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Table 4.3: Economic Characteristics of the smallholder farmers in Murang’a, 

County (n=352) 

  

Categorical Variables  Frequency (n) Percentage 

(%) 

Employment status  

Unemployed  124 35.23 

Fulltime  3 0.85 

Part-time  13 3.69 

Formally employed (with a contract) 20 5.68 

Self-employment  192 54.55 

Sources of livelihood   

Farming/livestock (own, family, or leased 345 98.01 

Agricultural wage labour  98 27.84 

Off-farm formal employment (salaried) 31 8.81 

Off-farm informal employment(casual) 112 31.82 

Entrepreneurship  61 17.33 

Unemployed  1 0.28 

Student   1 0.28 

Household monthly income (KES)   

Less than 10,000 64 18.18 

10,001-20,000 118 33.52 

20,001-30,000 29 8.24 

30,001-40,000 14 3.98 

40,001-50,000 2 0.57 

50,001-75,000 2 0.57 

Prefer not to say 123 34.94 
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According to employment status, the results indicate that the majority of the 

respondents (54.55%) were self-employed. Furthermore, 35.23%, 0.85%, 3.69%, and 

5.68% of the respondents were unemployed, employed full-time, employed part-time 

and formally employed with a contract, respectively. According to Alela et al. (2024), 

higher adoption intensity is witnessed among employed farmers than among 

unemployed counterparts. Formal employment enables farmers to access agricultural 

loans needed for the purchase and adoption of technology. In addition, employed 

farmers can obtain finances for hiring farm laborers to assist in implementing labour-

demanding technologies. In terms of income source, the majority of the respondents 

(98.01%) obtain their livelihood from crop and livestock farming, followed by off-

farm informal employment such as casual labour, accounting for 31.82%. Those who 

get their livelihood from off-farm employment, such as salaried work, constituted 

8.81%, while 17.33% of the respondents obtained their income from entrepreneurial 

activities. A smaller proportion of the respondents, 0.28%, and another 0.28% were 

unemployed and students, respectively.  According to Ke et al. (2025), off-farm 

employment expands farmers' social networks, facilitating technology adoption by 

diversifying sources from which they obtain knowledge, which increases 

understanding and application of technology. Further evidence indicates that off-farm 

income sources enhance the financial resource base of the family, increasing adoption, 

especially for technologies that need advanced investment (Gedikoglu et al., 2011). 

Similar findings were reported by Alela et al. (2024); farmers with off-farm 

employment had higher intensity of adoption of technologies that are risky and capital 

-intensive. 

According to the results, the majority of respondents, about 34.94%, preferred not to 

disclose their total monthly income. 18.18% of respondents had a monthly income of 

less than KES 10,000. In addition, respondents with a monthly income in the range of 

KES 10,001 and 20,000 constituted 33.52%.  8.24% of the respondents had a monthly 

income of KES 20,001 to KES 30,000, while 3.98% had a monthly income of KES 

30,001 to KES 40,000. A minority of respondents (0.57%) fell within the range of 

KES 40,001 to KES 50,000, and respondents with household income between KES 

50,001 and KES 75,000 constituted 0.57%. The level of income has an influence on 

the farmer's capacity to meet basic human needs and also determines savings and 

investments. Higher income levels increase technology adoption as more financial 
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resources enable farmers to easily afford the costs of implementing a technology (Ke 

et al., 2025). 

4.5 Respondents’ Access to and Control of Agricultural Land  

The table below shows the results on the nature of agricultural land of the smallholder 

farmers in the study area. 

Table 4.4: Agricultural Land Access and Ownership (n=352) 

Categorical Variables Frequency (n) Percent (%) 

Access to agricultural 

land  

349 99.15 

Type of land ownership    

Owned (with title deed) 54 15.47 

Owned (without title deed) 64 18.34 

Inherited  182 52.15 

Leased  46 13.18 

Others (Family land) 3 0.86 

Soil fertile  264 75.64 

Continuous variable  Mean  Std dev 

Average farm size (acres)   1.11      1.06 

 

With respect to agricultural land access, the majority of the farmers (99.15%) had 

access to agricultural land. This indicates that access to land was unlikely to be a 

hindrance factor for adoption of digital extension services. In terms of land tenure, the 

majority of the respondents (52.15%) operated on inherited land. Respondents who 

owned land with a title deed constituted 15.47%, while 18.34% owned land without a 

title deed. Respondents who cultivated on leased lands constituted 13.18%. A minority 

of the respondents (0.86%) had another personal tenure system. Land ownership 

without a title deed suggests a lack of land tenure security that may limit investment 

in long-term agricultural farm activities. Findings by Zeng et al. (2018) showed that 

the land tenure system is a crucial determinant of technology adoption. Land tenure 

incentivizes or promotes technology adoption, while a lack of land tenure limits it. 

Land ownership promotes access to agricultural resources like credit, while its absence 
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may make farmers resort to land rentals, which may hinder them from future benefits 

associated with technology due to fear of eviction. 

In terms of soil fertility, 75.64% of the farmers had fertile lands, with only 24.36% of 

the farmers having infertile lands. This suggests that most of the land in the study area 

is productive and can support farming. Higher soil fertility can increase crop yields 

and farm income, giving farmers greater financial capacity to purchase technologies 

such as improved seed, fertilizers, irrigation equipment, mechanization, and digital 

agricultural services. In addition, farmers who obtain good returns from their land may 

be more willing to adopt technologies that further increase productivity. 

Respondents’ land sizes averaged 1.11 acres, categorizing them as smallholder 

farmers. This indicates that farmers cultivated relatively small parcels of land, perhaps 

because of land subdivision and fragmentation attributable to population pressure. 

According to Alhassan et al. (2025), small parcels of land limit the agricultural 

resources farmers invest in novel technologies, which may constrain the adoption of 

digital agricultural extension services. Furthermore, farmers with large landholdings 

are likely to adopt new technologies due to greater incentives and capacity to invest in 

technologies (Ke et al., 2025). 

4.6 Institutional Characteristics of the Respondents  

The institutional characteristics of the respondents included access to credit, extension 

services, agricultural training, distance and time to market, and farmer group 

membership. Institutional characteristics are external factors, such as services 

provided by public and commercial institutions for overall agricultural growth 

(Kithome, 2022). 
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Table 4.5: Institutional Characteristics of the Respondents (n=352) 

Categorical Variables  Frequency Percent 

(%) 

Access to credit  57 16.19 

Sources of credit    

Mobile-based sources (e.g., mobile money 

loans)  

41 71.93 

Non-governmental organization (NGO) 1 1.75 

Formal lender (bank/financial institution) 4 7.02 

Informal lender (e.g., money lenders like 

shylock) 

7 12.28 

Friends/relatives 13 22.81 

Group-based microfinance (e.g., SACCOs) 2 3.51 

Informal credit systems (e.g., merry-go-

rounds) 

16 28.07 

Access to extension services                120 34.09 

 

Access to agricultural training  137 38.92 

Areas of training    

Livestock management  64 46.72 

Crop production and agronomy  119 86.86 

Post-harvest handling and value addition  47 34.31 

Marketing and Market Survey  27 19.71 

Use of digital tools and ICT for agriculture 7 5.11 

Climate-smart agriculture and agroecology 51 37.23 

Group management/cooperative governance  8 5.84 

Financial literacy or record-keeping  7 5.11 

Youth and women's empowerment  28 20.44 

Group membership  30 8.52 

Services offered by group membership    

Aggregation and marketing 10 33.33 

Access to inputs (e.g., seeds, fertilizers, animal 

feeds) 

7 23.33 
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Access to financial services – credit/loans and 

savings products 

15 50.00 

Training & Capacity building - extension, 

knowledge transfer 

21 70.00 

Support for certification, grading, or quality 

assurance     

1 3.33 

Processing/value addition   5 16.67 

Storage, transportation, and logistics services  3 10.00 

Advocacy and engagement in agricultural 

policies  

7 23.33 

Climate Resilience and Environmental 

Services  

1 3.33 

Social and institutional strengthening – group 

formation, youth involvement   

3 10.00 

Continuous variables  Mean  Std. Dev. 

Distance to the market (km) 4.27      3.77     

Time taken to the markets (minutes) 19.78      18.19     

 

Regarding access to credit, the majority of respondents (83.81%) did not have access. 

This suggests that most smallholder farmers in the study area lacked access to credit 

services from existing financial institutions and may face financial challenges that 

hinder their ability to invest in digital technologies. As a result, there is a need to 

enhance smallholder farmers' access to agricultural loans from financial institutions. 

Credit access enhances farmers' purchasing power, enabling the purchase of costly 

technologies for on-farm adoption (Alela et al., 2024).  

Respondents who accessed credit (16.19%) obtained services from numerous sources. 

For example, the majority of respondents (71.93%) obtained credit from mobile-based 

sources like mobile money loans, 1.75% from non-governmental organizations, and 

7.02% from formal lenders such as banks and other financial institutions. Furthermore, 

12.28% of farmers obtained credit from informal lenders such as moneylenders like 

Shylock, while farmers who obtained credit from friends and relatives constituted 

22.81%. Further analysis indicates that 3.51% of farmers obtained credit from group-
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based microfinance, such as SACCOs, while only 28.07% of farmers obtained credit 

from informal credit systems like merry-go-rounds. According to Midamba et al. 

(2022), credit services prompt farmers to join various groups, where they receive 

information on agricultural extension services. 

Regarding access to extension services, 34.09% of respondents had access in the last 

12 months, while 65.91% did not. This suggests a significant disconnect between 

farmers and the traditional agricultural extension service providers, and thus 

smallholder farmers' inability to profit from agricultural extension support services. 

Agricultural extension is a way of disseminating agricultural technologies in the 

current world. Farmers with access to extension services are better placed to acquire 

information regarding improved or novel technologies, hence promoting adoption. 

Furthermore, Alela et al. (2024) noted that frequent visits by extension agents 

positively influence technology adoption. These findings are consistent with those of 

Mugari et al. (2025) and Midamba et al. (2022). 

In terms of agricultural training, the majority of the farmers (61.08%) did not have 

access to agricultural training. Those who had access to agricultural training (38.92%) 

received the training on various agricultural topics. The majority of the farmers 

(86.86%) were trained on crop production and agronomy, 46.72% of the farmers were 

trained on livestock production, 34.31% on post-harvest handling and value-addition, 

and 19.71% on marketing and market survey. Furthermore, 5.11% of the farmers 

received training on the use of digital tools and ICT in agriculture, 37.23% on climate-

smart agriculture and agroecology, while 5.84 % of the farmers were trained on group 

management or cooperative governance. Further analysis indicates that 5.11% of the 

farmers were trained on financial literacy or record-keeping, and 20.44% of the 

farmers on youth and women's empowerment. Agricultural training assists in 

transferring necessary farming skills for modern technologies, which enables farmers 

in the decision-making process on whether to adopt based on the practical experience 

acquired. 

With respect to farmer group membership, the majority of the farmers (91.48%) did 

not belong to any farmer group.  8.52% of the respondents who were affiliated with 

farmer-based groups received numerous services. For example, the majority of the 

farmers (70.0%) benefited from training and capacity building, such as extension and 
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knowledge transfer services, followed by farmers who benefited from access to 

financial services like credit/loans and savings products. Furthermore, 33.33% of the 

respondents had access to aggregation and marketing services, 23.33% had access to 

farm inputs like seeds, fertilizers, and animal feeds, while 3.33% of the farmers 

benefited from support for certification, grading, and quality assurance. Farmers who 

received processing or value addition services constituted 16.67%, 10.00% obtained 

storage, transportation, and logistics services, 23.33% of the respondents received 

advocacy, and 10.00% of the farmers benefited from social and institutional 

strengthening, like group formation and youth involvement. Finally, a minority of 

farmers (3.33%) received climate-resilience and environmental services. This finding 

by Makinde et al. (2025), showed that farmer organizations provide networking 

platforms where members can exchange knowledge and get exposed to digital 

solutions, thus facilitating quick and easy navigation of these digital tools.  

In terms of distance to the nearest market, on average, farmers covered a distance of 

4.27 km within 19.78 minutes to reach the nearest market. Findings by Majiwa et al. 

(2026) indicate that farmers located closer to markets typically have greater access to 

digital service providers, mobile networks, infrastructure, and extension services, 

which promotes digital adoption. In contrast, those in more remote rural areas often 

battle with problems of limited connectivity, insufficient digital infrastructure, and 

limited opportunities to acquire knowledge of digital technologies. Shorter distance to 

input or output markets facilitates easy farmer access to agricultural technologies 

(Alela et al., 2024). Findings by Kiprotich et al. (2023) report that the difficulty in 

accessing the market limits the use of modern technologies because the excess yields 

go to waste after extensive technology investment.  

4.7 Current Landscape and Emerging Trends in Digital Agricultural Extension  

The study aimed to document the current landscape and emerging trends in the 

provision of digital extension services in Murang’a County through a literature review. 

Secondary data were sourced from National Government & Policy Documents, county 

government periodic reports, NGO & Donor Reports, Private Sector & AgriTech 

Firms, Academic & Research Publications, and Institutional & Cooperative Records 

and interviews. The study applied an analytical framework that combines ICT 

typologies with an access–use–constraint approach. Digital extension services were 
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first categorized by technology type (e.g., mobile, web, social media, and mass media). 

Each category was then analyzed in terms of (1) access (availability and affordability), 

(2) use (actual utilization patterns), and (3) constraints (technical, economic, and 

institutional barriers). This approach enables a structured assessment of both the 

diversity of digital tools and the factors shaping their effective use. 

4.7.1 Digital infrastructure, Availability, and Access in Murang’a County 

Qualitative findings indicate that Murang'a County possesses a relatively well-

developed digital infrastructure that supports the delivery of digital agricultural 

extension services. Mobile network coverage is generally reliable across major trading 

centres and densely populated agricultural areas, facilitating access to digital advisory 

platforms. One county agricultural extension officer observed: 

“Mobile network coverage in Murang’a County is generally good, especially in 

trading centers and highly populated agricultural areas such as Kandara, Maragua, 

Kigumo, Kiharu, and parts of Gatanga. Safaricom is extensively used due to its 3G 

and 4G network coverage and its ability to combine both extension services and 

financial transactions (M-Pesa). Airtel is also used, but it is unreliable.” KII#03 

Reliable network connectivity enables most farmers to access WhatsApp groups, SMS 

alerts, YouTube videos, and other online advisory platforms. However, connectivity 

remains uneven across the county. Farmers residing in hilly and forested areas 

frequently experience weak network signals and unstable internet connections, 

particularly during the rainy season. Consequently, many rely on low-bandwidth 

communication channels such as SMS, WhatsApp voice notes, phone calls, and radio 

programmes, which remain more dependable under constrained network conditions. 

Electricity infrastructure has also improved through the Rural Electrification 

Programme and the Last Mile Connectivity Project. Increased household 

electrification in areas such as Kigumo, Maragua, and Kandara has enhanced 

smartphone ownership, regular device charging, and participation in digital 

agribusiness activities. Nevertheless, frequent power outages in remote villages 

continue to disrupt access to digital services. Some households have adopted solar 

charging systems, while older farmers often prioritize electricity for domestic needs, 

limiting the use of digital communication technologies for agricultural purposes. 
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Despite improvements in network and electricity infrastructure, the affordability of 

internet services remains the principal constraint to digital extension utilization. 

Respondents consistently identified the high cost of mobile data bundles as the 

greatest barrier to accessing data-intensive platforms such as YouTube, webinars, and 

web-based learning portals. As a result, farmers preferentially use low-cost platforms, 

particularly WhatsApp, which offers affordable and user-friendly communication. 

Older farmers and low-income households are further constrained by limited digital 

literacy, unfamiliarity with smartphone applications, and concerns over online fraud. 

These findings suggest that while digital infrastructure in Murang'a County has 

expanded considerably, equitable access to digital extension services continues to be 

constrained by affordability, digital capabilities, and infrastructural disparities, 

reinforcing the continued importance of SMS and radio as inclusive extension 

channels 

4.7.2 Digital Extension Utilization 

A greater percentage of farmers in Murang’a County use digital agricultural extension 

services, primarily through digital TV and radio, mobile phone services, internet 

searches, and social media. 

During interviews, an extension officer explained: 

“Digital agricultural extension services in Murang’a County are not equally accessible 

to all categories of farmers. Youth farmers are generally more active users of 

WhatsApp, Facebook, and YouTube, while older farmers prefer radio programs, SMS 

services, and direct phone communication. Many older farmers depend on children, 

neighbors, or extension officers to access information shared online.” 

Youth farmers typically demonstrate stronger internet skills, greater confidence in 

digital systems, and better smartphone navigation ability. In contrast, older farmers 

often struggle with downloading applications, using websites, navigating online 

forms, and identifying genuine information sources. Extension officers, therefore, 

provide basic digital literacy support during field visits. One agent noted: 
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“Murang’a County currently has 75 extension officers, but this number will be reduced 

by 30% by 2027. Limited mobile data, emerging pest and disease issues, inadequate 

transport facilitation, and restricted funding are some of the major challenges we face.” 

Gender and socio-economic differences significantly shape inclusion. Women farmers 

actively participate in dairy and kitchen gardening through WhatsApp groups, but 

many face barriers such as limited smartphone ownership, reduced control over 

internet expenditure, and time constraints due to household responsibilities. Men, on 

the other hand, tend to dominate commercial digital agribusiness platforms. 

An extension agent highlighted: 

“Smartphone users access videos, mobile applications, webinars, and social media 

platforms, while farmers with basic phones mainly depend on SMS, USSD systems, 

and radio programs. This creates a digital divide between the two groups.” 

Commercial farmers are more likely to use farm management applications, attend 

online trainings, and access digital markets, whereas smallholder farmers rely on 

WhatsApp groups, radio, and SMS advisories. Affordability limitations and uneven 

digital literacy levels across the county further reinforce these disparities. 

4.7.3 DES Applications available in Murang’a 

The findings reveal that digital agricultural extension in Murang'a County comprises 

a diverse ecosystem of complementary digital platforms that facilitate one-way, two-

way, and interactive communication between farmers, extension providers, 

researchers, and market actors (Table 4.6). These platforms perform distinct but 

interconnected functions, ranging from information dissemination and advisory 

delivery to market linkage, farmer registration, financial inclusion, and knowledge 

exchange. 

 

Mobile-based advisory platforms; Mobile applications constitute the most 

comprehensive digital extension tools in the county because they integrate multiple 

agricultural services into a single platform. Key applications include the MyMurang'a 

App, Kilimo App, DigiFarm, M-Kilimo, iCow, M-Farm, and Kuza One, which 
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provide advisory services on crop and livestock production, weather information, pest 

and disease management, market prices, mechanization services, digital finance, and 

input supply. According to the County Director of Agriculture: 

"One of the programmes integrated in MyMurang'a App is the Inua Mkulima 

Programme... anchored in the Milk and Mango Programme, the maize programme, 

and veterinary services." 

The findings indicate that mobile applications are particularly popular among youth, 

commercial farmers, and organized farmer groups because they provide real-time 

advisory services while simultaneously linking farmers to markets, financial services, 

and government support programmes. The integration of USSD services (e.g., 

DigiFarm *944#) further enhances accessibility for farmers with basic mobile phones. 

 

Web-based knowledge platforms: Web-based platforms primarily support 

agricultural knowledge management and institutional service delivery. Frequently 

cited platforms include the Murang'a County Agriculture Portal, the Kenya Integrated 

Agriculture Management Information System (KIAMIS), KALRO's Big Data System 

(BDS), the Kenya Agricultural Observatory Platform (KAOP), the Cooperative 

Management Information System (CMIS), and the Livestock Management 

Information System (LMIS). These platforms provide access to policy documents, 

extension manuals, climate-smart agriculture resources, farmer registration services, 

and downloadable technical publications. Although widely used by extension officers, 

researchers, agribusiness professionals, and digitally literate farmers, their utilization 

among smallholders remains constrained by internet costs and limited digital skills. 

 

Social media and video-based learning; Social media has emerged as one of the 

fastest-growing extension channels because it enables real-time communication and 

peer-to-peer knowledge exchange. WhatsApp, Facebook, TikTok, and Telegram were 

identified as the dominant platforms, with WhatsApp being the most preferred due to 

its affordability, ease of use, and ability to support group-based learning. 
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Similarly, YouTube has become an important repository of visual extension content. 

Farmers frequently access channels such as Shamba Shape Up, KALRO Mkulima, 

FarmKenya, Digital Green, and Mkulima Young, which provide practical 

demonstrations on dairy production, greenhouse farming, pest management, and 

climate-smart agriculture. Respondents noted that short videos shared through 

WhatsApp are increasingly preferred over longer YouTube content because they 

consume less data while enhancing visual learning and technology adoption. 

Nevertheless, concerns regarding misinformation and the credibility of online content 

remain significant challenges. 

 

SMS, voice services, and broadcast media; Despite rapid digitalization, SMS, voice 

calls, radio, and television continue to play a critical role in ensuring inclusive 

extension service delivery. SMS platforms, including DigiFarm, WeFarm, M-Farm, 

Arifu, UjuziKilimo, county bulk messaging systems, and KALRO advisory services, 

primarily disseminate weather forecasts, pest and disease alerts, fertilizer 

recommendations, market information, and livestock vaccination reminders. These 

services remain particularly important for older farmers, low-literacy users, and 

households using feature phones. 

Similarly, radio and television continue to provide trusted and accessible extension 

services. Vernacular stations such as Inooro FM, Kameme FM, and Inooro TV's 

Mugambo wa Murimi, together with national programmes such as Shamba Shape Up, 

were consistently identified as major sources of agricultural information. Their 

extensive reach, local language programming, and visual demonstrations make them 

especially valuable for awareness creation and technology dissemination, although 

opportunities for farmer feedback and interaction remain limited. 

 

Hybrid digital extension systems; The findings further indicate an increasing shift 

towards hybrid extension models that integrate digital technologies with conventional 

face-to-face extension. ICT centres, ward agricultural offices, Huduma Centres, 

farmer training centres, demonstrations, and field days increasingly complement 

digital platforms by providing internet access, digital farmer registration, online 

training, and virtual learning opportunities. These centres utilize platforms such as 
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Zoom, Google Meet, Microsoft Teams, WhatsApp, Telegram, Digital Green, and 

FarmStack to facilitate farmer training and interaction with extension specialists. 

However, inadequate ICT infrastructure, limited staffing, and inconsistent internet 

connectivity continue to constrain their effectiveness 
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Table 4.6 Types of Digital Extension Service 

Digital 

Extension 

Channel 

Examples/Platforms in 

Murang’a 

Key Services 

Provided 

Main Users/Reach Opportunities Key Constraints 

Mobile 

applications  

MyMurang’a App, Kilimo 

App, M-Kilimo, KALRO 

Mkulima, PlantVillage 

Nuru, iCow, DigiFarm, 

AgriApp, M-Farm, Kuza 

One 

Crop/livestock 

advisory, pest and 

disease control, 

market prices, input 

access, and 

financial services 

Smartphone users, 

youth, commercial 

farmers, 

dairy/avocado/coffee 

farmers 

Real-time advisory, 

personalized support, 

market linkage, mobile-

money integration 

Low smartphone 

ownership, low 

digital literacy, 

and high data costs 

Web-based 

platforms 

KALRO Mkulima, e-

Extension Kenya Portal, 

Ministry of Agriculture 

website, Kenya, FarmBiz 

Africa 

Training manuals, 

videos, policy 

updates, expert 

consultations, 

downloadable 

materials 

Farmers with internet 

access, extension 

officers, and farmer 

groups 

Centralized knowledge 

access, continuous 

learning, and access to 

technical information 

Poor rural 

connectivity, 

limited internet 

skills, and device 

limitations 

YouTube/video 

channels 

KALRO Mkulima 

Channel, Shamba Shape 

Up, Farmers Trend, Dairy 

Demonstrations, 

farmer success 

Visual learners, youth, 

farmers with 

smartphones/internet 

Enhances practical 

learning, peer learning, 

High data cost, 

poor connectivity, 
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Farming Kenya, Digital 

Green Videos, AgriTV 

Kenya 

stories, pest control, 

dairy, and crop  

and technology 

diffusion 

and limited regular 

access 

Social media Facebook groups/pages: 

Murang’a Farmers Forum, 

Kenyan Farmers Group, 

Avocado Farmers Kenya, 

Dairy Farming Kenya, 

Mkulima Young 

Market prices, 

weather alerts, pest 

warnings, farming 

tips, peer-to-peer 

advice 

Youth, digitally active 

farmers, and farmer 

groups 

Fast information 

sharing, networking, 

peer learning, farmer–

expert interaction 

Misinformation, 

unverified advice, 

unequal access 

SMS and phone 

calls 

DigiFarm SMS, iCow 

SMS, WeFarm, M-Farm 

alerts, Arifu, UjuziKilimo, 

county SMS systems, call 

centres 

Weather alerts, pest 

alerts, market 

prices, input 

updates, and direct 

advisory support 

Basic-phone users, 

rural farmers, low-

literacy users 

Most inclusive, low-

cost, works without 

smartphones/internet 

Limited message 

depth, language 

barriers, and need 

for follow-up 

clarification 

Radio and 

television 

Shamba Shape Up, Seeds 

of Gold TV, KTN Farmers 

TV, Inooro FM, Kameme 

FM, Mugambo wa Murimi 

Agricultural 

programmes, 

modern farming 

practices, 

Broad farmer audience, 

older farmers, 

vernacular-language 

users 

Wide reach, trusted 

local language 

communication, useful 

for awareness creation 

Limited 

interactivity, weak 

feedback 

mechanisms 
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crop/livestock 

demonstrations 

ICT centres KALRO platform access, 

e-extension portals, Zoom, 

Google Meet, Microsoft 

Teams, YouTube, 

WhatsApp 

Telegram, Digital Green, 

FarmStack 

Video training, 

online 

conferencing, 

manuals, group 

learning, expert 

interaction 

Farmer groups, 

extension officers, and 

organized community 

users 

Builds digital literacy, 

supports collective 

learning, access to 

experts 

Low awareness, 

distance to centres, 

and 

underutilization 
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Overall, the findings demonstrate that no single digital platform adequately meets the 

diverse information needs of smallholder farmers. Rather, digital agricultural 

extension in Murang'a County is characterized by a complementary ecosystem in 

which mobile applications, web-based systems, social media, broadcast media, SMS 

services, and hybrid learning platforms collectively enhance access to agricultural 

knowledge, advisory services, market information, and institutional support. 

 

4.7.4 Emerging Trends in Provision of Digital Extension Services 

The findings indicate that digital agricultural extension in Murang'a County is 

transitioning from conventional advisory approaches towards more integrated, data-

driven, and participatory digital systems. The emerging innovations vary considerably 

in their level of maturity, ranging from established practices to pilot initiatives and 

technologies under development. 

Among the established digital practices, the WhatsApp-based extension has become 

one of the most widely adopted communication channels among extension officers 

and farmer groups. Key informants reported that WhatsApp groups are increasingly 

complementing, and in some cases replacing, conventional farmer meetings because 

they facilitate rapid dissemination of advisory messages, short training videos, 

weather alerts, and peer-to-peer learning. Similarly, Common Interest Groups (CIGs), 

producer organizations, and Farmer Field and Business Schools (FFBS) remain 

integral institutional platforms through which farmers organized around avocado, 

coffee, mango, and dairy value chains receive technical training and market 

information. These approaches represent the county's mainstream digital extension 

model by integrating face-to-face learning with digital communication. 

 

Several innovations are currently in the pilot or early implementation stage. For 

example, blockchain technology is being piloted within selected horticultural value 

chains, particularly avocado, to improve product traceability, transparency, and market 

credibility. Similarly, Murang'a County has trained seven youth agripreneurs who 

serve as digital extension intermediaries under the National Agricultural Value Chain 

Development Project (NAVCDP). Equipped with tablets and smartphones, this 
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agripreneurs support farmer profiling, digital registration, advisory delivery, and 

linkage of farmers to markets and service providers. 

One youth agripreneur explained: 

"In Murang'a County, the agripreneur-based extension model utilizes digital tools 

such as tablets, mobile phones, and online advisory platforms. Trained youths assist 

in farmer profiling, delivering extension services, linking farmers to value chains, and 

enhancing market access through initiatives such as NAVCDP. The model utilizes 

platforms such as KIAMIS and Know Your Farmer (KYF)." (KII #5) 

 

The Know Your Farmer (KYF) platform, integrated with digital agricultural extension 

services verification tools, enables secure farmer registration, identity verification, and 

mobilization of farmers for advisory, financial, and input support services. The 

platform supports extension officers in maintaining farmer databases while complying 

with data verification requirements. Likewise, KAMIS is being used to collect market 

information to improve price transparency, while the Agricultural Digital 

Transformation (ADT) application is under development to integrate advisory 

services, agro-dealers, input suppliers, and market actors into a single platform. 

However, implementation challenges remain, including approximately 10% of 

registered farmers not receiving digital messages because of network and system 

limitations, while many elderly farmers continue to experience difficulties interpreting 

digital content. 

 

The study further identified several emerging opportunities that are still at an early 

stage of adoption. These include artificial intelligence-driven advisory services, digital 

soil fertility mapping by KALRO, precision fertilizer recommendations, and the 

growing use of short-form agricultural videos distributed through YouTube, TikTok, 

and WhatsApp. Although these innovations are not yet widely adopted among 

smallholder farmers, key informants noted increasing interest, particularly among 

youth farmers and commercial producers, owing to their potential to deliver 
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personalized recommendations, improve input-use efficiency, and strengthen climate-

smart decision-making. 

Overall, the findings suggest that Murang'a County's digital extension ecosystem is 

characterized by a combination of mature communication platforms (WhatsApp, 

CIGs, FFBS), pilot digital innovations (blockchain, youth agripreneurs, KYF, 

KAMIS), and emerging technologies (artificial intelligence, digital soil mapping, and 

precision agriculture). While these innovations demonstrate considerable potential to 

improve extension effectiveness, their wider adoption will depend on strengthening 

digital infrastructure, improving digital literacy, and scaling pilot initiatives to reach a 

larger proportion of smallholder farmers. 

4.8 Awareness of Digital Extension Services 

Figure 4.1 below shows sources that created awareness of digital extension services. 

 

Figure 4.1: Sources of Information that have created Awareness 

Among respondents who were aware of digital extension services, the main sources 

of information were social media (radio, television, newspapers, Twitter, Facebook, 

and LinkedIn), which accounted for 83.40%, followed by peers/neighbors/family, 

which constituted 40.93%, and mobile phone service providers like Short Messaging 

Service alerts and mobile applications, which constituted 37.07%. Agricultural 
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extension officers as a source of information accounted for 23.94%, followed by 

training, workshops, and agricultural expositions at 19.69%. Farmer organizations like 

groups, associations, and cooperatives accounted for 17.37%, while the least was the 

NGO or development project at 17.37%. Other sources specified by respondents were 

Biovision, Inua Mkulima Card, and Yara App. 

These findings suggest that social media dominates as an information source on digital 

agricultural extension services, with the least sources being NGOs, agricultural 

extension, and farmer organizations. The findings, therefore, highlight the importance 

of strengthening partnerships and collaboration between agricultural extension 

officers, digital platforms, and smallholders through capacity building for the key 

stakeholders to enhance effectiveness in the delivery of extension services. According 

to Chowdary et al. (2024), farmers' use of social media platforms such as WhatsApp 

is most predominant due to its simplicity, ease of use, low internet data requirements, 

and its ability to relay information in multiple forms like audio, text, visuals, and web-

based links. 

Kansiime et al. (2021) also noted that social media sources are time-savers, very easy 

to access and understand, and the information provided by these sources was more 

relevant to the farming context. According to Umunakwe et al. (2025), diverse sources 

of information on digital agricultural extension services enhance users' breadth of 

knowledge and better understanding, which can promote technology adoption. 

Additionally, peer groups enable farmers to get guidance, support, and the urge to 

experiment with the digital extension service. 

4.9 Awareness levels of Digital Extension Services  

The study examined smallholder farmers' awareness of digital extension platforms and 

services. The findings indicate that farmers were more aware of accessible digital 

extension channels, particularly digital TV/radio (92.33%), government platforms 

(88.35%), social media (85.80%), and mobile phone services (84.66%). This aligns 

with studies showing that farmers commonly rely on familiar technologies such as 

mobile phones, WhatsApp, Facebook, radio, and television for agricultural 

information (Coggins et al., 2021; Mutuma et al., 2023). However, awareness of 

specialized platforms, including KIAMIS, E-soko/M-Farm, KOBO Toolkit, weather 

applications, and agricultural mobile apps, was relatively low. Previous studies 
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similarly identify limited digital literacy, poor awareness, inadequate infrastructure, 

data costs, and low discoverability as barriers (Coggins et al., 2022; Mutuma et al., 

2023). By contrast, some Kenyan and other African contexts show higher levels of 

awareness and use of mobile applications (Miine et al., 2023). 

 

Table 4.6 Awareness levels of Digital Extension Services among Respondents 

 Awareness Awareness level 

Digital Extension 

Services/platforms 

Aware 

(Freq.)  

Percent 

(%) 

Slightly 

aware  

 

Neutral Aware  Very 

much 

aware 

Mobile phone services  298 84.66 1 46 173 78  

Mobile apps  71 20.17 1 21 36  13 

Social media platforms  302 85.80 2 53 132 115 

Government platforms  311 88.35 - 20 20  1 

Digital TV or radio  325 92.33 - 27 120 178 

Marketing platforms (E-

soko, M-farm) 

40 11.36 1 19 16 4 

Weather Information 

platforms  

54 15.34 2 14 30  7 

Internet Searches  234 66.48 2 37 105 90 

AI-supported platforms 94 26.70 - 19 38 37 

Online portals/websites  66 18.75 2 16 42 6 

 KIAMIS 24 6.82 - 13 6 5 

KOBO toolkit -

registration 

32 9.09 1 17 5 9 
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4.10 Access and Utilization of Digital Extension Services 

Table 4.8 below shows how smallholder farmers access the internet when seeking 

digital extension services. Reliable internet access plays a key role in the adoption of 

digital agricultural extension services. A stable internet connection promotes users’ 

confidence and interaction with the digital extension platforms (Mutisya & Kumar, 

2025). 

 

Table 4.7 Farmers Access to the Internet 

Variable Frequency Percentage (%) 

Mobile purchased data bundles  319 90.63 

Wi-Fi 23 6.53 

Cyber café  9 2.56 

Shared hotspot from another device  1 0.28 

 

According to the results, the majority of the respondents (90.63%) accessed the 

internet through mobile phones purchased data bundles. Respondents who accessed 

the internet through Wi-Fi constituted 6.53%. Those who accessed the internet through 

a cybercafé constituted 2.56%. A minority of respondents (0.28%) accessed the 

internet through a shared hotspot on another device. These results indicate that mobile-

purchased data bundles remain the dominant method of internet access by smallholder 

farmers of Murang’a County and that the connectivity of Wi-Fi and hotspot services 

is limited. The high dependence of smallholder farmers on mobile phone data bundles 

to access extension services may lead to high internet costs, and access challenges can 

also be attributed to limited infrastructural facilities. Supporting studies (Mutisya & 

Kumar, 2025) similarly underscore that enhancing digital infrastructure is essential to 

bridging widening adoption gaps.  

The results suggest the need for policy intervention to support the installation of stable, 

affordable Wi-Fi infrastructure to help farmers access digital extension devices 

without incurring high internet costs, which might otherwise lead to resistance to 

adopting digital extension solutions. These findings are in concordance with those of 

Abdulai et al. (2023), who conducted a study on digitization among smallholder 
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farmers in Africa and reported that 13.02% of respondents had cellular internet access 

and 2.7% had Wi-Fi access. Farmers who owned smartphones but lacked access were 

unable to afford data bundles, while Wi-Fi inaccessibility was attributed to poor 

network connectivity, especially in remote areas. 

4.11 Utilization of Digital Extension Services 

Figure 4.2 below shows the results of a survey in which respondents were asked 

whether they use digital extension services. According to the results, the majority of 

respondents (53.13%) used the digital agricultural extension service. This shows that 

slightly more than half of the respondents had used the digital extension service. The 

finding implies that utilization of digital agricultural extension services among the 

smallholder farmers was moderate 

 

Figure 4.2: Users and Non-users of Digital Extension Services 
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Table 4.8 Type of Digital Extension Services/Platforms Utilized by the 

Smallholder Farmers 

Type of DES/platforms  Frequency  Percent (%) 

Digital TV or radio  276 84.92 

Mobile phone services  240 80.54 

Internet Searches  174 74.36 

Social media platforms  197 65.23 

AI-supported platforms 60 63.83 

Weather Information platforms  34 62.96 

Online portals/websites  41 62.12 

Mobile apps  34 47.89 

KOBO toolkit 14 43.75 

Kenya Agricultural Market 

Information System 

10 41.67 

Government platforms  13 31.71 

Marketing platforms  7 22.50 

Digital video programmes 7 22.50 

 

The research sought to examine whether smallholder farmers were using the digital 

extension tools and platforms listed in Table 4.12.  Among those who were aware of 

digital extension services or platforms and proceeded to use them, the majority of 

farmers (84.92%) used digital TV or radio for farmers, such as Shamba Shape-Up and 

Mugambo wa Murimi (the ‘Farmer’s Voice '), followed by users of mobile phone 

services, such as calls, SMS alerts, and bulk messaging, who constituted 80.54%. The 

plausible reason for high utilization of “Mugambo wa Murimi” is due to the provision 

of localized agricultural content, which boosts listenership attributed to regional 

relevance. Farmers who used Internet searches, such as Google, accounted for 

74.36%; 65.23% used social media platforms such as TikTok, WhatsApp, Facebook, 

X, Telegram, among others. Abdurrauf et al. (2025) found that farmers prioritize 

utilizing platforms such as WhatsApp due to their simplicity, user-friendliness and 

ability to provide quick and actionable insights for farm productivity improvement. 

63.83% of the farmers used AI-supported platforms such as ChatGPT, Farm Chat, inter 

alia.  
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Further analysis indicates that 62.96% of the farmers used weather information 

platforms such as the KARLO Weather App, 62.12% used online portals/websites 

such as ministry or NGO websites, and 47.89% used mobile apps such as iShamba, 

KALRO App, among others. Furthermore, 43.75% of the respondents used the KOBO 

toolkit, 41.67% used the Kenya Agricultural Market Information System, and 31.71% 

of the farmers used government platforms such as E-kilimo. Furthermore, 22.50% 

used marketing platforms such as E-Soko and M-Farm. Abdurrauf et al. (2025) found 

that more than 1.5 million farmers in Africa have benefited from E-Soko's services, which 

have helped them negotiate higher prices for their produce and adjust to the changing 

climate. The least used digital extension service was the digital video program, used 

by 22.50% of the farmers. 

4.12 Duration of Digital Extension Service Use by the Smallholder Farmers 

Figure 4.3 reveals how long the smallholder farmers have used the digital extension 

services.  

 

Figure 4.3: Duration of Digital Extension Services Use 

 

Of the 53.13% of users of digital extension services, the majority of respondents 

(52.41%) have used them for 1 to 3 years. Respondents who had used digital extension 

services for less than 1 year constituted 9.63%. Respondents with 4 to 5 years of usage 

constituted 18.72%. Only 19.25% of the respondents had used the digital extension 
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services for more than 5 years. This suggests that farmers have used digital extension 

services for a relatively short period of time. Priya et al. (2025) reported that digital 

extension is a facet of innovation that has emerged to enhance dissemination of 

agricultural knowledge. 

4.13 Agricultural information sought by Farmers 

Table 4.10 below shows the type of information sought by farmers through digital 

extension platforms  
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Table 4.9: The Type of Agricultural Information Farmers Receive through DES 

Type of information farmers seek  The proportion of farmers 

who seek the information 

(n=187) 

 Frequency Percentage (%) 

Crop-specific advice (e.g., pest and disease 

control, planting calendar) 

149 79.68 

Improved farming technologies/ practices (e.g., 

IPM, agroecology) 

135 72.19 

Information on access to farm inputs (e.g., seeds, 

fertilizers) 

130 69.52 

Market information (e.g., prices, quality 

requirements, demand trends)   

117 62.57 

Weather forecasts and climate updates 104 55.61 

Government subsidies, agricultural policies, or 

program updates 

85 45.45 

Training opportunities 77 41.18 

Financial advice (e.g., credit access, savings, and 

insurance) 

74 39.57 

Post-harvest handling and storage   73 39.04 

Updates on farmer-producer organizations/ 

cooperatives 

50 26.74 

Value addition or processing techniques  50 26.74 

Digital marketing platforms or e-commerce tools 40 21.39 

Other information 6 3.21 

 

The study aimed to establish the type of information sought by smallholder farmers 

from digital extension services. According to the results, out of the 187 (53.13%) who 

used the digital extension services to seek agricultural information, the majority of the 

farmers (79.68%) sought crop-specific advice, such as pest and disease control and 

planting calendars. The plausible reason was that farming emerged as the principal 

source of livelihood; hence, crop-specific advice directly addresses challenges they 
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encountered in farming, which determines yields and income.  Further analysis 

indicates that 72.19% of the farmers sought information on improved technologies and 

practices such as agroecology and integrated pest management, and 39.57% sought 

financial advice such as credit access, savings, and insurance. Respondents who 

sought weather forecasts and climate change updates constituted 55.61%, while 

62.57% of the farmers sought market information such as prices, quality requirements, 

and demand trends.  

Further analysis indicates that 69.52% of the farmers sought information on access to 

inputs such as seeds and fertilizers, 26.74% sought value addition or processing 

information, 39.04 sought post-harvest handling and storage information, and 45.45% 

sought information on government subsidies, agricultural policies, or program 

updates. Furthermore, 41.18% of the farmers sought information on training 

opportunities, 21.39% of the respondents sought information on digital marketing 

platforms or e-commerce tools, and 26.74% sought updates on farm-producer 

organizations or cooperatives. Only 3.21% of the respondents sought other agricultural 

information, like livestock production and management, poultry management, and the 

perfect breed of pigs. 

4.14 Organizations that have supported or promoted Digital Agricultural Tools  

Table 4.14 indicates the results of organizations that had supported or promoted digital 

agricultural tools among the smallholder farmers in the study area.  
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Table 4.10: Organizations that Promoted Digital Agricultural Tools Among 

Smallholder Farmers 

Organization type  Frequency Percent 

(%) 

Government agencies (e.g., county extension, MoA, 

e-voucher programs). 

181 51.42 

Non-Governmental Organizations (NGOs). 112 31.82 

Mobile service providers / Telecom companies 107 30.40 

Farmer cooperatives or producer organizations. 104 29.55 

Research institutions/ Universities 86 24.43 

Private extension services/ consultants 78 22.16 

Financial institutions (e.g., banks, MFIs, SACCOs) 66 18.75 

Private AgriTech Companies (e.g., market 

platforms). 

49 13.92 

Other organizations 2 0.57 

 

According to the results, government agencies such as the county extension, the 

Ministry of Agriculture, and e-voucher programs have supported the majority of 

respondents (51.42%), followed by non-governmental organizations (31.82%). 

Moreover, private and AgriTech companies supported 13.92% of the farmers, while 

29.55% of the respondents received support from farmer cooperatives or producer 

organizations. Another critical organization, such as private extension services or 

consultants, supported 22.16% of the farmers. Research institutions and universities 

supported 24.43% of the respondents; financial institutions like banks, SACCOs, and 

a microfinance institution supported 18.75%, and mobile service providers like 

telecommunication companies supported 30.40%. Other support came from other 

farmers, accounting for 0.57%. According to Abdulai et al. (2023), non-governmental 

organizations, in collaboration with providers of digital services, play a crucial role in 

agricultural digitization by integrating digital extension services into their projects as 

pro-poor initiatives. This provides farmers with experiences, making easy access to 

knowledge and information on agriculture.  
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4.15 Extent of DES Information on Farm Decision Making  

Table 4.12 shows the extent to which information obtained from digital extension 

services influenced their decision-making in farming. According to the results, the 

majority of the respondents (40.82%) reported a moderate influence of the digital 

extension services (DES). Respondents who were very much influenced and 

extremely influenced by DES constituted 39.29% and 12.76%, respectively. Further 

analysis indicated that DES somewhat influenced 6.02% of the respondents. A 

minority of the respondents (1.02%) were not influenced at all by the digital 

agricultural extension services. This implies that digital extension services moderately 

influenced smallholder farmers' decision-making in the use of digital tools across 

various aspects of crop and livestock husbandry. According to Singh et al. (2023), as 

reported in a study on digital technologies in agricultural extension, farmers' access to 

relevant information and real-time data enhances risk management, improves 

productivity, and enables informed decision-making. 

Key: 1=Not at all 2=Somewhat 3=Moderately 4=Very much 5=Extremely much 

 

Table 4.11: Extent of DES Information on Farm Decision Making 

Influence level Frequency Percentage 

Not at all 2 1.02 

Somewhat 12 6.02 

Moderately 80 40.82 

Very much 77 39.29 

Extremely much 25 12.76 

 

4.16 Farmers’ Perception of Digital Agricultural Extension Service 

Response scale:1=Strongly agree (SA), 2=Disagree (D), 3=Neutral (N), 4= Agree (A), 

5= Strongly agree  
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Table 4.12: Farmers' perception of Digital Agricultural Extension Service 

(n=262) 

Statement  Mean 

scale 

(1-5) 

Strongly 

disagree 

(%) 

Disagree 

(%) 

Neutral  

(%) 

Agree  

(%) 

Strongly 

agree 

(%) 

DES can reduce 

overreliance on the 

traditional extension 

system. 

3.97 _ 3.44 19.8 52.67 24.05 

DES provides 

personalized 

agricultural 

information. 

3. 94 0.38 16.11 17.56 50.38 25.57 

DES provides 

timely agricultural 

information. 

4.11 _ 4.20 15.65 45.42 34.73 

DES has improved 

my farm income. 

3.85 14.58 5.34 17.56 45.80 26.72 

DES is reliable 3.99 2.29 6.87 14.50 42.37 33.97 

DES is more cost-

effective than 

conventional 

extension services. 

3.87 1.53 8.40 16.79 48.47 24.81 

 

The findings reveal that the smallholder farmers generally had a positive perception 

towards digital agricultural extension services, as all mean scores exceeded 3.8. 

Timely agricultural information reported mean score (4.11), indicating that farmers 

highly value the speed of digital information delivery. Reliability also scored highly 

(3.99), suggesting confidence in DES. Respondents further agreed that DES can 

reduce overreliance on traditional extension services (3.97) and provide personalized 

information (3.94). Cost-effectiveness (3.87) and improved farm income (3.85) 

received comparatively lower scores. Overall, the findings suggest that DES can 

complement conventional extension services, improve information access, and 
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potentially contribute to better agricultural decision-making and productivity. This 

finding buttresses the finding by Oke et al. (2020), who reported that radio, as a digital 

tool, improved the farmers' income level (97.5%).  

4.17 Challenges in Access and Utilization of Digital Extension Services 

Table 4.14 shows the results of challenges encountered by smallholder farmers in 

Murang’a County in accessing and utilizing digital agricultural extension services.  

Table 4.13: Challenges in Access and Utilization of Digital Extension Services 

(n=352) 

Challenge  Frequency (N) Percentage 

High internet cost 296 84.33 

Limited digital literacy  122 34.76 

Insufficient knowledge of existing 

services 

115 32.76 

Poor mobile connectivity  115 32.76 

Limited access to a smartphone  114 32.48 

Skepticism in digital tools 62 17.66 

Lack of timely updates  58 16.52 

Lack of electric power 57 16.24 

Limited trust in digital information  46 13.11 

Language barrier  30 8.55 

Privacy concerns  18 5.13 

 

The study highlighted several significant bottlenecks in accessing and utilizing digital 

extension services. According to the results, the majority of respondents (84.33%) 

experienced challenges of high internet costs, which may limit the uptake of these 

digital extension services. Similar findings were also reported by Kansiime et al. 

(2021), who found that high internet costs and low digital literacy were the major 

challenges in accessing digital extension services. Choruma et al. (2024) pointed out 

that high data costs can be mitigated by making extension services more affordable 

and cost-effective. About 17.66% were sceptical of digital tools and platforms, and 

32.48% had limited access to smartphones. Further analysis indicated that 34.76% 
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reported limited digital literacy. This may be due to a lack of basic operational skills 

to efficiently leverage the digital platforms. According to Choruma et al. (2024), 

limited digital literacy skills hinder access to digital services. In addition, 16.52% of 

the respondents lacked timely agricultural updates on digital extension services. 

Furthermore, there were poor mobile connectivity challenges (32.76%), compounded 

by an epileptic power supply (16.24%). Language barriers hinder smallholder farmers' 

full appreciation of the DES, thereby limiting the benefits they can derive from digital 

platforms. 5.13% of the smallholder farmers reported issues of privacy concerns. 

Farmers express concern about data handling after the collection exercise concludes, 

which may prevent them from fully engaging with these digital tools and platforms. 

32.76% of the respondents reported insufficient knowledge of the existing digital 

platforms. Respondents who had limited trust in digital information accounted for 

13.11%. Bhattarai et al. (2026) found that farmers lose trust in digital tools due to 

ambiguous data handling practices. 

This finding is consistent with that of Ifeanyi-Obi and Corbon (2023), who reported 

on challenges of using electronic tools in Imo state in Nigeria, including the high cost 

of purchasing the device (97.6%) and the high maintenance cost (75.3%), the need for 

novel skills (90.0%), and poor internet connectivity (98.4%) were major constraints 

hindering utilization of digital tools. Additionally, a study conducted by Vutukuru and 

Njagi (2023) revealed that low utilization of digital extension tools is attributed to 

distrust, high technology and transaction costs, inadequate training and capacity policy 

sessions, and lack of information access. Addressing these constraints requires a wide 

array of specific policy interventions. First, a reduction in the cost of digital tools to 

enable quick internet access. This will reduce the financial stress imposed by the use 

of these digital tools. To effectively tackle this, corrective measures such as tax relief, 

provision of subsidies, and grants to farmers need to be put in place. This will, in turn, 

aid in acquiring the resources. Secondly, the establishment of Digihubs for capacity 

building, where farmers can be trained on the use of digital agricultural extension tools 

and platforms. 

4.18 Enablers of Digital Agricultural Extension Service 

Enablers of DES highlight the critical role of affordability, infrastructure, training, and 

awareness in strengthening digital adoption. The findings that affordable data bundles 
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are the most critical enabler (27.0%) resonate strongly with broader studies on digital 

agriculture in sub-Saharan Africa. Research by Baumüller (2018) shows that high 

internet costs remain a major barrier to rural farmers’ adoption of digital tools, often 

limiting them to low-data platforms such as SMS and WhatsApp. Similarly, the FAO 

(2021) emphasizes that reducing data costs and expanding rural broadband are 

essential for scaling digital extension services.  Furthermore, 9.9% of respondents 

indicated a need for access to smartphones and other digital devices, and 24.1% 

indicated a need for training on the digital extension service. Additionally, 11.4% of 

respondents demonstrated a need for sensitization or awareness regarding the digital 

extension services, for example, alerts or notifications on the latest updates. 17.0% of 

respondents reported that improved connectivity and infrastructure could make them 

use the digital extension services more frequently, which encompassed network and 

electrical connectivity. 3.7% of respondents showed a need for financial assistance. 

Only 6.8% of respondents reported a need for notification of the latest updates. 
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Table 4.14: Enablers of DES 

Enabler Frequency Percent  

Affordable/cheap data bundles 95 27.0 

Training on DES 85 24.1 

Improved connectivity and infrastructure  60 17.0 

Awareness creation  40 11.4 

Availability and access to smartphones and other 

digital devices 

35 9.9 

Notification of the latest updates 24 6.8 

Financial assistance/support  13 3.7 

 

4.19 Factors Influencing the Adoption of Digital Extension Service 

The analysis begins by examining farmers’ awareness and use of digital extension 

services (DES) and the factors influencing these outcomes. Since awareness and use 

are often determined by similar factors, a bivariate probit model is employed to 

estimate these decisions jointly. 

Second, farmers frequently use multiple DES platforms simultaneously, making 

adoption decisions interdependent. This justifies the use of a multivariate probit model 

rather than separate univariate probit or logit models for each platform. Finally, to 

assess the intensity of DES use, that is, the number of digital platforms adopted by 

each farmer, the study employs a negative binomial regression (nbreg). This approach 

accounts for overdispersion in the count data, providing robust estimates of factors 

driving deeper engagement with digital extension services. 

4.19.1 Bivariate Probit Estimates on Determinants of Awareness and Use of DES 

LR test of rho = 0: χ² (1) = 7.889, p = 0.005 indicates strong evidence of correlation 

between unobserved factors influencing awareness and use of DES; thus, joint 

estimation using a bivariate probit model is justified. 
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Table 4.15: Bivariate Probit Estimates on Factors Influencing Awareness and 

DES Use 

 Awareness model DES use 

Variable  Coef. Std. 

Err. 

P>z Coef. Std. 

Err. 

P>z 

Awareness of DES    3.033*** 0.187 0.000 

Age -0.008 0.008 0.331 0.013 0.008 0.118 

Gender (male) -0.030 0.171 0.860 -0.020 0.164 0.902 

Marital (married) 0.426** 0.177 0.016 0.073 0.180 0.685 

Household size 0.028 0.057 0.623 -0.094 0.059 0.114 

Soil fertility 0.459** 0.182 0.012 0.000 0.194 0.999 

Cooperative 

membership 

0.231 0.205 0.260 0.622*** 0.194 0.001 

Commercial farming 0.159 0.190 0.402 -0.003 0.185 0.986 

Land size 0.172** 0.085 0.043 0.076 0.074 0.307 

Credit access -0.533 0.217 0.014 0.585** 0.265 0.027 

Connectivity  0.462** 0.175 0.008 0.105 0.166 0.529 

Smart phone -0.019 0.186 0.918 0.217 0.180 0.227 

Education (secondary 

and above) 

0.533** 0.180 0.003 0.611*** 0.190 0.001 

Agricultural 

extension 

-0.028 0.187 0.879 0.091 0.184 0.620 

Training  0.257 0.190 0.176 -0.053 0.184 0.772 

Market search  0.469* 0.196 0.017 -0.285* 0.177 0.107 

Off-farm 

employment 

-0.172 0.167 0.302 0.357** 0.165 0.031 

Non-food 

expenditure  

-0.001 0.024 0.981 0.037 0.024 0.118 

Constant  -0.730* 0.455 0.109 -3.556*** 0.503 0.000 

N  348      

Prob > chi2             0.0000      

LR test of rho=0 7.889***                            

* p < 0.1, ** p < 0.05, *** p < 0.01 
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Awareness of digital extension services had a positive and highly significant influence 

on farmers' use of digital extension services (Coeff = 3.033, p < 0.01). This implies 

that farmers who know about the services and advantages of digital extension services 

have a much greater probability of using them, compared with those with lower 

awareness. The first step in the technology adoption process is awareness, which 

means that a farmer cannot adopt a technology that he or she is not aware of. The 

finding aligns with that of Sen et al. (2025), who found that knowledge and motivation 

were among the most powerful factors influencing interactive digital extension 

adoption by smallholder farmers in developing countries. In the case of Ghana, Ayisi-

Nyarko et al. (2024) found that level of awareness, as a result of extension campaigns 

and ICT initiatives, significantly affected farmers' willingness to utilize e-extension 

services.  

The age factor was negatively associated with awareness (β = -0.008, p = 0.331) but 

positively associated with use of digital extension services (β = 0.013, p = 0.118), 

although not statistically significant. This means that there was no significant 

difference between age groups in awareness of or use of digital extension services. 

The results indicate that access to digital agricultural information is similar for both 

young and old farmers in the study area. This is similar to Amoussohoui et al. (2023), 

who reported that age had a significant effect on the preferences of some digital 

extension business models, but not always on the choice of the farmers to adopt digital 

extension once other socioeconomic factors were taken into account. Likewise, Sen et 

al. (2024) found that the age of farmers had different impacts in different countries, 

indicating that institutional support and perceived usefulness played a crucial role in 

the adoption rather than the age of farmers.  

Gender had no significant influence on awareness (β = -0.030, p = 0.860) or on the 

use of digital extension services (β = -0.020, p = 0.902). The results suggest that male 

and female farmers experienced similar levels of access to information on digital 

extension services, and also to access digital platforms. This could suggest that gender 

differences in access to information in agriculture have diminished due to digital 

technologies. The results are contrary to those of Gao et al. (2024), who revealed that 

women farmers had a higher level of acceptance of digital agricultural extension 
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services when institutional support and policy incentives were provided. Likewise, 

Mutisya and Kumar (2025) found gender to be a significant influence on technology 

uptake among Kenyan youth farmers due to variations in technology ownership, 

financial resources, and digital literacy. In the present study, this minimal gender 

relationship can therefore be considered as a sign of reduction in gender gaps as there 

is better access to mobile technologies and inclusive extension programmes in the 

study area.  

Marital status (married) had a positive and significant effect on awareness (β = 0.426, 

p = 0.016), meaning married farmers were more aware of digital extension services 

than unmarried farmers. Farmers who were married tended to have wider social 

networks through farmers' groups, community groups, and family members, and 

therefore were more exposed to agricultural information. But marital status was not 

significantly related to the use of digital extension services (β = 0.073, p = 0.685), 

indicating that awareness of digital extension services does not necessarily lead to 

adoption. The discovery reinforces recent research, highlighting social capital's role in 

spreading agricultural innovations. Rahman et al. (2024) revealed that community 

organizations, farmer groups, and family networks were found to be significant in 

enhancing farmers' awareness of agricultural innovations through farmer exchange of 

information and peer learning. This implies that social mobility that is linked to 

marriage may boost information flow without impacting uptake.  

Perceived soil fertility positively and significantly influenced awareness of digital 

extension services (β = 0.459, p = 0.012) but had no significant effect on their use (β 

= 0.000, p = 0.999). Farmers with productive land are more likely to actively look for 

agricultural information to help sustain productivity and maximize returns. However, 

soil fertility is not the deciding factor when it comes to eventual adoption of digital 

advisory practices by farmers. Recent research in digital agriculture suggests that 

farmers' production environment is a strong driver of information-seeking behaviour, 

whereas the adoption process is more strongly linked to the perceived usefulness of 

the information, the institutional support environment, and digital accessibility than to 

biophysical farm characteristics. Similarly, in their study, Gao et al. (2024) found that 

the cognitive perception and the policy support of the farmers have a greater influence 

in the adoption of digital extension than farm production characteristics.  
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Cooperative membership was not a significant contributor to awareness (β = 0.231, p 

= 0.260), but positively and highly significantly contributed to the use of digital 

extension services (β = 0.622, p = 0.001). This suggests that although farmers may not 

always be connected to digital extension services through the cooperative, their use of 

these services will be more likely once they are aware of them. Cooperatives enable 

peer learning, simultaneous training, information exchange, and connection with 

extension workers and advisors, which helps to promote the use of digital technology. 

The finding agrees with Warucu and Lufuke (2024), who found that cooperative 

membership significantly increased the adoption of modern agricultural technologies 

among bee farmers in Kenya through improved access to training, markets, and 

information. Likewise, Gao et al. (2024) reported that membership in agricultural 

cooperatives significantly enhanced farmers' enthusiasm for adopting digital 

agricultural extension services by improving knowledge sharing and institutional 

support. These findings underscore the importance of strengthening farmer 

organizations as channels for promoting digital extension services among smallholder 

farmers.  

The findings show that participation in commercial farming had a positive, although 

not statistically significant (β = 0.159, p = 0.402), effect on awareness of digital 

extension services and no significant effect on the use of digital extension services (β 

= -0.003, p = 0.986). It indicates that a farmer who was involved in commercial 

farming was not more likely to be aware of nor use digital extension services than a 

subsistence-oriented farmer. The discovery suggests that digital extension is not 

guaranteed by commercialization and is not necessarily adopted in all farming 

categories when digital infrastructure, education, and institutional support are 

comparable between the farming categories.  

Size of land had a positive and statistically significant influence on the awareness of 

digital extension services (β = 0.172, p = 0.043) but a positive and insignificant 

influence on the use of digital extension services (β = 0.076, p = 0.307). This means 

that farmers holding larger landholdings were more likely to be seeking information 

and to be aware of digital extension services, as they have more of a stake in improving 

the productivity of their farms. Yet, the actual use of digital extension platforms was 

not significantly greater with larger farm ownership. One of the findings aligns with 
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that of Amoussohoui et al. (2024) which suggested that preference for digital extension 

business models is significantly influenced by farm size as larger farms need efficient 

management of information and decision support. Likewise, a study of Kenyan dairy 

farmers revealed that farm size had a positive impact on the adoption of agricultural 

mobile applications, but this did not always drive the uptake of digital technologies.  

Access to credit was negatively and statistically significantly associated with 

awareness (β = -0.533; p = 0.014), while it was positively and statistically significantly 

associated with the use of digital extension services (β = 0.585; p = 0.027). The reverse 

relationship with awareness could suggest that farmers who use formal credit contracts 

are not aware of agricultural information from awareness campaigns, but rather from 

financial institutions. Once farmers learn about digital extension services, however, 

access to credit grows to become a powerful tool to use digital services, as farmers 

can buy a smartphone, a bundle of internet, farm inputs, and other complementary 

technologies. Recent research confirms the positive effect of credit on the adoption of 

technology. A research study by Ingutia and Sumelius (2024) in Kenya revealed that 

greater access to credit had a significant positive impact on farmers' investment in 

agricultural technologies and productivity, as it alleviated financial barriers.  

Awareness of digital extension services was positively and significantly influenced by 

connectivity (β = 0.462, p = 0.008), whereas use was positively, though not 

significantly, influenced (β = 0.105, p = 0.529). This means that farmers' exposure to 

digital agriculture information and awareness campaigns greatly benefits from reliable 

internet and mobile network coverage. However, even with connectivity, the use of 

digital extension services is not assured, as digital literacy, cost of Internet services, 

and perceived usefulness also affect adoption rates. This result is in line with Simbu 

and Tambua (2024), who found that the availability of broadband service was the best 

predictor of digital extension adoption among farming households in Papua New 

Guinea. Agriculture households connected with high-quality 4G signals were almost 

four times as likely to use mobile advisory services as agriculture households 

connected with low-quality 4G signals. 

 Awareness (β = -0.019, p = 0.918) and digital extension service use (β = 0.217, p = 

0.227) were not significantly affected by smartphone ownership. Results indicate that 

awareness and use of digital extension services do not necessarily follow from the 
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ownership of a smartphone. Agricultural use of the smartphone might not be a priority 

for farmers, but rather for communicating, entertaining, or conducting financial 

business. This is in contrast to recent research that has identified smartphones as an 

important enabler of access to digital agricultural information (Abdullahi et al., 2025). 

A study in Ghana by Eduafo et al. (2024), for instance, revealed that the adoption of 

smartphones positively contributed to farmers' access to agricultural information via 

social media and other digital communication platforms. Similarly, in Tanzania, 

Ndimbo et al. (2024) showed that mobile phones had a significant impact on 

improving farmers' access to agricultural extension information by improving 

communication with extension officers and farmer networks.  

The awareness and use of digital extension services were positively and significantly 

influenced by education (secondary level and above) (β = 0.533, p = 0.003 and β = 

0.611, p = 0.01, respectively). This suggests that higher education levels among 

farmers were associated with being informed about and using digital extension 

services. Education improves the competence of farmers to know and understand 

digital platforms, assess agricultural information, and make informed decisions on 

production. The results corroborate Amoussohoui et al. (2024), who noted that 

education was one of the factors that significantly influenced farmers' preference and 

uptake of the digital extension service business models in Nigeria, as it was believed 

that educated farmers could better grasp the advantages of digital technologies. 

Likewise, Sen et al. (2024) identified that the enhancements of farmers' education, 

digital literacy and training resulted in a significant improvement in the uptake of 

digital extension services in Cambodia, Vietnam and the Philippines. The results also 

align with evidence from Kenyan smallholder dairy farmers, where additional years 

of schooling significantly increased the probability of adopting mobile phone 

applications for agricultural information.  

The findings suggest that awareness of digital extension services had a negative, 

though statistically not significant, effect on agricultural extension contact (β = -0.028, 

p = 0.879), while use of digital extension services had a positive association but not 

statistically significant (β = 0.091, p = 0.620). The results indicate that the use of 

traditional extension services with farmers was not significant enough to affect their 

awareness and utilization of digital extension services in the study area. This could 
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suggest that there is not an adequate digitalization of public extension services in 

advisory services or that it is not being used often enough to encourage farmers to use 

digital technology. The results are different from those of Marwa et al. (2020), who 

reported that the use of ICT-based extension services was found to have a significant 

positive effect on farmers' welfare, income, and milk production in Kenya using the 

iCow extension service platform.  

Awareness (β = 0.257, p = 0.176) and use of digital extension services (β = -0.053, p 

= 0.772) were positively affected but not significantly by agricultural training. This 

means that there was no significant effect on awareness or use of digital extension 

services as a result of agricultural training programmes. This may be because the 

training programmes offered to farmers were primarily on production practices and 

not on digital technologies and extension through ICT. Recent research by Sen et al. 

(2024) highlights the importance of training and its ability to enhance technology use 

if it focuses on digital skills. For instance, training programs which address digital 

skills have been demonstrated to boost individuals' capacity to embrace new 

technology and boost productivity. The findings suggest the need to incorporate 

modules on the use of smartphone applications, digital advisory platforms, online 

marketing and digital financial services into agricultural training programmes to boost 

the use of digital extension. 

The awareness of digital extension services was influenced positively and 

significantly by market search (β = 0.469, p = 0.017). Many digital applications are 

combined with market information and agronomic extension services, which explains 

why farmers actively searching for market information were more likely to be aware 

of digital extension services. The effect of market search on the use of digital extension 

services was negative and insignificant (β = -0.285, p = 0.107). This indicates that 

market-oriented farmers have access to digital information, but that doesn't mean that 

market information is directly translated into regular use of digital extension services. 

The discovery is partially supported by recent research in Kenya, which indicates that 

digital marketing platforms provide access to agricultural information to farmers and 

promote commercialization, particularly for farmers who have more access to credit 

and farmer organizations (Maina et al., 2024). The findings indicate that digital 
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extension platforms should combine agronomic information and a full set of marketing 

services to promote continued use. 

Awareness was negatively affected by off-farm employment, but the effect did not 

reach statistical significance (β = -0.172, p = 0.302); off-farm employment had a 

positive and statistically significant impact on digital extension service use (β = 0.357, 

p = 0.031). It also suggests that the farmers who did not depend on agriculture were 

not necessarily more aware of digital extension services, but if they were aware, they 

were more likely to use them than those who only depended on agriculture. This could 

be because working off-farm can boost income for farmers, and they can use that extra 

money to buy a smartphone, internet bundle, and other digital resources needed to 

access digital advisory services. The extra funds also help remove financial constraints 

of adopting digital technologies. The results are consistent with recent research that 

has found a positive effect of non-farm employment on household income and welfare, 

which in turn has a positive effect on households' ability to invest in productive 

technologies. 

Non-food expenditure was not statistically significantly influenced by awareness (β = 

-0.001, p = 0.981) or use of digital extension services (β = 0.037, p = 0.118). This 

implies that non-food spending in the domestic consumption level didn't play a 

significant role in farmers' awareness or use of digital rural extension services.  

Household spending is not an appropriate measure of the resources allocated to 

purchasing digital technologies, like the internet, mobile data, or smartphones. 

4.19.2 Determinants of Use of Multiple Digital Extension Service (DES) 

Platforms - Multivariate Probit Estimates 

Model diagnostic: The likelihood ratio test for the null hypothesis that the error terms 

across the adoption equations are uncorrelated (ρ₁ = ρ2 = … = ρn = 0) is highly 

significant (χ² (28) = 219.74, p < 0.001), indicating that farmers’ decisions to use 

different digital extension service platforms are interdependent and justifying the use 

of a multivariate probit model. 
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Table 4.16: Determinants of Use of Multiple Digital Extension Service 

Platforms: Multivariate Probit Estimates 

 Mobile 

phone 

service

s  

Mobile 

apps  

Social 

media 

platfor

ms  

Digital 

TV or 

radio  

Internet 

Searches  

 AI-

support

ed 

platfor

ms  

Online 

portals/

website

s  

Awareness 

of DES  

  

0.141 0.962**

* 

0.692*** -

0.506** 

0.867*** 0.283 0.461 

  (0.177) (0.342) (0.185) (0.204) (0.204) (0.217) (0.345) 

Age 0.003 -0.013 -0.026** -0.013 -0.012 -

0.039*** 

-0.007 

  (0.010) (0.015) (0.010) (0.009) (0.009) (0.013) (0.012) 

Gender 

(male) 

-0.104 0.335 0.072 0.049 -0.104 -0.167 0.031 

  (0.171) (0.261) (0.178) (0.186) (0.183) (0.206) (0.207) 

Marital 

(married) 

0.114 0.286 -0.404** -0.077 -0.465** -0.097 0.307 

  (0.192) (0.276) (0.199) (0.196) (0.198) (0.246) (0.271) 

Household 

size 

-0.003 0.128* 0.133** -0.006 -0.011 -0.005 -0.083 

  (0.060) (0.071) (0.066) (0.052) (0.056) (0.074) (0.072) 

Soil 

fertility 

0.301 -0.016 -0.004 -0.205 0.226 0.865** 1.065** 

  (0.190) (0.325) (0.198) (0.226) (0.206) (0.394) (0.419) 

Cooperativ

e 

membershi

p 

-0.185 0.054 0.124 0.298 0.392** 0.479** 0.165 

  (0.204) (0.225) (0.203) (0.202) (0.196) (0.220) (0.241) 

Commerci -0.055 0.172 -0.094 -0.018 -0.038 0.453* -



97 

al 

production 

0.917*** 

  (0.182) (0.253) (0.181) (0.198) (0.205) (0.268) (0.252) 

Land size 0.308**

* 

0.140** 0.247*** 0.112 0.087 0.374*** 0.020 

  (0.097) (0.063) (0.089) (0.080) (0.065) (0.091) (0.064) 

Credit 

access 

0.567** -0.147 0.222 0.304 0.467** 0.203 0.260 

 (0.241) (0.321) (0.225) (0.209) (0.224) (0.264) (0.296) 

Connectivi

ty 

-0.025 0.669**

* 

0.182 -0.301* 0.278 -0.294 0.040 

 (0.173) (0.208) (0.167) (0.178) (0.182) (0.223) (0.221) 

Smartphon

e 

-0.005 -0.487* -0.010 -0.172 -0.562*** -0.263 -0.297 

 (0.182) (0.283) (0.189) (0.194) (0.205) (0.242) (0.247) 

Education 

(secondary 

and above) 

0.265 0.855** 0.413** -0.012 1.055*** 1.076*** 0.232 

 (0.192) (0.364) (0.184) (0.194) (0.205) (0.331) (0.300) 

Agricultur

al 

extension 

0.155 0.383 -0.056 0.349 0.143 0.190 1.057*** 

 (0.205) (0.277) (0.210) (0.229) (0.200) (0.217) (0.266) 

Training 0.486** 0.212 -0.100 -0.317 -0.079 0.204 -0.295 

 (0.190) (0.247) (0.197) (0.202) (0.188) (0.225) (0.267) 

Market 

search 

0.562**

* 

0.267 0.877*** 0.555**

* 

0.933*** 0.610*** 0.555** 

 (0.192) (0.249) (0.187) (0.200) (0.197) (0.234) (0.252) 

Off-farm 

employme

nt  

0.018 -0.298 -0.259 -0.300* -0.466*** 0.153 0.240 

 (0.168) (0.236) (0.166) (0.177) (0.175) (0.189) (0.226) 



98 

Nonfood 

expenditur

e 

0.038 -0.009 -0.029 -0.002 -0.021 -0.059* 0.045 

 (0.025) (0.035) (0.027) (0.026) (0.028) (0.034) (0.044) 

Constant  -

1.126** 

-

4.038**

* 

-0.332 1.689**

* 

-1.053** -

2.425*** 

-

2.965*** 

 (0.501) (0.771) (0.423) (0.453) (0.462) (0.599) (0.661) 

n 348  348  348  348  348  348  348 

χ² (21) 137.46

***    

      

Standard errors in parentheses 

* p < 0.1, ** p < 0.05, *** p < 0.01 

 

The multivariate probit estimates reveal both common and platform-specific 

determinants of digital extension service adoption among farmers. For example, 

awareness of digital extension services significantly increased the likelihood of using 

mobile applications (Coeff = 0.962, p < 0.01), social media platforms (Coef = 0.692, 

p < 0.01), and internet searches (Coef = 0.867, p < 0.01), but decreased the likelihood 

of using digital TV/radio (Coef = −0.506, p < 0.05). This indicates that farmers are 

more likely to be aware and move towards more interactive digital channels rather 

than conventional extension channels. The findings concur with Mutisya and Kumar 

(2025), who reported that awareness is crucial for the adoption of digital extension by 

the smallholder farmers in Kenya. 

Marital status negatively affected the use of social media (Coef = −0.404, p < 0.05) 

and internet searches (Coef = −0.465, p < 0.05). For married farmers, there may be 

increased household demands which limit time spent on online information platforms. 

The same finding was shared by Mutisya and Kumar (2025), who noted that 

participation in digital agricultural platforms was affected by marital responsibilities.  

Household size positively influenced the use of mobile applications (Coef = 0.128, p 

< 0.10) and social media (Coef = 0.133, p < 0.05). Households with larger size are 
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more likely to have younger and educated members that help to access digital 

technologies. This result aligns with Kithome (2022), who reported that larger 

households had higher acceptance of agridigital technologies as they have access to 

more labour and knowledge sharing. The use of Aided platforms (β = 0.865, p < 0.05, 

online portals (β = 1.065, p <0.05) was positively influenced by perceived soil fertility. 

Landowners on productive land are more likely to look for new technologies that 

maximize farm productivity. This finding supports Wang and Dong (2023), who 

reported that farmers' expectations of improved productivity increase the adoption of 

advanced digital agricultural technologies. 

The use of AI-supported platforms (β = 0.479, p < 0.05) and internet searches (β = 

0.392, p < 0.05) was likewise significantly higher for those who were cooperative 

members. Farmer groups enable access to information, peer learning, and exposure to 

digital innovations. The same results were obtained by De Jesus Mendes et al. (2023), 

who concluded that farmer groups had a significant role in facilitating the adoption of 

digital technology using social learning. According to Miine et al. (2023), group 

membership has a positive effect on access to digital agricultural solutions. 

Commercial production had a positive impact on the use of AI-supported platforms (β 

= 0.453, p< 0.10), whereas a negative effect on the use of online portals (β = −0.917, 

p< 0.01). Commercial farmers seem to favor technologies for specialized decision-

support as opposed to Internet-based general information. This is in line with Aker 

(2011), who found that those farmers who are engaged in commercial farming 

activities tend to accept technologies that have direct impacts on production efficiency 

and profitability. 

Land size positively influenced the use of mobile phone services (β = 0.308, p < 0.01), 

mobile applications (β = 0.140, p < 0.05), social media (β = 0.247, p < 0.01), and AI-

supported platforms (β = 0.374, p < 0.01). Farmers' information needs and incentives 

to invest in digital advisory services are greater for larger farms. This result is 

consistent with Miine et al. (2023), who reported a positive relationship between the 

size of farms and the adoption of digital agricultural technologies in Ghana. 

Access to credit had a significant positive effect on the use of mobile phone services 

(β = 0.567, p < 0.05) and internet searches (β = 0.467, p < 0.05). Having access to 
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financial resources helps farmers buy smartphones and internet plans as well as use 

digital extension services. This is confirmed by Abate et al. (2021), who found that 

credit access has a very positive impact on investment in agricultural technology. 

The mobile apps were positively influenced by Internet connectivity (β = 0.669, p < 

0.01), while the use of digital TV/radio was negatively impacted (β = −0.301, p < 

0.10). Having a reliable internet connection promotes the adoption of interactive 

mobile technologies and minimizes reliance on traditional media by farmers. This 

result aligns with the results of Mwaseba et al. (2024), who noted that a better internet 

connection strongly enhanced the usage of digital agricultural applications by farmers 

in Tanzania. 

Education significantly increased the use of mobile applications (β = 0.855, p < 0.05), 

social media (β = 0.413, p < 0.05), internet searches (β = 1.055, p < 0.01), AI-

supported platforms (β = 1.076, p < 0.01), and online platforms (Coeff=0.232, p <0.1). 

Farmers' educational level is linked to their ability to access, interpret, and apply 

digital agricultural information. This is in line with Guay et al. (2025), who reported 

that education has an overall positive impact on digital literacy and on the uptake of 

agricultural information technologies. Agricultural extension services contributed 

greatly to the use of online portals and websites (β = 1.057, p < 0.01). Extension 

officers have a significant role to play in helping farmers navigate towards trusted 

online sources of agricultural information. The same was found by Kithome (2022), 

who noted that farmers' access to digital agricultural technologies was significantly 

encouraged by extension contact.  

Use of mobile phone services was affected by positive training (β = 0.486, p < 0.05). 

Training develops farmers' knowledge and confidence in how to effectively use 

mobile-based advisory services. This result is consistent with Miine et al. (2023), who 

revealed a positive relationship between agricultural training and farmers' uptake of 

digital technologies. Market search was a positive factor for mobile phone services, 

social media, digital TV/radio, internet search, AI-supported platforms, and online 

portals. That means farmers who actively look out for market information are more 

likely to use (more) than one platform of digital extension. A similar conclusion was 

reached by Fabregas et al. (2019), who observed that farmers who wanted information 

on the market were more likely to use digital advising services.  
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Off-farm activity had a negative impact on the use of digital TV/radio (β = −0.300, p 

< 0.10) and internet searches (β = −0.466, p < 0.01), indicating that farmers involved 

in off-farm work spend less time using digital agricultural information. The same 

finding agrees with the study by Kithome (2022), which found that off-farm 

employment decreases farmers' involvement in agricultural information seeking. The 

negative effect of non-food expenditure was relatively small (β = −0.059, p < 0.10) on 

the use of AI-supported platforms. This could suggest that families with higher 

spending on non-food items spend less on cutting-edge digital technologies. Ogutu et 

al. (2014) reported a similar finding, that expenditure patterns of households affect 

investments in agricultural innovations.  

 

4.19.3 Determinants of Total DES Use (Negative binomial regression) 

Table 4.17: Determinants of Total DES Use (Negative binomial regression) 

Variable  Coef. Std. Err. P>z 

Awareness of DES  0.456*** 0.071 0.000 

Age -0.010** 0.003 0.002 

Gender (male) 0.077 0.056 0.169 

Marital (married) -0.152** 0.062 0.013 

Household size 0.049** 0.019 0.011 

Soil fertility -0.052 0.071 0.461 

Cooperative membership 0.136** 0.056 0.015 

Commercial farming -0.095 0.066 0.149 

Land size 0.042** 0.018 0.021 

Credit access 0.170*** 0.065 0.009 

connectivity  0.057 0.060 0.343 

Smart phone -0.079 0.064 0.214 

Education (secondary and above) 0.261*** 0.073 0.000 

Agricultural extension 0.286*** 0.071 0.000 

Training  0.008** 0.068 0.909 

Off-farm employment 0.011 0.054 0.836 

Market search  0.319*** 0.059 0.000 

Non-food expenditure  -0.012 0.010 0.250 
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Constant 0.529*** 0.171 0.002 

n 348   

Prob > chi2        0.0000   

lnalpha -15.051***   

* p < 0.1, ** p < 0.05, *** p < 0.01 

The results revealed that use of digital extension services was positively and 

significantly influenced by awareness of digital extension services (Coef = 0.456, and 

p-value < 0.01). This suggests that farmers who have information about the digital 

extension services available are more likely to use more digital platforms. Raising 

awareness helps farmers to know more about the technologies available and the 

perceived advantages, so that they are more likely to use them. This result aligns with 

the study carried out by Mutisya and Kumar (2025), which concluded that awareness 

is the key enabler of digital agriculture technology adoption by the smallholder 

farmers in Kenya.  

The total use of DES was also found to be significantly negatively related to age (Coef 

= -0.010, p < 0.05), meaning that older farmers were less likely to use more than one 

digital extension platform than younger farmers. This could be due to a lack of digital 

literacy, resistance to technological change, and less familiarity with new digital tools 

among older farmers. The results of this study align with those of Miine et al. (2023), 

who reported that younger farmers were more likely to use a wider variety of digital 

agricultural technologies.  

Marital status was found to be significantly negatively related to the level of DES 

adoption (Coef = -0.152, p < 0.05), indicating that married farmers are less likely to 

use digital platforms than unmarried farmers. This could be due to conflicting 

household tasks and financial constraints that prevent the investment of more than one 

type of digital technology. This result is consistent with Mutisya and Kumar (2025), 

who noted that family responsibilities can be a hindrance to farmers' involvement in 

digital extension services.  

Household size had a positive and significant effect on the intensity of the use of DES 

(p < 0.05, Coef = 0.049). Families are likely to have more tech-savvy, younger, and 

educated members who can facilitate access to different digital platforms and promote 
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technology adoption in larger households. The finding is in line with Kithome (2022), 

who found that larger households are more likely to adopt agricultural technologies 

because they have more labour and can share information.  

Cooperative membership had a significant impact on the number of digital extension 

platforms adopted (Coef = 0.136, p< 0.05). Farmer organization membership 

facilitates access to agricultural information, peer learning, and technology 

dissemination, which motivates farmers to make effective use of more than one digital 

extension service. The results are in line with De Jesus Mendes et al. (2023), who 

reported that social networks are significant promoters of the adoption of agricultural 

technology.  

The size of the land had a positive and significant impact on the total use of DES (Coef 

= 0.042, p<0.05), which means that the larger the farmland, the greater the probability 

of using multiple digital extension platforms. Digital advisory services are more likely 

to be needed by larger farms, where there is a need for more information for effective 

management. This conclusion is supported by Martey et al. (2020), who noted that the 

size of the farms had a positive relationship with the adoption intensity of agricultural 

technologies.  

An increase in the intensity of DES was found to be positively associated with credit 

access (Coef = 0.170, p<0.01), suggesting that farmers who have access to credit can 

invest in resources such as smartphones, internet services, and other resources that are 

needed for using multiple digital platforms. Regassa et al. (2023) reported the same; 

credit access is a strong determinant of technology adoption by smallholder farmers.  

Education (secondary level and above) had a strong positive influence on the total use 

of DES (Coef = 0.261, p < 0.01). Educated farmers have a higher level of digital 

literacy and can better comprehend, analyze and apply various sources of digital 

information. This finding is consistent with that of Guay et al. (2025), who found that 

farmers' education has a significant impact on the adoption of digital technologies in 

agriculture.  

Agricultural extension use was also a significant factor in the intensity of DES use 

(Coeff = 0.286, p < 0.01). Extension officers are responsible for introducing digital 
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technologies to farmers and assisting with the technical aspects of these, and for 

supporting the use of several digital advisory platforms. This is in line with the finding 

of Kithome (2022) that extension contact has a positive effect on the adoption intensity 

of digital agricultural technologies.  

The total DES use was also found to be positively associated with market information 

seeking, with a highly significant effect (Coeff = 0.319, p < 0.01). The more farmers 

actively use market information, the more likely they are to use a variety of digital 

platforms to gain access to price information, buyers, market opportunities, and 

production information. This result aligns with the result of Fabregas et al. (2019), 

who indicated that farmers whose agricultural practice is market-oriented are more 

likely to use digital agricultural advisory services.  

Other factors, such as gender, soil fertility, commercial farming, internet connectivity, 

smartphone ownership, training, off-farm work, or non-food expenditure, were not 

significant factors affecting the intensity of DES use. They are not statistically 

significant, indicating that they are not the sole determinants of how many digital 

platforms are adopted once farmers know of digital extension services.  

4.20 Chapter Summary  

Chapter Four presented the empirical findings and their interpretation in relation to the 

study objectives. The results demonstrated that Murang’a County has experienced 

considerable growth in digital agricultural extension, with farmers accessing 

agricultural information through a diverse range of digital and hybrid platforms. The 

findings showed that awareness of digital extension services was relatively high, but 

access and utilization were comparatively constrained. Farmers' utilization was 

affected by internet costs, network availability, digital literacy, smartphone ownership, 

and socioeconomic circumstances. Different groups of farmers also showed different 

patterns of digital technology use, with younger and commercially oriented farmers 

more likely to use advanced digital platforms, while older and resource-constrained 

farmers relied more heavily on SMS, radio, and voice-based services.  
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CHAPTER FIVE  

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

 

5.1 Summary of the Findings 

The study aimed to examine the determinants of the adoption of digital agricultural 

extension services by smallholder farmers in Murang’a County. In particular, the 

purpose of the study was to document the landscape and the emerging trends in digital 

extension services, assess the awareness level, access, and use, and determine the 

factors that can affect digital adoption.  

5.1.1 Current Landscape and Emerging Trends in Digital Extension Service 

The study established that Murang'a County has increasingly embraced digital 

agricultural extension services as a result of better mobile network coverage, rural 

electrification, and availability of various digital platforms. Farmers gain extension 

information from mobile applications, social media, web platforms, SMS, radio, TV, 

and hybrid extension. But utilization is still limited due to several factors, including 

high internet rates, unequal network coverage, low digital literacy, low smartphone 

ownership, and a socio-economic gap. The study also identified that advanced digital 

technologies are the leading technologies used by the youth and commercial farmers, 

whereas SMS, radio, and voice call are the most commonly used technologies among 

older farmers, women, and resource-poor farmers. Emerging innovations such as 

artificial intelligence, blockchain, youth agripreneurs, and digital farmer registration 

present significant opportunities to strengthen extension service delivery 

5.1.2 Awareness, Access, and Utilization of Digital Extension Service 

The researchers discovered that the level of awareness of smallholder farmers about 

digital extension services was high. The origins of such awareness were, however, 

more informal, with social and mass media being highest, then peers and family 

members. Conversely, the institutional channels, which include formal sources like 

agricultural extension officers, contributed to the dissemination of information to a 

lesser degree, implying that there is a low involvement of institutional channels in the 

dissemination of information. 

Further disaggregation revealed that awareness was most prominent in the case of 

universally available platforms like digital TV and radio and mobile phone services 
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and was considerably lower in the case of more specialized platforms like marketing 

systems and AI tools. Access to digital extension services was limited due to 

infrastructural and financial barriers, although the level of awareness was relatively 

high. Most farmers depended on mobile data bundles to access the internet, with a 

small percentage using Wi-Fi access and cyber cafe access. Such extensive reliance 

on mobile data presupposes a pay-as-you-go model that creates recurrent expenses for 

farmers.  

The affordability issue was also highlighted with the realization that the majority of 

the respondents cited high internet costs as a significant source of hindrance to the use 

of digital extension services. Regarding utilization, the research found that 53.13% of 

farmers were actively utilizing digital extension services, which showed the level of 

adoption was moderate. Among them, the largest segment had been using the services 

between one and three years, which indicates that adoption is not very old.  

The most frequently used platforms were digital television and radio programs, use of 

mobile phone services, internet search, and use of social media sites. On the contrary, 

more dedicated platforms like marketing tools and government portals showed much 

lower usage rates, which means that the formal and advanced systems were not used 

extensively. The researcher also established that farmers mostly used the digital 

extension services to obtain crop-specific advice; next came better farming practices, 

access to inputs, and weather updates. Additionally, digital extension services were 

identified to moderately affect the decision-making process of the farmers. This shows 

the empirical applicability of digital extension services in increasing agricultural 

productivity and farm management.  

5.1.3 Factors Influencing Adoption of DES 

The econometric models' findings show that awareness of digital extension services is 

the strongest determinant of adoption and use among smallholder farmers in Murang'a 

County. The bivariate probit results indicate that awareness and use are jointly 

determined and significantly influenced by education, land size, internet connectivity, 

marital status, cooperative membership, credit access, and off-farm employment. The 

multivariate probit model further shows that awareness and education, farm size, 

market search, association with the cooperative society, access to credit, internet, 
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agricultural extension and training are the main factors influencing multiple digital 

extension platforms, while older age, marital responsibilities, and off-farm activities 

are associated with decreased odds of adopting more advanced digital technologies. 

The negative binomial regression show that awareness, education, agricultural 

extension services, information search for markets, access to credit facilities, 

membership in cooperatives, household size, and land size are the key determinants 

of the intensity of digital extension services use among Murang'a smallholder farmers, 

while the age and marital responsibilities are key factors that make it less likely for 

smallholder farmers to adopt multiple digital extension platforms. The findings 

highlight the need to build farmer awareness, conduct education and digitize literacy, 

strengthen extension services, and enable farmer organizations to boost the intensity 

of use of digital extension services by farmers.  

5.2 Conclusion 

5.2.1 Current Landscape and Emerging Trends in Digital Extension Service 

Digital agricultural extension has improved access to agricultural information and 

agricultural advice services in Murang'a County. But it is hindered by infrastructure 

gaps, cost, low digital literacy, and unequal access to digital technologies. So, digital 

extension should support traditional extension methods and not supplant them to reach 

all types of farmers with extension. 

5.2.2 Awareness, Access, and Utilization of Digital Extension Service 

The research concludes that despite a relatively high level of awareness about digital 

extension services, access and usage are moderate because of financial and 

infrastructural limitations. High dependence on mobile data indicates the high expense 

of accessing digital services. Although the digital extension services have been shown 

to have a positive impact on decision-making and productivity, their potential is still 

not fully achieved because they are less accessible and expensive.  

5.2.3 Factors Influencing Adoption of DES 

The findings demonstrate that awareness is the foundation of digital extension service 

adoption, while education, access to extension services, cooperative membership, 

credit access, market orientation, and farm resources significantly enhance both the 

adoption and intensity of digital extension use. Although digital infrastructure is 

necessary, it is insufficient on its own to promote widespread adoption. Strengthening 
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farmer awareness, digital literacy, institutional support, and access to complementary 

services is therefore essential for increasing the uptake and sustained use of digital 

agricultural extension services among smallholder farmers in Murang'a County. 

5.3 Recommendations  

The following are recommendations made from the study, supported by the analyzed 

data and the present landscape of digital extension services. 

5.3.1 Policy recommendations  

Policy recommendations emphasize reducing internet costs through partnerships with 

telecommunications firms to provide subsidized or zero-rated data packages for 

agricultural platforms, strengthening rural digital infrastructure, such as setting up 

community Wi-Fi Hubs, enhancing digital literacy programs, and localizing 

agricultural content to improve relevance and accessibility. Furthermore, weaving 

digital technologies into existing conventional extension services can create hybrid 

models that combine trusted face-to-face advisory systems with ICT-enabled 

platforms, thereby improving farmer confidence, reach, and sustained adoption. 

5.3.2 Practice Recommendations  

Specifically, practitioners are advised to work on increasing the level of digital literacy 

among farmers by means of specific training programs, given the low percentage of 

farmers who are trained in ICT. The adoption of local languages should also be a 

priority so that the content can be localized to enhance usability. Additionally, it is 

possible to combine the use of digital tools with traditional extension strategies to 

make it inclusive and reach more people. 

5.3.3 Recommendations for further research  

The study was limited to the study objectives on the determinants of smallholder 

farmers' adoption of digital extension services in Murang’a County. The study 

therefore recommends that future scholars consider: 

I. Extension of Study Scope  

This study analyzed the determinants of digital extension service adoption in a single 

County in Kenya; therefore, future research could consider extending beyond the 
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geographical scope of Murang’a to other counties in Kenya and comparing these 

findings with the present study.  

II. Long-term effects of DES 

The long-term effects of digital extension services on agricultural productivity and 

livelihoods should also be studied. While short-term gains are often documented, 

longitudinal studies are needed to evaluate the sustained impact of these technologies 

over time. 
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Appendix 1: Information Consent Form 

 MURANG’A UNIVERSITY OF TECHNOLOGY 

Information Consent for research titled “Determinants of Adoption of Digital 

Agricultural Extension Services among Smallholder Farmers in Murang’a County, 

Kenya.” 

INFORMED CONSENT FORM 

Principal investigator 

Name: Okello Samwel 

Affiliation: Murang’a University of Technology  

Phone: +254706945782 

Email: okellosamwel2019@gmail.com 

 

Contact of the Ethics Committee 

Murang’a University of Technology Institutional Scientific Ethics Review Committee. 

Email: iserc@mut.ac.ke  

Introduction  

I’m Okello Samwel in the Department of Agricultural Extension and Economics, 

Murang’a University of Technology. I’m carrying out research on determinants of 

adoption of digital agricultural extension services among smallholder farmers in 

Murang’a County, Kenya. There are diverse factors that may limit the adoption of 

digital extension services, and they will be covered in this study. This study will 

support the formulation of policies, research, and programs in agricultural extension 

that are relevant to your context 

Purpose of the study  

The study seeks to examine the determinants of adoption of digital extension services 

among smallholder farmers in Murang’a County, Kenya 

 

mailto:okellosamwel2019@gmail.com
mailto:iserc@mut.ac.ke
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Voluntary participation, confidentiality, and data protection. 

Before proceeding with the survey, I kindly ask for your consent to participate. Your 

involvement is entirely voluntary, and you may choose not to participate or withdraw 

at any time without any consequences. All responses will be treated with strict 

confidentiality and used solely for research purposes. The data collected will be 

anonymized, ensuring that your identity remains protected in accordance with the 

Kenya Data Protection Act (2019). Furthermore, your personal details will not be 

shared or stored unnecessarily.  

Benefits and risks associated with participation 

There is no risk associated with the study; ethical issues are considered. No direct 

benefit is guaranteed; nonetheless, the study findings will support agricultural 

extension services and the formulation of policies to support the farmers. 

Duration  

You are cordially asked to take part in this study by responding to the structured 

questionnaire or key informant interview. Participation will take approximately 20-30 

minutes.  

Consent statement  

I have read and clearly understood the information provided above on this study. I 

have had the opportunity to ask questions to enhance my clarity, and all my concerns 

have been addressed satisfactorily.  

☐ I agree to participate                              ☐ I do not agree to participate 
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Appendix 2: Letter of Introduction 

Okello Samwel 

P.O Box, 75 Murang’a 

okellosamwel2019@gmail.com 

0706945782 

11th/04/2026 

                                                                           Murang’a University of Technology 

                                                                           P.O Box, 75-10200, 

                                                                           Murang’a 

Dear Respondent, 

RE: DETERMINANTS OF ADOPTION OF DIGITAL AGRICULTURAL 

EXTENSION SERVICES AMONG SMALLHOLDER FARMERS IN 

MURANG’A COUNTY, KENYA 

I’m a postgraduate student in the School of Agriculture and Environmental Sciences 

at Murang’a University of Technology, pursuing a Master’s Degree in Agricultural 

Extension. As a requirement for the award of a degree in this course, I am required to 

conduct research. I intend to conduct research on the determinants of adoption of 

digital extension services among smallholder farmers in Murang’a County, Kenya. 

I’m intending to choose participants who engage in crop and livestock husbandry 

within Murang’a County. As a result, I humbly request that you engage voluntarily in 

responding to the study questionnaires. All responses will be treated with strict 

confidentiality and used solely for research purposes. The study will be instrumental 

in determining factors affecting digital adoption in Murang’a County, Kenya. 

Thank You 

 

Yours sincerely 

Okello Samwel 

 

  

mailto:okellosamwel2019@gmail.com


137 

Appendix 3: Study Questionnaire  

This questionnaire seeks to gather data on the determinants of the adoption of digital 

agricultural extension services in Murang’a County, Kenya. All responses will be 

treated with strict confidentiality and used solely for research purposes.  

Questionnaire No: 

 

 

General information  

Enumerator  Sub-County  

Date Ward 

 

A: Socio-Economic Information 

This section seeks to capture information on the socio-economic characteristics of 

smallholder farmers in Murang’a. 

1. What is your age in years?...... 1=<30 years 2=30- 44 years 3= 45 - 60 

years 4=>60 years 

2. Gender of respondent  1= Male, 0= Female  

3.  Indicate the Marital status  1=Single 2=Married 3=Divorced/ 

Separated, 4=Widowed, 5=Others, 

specify  

4. Household size  1=1-2    2=3-5     3=6-8                       

4= >8 

5.  What is the highest level of education 

you have completed  

1=No formal education 2=Adult 

education 3=Primary education 4= 

Secondary education 5= Tertiary 

education (college /certificate/diploma) 

6=University education (degree or 

higher)? 
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6.  If you completed secondary education, 

did you study agriculture as a subject in 

school?  

1=Yes 0=No 

7. What is your current employment status 

(select one)?  

 

1.Unemployed 2=Fulltime employment 

3=Part-time employment 4=Formally 

employed (with contract). 5=Self-

employment  

8. What are your two main sources of 

livelihood? (Please select TWO main 

options)? 

1) Farming/livestock (own farm, family 

farm or leased land) 

2)Agricultural wage labor (working on 

others' farms for pay)  

3) Off-farm formal employment 

(salaried job with a contract, e.g., 

teacher, government NGO, company) 

4) Off-farm informal employment 

(Casual labor, vending, boda boda, 

tailoring, domestic work, etc.) 

5) Entrepreneurship – SMEs, business  

6)Other (Specify 

9. Are you currently engaged in any form 

of farming or agricultural activity?  

1=Yes, please specify 0=No 

10. How many years have you been 

involved in farming/agricultural 

activity? 

(Number of years)  

11. How would you describe the scale of 

your farming operation? (Select one) 

 

1. Subsistence (mainly for home 

consumption) 

2. Small-scale commercial (small 

surplus for sale) 

3. Medium-scale commercial (regular 

sales, moderate income) 

4. Large-scale commercial (significant 

production for markets/business) 
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12. Please provide your average monthly income range (KES) (Select one option) 

1=Less than 10,000 2=10,001 – 20,000 3=20,001 – 30,000 4=30,001 – 40,000 

5=40,001 – 50,000 6=50,001 – 75,007=75,001 – 100,000 8=Over 100,000 9=Prefer 

not to say 

13. What is your average monthly food expenditure in KES?  

14. Indicate monthly non-food expenditure in Ksh (school fees, leisure, clothing, fuel, 

airtime, rent, etc.) 

Institutional factors affecting the adoption of DES 

Resources  Response  

Do you have access to agricultural land 

(including owned, inherited, or leased land? 

1=Yes 0=NO 

 If yes, what is the total land size you use for 

agricultural activities (in acres) 

 

 What is the status of land tenure for the land?  1=Owned (with title deed) 

2=Owned (without title deed) 

3=Inherited 4=Leased  

5=Communal land 6=Other, 

please specify  

Would you consider the soil on your farm to 

be fertile? 

1=Yes 0=NO 

Have you had access to credit/loan in the last 

12 months?  

 1=Yes 0=NO 

If yes, what are the primary sources of credit 

(main 2) 

 

 

1= Mobile-based sources (e.g. 

mobile money loans) 2=non-

governmental organization 

(NGO), 3=Formal lender 

(bank/financial institution), 

4=Informal lender (e.g., money 

lenders like shylock) 

,5=Friends/relatives, 6=Group-

based microfinance (e.g., 
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SACCOs), 7=Informal credit 

systems (e.g., merry-go-rounds) 

Have you accessed the agricultural extension 

services in the last 12 months  

1= YES 0= NO   

 

Have you received any agricultural training in 

the last 12 months?  

1= YES 0= NO   

  

If yes, kind of topics covered (Select all that 

apply) 

1=Livestock management 2=Crop 

production and agronomy 3=post-

harvest handling and value 

addition 4= Marketing and Market 

survey 5=Climate-smart 

agriculture and agroecology 

6. Use of digital tools and ICT for 

agriculture 

7=Group 

management/cooperative 

governance 8= Financial literacy 

or record-keeping 9=Youth and 

women empowerment 10= Other 

(specify) 

What is the distance to the nearest agricultural 

market (KM) 

 

Indicate the name of the market   

On average, how much time (in minutes) does 

it take you to reach this market? 

1=Less than 15 minutes 2=15–30 

minutes 

3=31–60 minutes 4=More than 1 

hour 

Have you received any government support 

for agriculture– NAVCDP, seeds, fertilizer, 

training?  

1=Yes 0=No, if yes, specify  
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SECTION C: AWARENESS OF DIGITAL EXTENSION SERVICES  

15. Are you aware of any digital extension service for agricultural information? 1=Yes 0 

=No 

16.  If YES, how did you first learn about Digital Extension Services? (Select all that 

apply) 

i) Farmer organizations – groups, associations and cooperatives  

ii) Agricultural extension officers 

iii) Social media or mass media (e.g., radio, TV, newspapers, Facebook, Twitter, 

LinkedIn) 

iv) NGO or development project 

v) Training/workshops or agricultural expos 

vi) Mobile service providers (e.g., SMS alerts, mobile apps) 

vii) Peers/neighbors/family 

viii) Other (please specify) 

C 2: Awareness, Level of Awareness, and Use of Digital Agricultural Extension 

Services.  

For each digital platform or service listed below, please: 

 Indicate if you are aware of it (1 = Aware, 0 = Not Aware) 

 Rate your level of awareness on a scale of 1 to 5 (1 = Not aware at all, 5 = Very much 

aware) 

 Indicate if you have used it to access agricultural information (1 = Yes, 0 = No) 

Type of digital extension 

service/platform 

Aware 

1=Yes 

0=No  

Level of 

awareness 

1-5 

Use/Access 

1=Yes, 

0=No 

1. Mobile phone services (e.g., calls, SMS 

alerts, push messages) 

   

2. Mobile apps (e.g., iShamba, KALRO 

App) 

   

3. Digital Green Video Programmes    
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4. Social media platforms (e.g., TikTok, 

WhatsApp, Facebook, X) 

   

5. Government platforms (e.g., e-kilimo)    

6. Digital TV or radio for farmers e.g., 

Shamba Shape-Up, Mugambo wa Murimi 

(the ‘Farmer’s Voice) 

   

7. Marketing platforms (E-soko, M-farm)    

8. Weather Information platforms (e.g., 

KARLO Weather App) 

   

9. Internet Searches e.g., Google)     

10. Use of AI tools (e.g., ChatGPT)    

11. Online portals/websites (e.g., ministry or 

NGO websites) 

   

12. Other, Specify     

 

17. How do you primarily access the internet when you want digital extension information 

(select only one option)? 1=Mobile purchased data bundles 2=Wi-Fi 3=Shared 

hotspot from another device 4=Cyber Cafe  

18. On a scale of 1-5, 1=Strongly Disagree and 5=Strongly Agree, to what extent do you 

agree or disagree with the following statements regarding digital extension services  

Statement  Rate (1-5) 

1. Internet cost is affordable   

2. I possess enough skill to navigate the digital extension service.  

3. I feel confident in using digital tools  

4. I have access to digital devices  

 

SECTION D: UTILIZATION OF DIGITAL EXTENSION SERVICES 

19. How long have you been using digital extension services? 1=Less than 1 year 2=1 to 

3 years 3=4 to 5 years 4=More than 5 years 

20. Which type of agricultural information do you usually seek through digital extension 

services?        
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Agricultural information  1=Yes, 

0=No 

A. Financial advice  

B. Weather information   

C. Best farming technologies/ practices  

D. Market information – prices, quality etc.   

E. Crop specific advice, such as pest and disease control   

F. Access to farm inputs   

G. Value addition information  

H. Post-harvest handling and storage   

I. Government subsidies/policies  

 

34. To what extent has information obtained from digital extension services influenced 

your decision-making in farming?  1=Not at all 2=Somewhat 3=Moderately 4=Very 

much 5=Extremely much 

35. Using a scale of 1-5, to what extent to agree or disagree with the following 

statements about digital agricultural extension service?  

Statement  Rate (1-5) 

1. Digital extension services (DES) can reduce overreliance on 

the traditional extension system. 

 

2. DES provides personalized agricultural information.  

3. DES provides timely agricultural information.  

4. DES has improved my farm income.  

5. DES is reliable   

6. DES is more cost-effective than conventional extension 

services. 

 

 

36. What challenges have you encountered that hinder your awareness, access and 

utilization of digital extension services? (Select three main ones) 
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1=High internet cost 2=Skepticism in digital tools 3=Limited access to smartphone 

4=Limited digital literacy 5=Lack of timely updates 6=Poor mobile connectivity 

7=Language barrier 8=Lack of electrical power 9=Privacy concerns 10=Insufficient 

knowledge of existing services 11=Limited trust in digital information 12=No 

challenge 13. Other, specify  

37. What would make it easier for you to use digital extension services more 

frequently? Specify  

 

Thank the respondent and leave 
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Appendix 4: Approval for research 
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Appendix 5:MUT ISERC 
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Appendix 6: NACOSTI permit 
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