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ABSTRACT

This study aimed to develop a mobile teaching-learning framework to bridge the agricultural
extension gap in Uganda’s Kigezi sub-region by enhancing knowledge access, interaction, and
usability through mobile technology. The study was guided by four complementary theories. The
Agricultural Knowledge and Information System for Rural Development (AKIS/RD) outlined the key
actors; farmers, extension officers, input suppliers, researchers, and district production/marketing
officers, and their roles within the agricultural knowledge system. The Mobile Learning Theory
informed the structure and interconnectivity of these actors, emphasizing anytime-anywhere
access to information and peer-supported learning. The Unified Theory of Acceptance and Use of
Technology (UTAUT) shaped the evaluation of user acceptance by examining behavioral
intention, performance expectancy, effort expectancy, and enabling conditions. Finally, Prat et
al’s (2014) Artifact Evaluation Framework guided the validation of the framework’s conceptual
integrity through expert reviews along five dimensions: Goal, Environment, Structure, Activity,
and Evolution.

Anchored in a pragmatic philosophical orientation, the study adopted a Design Science Research
(DSR) methodology, integrating both qualitative and quantitative approaches to develop and
evaluate the framework. The research progressed through problem identification, stakeholder
consultations, framework design using Unified Modeling Language (UML), prototype
development (Agricaccess mobile application), and two-tier evaluation: expert review and field
deployment. Data was collected from 10 domain experts through a semi-structured questionnaire, and
from 17 agricultural value chain actors using UTAUT-based closed-ended questionnaires and usage
logs. Analysis employed descriptive statistics such as means, percentages, frequencies, and standard
deviations. Findings showed high performance expectancy (M = 4.41, SD = 0.68) and effort
expectancy (M = 4.10, SD = 0.72), indicating strong belief in the app’s usefulness and usability.
Social influence (M = 3.70, SD = 0.81) and facilitating conditions (M = 3.83, SD = 0.76) revealed
areas for infrastructure improvement.

System analytics confirmed the framework’s practicality: The Advisory Q&A and Training &
¥nowledge Sharing modules had the highest engagement, with session durations of 12.5 and 15.2
minutes respectively, and task completion rate of 93%. Offline usage was particularly important
in low-connectivity areas, and retention was strongest for advisory (87%) and input supply
[84%) modules. These findings affirmed the feasibility, relevance, and user-centeredness of the
developed Mobile Teaching-Learning Framework (MTLF). The study recommends policy
=doption of MTLF to scale digital extension in highland and underserved regions, as well as local
capacity building for both farmers and extension agents. Investments in rural digital
imfrastructure, localized content, and multi-language support are critical for inclusive adoption.
Future research should explore the integration of financial tools, and climate adaptation services
within the framework for broader impact and sustainability. These findings affirm that the
Mobile Teaching-Learning Framework (MTLF), operationalized through the Agricaccess app, is a
f=asible, acceptable, and scalable solution for strengthening agricultural extension in rural,
r=source-constrained regions.
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A MOTIVATION STATEMENT FOR THIS RESEARCH

As a native and resident of the Kigezi sub-region, deeply embedded in its agricultural heritage,
for the last five years, | have witnessed that most farmers in the region use rudimentary and
slementary farming practices such as; land fragmentation, and “blaming night dancers, witch
doctors and other forms of superstition for poor yields and yellowing of leaves” instead of using
relevant fertilizers and good pest control techniques.

The above practices made me suspect that there is lack of access to updated agricultural
knowledge, information, and skills; and this further brought insights of suspecting an agriculture
extension gap. So | decided to read/do some research in reports and other available literature on
Kigezi sub-region and I soon verified that indeed there is an agriculture extension gap in Kigezi
sub region.

Later [ started finding out some of the attributable causes of the agriculture extension gap in the
region, and some scholars were attributing the gap to lack of transport for extension workers
(Brenya & Zhu, 2023), Infrequent visits by extension workers (Okello, Akite, Atube, Kalule, &
Ongeng, 2023), competency of extension workers (Namyenya, Zeller, Rwamigisa, & Birner,
2022), and government funding (Brenya & Zhu, 2023; Kuteesa, Kisaame, & Barungi, 2018).

When | inquired from one of the extension workers about the causes of the extension gap, he
mainly blamed it on the topography of Kigezi sub-region which require a higher budget of
agriculture extension compared to other regions because of poor road networks and rainy
weather. Having a background of ICT, | soon discovered that if [ design a comprehensive
teaching-learning framework, it would help to reduce the agricultural extension gap in Kigezi
sub-region. [ went on to do further research and I again found out that very few studies if any
have linked the large agriculture extension gap to the quality of frameworks and technology.

! therefore, suggested that this study be conducted to fill the agriculture extension gap in the
r=gion and other resource constrained areas, fill the knowledge gap in the world of academia, to
=mzble Uganda align with its vision of 2040, Africa Agenda 2063 and 2015 UN Sustainable

Jewelopment Goals.
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CHAPTER ONE
INTRODUCTION AND BACKGROUND

1.0 Introduction

Agriculture remains a cornerstone of Uganda's economy, employing the majority of the
population and contributing significantly to national GDP and food security. In alighment with
the United Nations Sustainable Development Goals (SDGs), particularly Goal 2 (Zero Hunger) and
Goal 1 (No Poverty), enhancing agricultural productivity and ensuring sustainable food systems
are critical global priorities (Roberts, 2022). Uganda’s Vision 2040 and successive National
Development Plans underscore agriculture as a key driver for economic transformation, poverty
reduction, and inclusive growth. These policy frameworks emphasize the modernization of
agriculture, improvement of value chains, and strengthening of agricultural extension services to
empower farmers with knowledge, skills, and technologies (Mpiima, Manyire, Kabonesa, &
Espiling, 2019).

Agricultural extension services play a vital role in bridging the gap between research innovations
and practical farming practices, facilitating technology transfer, and improving farmers’
capacities to adapt to climate change and market demands. However, despite considerable
efforts, an extension gap persists characterized by limited access, low adoption rates of improved
technologies, and insufficient tailored support for small holder farmers. Addressing this gap is
essential to realize Uganda’s developmental ambitions and contribute to sustainable agricultural
growth. This study, therefore, situates itself within this context to explore innovative approaches
for strengthening agricultural extension systems to better serve Uganda’s farming communities

[Roberts, 2022).

1.1 Background to the study

1.1.1 Conceptual Background

Agricultural Extension Services refers to the interventions/activities by government and Non
State Agencies (NSAs) that facilitate the access of farmers, their organizations, and other value
chain actors to knowledge, information, and technologies, mediate their interaction with other
relevant organizations, and assist them to develop their technical and management capacity in
zgriculture and family life. Agricultural Extension System: The agricultural extension system

includes the entire set of organizations and institutions (public, private, civil society), that are
1



involved in providing agricultural extension services (Mpiima, Manyire, Kabonesa, & Espiling,

2019).

Agricultural extension and advisory services is also defined as a system that facilitates access of
farmers or their organizations to new knowledge, information and technologies and promotes
interaction with research, education, agri-business, and other relevant institutions to assist them
in developing their own technical, organizational, d management skills and practices. [t can
interpret and explain the language of modern technology to farmers, fishers and ranchers
(Suvedi and Kaplowitz, 2016). Various forms of agricultural extension services exist throughout
the world but their primary functions have been to facilitate learning and extend new knowledge
and technologies in non-formal educational settings to improve agricultural productivity and

increase farmers’ incomes (Suvedi & Kaplowitz, 2016).

A teaching-learning framework (TLF) refers to research-informed models for course design that
felp instructors align learning goals with classroom activities, create motivating and inclusive
environments, and integrate assessment into learning (Rob & Rob, 2018). A TLF highlights the
research-based strategies that have been proven to be effective in meeting the needs of
culturally, linguistically, economically, and academically diverse learners (farmer). The TLF
recognizes that students come from diverse cultural, linguistic, and ethnic backgrounds and
possess a range of skills, abilities, interests, and levels of language proficiency that must be met

through responsive, high-quality instruction (N. Jones et al., 2021).

1.1.2 Historical Background

The term extension education was first introduced in 1873 by Cambridge University in England
o describe a particular system dedicated to the dissemination of knowledge to rural people
where they lived and worked. Within a short time, the idea had spread to other parts of Britain,
Zurope and North America. After the Second World War, agricultural extension spread to tropical
Africa, the Caribbean, Asia and Latin America following the involvement of the United States of

America in bilateral AID programmes (Yahaya, 2020).

Around 1800 B.C. agriculture extension was done using stone and clay tablets with inscribed
advice on how to water crops, get rid of rats and avoiding crop damage and loss. Towards the
13% century, the Chinese invented woodblock printing, agricultural treatises and practical
aandbooks to be widely printed and distributed to farmers (Spataro, Taylor, & O'Flynn, 2023). By

the 1840s, further advancement I agriculture extension had occurred in the United States and
2



southwest Germany, where a pasture specialist was employed by the state agricultural society to
acvise farmers, landowners, and town administrations on land drainage, irrigation, and
smproved pasture management. During the same time, in Europe, agricultural extension was
Zone using agricultural experiments, publications and periodicals targeting farmers. In addition,
Agricultural schools or commonplaces were established in most European countries to train

sgriculture extension officers to be engaged as estate agents or teachers (Bellwood, 2023).

Sy the 19th century, Europeans started extend agriculture services up to Africa especially during
“he scramble and partition for Africa. Concrete evidence can be traced from government-assisted
schools and at four agricultural stations in Ghana. In addition, missionaries often undertook
sericultural education, with demonstration and improvement activities, alongside their religious

work (Bjornlund, Bjornlund, & Van Rooyen, 2020).

‘m Uganda, during the colonial era (1920 to 1956), extension was mainly conducted by chiefs
with the help of a few trained agricultural personnel. The chiefs were often clan heads or elders
‘= their communities and appointed by the colonial government to govern a specific area. These
chiefs together with their aides were entrusted with the responsibility of distributing planting
materials for cash crops, such as cotton and coffee, as well as giving instructions to their farmers
am how to grow crops. In addition, during the colonial period, extension was often coercive and
=imed at producing cash crops to raise revenue for the colonial government (Mukembo &

Sdwards, 2015).

‘m the post-independence era, especially during the 1960s and early 1970s, most of the extension
services were provided by the national governments of developing countries with support from
the United States Agency for International Development (USAID) and were aimed at farmer
=mpowerment. The extension services provided by Ugandan government agents in the 1960s
were top-down. Innovations from research stations were delivered to farmers without their

mput (Roberts, 2022).

However, to mitigate the shortcomings of the top-down approach to extension, the agricultural
smowledge and information systems model was introduced in the 1990s and recently, the
‘mnovation systems concept. As a result, the flow of information and innovations became more of
2 two-way process involving both farmers and government researchers; extension agents

Secame go-betweens or the facilitators of collaboration (Liao, Ross, Jones, & Palaniappan, 2023).



The extension system used in most areas of Uganda, beginning in the 1990s, was intended to be
omprehensive to address a wide range of areas such as animal production, crops, and
2guaculture. Moreover, in 2001, Uganda formally changed its extension services system from the
raditional top-down approach to a farmer-driven/demand-driven model, as provided by its
National Agricultural Advisory Services (NAADS), whereby farmers received public funds to
contract private firms to provide extension services, thus replacing the traditional system. The
NAADS officials were accused of corruption, inefficient use of allocated resources, lack of proper
accountability, failure to follow stipulated procurement guidelines, and poor monitoring (Liao et

al, 2023).

“However, NAADS, struggled with serious management and resource problems; and in 2014, the
oresident of Uganda ordered a restructuring of NAADS and the firing of all its district
moordinators, who were in charge of supervision and implementation of NAADS’ programs, and
replaced them with personnel from the Uganda Peoples Defense Forces. The personnel from
UPDF underwent two weeks of intensive training at Makerere University on the basic concepts

underlying agriculture production (Reuss, 2018).

Stll in 1990, the three ministries responsible for agriculture (Ministry of Agriculture; Ministry of
Animal Industry; and Ministry of Fisheries) were merged to create the present-day Ministry of
Agriculture Animal Industry and Fisheries (MAAIF). The merger was intended to address
challenges of parallel un-coordinated approaches to agriculture extension, to professionalize
extension education services through teaching and learning and to increased efficiency and

=ffectiveness of public extension programmes (Agwu et al,, 2023).

The period from 1992-1997 ushered in further radical reforms including decentralization and
“beralization. Decentralization transferred powers, functions, and responsibilities for planning
and implementation of agricultural extension services from MAAIF to district local governments.
MAAIF was left with the role of planning and policy formulation, regulatory functions, technical
Sackstopping and training, setting standards and monitoring performance of the agricultural
s=ctor, and managing selected projects. Today extension workers at the district level were put

wnder the direction of the local district governments (Mushemeza, 2019).

1.1.3 Contextual background
T8e current trends involving socio-demographic variations, climate change, evolving

“=chnologies, globalization, national and regional poverty reduction and food security strategies

4



sresent new challenges for extension, calling for competent agricultural extension personnel. In
response, the scope of agricultural extension services (AES) has widened, and the need to adapt
‘o changing contexts is expanding. This ‘new wave’ presents new challenges skewed to offering
mew services, ensuring the quality of services, and strengthening collaboration and synergy

among extension service providers (Shimali, Najjingo Mangheni, & Kabahenda, 2021).

Clobally citing an example from the current debate is on the European Green Deal, which
sroposes to achieve a climate-neutral Europe by 2050, and puts a strong focus on the transition
o a more sustainable agriculture and food system in order to contribute to climate change
mitigation and protection of biodiversity. The European Commission wants to reduce the
=missions 50-55% through the Farm to Fork (F2F) strategy which ensures that agriculture,
Ssheries, aquaculture and food chain contributes significantly to this target. The same study
r=vealed that Europe was far away from achieving this target because of poor agriculture
=xtension and advisory services manifested in form of lack of skilled agriculture extension
workers and lack of up-to-date technology to ease the work of the extension workers (Boix-Fayos

& de Vente, 2023).

‘= Africa, a study about major issues facing extension services with particular reference to five
sub-Saharan African countries, namely, Nigeria, Malawi, South Africa, Kenya and Uganda;
s=vealed that: the agricultural extension systems in Africa are challenged by limited number of
well-trained extension agents; limited staffing; grossly inadequate inconsistent and untimely,
“inding; a very weak research-extension-farmer-inputs linkages systems; inadequate policy,
wzal, regulatory and institutional framework for extension and advisory Services in many
tsuntries; poor targeting of women, youths and vulnerable groups; as well as a multiplicity of
=stension approaches and lack of coordinated/networking among varied extension providers.
Many extension offices are dilapidated and much of the equipment is outdated or un serviceable

Aswu et al, 2023).

251l in Africa, citing evidence from Malawi, the performance of the agriculture sector is
Sumdamental its economy. In 2019, the agricultural sector contributed 25.54 % of Malawi’s Gross
ZJamestic Product. The country’s agri-food system contributes about 44% to GDP and generates
2bout 74% of employment. Despite the crucial role that the agricultural sector plays in the
“suntry’s economy, the sectors performance is constrained by a host of factors including poor

- aericultural extension practices. These poor extension practices were manifested in form high



==tio of extension worker to farmer (1:6000), low monthly visitation frequencies (15.6%) and

‘ow uptake of modern technology (Mapemba, Chadza, & Muyanga, 2020).

‘= East Africa with a case of Tanzania where agriculture dominates the economy, accounts for
50% of the gross domestic product (GDP), provides 85% of exports, and employs about 80% of
“ne work force. Over 70 % of the country’s 44.9 million people live in rural areas practicing and
fepending on agriculture. However over 40% of the farmers in this agriculture population did

=0t access any qualified agriculture extension worker for the year (Semwenda, 2022).

‘= Uganda, agriculture is the major source of livelihoods but a report by the Uganda Bureau of
Seatistics (UBOS) revealed that 80% of Ugandan households were engaged in agricultural
activities, with 92% of those households living in rural areas and practicing small scale
zzriculture and the majority being women. Despite being one of the biggest economic activities in
“zanda, the agricultural sector is faced with a number of challenges including poor quality
szricultural extension services to respond to the ever-changing food production system. Despite
warious changes since pre-colonial times, evidence suggests that, in general, the implementation
¢ agricultural extension systems in Uganda has been disheartening where over 70% of the
“Uzandan farmers reported not to have accessed any extension services due to factors including
sorruption, low pay of agriculture extension officers and funding for the year of 2022 (Monk,

“drupio, Monk, & Adrupio, 2023).

‘= addition, the extension system has been characterized by weak regulatory system, poor
imkages of farmers and other actors to markets, processors and financial services, high cost of
s=rvice delivery, institutionally weak farmer organizations, uncoordinated delivery approaches
zmd low technological uptake. Over the last three decades, extension services have served a
“mited number of farmers (less than 20%) and tended to benefit only better off farmers. Women,
south and persons with disabilities had lower access to extension services compared to men.
Ziwen that women farmers provide over 70% of the agricultural labor force, their limited access
o extension services has contributed to lower adoption of improved technologies and similarly,
wouth (10-30 years of age) comprising 57% of Uganda’s population, the majority of whom are
re=siding in rural areas where agriculture is the main economic activity, are lagging behind in

accessing extension services (NAES-Report, 2020/2021).

“zricultural Extension Services are very key towards facilitating farmers to access knowledge,

=formation, and to develop their technical and management capacity (Mangheni et al, 2023;



NAEP, 2016). In addition, Agri-food system transformation and increased productivity are largely
Z=pendent on the effectiveness of agricultural extension services to farmers and other food
system actors (Manyise & Dentoni, 2021). In view of this the government of Uganda and other
Non-State Actors have put in place some interventions and reforms such as “Single Spine
Extension System” of 2014; creation of a Directorate of Agricultural Extension Services;
mstitutional capacity building including training and recruitment of sub-county and district
=xtension staff; cabinet approval of a ceiling of 5,000 extension workers for local governments
and implementation mandatory 30% and 70% of releases for district and sub-county level

activities respectively (BMAU-Report, 2019; MAAIF, 2020).

The situation has not been any different in kigezi sub region, where the Garden Store Approach
'GSA) was introduced in the tea sub-subsector hiring Lead Agency and Nursery Bed Operators
‘or extension services and supplies. The projects did not leave to realize their first anniversary
and when a study was conducted, results revealed that 28% to 65% of farmers lacked of
s=chnical knowledge on how to maintain the projects due to failure of Lead Agency's and nursery
sed operators to provide adequate extension services (Twongyirwe et al, 2020). In addition,
wisitation frequency of agriculture extension workers was very low, over 60% of farmer groups
were dormant and technology uptake levels were very low (less than 50%) (Tumushabe, Rogers,

Swanika, & Twongyirwe, 2023; USAID, 2023b).

1.2 Problem statement

Despite the fact that government of Uganda and other NSAs have put several interventions to
aridge the agriculture extension gap, there is little effort in attempting to use technology (Pan,
Smith, & Sulaiman, 2018). The available efforts include adopting learning frameworks such as
Zrmer field school (FFS) (Butt, Gao, & Hussan, 2015), problem based learning framework in
zgricultural extension (Easterly III, Warner, Myers, Lamm, & Telg, 2017), training of trainers
"TOT) approach (Fulgencio & Asino, 2021), agricultural knowledge and information system for
mural development (AKIS/RD) ljatuyi & Bontle (2018), and farmer to farmer extension (FZFE)
Taylor & Bhasme, 2018). However, all these available frameworks utilize face-to-face
zpproaches which are restricted by geographical boundaries, time consuming, not designed in
“he Ugandan context, having low acceptability and feasibility and not compatible with basic
shones used by majority farmers in Uganda and Kigezi sub-region in particular. This has resulted
= continued agriculture extension gap in Uganda (NAES-Report, 2022) and Kigezi sub-region in
sarticular (Tumushabe et al,, 2023; Twongyirwe et al., 2020; USAID, 2022)). This extension gap
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is evidenced by the high variance in visitation frequency of agriculture extension workers which
was at 83.0% in 2020, 81.4% in 2021 and 83.7% in 2022; more so the variation in number of
Grmer groups was also persistently high; 76.5 % in 2020, 60.9% to 2021 and to 56.8% in 2022
and further evidence can be manifested in declining technology adoption levels which were at
55.3% in 2020, 53.3% in 2021 and 46.4% in 2022 as indicated in appendix 3. If this trend
persists, poverty levels, hunger and food insecurity in Kigezi sub-region and Uganda at large are
likely to increase (Mesfin, Tessema, Tirivayi, & Nillesen, 2022). It is against this background that
this study seeks to devise a teaching-learning framework for bridging the agricultural extension

zap in Kigezi sub-region.
1.3 Research Objectives

1.3.1 General objective
To develop a mobile teaching-learning framework aimed at reducing the agricultural extension

z2p in the Kigezi sub-region
1.3.2. Specific objectives

The study was guided by the following specific objectives:

L To analyze the strengths and weaknesses of existing teaching-learning frameworks used in

agricultural extension within the Kigezi sub-region.

™

To design a mobile teaching-learning framework for bridging the agricultural extension gap
in Kigezi sub-region.
3 To evaluate the feasibility and acceptability of the developed mobile teaching-learning

framework in Kigezi sub-region.
1.4 Research questions
1.4.1. Specific Research questions

i) What are the strengths and weaknesses of existing teaching-learning frameworks used in

zgricultural extension within the Kigezi sub-region?

i) How can a mobile teaching-learning framework be designed to bridge the agricultural

extension gap in the Kigezi sub-region?



i) What is the feasibility and acceptability of the developed mobile teaching-learning

Tamework in the Kigezi sub-region?
L5 Scope of the Study

1.5.1 Area Scope

This study was conducted in the Kigezi sub-region, situated in southwestern Uganda and
comprising six districts: Kabale, Rubanda, Rukungiri, Kanungu, Rukiga, and Kisoro.
Zeographically, the sub-region shares borders with Rwanda to the south, the Democratic
“epublic of Congo to the west, and the Ugandan regions of Ankole and Bunyoro to the north and
=ast, respectively. The area is characterised by a highland terrain, fertile soils, and a mountainous
“apography, which contribute to its agricultural productivity yet pose considerable challenges for
“2e conventional delivery of agricultural extension services (Twagiramaria, Tolo, & Zinyengere,

2018).

The sub-region is predominantly dependent on smallholder agriculture, which serves as the main
source of livelihood for the majority of households (Nseka, Bamutaze, Mugagga, & Nakileza,
~019). However, it faces multiple constraints that limit access to timely agricultural knowledge
2nd innovation. These include poor and seasonally impassable road networks, inadequate rural
=ectrification, limited internet penetration, and a shortage of extension officers relative to the
“arming population. The region’s hilly terrain further restricts mobility, increasing the cost and
“me required for in-person extension visits. Additionally, the high incidence of land

Tagmentation and reliance on low-input farming systems exacerbate productivity challenges.

~iwven these conditions, Kigezi represents a resource-constrained agricultural setting where
comventional extension approaches are often inadequate. This context made it a suitable
=avironment for evaluating the feasibility and usability of a mobile-based teaching-learning

Tamework designed to bridge agricultural extension gaps in rural, hard-to-reach areas.
1.5.2 Content Scope

"he study focused on the design, development, and evaluation of a Mobile Teaching-Learning
“ramework (MTLF) for agricultural extension. It addressed teaching-learning processes,

s=keholder engagement, knowledge dissemination, content delivery, and monitoring. The



“anceptual framework integrated expert knowledge, mobile technology, and real-time feedback
“»support extension officers, farmers, and other value chain actors.

The prototype implementation via the Agriaccess mobile application operationalized these
“smponents and included modules such as advisory Q&A, training content, market updates,
weather forecasting, and feedback integration. These elements directly addressed the structural,
“emtextual, and usability issues identified in prior frameworks used in similar terrains

 Twagiramaria et al., 2018).
153 Time Scope

“he research was conducted between 2021 and 2025, covering problem identification,
Famework design, prototype development, piloting, and evaluation. The field prototype
=waluation including expert reviews and usage analysis was conducted in the final year. The
s=sults reflect temporal agricultural practices and extension service dynamics within this period

= the Kigezi sub-region.
L.5.4 Technical Scope

“=chnically, the study applied Unified Modeling Language (UML) tools in the architectural design
#¢ the framework. The mobile prototype targeted smartphones and tablets, with a focus on
“#adroid and i0S operating systems.

“smsidering national mobile penetration trends where over 80% of Ugandans own a phone
“illwald, Mothobi, Ndiwalana, & Tusubira, 2019) basic mobile accessibility (including offline
“sage and USSD/SMS backup) was also considered. The AgriAccess app included features for
s=al-time interaction, content modularity, offline access, feedback collection, and performance
#nalytics developed using mobile development frameworks suitable for rural deployment. The
Z=sign accounted for the limited funding of extension services, varied digital readiness, and
“=rain-related constraints affecting face-to-face agricultural training (Nseka et al, 2019;

Twagiramaria et al,, 2018).

L5 Justification

“orording to Uganda Vision 2040, which aims at alleviating poverty, food insecurity and
mainutrition in Uganda (Whitney, Shepherd, Rosenstock, Krawinkel, & Luedeling, 2018). Many of
“Sese interventions seek to target agricultural production but the challenge for the government

S is to choose the most effective intervention of all the available options (Balyejjusa, 2015).
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~mong the options, there has been target, plans and policies to improve agriculture extension so
“mat services can reach the vulnerable groups, such as the rural poor (NAES-Report, 2022).
“espite this effort, an agriculture extension gap has remained large (Brenya & Zhu, 2023;
S=baggala & Matovu, 2020). One of the attributable causes is lack of a mobile based valid
“==ching-learning framework especially in hard to reach area (Pan et al., 2018). This is one of the
==asons why the researcher suggested that a mobile based valid teaching-learning framework

2=sed on a Ugandan context be designed so as to narrow down the extension gap.

" this large agriculture extension gap and low technology adoption level continues, it will hinder
“zanda’s capacity to align with Africa Agenda 2063 which aims to promote modern agriculture
“r increased productivity and production and achieving well educated citizens and skills
“=volution underpinned by science, technology and innovation (Margarita, Diep, Mulligan,
Wukanga, & Parikh, 2022). In addition, if the large agriculture extension gap and low technology
adoption level continue, Uganda was not quickly align to the UN Sustainable Development Goals
“uerrero-Ruiz, Sachin, & Schnatz, 2021). Some of the goals which Uganda was not align with
mciude: to end poverty in all its forms everywhere in the world; to end hunger, achieve food
s=curity and improved nutrition and promote sustainable agriculture; to ensure inclusive and
=quitable quality education and promote lifelong learning opportunities for all and to protect,
s=store and promote sustainable use of terrestrial ecosystems, sustainably manage forests,
ssmbat desertification, and halt and reverse land degradation and halt biodiversity loss (Royo,

Ziep, Mulligan, Mukanga, & Parikh, 2022).

S=searchers, scholars and other academicians have attributed the agriculture extension gap to
“=ctors such as lack of transport for extension workers (Brenya & Zhu, 2023), extension worker
"2 &zrmer ratio (Okello et al.,, 2023), competency of extension workers (Namyenya et al, 2022),
2 government funding (Brenya & Zhu, 2023; Kuteesa et al.,, 2018). Very few studies if any have

“mkead the study to the quality of frameworks and technology available for bridging the gap.

Therefore, this study was conducted to fill the knowledge gap in the world of academia, and to
=mzble Uganda align with its vision of 2040, Africa Agenda 2063 and UN Sustainable

Sevelopment Goals.
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CHAPTER TWO
REVIEW OF RELATED LITERATURE

~ 1INTRODUCTION

wis section presents literature related to teaching-learning frameworks for bridging the
s=ricultural extension gap. The study first reviewed theories and models related to designing
“==ching-learning framework for bridging the agricultural extension gap, the study reviewed the
=usting teaching-learning frameworks (their strengths and weaknesses) related to agricultural
“=it=nsion; then the study reviewed the possibility and feasibility of acceptability of the teaching-
“==rning framework designed and finally the study highlighted the research gaps, literature gaps

= how this study intended to fill the gaps.

22 Theories and models guiding the design of the teaching-learning framework for

Sridging the agricultural extension gap

221 Introduction

There are a number of theories and models that can be employed to explain the
we=riculture extension and to identify the predictors/possible solutions to the agriculture
=t=msion gap. There is no theory/model that single handedly explains agriculture extension gap
s provide for the predictors/attributable causes of the agriculture extension gap and explain
= components of the study predictors (teaching and learning framework), hence a need for a
“mu-theoretical approach. In this study, the theories reviewed are; multimedia learning theory,
iuk Learning Theory, Social learning theory, theory of planned behavior, Social Exchange
~“s=ary (SET), Resource-Based View (RBV), Actor-Network Theory (ANT), Information Systems
“woress Model, Contextual Integrity Theory, Task-Technology Fit (TTF) while the models
“=iewed are; diffusion of innovations model, TAM model and UTAUT model. The reviewed
“Searies form a basis of considering teaching and learning framework as a possible solution to

e agriculture extension gap.
~.22 Relevant Theories

= 2.2.1 Multimedia learning theory
e study was underpinned by Richard Mayer’s Cognitive Theory of Multimedia Learning which

%= proposed in 1997. The theory states that students may learn better from images and words
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“am just from words. Multimedia learning refers to learning from words and pictures (Mayer,
~017). According to the theory words can be presented as text or speech, and pictures can be
Sresented as a static graphic, such as an illustration or photograph, or as a dynamic picture, such
== an animation or video. Historically, the main mode of delivery for instruction has been based
 werbal materials, such as lectures or books. Likewise, the research conducted on how people
“==mm has focused on verbal materials. However, with the wide availability of computers and the
‘mr=rnet in recent times, there has been an explosion of visual materials available to support

“==rming (C. L. Johnson, 2017).

“ur students to learn more effectively, the Multimedia learning theory made the following three
“=sumptions; the first one is that there are two channels, namely audio and visual, for
“miarmation processing; the second assumption is that each channel has a limited capacity to
~wracess information. In other words, human beings can only process information in limited
~smounts, and they try to understand the information by creating mental representations from
:lhs mformation sources. The third assumption is that learning is an active process of filtering,
S=ecting, organizing, and integrating information based on existing knowledge (Mutlu-Bayraktar,

~sszun, & Altan, 2019). The Multimedia learning theory is presented by the model in figure 1.

R ——
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Figure 1: The Multimedia Learning Theory
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The Multimedia learning theory is relevant to this study because it guides that students (in this
case farmers) learn better from images and words. This implies that while designing the
t=aching-learning framework for bridging the agricultural extension gap, the designer should

‘mcorporate both images and videos. This was form a basis for invelving both audios and videos

‘= the designed frame work.

The Multimedia learning theory also has the following advantages and strengths: Pre-recorded

wideo or a series of videos can be used to explain complex concepts or demonstrate procedures
“and techniques; Images and info graphics can be used to present data and information in a

wisually appealing and easy-to-understand manner; Interactive elements, such as quizzes,

=mulations, and games, can be used to engage learners(farmer) (farmer) and provide them with
= more immersive learning experience; audio recordings such as podcasts or voice notes can be
wsed to provide learners(farmer) (farmer) with spoken instructions, feedback, or commentary
2= course materials; animations can be used to illustrate complex processes or systems, making
“sem easier to understand and remember; Social media can be used to facilitate collaboration
2nd communication among learners(farmer) (farmer) and between learners(farmer) (farmer)

znd instructors.

“owever the Multimedia learning theory also has the following disadvantages and weaknesses:
“5e theory can be negatively affected resource constraint, the lack of expert human resource
“ssriculture extension officers), the insufficient digital tools, lack of multimedia-enabled class

=avironment, and it also doesn’t allow for learning to occur through discovery (Tayirova, 2023).
14



Large size of multimedia data affects its storage, retrieval, and transmission. Some multimedia
contents may destruct attention of learners(farmer) or destruct focus from main

content/objective (Ozoda & Nigina, 2021).

2.2.2.2 Adult learning theory

Adult Learning Theory or Andragogy Developed by Malcolm Knowles in 1968 is the concept or
study of how adults learn and how it differs from children. It aims to show methods and
srinciples of teaching adults and identify the learning styles which suit them best. Adult learning
“heory states that adults are more motivated to learn when they see the direct benefit of the

‘=arning material to their personal or professional life (Rothwell, 2020).

“dult Learning Theory is based on the following key assumptions about adult learners (farmer):
2dults have a self-concept of being responsible for their own decisions and are capable of
Sirecting their own learning; adults accumulate a diverse range of experiences that serve as a
=ch resource for learning. Learning should build upon these experiences; Adults are motivated to
‘=arn when they perceive that it helped them solve problems or achieve their goals in real life;
Adults prefer learning that is task-centered and immediately applicable to real-life situations
~=ther than abstract or theoretical; adults are motivated to learn by internal factors such as self-
=steem, curiosity, and the desire for self-improvement and adults have individual learning styles
- and preferences that should be considered in the design and delivery of educational programs

Ferreira, MacLean, & Center, 2018). The Adult Learning Theory is shown in figure 2.
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Figure 2: The Adult Learning Theory
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2= principles of andragogy can be applied to agricultural extension programs to enhance their

=S=ctiveness in educating and engaging adult learners(farmer) (farmers) within the agricultural
s=ctor as follows: Agricultural extension programs should recognize farmers and agricultural
warkers as independent individuals capable of making decisions about their own farming
aractices; agricultural workers often have a wealth of practical experience gained from years of
warking in the field and thus extension programs should value and build upon this experiential
“mowledge by incorporating it into training sessions and discussions; Adult learners(farmer) in
s=riculture are often motivated by the immediate relevance of knowledge to their farming
soowities and thus extension programs should address this by providing practical, hands-on
=ming that directly addresses the challenges and opportunities faced by farmers in their

secific contexts (Olaniyi, 2015).

“urthermore agricultural extension should focus on problem-solving and skill-building,
srowiding farmers with the tools and knowledge they need to address real-world challenges in
“weir farming operations and thus extension agents should facilitate learning experiences that are
meeractive, participatory, and directly applicable to the agricultural tasks at hand; in addition
=:==nsion programs should tap into farmers’ intrinsic motivation by highlighting the benefits and
secential outcomes of adopting new practices or technologies; and lastly agricultural extension
srograms should accommodate the diverse learning styles and preferences of adult
=arners(farmer) by offering a variety of learning opportunities, including workshops,

f=monstrations, field days, peer learning groups, and digital resources, allowing farmers to

“woose the methods that best suit their needs and preferences (Tennant, 2019).
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2y applying the theory/principles of andragogy, agricultural extension programs can enjoy the
“llowing the following advantages and strengths: andragogy acknowledges adults’ autonomy
#nd self-direction in learning, which can enhance motivation and engagement; the emphasis on
=2rning that is relevant and applicable to adults’ real-life experiences and challenges makes the
“2eory practical and effective; it recognizes the value of adults’ prior experiences, which can
s=rve as a foundation for new learning; the theory acknowledges that adults have diverse

=arning styles and preferences (Ferreira et al,, 2018).

“owever on the other hand the theory/principles of andragogy can pose the following
“sadvantages/weaknesses: some critics argue that it lacks robust empirical evidence to support
= principles and call for more empirical research to validate the effectiveness of andragogical
soproaches compared to other theories of adult learning; in addition, its focus on individual
“utonomy and self-direction may overlook the importance of social and collaborative learning
=uperiences for adults; furthermore the principles of andragogy were developed primarily in
Western contexts and may not fully account for cultural variations in learning preferences and
“=ues and lastly it may be less effective for learners (farmer) who lack motivation or self-

~=zulation skills (Conlan & Grabowski, 2021; Skidmore, 2023).

2.2.2.3 Social learning theory

- %= Social learning theory was first proposed by Albert Bandura the 1960’s when he conducted

2= famous Bobo doll experiment that led to his official writings on the social learning theory in

- ~~77. The theory states that humans learn socially, not just intellectually (Rotter, 2021). The

~ =ory also posits that individuals learn by observing the behaviors of others and the

“smsequences of those behaviors. It emphasizes the role of social interaction, modeling, and
“=mforcement in shaping behavior and cognition. Central to this theory is the idea that learning
“am occur through observation, imitation, and modeling of others, without direct reinforcement

W personal experience (Dooley, 2020).

2= social learning theory is based on the following assumptions: Individuals learn by observing
2= behaviors of others, including peers, family members, and role models; people are more likely
= imitate behaviors that they perceive as being rewarded or socially accepted and that the role
madels who exhibit desirable behaviors are particularly influential in shaping learning outcomes;
so==rving others being rewarded or punished for certain behaviors influences an individual's

“w=lihood of engaging in similar behaviors; it also assumes learners must pay attention to the
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modeled behaviors, remember them, be capable of reproducing them, and have the motivation to

o so (Davis, Witcraft, Baird, & Smits, 2017). The social learning theory is illustrated in figure 3.

BEHAVIOUR CHANGE
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SOCIAL
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Figure 3: The social learning theory model
iThe social learning theory is highly relevant in agricultural extension due to its emphasis on
isncial interaction, observation, and modeling as key mechanisms for knowledge acquisition and
‘behavior change. Social learning theory applies to agricultural extension in the following ways:
“zricultural communities often rely on social networks for sharing information, experiences, and
‘mnovations; the Social learning theory highlights the role of modeling and demonstration in
‘=arning and thus agricultural extension workers can serve as role models by demonstrating best
aractices in farming techniques, resource management, and technology adoption; the theory also
=mphasizes peer learning and the exchange of knowledge among farmers and thus extension
srograms can facilitate farmer-to-farmer exchange platforms, such as field days, study tours, and
“ammunity meetings, where farmers can share their experiences, challenges, and solutions

~Wojciechowski, 2021).

"he social learning theory also relevant in agricultural extension because it suggests that
‘ndividuals can learn from the experiences of others through vicarious reinforcement implying
“mat extension programs can showcase success stories of farmers who have successfully adopted
‘=movative practices or overcome challenges; furthermore the theory recognizes the influence of
sacial norms and community dynamics on behavior meaning that extension programs can engage
with communities to identify existing norms and beliefs related to agriculture, understand
Sarriers to change, and work collaboratively to promote new norms that support sustainable and
‘mmovative agricultural practices and lastly the social learning theory aligns with participatory

‘=arning approaches that emphasize active engagement, dialogue, and shared decision-making
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smplying that extension programs can involve farmers in the co-creation of knowledge, problem

‘Zentification, and solution development (Allan, 2017).

The social learning theory has following advantages and strengths: it offers a comprehensive
==planation of learning that incorporates both cognitive and social factors; It accounts for the
mfluence of observation, imitation, reinforcement, and cognitive processes on behavior change;
“2e theory is highly applicable to real-world contexts, such as education, parenting, therapy, and
srganizational behavior because it provides insights into how behavior is shaped and modified
“arough social interactions and environmental influences, the theory can predict and explain a
wide range of behaviors, including aggression, pro-social behavior, health-related behaviors, and
suill acquisition and lastly understanding the mechanisms of social learning has practical
‘mplications for intervention programs aimed at behavior change (Albert, 2017; Scavarelli, Arya,

& Teather, 2021).

The social learning theory can pose the following weaknesses: it retains some elements of

- 2=haviorism, such as the focus on observable behaviors and external reinforcement leaving a gap

“ar critics to argue that it may not fully capture the complexity of human cognition, motivation,
" 2nd emotion; in addition, it underestimates the influence of individual agency and personal
“artors in behavior change because not all observed behaviors are imitated, as individuals may
s=lectively attend to and interpret modeling cues based on their own beliefs, values, and
=speriences; furthermore the theory does not adequately account for cultural variations in social
‘=arning processes and the impact of socio-economic factors, cultural norms, and historical
“smtext on observational learning and modeling behaviors and lastly social learning occurs
within complex social environments characterized by multiple influences and interactions (Akers

& Jensen, 2017).

. =2.2.4 Theory of Planned Behavior

' "% Theory of Planned Behavior (TPB) is a psychological framework developed by Icek Ajzen in
. “985 to understand and predict human behavior in specific contexts. It posits that individuals’
meentions to engage in a behavior are influenced by three primary factors: their attitude toward
"= behavior, subjective norms, and perceived behavioral control (Ajzen, 2020; Asare, 2015). The
TF8 is a social-psychological theory that explains behavioral decision-making processes of
Suman beings with aiming at understanding and predicting the behavior of individuals,

afvocating that the successful completion of human behaviors are mainly controlled by

mcividual was (Zhang, 2018).
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e theory is premised on the following assumptions: Beliefs can be divided into three categories
o behavioral beliefs, normative beliefs and control beliefs and that the behavioral beliefs,
sormative beliefs and control beliefs can respectively explain 25% variance of attitude, 25%
~wariance of subjective norm and 27% variance of perceived behavior control; it also assumes that
tlavioral intention is the most appropriate variable to predict behavior and adds that in

“=cision-making process, the three factors of attitude, subjective norm and perceived behavioral

~aatrol are likely to codetermine the behavioral intention of individuals, or each of the three
“=ctors directly change the behavioral intention, which means the three factors may influence
==2ch other or has different influence on behavioral intention separate; in addition, the TPB
~==umes that the subjective norm is the weakest element that influences the behavior, but the
;ﬁftuence of subjective norm on negative behavior, such as illegal downloading, buying pirated,
. “=uy sexual behavior and so on, is very significant; furthermore, TPB assumes that attitude is
| ly the most powerful predictor of the behavioral intention in that attitudes has a more
“wious the correlation degree behaviors; and lastly Perceived behavioral control (the
ollable degree that individuals feel when taking particular acts) depends on three factors of
bilities, resources and opportunities (St Quinton, Morris, & Trafimow, 2021; Zhang, 2018).

revised Theory of Planned Behavior model is as shown in figure 4.

Figure 4: Revised Theory of Planned Behavior model

The Theory of Planned Behavior holds significant relevance in agriculture extension for
snderstanding and influencing farmers’ behavior in adopting new agricultural practices or
“=chnologies: First TPB provides insights into the factors influencing farmers’ decisions to
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adopt or reject new agricultural practices or technologies and by assessing attitudes,
subjective norms, and perceived behavioral control, extension agents can better understand
the underlying motivations and barriers to adoption; in addition, TPB allows extension
programs to design targeted interventions that address specific factors influencing adoption
behavior since by focusing on changing attitudes, influencing subjective norms, or enhancing
perceived behavioral control, extension agents can tailor their approaches to different target
audiences and contexts (Cheng, 2019); furthermore TPB can help predict the likelihood of
adoption for new agricultural innovations based on farmers’ behavioral intentions since by
assessing farmers’ attitudes, subjective norms, and perceived behavioral control, extension
programs can estimate adoption rates and identify strategies to increase adoption among
target populations and lastly TPB guides the development of communication strategies aimed
at promoting behavior change among farmers since by understanding the beliefs and
perceptions that shape farmers' attitudes, subjective norms, and perceived behavioral
control, extension agents can design messages that effectively address these factors and

motivate adoption (Jokonya, 2017).

“pplying TPB in Agriculture Extension has following advantages and strengths: the TPB
orovides a comprehensive framework for understanding the determinants of behavior
“hange, allowing extension programs to identify key factors influencing farmers’ intentions to
adopt new practices; in addition, the TPB has been widely used and validated across various
tontexts, demonstrating its predictive power in explaining and predicting behavior change;
“arthermore, by identifying farmers' attitudes, subjective norms, and perceived behavioral
control related to specific agricultural practices, extension agents can design targeted
mterventions to address barriers and enhance adoption rates and lastly the TPB can be
adapted to different agricultural contexts and behaviors, making it a versatile tool for
=xtension programs aiming to promote a wide range of practices and technologies

Holdsworth et al,, 2019).

~awever on the other hand Applying the TPB in Agriculture Extension has the following
“sadvantages: the TPB may oversimplify the complex decision-making processes involved in
sericultural behavior change, overlooking contextual factors such as socio-economic
tanditions, cultural beliefs, and institutional constraints; in addition, it relies heavily on self-
~=ported measures of attitudes, subjective norms, and perceived behavioral control, which

may not always accurately reflect individuals’ actual behavior and lastly it primarily focuses
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on individual-level determinants of behavior change and may not fully capture the influence

of broader social, economic, and environmental factors on agricultural practices (Heuckmann,

Hammann, & Asshoff, 2019).

2.2.2.5 Social Exchange Theory (SET)
Sacial Exchange Theory (SET) posits that social behaviour is the result of an exchange process
@ming to maximize benefits and minimize costs. The theory, initially proposed by Homans
1958), has been extensively used to understand relationships and interactions in various social
settings. Social Exchange Theory (SET), introduced by Homans (1958), explores social behavior
m the exchange process, emphasizing cost-benefit analysis and reciprocity. SET has been applied
"= understand various social interactions, including online communities and knowledge sharing
 Slau, 1964; Emerson, 1976). In the context of a mobile agricultural extension framework, SET
~=m encourage collaboration and knowledge sharing among farmers, fostering a supportive

“smmunity where users share experiences and advice (Mom, 2003).

“wcial Exchange Theory assumes that Individuals are rational and engage in behaviours that they
Selieve was maximize their benefits and minimize their costs, social exchange involves mutual
“change, where the actions of one party are contingent on the reactions of another, social
“=ationships are interdependent; the outcomes for each participant depend on the actions of

ers, and that Individuals evaluate relationships based on the costs and benefits they perceive.

Figure 5: Social Exchange Theory

%= model involves in puts which include Inputs: Resources, information, and support, Exchange
“racess: Interaction between individuals or groups, Outcomes: Rewards and costs experienced
“» participants, Comparison Level: Evaluations based on past experiences and expectations, and

~smparison Level for Alternatives: Evaluation of outcomes from alternative relationships. In this
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y SET wasrelevant for understanding how farmers might engage with a mobile-based
ework. The mutual exchange of information and resources via the app can be analysed
ugh the lens of costs (e.g., time, effort) and benefits (e.g., improved agricultural practices,
sed yields). Encouraging reciprocal interactions among farmers can foster a supportive

unity and enhance knowledge sharing.

.6 Resource-Based View (RBV) Theory

Resource-Based View (RBV) of the firm, proposed by Barney (1991), focuses on the
urces and capabilities that provide a competitive advantage. RBV has been extensively
ied to study organizational strategy and innovation (Wernerfelt, 1984). For a mobile-based
ltural extension framework, RBV can leverage local resources, such as agricultural
ise, extension services, and mobile infrastructure, to support the app's development and
mentation (Eisenhardt & Martin, 2000). The Resource-Based View (RBV) is a strategic
gement theory that emphasizes the role of resources and capabilities in achieving
titive advantage. Barney (1991) articulated that firms can gain and sustain competitive

tage by possessing valuable, rare, inimitable, and non-substitutable (VRIN) resources.

theory assumes that Firms have different resources, and this heterogeneity is key to
titive advantage, Resources are not easily transferable between firms, maintaining their

e advantage, and that Firms can sustain competitive advantage if they manage and utilize

resources effectively.

Figure 6: Resource-Based View (RBV) Theory

model involves Resources: Tangible and intangible assets controlled by the firm, Capabilities:

= ability to utilize resources effectively, and Competitive Advantage: Achieved through the
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F-gtegic use of resources and capabilities. RBV can guide the development of the mobile-based
anework by leveraging existing local resources such as knowledge from agricultural experts,
E:sion services, and mobile infrastructure. Identifying and utilizing these resources can

sance the framework's effectiveness and sustainability.

.7 Actor-Network Theory (ANT)
r-Network Theory (ANT), developed by Latour (1987), views the technology adoption

=ss as a network of both human and non-human actors. ANT emphasizes the interplay and

=ationships among various entities involved in a system. ANT has been applied to study the
ics of innovation adoption and the roles of various stakeholders (Callon, 1999). In the
st=xt of a mobile agricultural extension framework, ANT can map out the relationships among
mers, extension workers, input suppliers, and researchers, facilitating a comprehensive

tanding of the ecosystem and improving stakeholder engagement (Law, 1992).

= theory assumes that Social and technical elements are intertwined and equally important,
and non-human actors should be analysed with the same conceptual tools, and process

which actors negotiate and align their interests.

Figure 7: Actor-Network Theory (ANT)
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= theory involves Aactors: Human and non-human entities, Network: The interconnected
“=senships among actors, and Translation: Processes of negotiation and alignment among

ANT is useful for mapping the relationships and interactions among farmers, extension

~

input suppliers, and researchers within the mobile-based framework. Understanding
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=se dynamics can enhance the framework's design and implementation by ensuring all

“zkeholders' needs and interests are addressed.

.8 Information Systems Success theory

Information Systems Success Model, proposed by DeLone and McLean (1992), identifies
tors leading to successful information systems, including system quality, information quality,
2 service quality. The model has been widely used to evaluate IS success in various domains,
m e-commerce to healthcare (DeLone & McLean, 2003). For a mobile-based agricultural
=nsion framework, this model can measure the app's success by assessing user satisfaction,

ze, and net benefits to farming practices (Petter et al,, 2008).

theory assumes that Information systems success is multidimensional, encompassing
ous factors, Success dimensions are interrelated and affect each other, and High-quality

==ms lead to user satisfaction, which in turn leads to net benefits.

Figure 8: Information Systems Success theory
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“heory involves System Quality: The performance of the system (e.g., reliability, ease of use),
mation Quality: The quality of information produced (e.g., accuracy, relevance), Service
¥- The quality of support services (e.g., responsiveness, support), User Satisfaction: Users’
=mtment with the system, and Net Benefits: Overall impact on users and the organization.
= theory can evaluate the success of the mobile-based framework by assessing system quality,
mmation quality, and service quality. Continuous feedback from farmers can help improve

@imensions, leading to greater user satisfaction and positive impacts on agricultural
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.9 Contextual Integrity Theory

mtextual Integrity Theory, developed by Nissenbaum (2004), emphasizes the importance of
text in understanding privacy concerns. The theory has been applied to study privacy in
line interactions and information systems (Nissenbaum, 2010). In agricultural extension,
iressing farmers' privacy concerns and ensuring the app's design respects local cultural norms
crucial for acceptance and trust (Bennett & Raab, 2006). The theory asserts that privacy is

intained when information flows adhere to contextual norms.

"2 theory assumes that Privacy norms vary across different social contexts, Information flows
== appropriate when they conform to contextual norms, and maintaining contextual integrity is

L:':-.cial for preserving privacy.

Figure 9: Contextual Integrity Theory
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theory recognises the Context: The specific social setting, Norms: Rules governing
“ormation flows in the context, Information Flows: The transfer of information within the
sntext. Contextual Integrity Theory can help address farmers' privacy concerns by ensuring that
= mobile app respects local cultural norms and practices. Designing the app to align with these

s can enhance trust and acceptance among users.

.10 Task-Technology Fit (TTF)

%-Technology Fit (TTF) theory, proposed by Goodhue and Thompson (1995), suggests that
“=chnology is more likely to have a positive impact if it fits the task it supports. TTF evaluates
ww well a technology supports the tasks users need to perform. TTF has been used to evaluate
wious information systems, from enterprise systems to mobile technologies (Zigurs &
wcikland, 1998). In agricultural extension, ensuring the mobile app supports specific farming
~=sks, such as crop management and market information, can enhance its effectiveness and
“sioption (Dishaw & Strong, 1999).
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2= theory assumes that the fit between task requirements and technology capabilities
“=termines performance, Technology should be designed to match the specific tasks it supports,

“etter fit leads to improved performance and outcomes.

Figure 10: Task-Technology Fit (TTF)
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The theory reflects Task Characteristics: The specific tasks users need to perform, Technology
aracteristics: The capabilities and features of the technology, Task-Technology Fit: The
“iznment between task requirements and technology capabilities, Performance Impact: The
F=ct of the fit on user performance and outcomes. TTF is crucial for ensuring that the mobile
oo supports specific farming tasks, such as crop management, pest control, and market
“wformation access. By designing the app to align with these tasks, the framework can enhance its

=Fectiveness and user adoption.

~.22.11. Mobile Learning Theory (MLT)

Wobile Learning Theory as proposed by Sharples, Taylor, and Vavoula (2007), posits that
‘==rning is a continuous, contextual, and personalized process that occurs across a variety of
“ettings, facilitated by mobile technologies. The theory emphasizes that learners can acquire
“mowledge both formally and informally, engaging with content anytime and anywhere through
‘mobile devices. It highlights core principles such as learning across contexts, personalization,
“wcial interaction, and the bridging of formal and informal learning spaces. Mobile learning is
“==n not simply as the transfer of content through digital tools but as an active, adaptive process

“taped by the learner’s environment, needs, and interactions.
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e 11: Elements of mobile learning

( Learner )

Assessment

Teacher )

Mobile
learning

(Environment) (  Content )

s theory underpins the current research by providing a foundational framework for the

of a mobile teaching-learning extension system tailored to farmers in resource-
sstrained settings. In particular, it justifies the use of mobile phones, multimedia, and digital
==forms to deliver agricultural knowledge in ways that are accessible, flexible, and responsive
Zrmers' real-time needs. Through mobile learning, farmers can engage in self-paced, just-in-
learning, access information privately, and revisit multimedia content such as audio
=ssages and video tutorials at their convenience. Furthermore, the theory supports the
“=sration of social and collaborative features—such as messaging and feedback loops—into the
=mework, enabling interaction between farmers, extension agents, and other stakeholders. By
“izning with the principles of mobile learning theory, this study advances a model that facilitates
“lusive, continuous, and situated agricultural education, thereby contributing to the reduction

" the agricultural extension gap

sle 1:The comprehensive summary of the theories described above and their relevancy

this study

Relevance in This
Study

2ory Description Assumptions
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Explains how people
learn from words and
pictures and how
multimedia can
enhance learning.

Learning is more
effective when
information is presented
in both visual and verbal
forms. Cognitive load
should be managed to
avoid overwhelming
learners.

Useful for

effective

designing
educational
content and training
materials using
multimedia resources.

Focuses on how
adults learn and the

Adults are self-directed
learners with life
experiences that

Relevant for developing
training programs and
educational

best practices for | influence their learning. | interventions for adult
adult education. They seek practical, | learners in
relevant knowledge. organizations.
People learn by
observing others and
observing . | Important for
: : imitating their x
Emphasizes learning . ; understanding how
. behaviors, especially | . ... -
through observation, : individuals within an
bt when those behaviors . s
imitation, and . . | organization can learn
: are rewarded. Social
modeling. . ; from each other and
context and interactions .
- . | adopt new behaviors.
play a crucial role in
learning.
: ; . eful redictin
_Focusies on tl}e Behavioral intentions L Lo P EdlCtH &
intention to engage in and influencing

a behavior, which is

are shaped by attitudes
towards the behavior,

behavior change within

influenced by . an organization through
. - social pressures, and |. . -
attitudes, subjective " interventions targeting
. perceived control over :
norms, and perceived . attitudes, norms, and
: the behavior. .
behavioral control. control perceptions.
Individuals are rational
5 Useful for
and seek to maximize .
.. | understanding how
Focuses on the | benefits while |
L individuals or
exchange of resources | minimizing costs.

individuals
in social

between
or groups
interactions.

Relationships are
formed, maintained, and
terminated based on
perceived rewards and
costs.

organizations decide to
engage in exchanges and
collaborations based on
perceived benefits and
costs.
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Emphasizes the
strategic importance
of wvaluable, rare,
inimitable, and non-
substitutable
resources for
achieving competitive
advantage.

Firms possess unique
resources and
capabilities that are the
primary determinants of
competitive advantage
and performance.

Relevant for analyzing
how organizations
leverage internal
resources to gain and
sustain competitive
advantages.

Examines how human

and non-human
entities form
networks and how
these networks
influence social
dynamics and
technological
developments.

Both human and non-
human actors (like
technology) are equally
important in the
creation of networks.

Networks are
heterogeneous and
dynamic.

Helps in understanding
the complex
interactions  between
people, technologies,
and organizations in
shaping outcomes.

[dentifies factors that
influence the success

of information
systems,  including
system quality,

information quality,
and user satisfaction.

Success of information
systems is multi-
dimensional and
influenced by various
interrelated factors.

Crucial for evaluating
the effectiveness and
impact of information
systems within
organizations.

Focuses on privacy

and the
appropriateness  of
information flow

within specific social
contexts.

Privacy ¥ norms  are
context-dependent and
vary across different
social settings.
Information flows
should  align  with
contextual norms.

Important for assessing
privacy concerns and

ensuring that
information sharing
respects contextual

norms and expectations.

Suggests that
technology is more
likely to have a
positive impact on
performance  when
the capabilities of the
technology match the
tasks it is used for.

The effectiveness of
technology is contingent
upon its alignment with
the tasks it supports.
Users adoptedand
benefit from technology
that fits their tasks.

Relevant for evaluating
how well technology
solutions meet the
specific needs and tasks
of  users in an
organization.
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Learning extends .
. ustifies the wuse of
beyond formal settings. J ;
mobile platforms to
Explains how learning ; ; deliver agricultural
Mobile devices support .
occurs across . extension content.
: ., | access to learning :
contexts via mobile SERENT AR erE Supports features like
devices, enabling Y »anyw ) self-paced access,
continuous, . contextual learning, and
& . Learners engage actively | . .
ersonalized, and interactive feedback,
P! . and contextually. . g
situated learning essential for bridging
experiences. N — the agricultural
learning environments extensmn. _ Bap n
A ———— resource-limited areas.

Design approaches

"= integration of Information and Communication Technologies (ICTs) into agricultural
sion has become critical for improving information dissemination and learning among
aing communities (Aker, Ghosh, & Burrell, 2016; Dethier & Effenberger, 2012). Mobile
=anologies, in particular, have been recognized for their potential to provide timely, localized,
2 interactive agricultural knowledge (Lwoga, 2010; Nakasone, Torero, & Minten, 2014). The
“=sizn of mobile-based teaching and learning frameworks in this context requires consideration

sser needs, local realities, and systemic constraints to promote adoption, usability, and

stainability.

"us section reviews key design approaches and existing teaching learning frameworks in
Itural extension that have guided the development and evaluation of mobile teaching and

ing frameworks, with particular attention to their phase-wise implications in the

=icultural extension context.
£3.1 Designs for Usability

Jesigning effective mobile learning tools for agricultural extension requires a structured
wnderstanding of how systems can support learning, communication, and interaction in real-
warld environments. According to Norman (2013), good design is grounded in an understanding
¢ mser behavior, technological capabilities, and the broader context in which the system will be
wsed. This perspective aligns with the need to design mobile tools that reflect the realities of rural
“=rming communities often characterized by limited connectivity, low literacy levels, and diverse
‘mformation needs.
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=veral design methodologies and principles have been recognized in literature as essential for
=ating usable, relevant, and sustainable systems. These include User-Centered Design (UCD),
“rticipatory Design (PD), the Design Science Research Methodology (DSRM), and Human-
mputer Interaction (HCI) principles. Each of these approaches contributes differently but
mplementarily to the phases of system development, from understanding users and defining

=guirements to iterative testing and refinement.

= highlighted by Preece et al. (2015), designing for usability goes beyond creating visually
aling systems; it involves a disciplined process of understanding users, specifying goals, and
=suring that systems support those goals efficiently and effectively. In agricultural extension,
sere technology use is often constrained by infrastructural and contextual challenges, these
=sien strategies are critical for ensuring that mobile learning tools are not only usable but also

“wressible, meaningful, and impactful.

= following subsections explore how literature informs the application of these design
sroaches in the development of mobile-based teaching and learning frameworks, with

articular attention to the phases they support and the design considerations they emphasize.
1.1 User-Centered Design (UCD)

s=r-Centered Design (UCD) is a design philosophy that places users’ needs, characteristics, and
szexts at the core of the development process, aiming to enhance usability and user satisfaction
50 9241-210, 2010; Maguire, 2001). The cyclical phases of UCD understanding the context of
specifying user requirements, producing design solutions, and evaluating designs offer a

“uctured approach to developing responsive systems (Gould & Lewis, 1985).

the context of mobile teaching and learning frameworks for agricultural extension, UCD

s the process by:

Emphasizing understanding user contexts through field studies and inquiries to capture
technological environments, information-seeking behaviors, and challenges among extension

workers and farmers.

Supporting the specification of detailed user requirements that prioritize accessibility, content

relevance, and ease of use tailored to varied literacy levels and technological skills.
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Cuiding the production of design solutions that translate user insights into conceptual

frameworks and prototypes with intuitive interfaces and localized content delivery.

Encouraging iterative evaluation through usability testing and feedback incorporation to

refine the framework for practical effectiveness and user acceptance.

Plan the human-

centred process
Understand and specify
the context of use
Evaluate design Sp?;'g:\o usera Iand
against reqmramenls requireizaﬂonm
Produce design
solutions
System meets
requirements?

Figure 12:User-Centered Design Iterative Cycle

phased approach demonstrates how UCD principles guide the creation of mobile learning

that are both usable and contextually relevant.
2 Design Science Research Methodology (DSRM)

izn Science Research Methodology (DSRM) offers a systematic approach for developing and
ating IT artifacts that address practical problems while grounding them in theoretical
edge (Hevner et al, 2004; Peffers et al, 2008). The methodology’'s three cycles the
ce cycle, the rigor cycle, and the design cycle frame artifact creation within real-world and
larly contexts. This methodology explains how iterative and evidence-based processes

rt the development of adaptable and context-aware teaching and learning artifacts.
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Figure 13:DSRM Three-Cycle Model

the design of mobile teaching and learning frameworks for agricultural extension, DSRM

s the process by:

ing the relevance cycle to the identification of key agricultural extension challenges such as

ation gaps and delivery inefficiencies, which shape design objectives.

the rigor cycle to integrate existing theories on ICT adoption, agricultural knowledge

mination, and mobile learning models to ground the framework conceptually.

ring the design cycle as an iterative process of prototype development, user testing, and

ement based on empirical feedback and expert input.

1.4 Human-Computer Interaction (HCI) Principles

n-Computer Interaction (HCI) principles focus on creating interactive systems that enhance
engagement, accessibility, and satisfaction (Preece, Rogers, & Sharp, 2015; Shneiderman et
2016). Core considerations include usability, cognitive load, feedback mechanisms, and error

ention.
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Figure 14:HCI Design Principles Applied to Mobile Learning

lied to mobile agricultural learning frameworks, HCI principles inform design by:

hasizing usability and accessibility through simple navigation, familiar iconography, and clear

ling to accommodate users with varying digital literacy.

rporating immediate feedback and error prevention to support effective interaction and

ing.

iressing contextual constraints such as intermittent connectivity and small screen sizes

ugh design adaptations like offline access and scalable interface elements.

principles thus guide the development of inclusive and user-friendly mobile learning

orms tailored to the needs of agricultural stakeholders.

= £ Relevant Framework Evaluation approaches

= £.1: Diffusion of innovations model

e Diffusion of Innovations model, proposed by Everett Rogers in 1962, is a framework used to
splain how, why, and at what rate new ideas, technologies, products, or practices spread
“Srough societies (Dearing & Cox, 2018). Rogers identified several attributes of innovations that
‘wfuence their adoption and diffusion: relative advantage (the perceived superiority of the
“smovation compared to existing alternatives); compatibility (the degree to which the innovation

= consistent with existing values, beliefs, and practices); complexity (the perceived difficulty of
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derstanding and using the innovation); trial-ability (the ability to experiment with the
ovation on a limited basis before making a full commitment) and observability (the visibility

W the innovation's benefits to others) (Vagnani & Volpe, 2017). In addition, Rogers identified five
=gories of adopters based on their relative timing of adoption compared to the rest of the
sulation. These categories include innovators (risk-takers who adopt innovations early), early
topters (influential opinion leaders who adopt innovations after innovators), early majority,
== majority, and laggards (those who are slowest to adopt) (Dale, McEwan, & Bohan, 2021) as

in figure 15

Figure :Figure 15: Diffusion of Innovation Model

= Diffusion of Innovations theory is grounded on the following key assumptions: the theory

es that innovations (new ideas, practices, or technologies) are adopted by individuals,
“w=anizations, or communities over time; it also assumes that diffusion occurs through various
unication channels, which are the means by which information about the innovation is
“r=asmitted; in addition the theory/model assumes that diffusion takes place within a social
stem, which comprises individuals, groups, organizations, and networks interconnected
sugh social relationships; it also assumes that innovations possess certain attributes that
“wfuence their adoption; more so the theory individuals within a population can be categorized

w0 adopter categories based on their relative time of adoption (Nemutanzhela & [yamu, 2015).

“urthermore, the diffusion of Innovations theory assumes an S-shaped Adoption Curve depicting
“%e cumulative adoption of an innovation over time. Initially, adoption is slow, followed by a
seriod of rapid growth, and eventually reaching saturation as the innovation becomes widely
.d)pted and it also assumes that the adoption of an innovation involves a decision-making

arocess that progresses through several stages: knowledge (becoming aware of the innovation),
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sersuasion (forming a favorable attitude towards the innovation), decision (committing to adopt
reject the innovation), implementation (putting the innovation into use), and confirmation
szluating the outcomes of the adoption decision) (Kristensson, Pedersen, & Thorbjgrnsen,

0).

Diffusion of Innovations model is highly applicable in agricultural extension for
ferstanding how new agricultural practices, technologies, and information are adopted and
=ad among farmers and agricultural communities; agricultural extension professionals can
the Diffusion of Innovations model to identify new agricultural practices, technologies, or
ation that have the potential to improve productivity, sustainability, and resilience in
mming; in addition, by categorizing farmers into adopter categories (e.g. innovators, early
wpters, early majority, late majority, and laggards), extension workers can tailor their outreach
® support strategies to different groups based on their readiness to adopt new practices or
=anologies; furthermore, extension programs can assess the attributes of agricultural
wvations using the dimensions outlined in the diffusion of Innovations model, extension
vices can leverage various communication channels to disseminate information about
icultural innovations to farmers; agricultural extension programs can facilitate peer learning
knowledge sharing among farmers by organizing farmer-to-farmer exchanges,
sonstration plots, and community-based learning events; extension workers can tailor their
=ach and support strategies based on the characteristics of different adopter categories for
=mple, early adopters may respond well to demonstrations and field trials, while late majority
mers may require more hands-on training and ongoing support to overcome barriers to
sption and lastly the diffusion of Innovations model provides a framework for monitoring the

sption process and evaluating the effectiveness of extension interventions (Lutuli, 2019).

= application of the Diffusion of Innovations model in agricultural extension offers several
antages, including: the model helps agricultural extension agents identify different categories
farmers based on their readiness to adopt innovations, allowing for targeted and tailored
ion strategies for each group; in addition extension agents can better understand the
=rns of adoption of agricultural innovations within a community or region, enabling them to
ipate potential challenges and design appropriate interventions; extension agents can use
insight of effective communication channels and sources to develop communication
ategies that resonate with farmers and encourage adoption; extension agents can use this

ormation about key characteristics of innovations to design innovations that align with
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mers’ needs and preferences, increasing the likelihood of adoption; extension agents can
werage existing farmer networks and influential individuals to facilitate the spread of
swations within the community and lastly agricultural extension programs can establish clear

“cators to monitor the adoption of innovations over time (Luna, 2015).

vle the Diffusion of Innovations model offers valuable insights for agricultural extension, it
“=o has some disadvantages or weaknesses when applied in this context, including: the model
+ oversimplify the complex process of technology adoption in agriculture, overlooking the
aue socio-economic, cultural, and institutional factors that influence farmers’ decision-
sking; the model may not adequately account for the diverse contexts in which agricultural
w==nsion operates, leading to a one-size-fits-all approach that may not be effective for all
mers or regions; the model primarily focuses on the diffusion of innovations from early
wpters to laggards, often overlooking the importance of feedback loops and continuous
ing in the adoption process; the model assumes a linear progression of adoption stages,
= knowledge to confirmation, which may not capture the dynamic and non-linear nature of
“==anology adoption in agriculture; the model may not fully address power dynamics within
-mer communities or between farmers and extension agents, which can influence the adoption
wcess and the spread of innovations; the model may prioritize the initial adoption of
sovations without sufficient consideration for long-term sustainability, scalability, and impact
&rmers' livelihoods and finally the model may undervalue the importance of local knowledge,

zenous practices, and farmer innovations in shaping agricultural extension programs and

=hnology adoption (Garcia-Avilés, 2020; Wani & Ali, 2015).

= £2: The TAM Model

"= Technology Acceptance Model (TAM) is a theoretical framework developed by Fred Davis in
= 1986 to understand and predict users’ acceptance and adoption of new technologies. It has
“==n widely used in various fields, including agriculture extension, to explain and predict the
“wr=ptance of technological innovations among farmers or stakeholders. The practical objective
o TAM was to inform practitioners about measures that they might take prior to the
~molementation of systems (Grani¢é & Maranguni¢, 2019). The TAM is premised on the
“=sumption that an individual’s intention to use a technology is determined by their perceived

“==fulness and perceived ease of use of the technology (Ajibade, 2018).

TAM is highly relevant in agriculture extension as it helps extension agents and researchers

“nderstand farmers’ perceptions and attitudes towards adopting new agricultural technologies
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practices; By assessing farmers’ perceptions of the usefulness and ease of use of new
=hnologies, extension programs can tailor their interventions to better meet farmers’ needs and
=ase the likelihood of technology adoption; by examining perceived usefulness and ease of
== extension agents can better comprehend the motivations and barriers farmers face when
ssidering new innovations; by identifying factors influencing technology adoption, such as
=rceived usefulness and ease of use, extension agents can design targeted strategies to address
=cific barriers and enhance adoption rates; extension programs can use insights from TAM to
=mphasize the benefits and ease of use of new technologies, effectively communicating their
“wvantages to farmers and increasing acceptance levels; by understanding farmers' perceptions
ssefulness and ease of use, technology developers can create innovations that better align with
wrmers' needs and preferences, leading to increased adoption rates and lastly TAM helps identify
“r=as where interventions can be optimized to maximize technology adoption, ultimately leading

mmproved agricultural productivity and livelihoods (Fedorko, Bacik, & Gavurova, 2018). The

M model is as shown in shown in figure 16.

Figure 15: The TAM model.
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%= Technology Acceptance Model has the following advantages as Applied in Agriculture
ion: it provides a structured framework for understanding and predicting technology
sption behaviors among farmers; it helps identify factors influencing farmers' acceptance of
technologies, allowing extension programs to design targeted interventions to address
iers to adoption; it can guide the development of extension strategies that focus on

~msancing the perceived usefulness and ease of use of agricultural innovations; and finally it
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insights into the design and implementation of extension programs, leading to more

=ctive technology transfer and adoption (Napitupulu et al., 2017).

=spite the advantages, TAM has the following disadvantages as Applied in Agriculture
“=nsion: TAM may oversimplify the complex decision-making process involved in technology
sption in agriculture, overlooking contextual factors such as socio-economic conditions,
stural beliefs, and institutional constraints; the model assumes that perceived usefulness and
=ived ease of use are the primary determinants of technology acceptance, which may not
ays hold true in agricultural contexts where factors like risk perception, compatibility with
susting practices, and observability of benefits play significant roles and TAM primarily focuses
- individual-level perceptions and may not fully capture the influence of social networks, peer
“=ractions, or community norms on technology adoption decisions in rural agricultural settings

Azawei, Parslow, & Lundqvist, 2017).

: Unified Theory of Acceptance and Use of Technology (UTAUT) Model

= Unified Theory of Acceptance and Use of Technology model is a widely used framework in
feld of technology acceptance and adoption. It posits that the intention to use a technology is
“zenced by four key factors: performance expectancy, effort expectancy, social influence, and
=litating conditions. Additionally, factors such as gender, age, experience, and voluntariness of
== can also impact the acceptance and use of technology according to the UTAUT model. The
“fed Theory of Acceptance and Use of Technology model was developed by a team of
=s=archers including Viswanath Venkatesh, Michael G. Morris, Gordon B. Davis, and Fred D.
Their work on the UTAUT model was first published in 2003 in the Information Systems
=search journal (Marikyan & Papagiannidis, 2021).

= Unified Theory of Acceptance and Use of Technology model is based on several key
ptions: users are more likely to adopt a technology if they believe it helped them perform
=r tasks more effectively; users are more likely to adopt a technology if they believe it was easy
=se and require minimal effort; users are influenced by the opinions and behaviors of others,
th as peers, colleagues, and supervisors, in their decision to adopt a technology; users are more
to adopt a technology if they have the necessary resources, support, and infrastructure in

to facilitate its use and individual characteristics (gender, age, experience, and
tariness of use) can also influence the acceptance and use of technology (Tussardi, Izzati, &

sputra, 2021). The UTAUT model is as shown in shown in figure 17.
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Figure 16: The UTAUT model
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UTAUT model can be applicable in agriculture extension as follows; UTAUT helps in
ing the stakeholders and understanding their roles and interactions in the adoption and
of technology in agriculture; by applying the model, agricultural extension professionals can
e the attitudes, motivations, and intentions of farmers and other stakeholders towards
ing new agricultural technologies or practices; UTAUT factors including performance
ncy, effort expectancy, social influence, and facilitating conditions can be applied in the
of agriculture extension to assess the perceived usefulness and ease of use of new
ologies by farmers and extension workers; by understanding the factors that influence
ology adoption, agricultural extension programs can be customized to address the specific

and concerns of different stakeholder groups (Xie et al., 2022).

UT emphasizes the role of social influence in technology adoption and therefore peer-to-peer
ing and knowledge sharing can help in building trust and increasing the acceptance of new
ologies within the agricultural community; UTAUT can help in identifying potential barriers
challenges to technology adoption in agriculture extension and this can facilitate the
ful adoption and implementation of new technologies and lastly UTAUT provides a
work for evaluating the effectiveness of agriculture extension programs in promoting
ology adoption and thus by monitoring key indicators can assess the impact of their
entions and make necessary adjustments to improve program effectiveness (Azmi, Utomo,
& Yasirandi, 2023).
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Unified Theory of Acceptance and Use of Technology (UTAUT) model offers several
=ntages and strengths that contribute to its widespread adoption and application in
anding technology acceptance and use. Some of these advantages include: UTAUT
sgrates various theories and models of technology acceptance, including the Theory of
==soned Action, Technology Acceptance Model (TAM), and the Innovation Diffusion Theory and
= forms a comprehensive framework that allows for a holistic understanding of the factors
sencing technology adoption and use; it can be applied across a wide range of technological
svations and user populations, making it a versatile framework for studying technology
=ptance in diverse settings such as healthcare, education, business, and agriculture; UTAUT

“entifies four key determinants of technology acceptance and by focusing on these core factors

aiah, Alamri, & Al-Rahmi, 2019).

AUT provides a clear framework for understanding the drivers of user behavior and guiding
=rventions to promote technology adoption; this predictive ability makes UTAUT a valuable
for designing effective interventions and strategies to promote technology adoption; UTAUT,
“dentifying specific factors influencing acceptance and use, UTAUT can inform the design of
=rventions aimed at addressing barriers and enhancing facilitators of technology adoption;
=earchers and practitioners can customize the model by adding or modifying constructs to
=wer fit the unique characteristics of their target population or technology and finally UTAUT
rporates moderating variables such as gender, age, experience, and voluntariness of use,
ich can influence the relationship between the core determinants and technology acceptance

Saedi, Al-Emran, Ramayah, & Abusham, 2020).

ile the UTAUT model offers several strengths, it also has some disadvantages and weaknesses
2t researchers and practitioners should guard against: UTAUT primarily focuses on individual-
== determinants of technology acceptance and use, such as performance expectancy, effort
ancy, social influence, and facilitating conditions and it may not adequately address
sader contextual factors that can influence technology adoption, such as organizational culture,
atory environment, and socio-economic factors; the UTAUT tends to overlook emotional
2 psychological factors that may impact technology adoption and use, such as users’ attitudes,
=fs, fears, and anxieties; while UTAUT acknowledges the role of social influence in technology
“=reptance, it may oversimplify the complexity of social dynamics for example, the model does
differentiate between different types of social influence or consider the varying degrees of

“uence from different social networks; in addition, the predictive power of the UTAUT may
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depending on the specific technology, user population, and cultural context (Barrane,

ranga, & Poulin, 2018).

er weaknesses of the UTAUT include: it assumes a relatively static relationship between the
determinants and technology acceptance yet user attitudes and behaviors are often dynamic
may change over time in response to evolving technological advancements, user experiences,
external factors; in addition, UTAUT primarily focuses on the pre-adoption stage, neglecting
-adoption behaviors such as continued use, satisfaction, and discontinuance; furthermore,
AUT does not explicitly incorporate cultural factors that may influence technology acceptance
use and lastly it provides a structured framework for understanding technology acceptance,
there is a risk of oversimplifying the complex interplay of factors influencing user behavior
0, 201.9).

Information Systems artifact evaluation criteria by Prat et al. (2014).

et al. (2014) propose a comprehensive framework for evaluating Information Systems (IS)
cts, integrating both rigor and relevance in assessing the utility, quality, and long-term
ility of designed solutions. Their model structures evaluation around five key dimensions
Environment, Structure, Activity, and Evolution each representing a critical aspect of an

ct’s design and operational value.

= Goal examines the clarity and relevance of the artifact’s intended objectives and its
alignment with stakeholder needs.

= Environment considers the fit between the artifact and its intended context of use,
including cultural, social, and infrastructural conditions.

= Structure focuses on the coherence, modularity, and usability of the artifact’'s
components.

= Activity assesses the degree to which the artifact supports intended processes and
functions in practice.

= Evolution evaluates sustainability, adaptability, and capacity for long-term improvement.
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Figure 17: Hierarchy of criteria for Information Systems artifact evaluation by Prat et al.

(2014).
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the context of this study, the Prat et al. (2014) framework was applied to guide the expert
ation of the Mobile Teaching-Learning Framework for Agriculture (MTLF). By
matically assessing the framework across these dimensions, the study ensured that the
was not only pedagogically sound but also contextually relevant for smallholder farmers in
Kigezi sub-region. For example, the Environment dimension allowed evaluators to verify that
framework's content, delivery mechanisms, and interaction modes were culturally and
istically appropriate. The Structure dimension helped identify areas needing greater role
for institutional actors, while the Evolution dimension highlighted the need for clear

inability mechanisms.
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tages of Using Prat et al.’s Framework in This Study

*= Holistic Evaluation - By covering both functional (Activity) and contextual (Environment)
aspects, the model ensured a balanced assessment of technical soundness and practical
applicability.

= Actionable Insights - The structured dimensions facilitated targeted recommendations for
refinement, such as improving mobile usability for low-literacy farmers or embedding
informal learning facilitators.

= Strong Alignment with Design Science Research (DSR) - The framework complements the
Design Science paradigm used in this study, reinforcing the iterative cycle of design,
evaluation, and redesign.

= Flexibility Across Artifact Types - Although developed for IS artifacts, the model adapts
effectively to pedagogical and socio-technical systems such as the MTLF.

* Focus on Long-Term Viability - Inclusion of the Evolution dimension ensured that

sustainability considerations were integrated early into framework design.

is a table providing a quick comparative overview of the emphasis each model places on

mformation systems evaluation constructs.

e 2:A quick comparative overview of the emphasis each model places on key

ation systems evaluation constructs.

Construct DOI TAM UTAUT
Perceived Usefulness Moderate High High
Perceived Ease of Use Low High High
Behavioural Intention Moderate High High
Social Influence High Low High
Facilitating Conditions Low Low High
Performance Expectancy Moderate High High
Effort Expectancy Moderate High High
Adoption and Use Behaviour High Moderate High
COMMENT WEAK STRONG VERY
STRONG

“ased on the above analysis this study was guided by UTAUT model to evaluate the initial
“==sibility and acceptability of the developed mobile agricultural extension application among
“=rmers, extension officers, and other value chain actors.
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Available Teaching-Learning Frameworks for Bridging the Agricultural Extension

2.1 Farmer Field School (FFS)

= FFS approach is an action-learning oriented framework where farmers are allowed to
=reive, examine and make substitute assessment about their crop yield. The main
=hension of the FFS investigation is to test the performance creativities in endorsing
Itural technologies to alleviate the poverty reduction and sustainable rural livelihood (Butt

2015).

years ago, FFS approach was developed in Indonesia in an FAO project promoting
=srated pest management in rice. The FFS framework enhances understanding of complex
>cosystems and was gradually adapted around other entry points, from [PM to sustainable
duction systems, agro pastoralism, value chains and nutrition and life skills. Communities are
ouraged to change practices and take a lead role in defining the future: FFS embraces
stainable agriculture anchored in ecology and farmer empowerment. Today FFS are
slemented in over 90 countries, empowering an estimated 400000 to 1 million farmers,
w=toralists and fisher folks every year (Thorburn, 2015). Uganda is among the countries that
sted this approach that uses demonstrations to transfer knowledge and skills in sustainable
cultivation, livestock production and sustainable natural resource management

stumukiza et al.,, 2017). The framework is as shown in figure 19.
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Figure 18: The Farmer Field School (FFS)
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“=wording to the framework, farmers are organized in small (social) groups and the agriculture
=nsion worker (technical persons) meets them in the field of work for either discussion about
> yields, demonstration of modern farming methods and technology. They rely on leaders
itical) to organize and bring the farmers together. If all these actors perform well, the farmers
sld be able to get good yields and generate livelihood assets and the end results (outcome)
2Jid be sustainable rural livelihoods, poverty reduction, rural development, reduced

merability, improved food security and increased wellbeing (Mwesigwa, 2021).

= framework has the following advantages; it promotes hands-on learning and encourages
=we participation of farmers, takes place in farmers' own fields, allowing them to apply new
iques and technologies directly in their farming practices, it brings farmers together in a
sportive learning environment, fostering peer-to-peer learning and knowledge sharing and it
=n focuses on promoting sustainable agricultural practices, such as organic farming, integrated
==t management, and soil conservation. The FFS framework was applied among smallholder
mers in Hoima district, Uganda with an aim to assessing its contribution to participatory
«anology development and it contributed up to approximately 60% of participatory technology

selopment in the Hoima district (Mwesigwa, 2021).
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framework however poses the following disadvantages and limitations; it requires
ificant resources, including trained facilitators, materials, and field demonstration plots, it
lly involves a series of sessions conducted over an extended period, it is often conducted
a relatively small group of farmers in a specific area, its success relies heavily on the skills,
ledge, and commitment of the facilitators such that if there is a lack of trained facilitators or
ver of staff, the quality and sustainability of the program may be compromised and lastly, it
rily focuses on technical agricultural practices and may have limited emphasis on market-
ted skills, such as post-harvest management, value addition, and market linkages

esigwa, 2021).

Problem Based Learning framework in Agricultural Extension

Problem Based Learning framework (PBL) is a teaching methodology aimed at developing
ers(farmers)’ cognitive skills and entrepreneurial abilities (Easterly Il et al,, 2017). The PBL
2 learner-centered system, in which students (farmers) are involved in the learning process,
learning is driven by interaction, individual and team assignments and problem-solving
liffe, 2017). PBL has been applied in various disciplines including farming (Abbey, Dowsett,
Sallivan, 2017). The PBL is aimed at providing a step-by-step visual for farmers encouraging
to solve their challenges by considering their resources and needs. It enables farmers to
a plan and a practical road map towards achieving their agricultural production goals with

entrepreneurial mindset (Wells et al.,, 2015). The framework is as shown in figure 19.
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Figure 19: Problem Based Learning framework (PBL)
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rding to the framework: With the guidance of extension services, a farmer must address the
wing questions: What problem(s) am I facing? What are the main causes or drivers of the
lem? What are my main bottlenecks? (Problem formulation); what resources do I
ntly have? What additional resources, both physical and cognitive, would I need to solve the
lem? E.g., entrepreneurial skills, technology adoption, mindset change, production resources,
cial resources (Resource mapping); what could I do differently? (Proposing solution); what

“he current situation and where would I like to be? (Forward planning) (Yew & Goh, 2016).

advantages of the framework are that: problems and solutions are identified by the farmers
elves and not projected upon them by external actors; the PBL also promotes life-long
ing, encouraging self-initiated and continuous personal and farming practice development
! the extension agents do not provide ready solutions, but the full responsibility of learning

activities rests on the farmer (Liu & Liu, 2021).

“awever, PBL framework relies on teamwork as core part of the PBL methodology but
“wortunately within extension services, forming teams may not be possible due to geographic
“=tance and societal settings. Even relying on the established farmer groups limits the number of

“emeficiaries as not all farmers may have access to them. It is also time consuming and requires
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preparation time for instructors; it is requires more instructors due to formation of groups

' zroup dynamics issues compromise PBL effectiveness (Chang & Lin, 2016).

Training of Trainers (ToT) Approach:

Training of Trainers (ToT) framework is intended to engage master trainers in coaching new
imers that are less experienced with a particular topic or skill, or with training overall.
rding to the framework, instead of having just one trainer who teaches a course for a long

there are multiple trainers teaching the same course at the same time in the ToT framework

gencio & Asino, 2021).

asgriculture, the ToT approach focuses on building the capacity of agricultural extension
ers and trainers. It involves training extension workers in specific agricultural topics,
ing methodologies, and facilitation skills, enabling them to effectively transfer knowledge
skills to farmers (Gerster-Bentaya, Knierim, & Herrera Sabillén, 2022). The framework is as

in figure 21.

Figure 20:The Training of Trainers (ToT) framework
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‘= figure 2.16; by employing three constructs from a train-the-trainer agricultural education
srogram, researchers in Egypt proposed an initial theoretical framework; which included
sssessment, content and process. Later this framework established five areas of concern in

“izhan extension efforts. The Afghan researchers added two areas identifying unique constraints
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“er which agricultural extension must take place and these included the two constructs of

“=curity and access, and provincial diversity (Pense & Groninger, 2013).

e (ToT) Approach has the following Advantages: it eases capacity building because it allows for
+ wider reach and enables the transfer of knowledge and skills to a larger number of individuals
communities; by training trainers or facilitators, the ToT approach promotes sustainability
=cause once trained, the trainees can continue to deliver training sessions, provide ongoing
wport, and ensure the longevity of the program or intervention; it uses trainers and facilitators
» are familiar with the local context and they can better tailor the training content and
=thods to the specific needs, challenges, and cultural nuances of the target audience and lastly it
-ourages peer learning and collaboration among trainers or facilitators (Kiptot, Karuhanga,

=nzel, & Nzigamasabo, 2016).

the other hand (ToT) Approach has the following disadvantages and limitations: the
=ctiveness of the ToT approach relies heavily on the quality of the initial training provided to
= trainers or facilitators; it is also resource-intensive and may be time-consuming and may not
f=zasible to train a large number of trainers or facilitators, particularly in areas with limited
=ources or where the target audience is widely dispersed; it can result in variations in the
=lity and consistency of training across different trainers or facilitators due to differences in
=ching styles, knowledge levels, and personal biases and lastly the ToT approach brings
=ntial for information distortion due to misinterpretation or omissions (Karanja, Kiptot, &

azel, 2017).

4 Agricultural knowledge and information system (AKIS/RD) framework

Agricultural Knowledge and Information System (AKIS) is a framework that links rural people
5 key institutional actors to foster mutual learning and enable the generation, exchange, and
= of agriculture-related knowledge and technologies (ljatuyi & Bontle, 2018). The original
JS/RD configuration is structured around a “knowledge triangle” comprising farmers,
icultural researchers, educators, and extensionists. These four actors form the core of the
w=tem and are interconnected to support innovation, improve decision-making, and promote

“ustainable agricultural development. The AKIS/RD is as shown in figure 22.
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Figure 21:The AKIS/RD framework
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“he AKIS/RD framework developed by the Ijatuyi & Bontle (2018), knowledge and information
shared through a range of interactive and participatory methods that facilitate mutual
ing among farmers, researchers, educators, and extension workers. One key method is face-
ce interaction, including extension visits, training sessions, and on-farm demonstrations,
allow for direct exchange of knowledge and practices. Agricultural education institutions
ide formal training to students and extension agents, while researchers contribute findings
inform both curriculum development and field practices. Participatory research and joint
trials enable farmers and researchers to collaboratively test and adapt technologies.
rmal methods, such as farmer-to-farmer communication and the use of indigenous
ledge, also play a critical role in spreading practical insights. Print materials like manuals
visual aids further support information dissemination. Collectively, these methods ensure
knowledge flows in multiple directions across the system, reinforcing a culture of continuous

ing and locally grounded innovation.

AKIS/RD framework offers several advantages that contribute to its effectiveness in
rting agricultural development. One of its key strengths is its flexibility, as it can be applied
ss multiple scales from international and national levels to regional, community, and even
ividual farm settings (European Union, 2020). This adaptability allows for tailored
lementation that meets the specific needs of different agricultural contexts. Additionally, the
ework promotes innovation and knowledge exchange among diverse actors in the
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ericultural sector, including farmers, educators, researchers, and extension workers, thereby
=couraging inclusive, multi-actor collaboration (Simona, Valentina, Alberto, Maria Assunta, &
“mietti, 2020). The system's integrated nature enhances the coordination of messages and
=rventions, making it easier for governments and institutions to deliver coherent, strategic,
¢ unified agricultural support. Platforms such as farm advisory service websites further
rengthen AKIS by acting as centralized repositories of agricultural knowledge, improving access

amely and relevant information for all stakeholders.

= AKIS/RD framework has some problems that make it less effective in solving farming issues.
2fen focuses on making the whole system work together, but this can ignore the different goals
= power differences between people involved (Germundsson, 2021). The framework does not
“=pond well to new problems like climate change, social unfairness, and gender inequality
utherland et al,, 2023). It also needs a lot of teamwork between many organizations, which is
=d because of weak leadership. Many times, AKIS/RD still works from the top down, stopping
mers from leading new ideas. Online farm advice websites can be hard to use, especially for
farmers who have little skill with technology (Code & Dorigo). These problems get worse
==use of low funding, weak government support, and a gap between research and what

“rmers really need. All of this makes it hard for farming support systems to work well today.

Farmer to Farmer Extension (F2FE) framework
F2FE is a framework provides training by farmers to farmers, often through the creation of a
re of farmer-trainers. The F2FE framework was adopted by Kulika Uganda to train
mmers by learning new ways of doing things from other framework farmers. framework
mers would establish highly efficient techniques of marketing farm innovations and
muraging other farmers to try them out. Extension through progressive framework farmers
wouid focus on technical help and support in the form of inputs and credit for selected
seressive farmers (Muhereza, Pritchard, & Collins, 2023; Ssemakula & Mutimba, 2011). The

mer to Farmer Extension (F2FE) framework is as shown in figure 23.
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Figure 22:Farmer to Farmer Extension (F2ZFE) framework
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ithin the F2FE framework farmers are trained by extension agencies and private sector to grow
- own farms and to impart their knowledge and skills to group members (local farmers).
sework farmers establish highly efficient techniques of marketing farm innovations and
suraging other farmers to try them out. Extension through progressive framework farmers
wses on technical help and support in the form of inputs and credit for selected progressive

=rs (Fisher, Holden, Thierfelder, & Katengeza, 2018).

F2FE framework has the following advantages: it allows for peer learning and credibility
=re farmers often trust and relate more to their peers who have firsthand experience in
“culture; it also uses farmers who serve as extension agents or facilitators in the Farmer-to-
mer approach have a deep understanding of the local context, including the climate, soil
ditions, and specific challenges faced by farmers in the area. In addition it is cost-effective
sustainable since it relies on utilizing existing local resources and knowledge and reduces the
for external experts or extension workers, which can be more expensive and less
wstainable in the long run and lastly it farmers are more likely to adopt new practices and
“mnologies when they see their peers successfully implementing them (Franzel, Kiptot, &

ande, 2019; Sah, Singh, & Pal, 2021).

54



5in communities (Franzel et al,, 2019; Meena, Kale, & Singh, 2018).

e 3: Summary of existing Teaching-Learning Frameworks

the other hand, the F2FE framework has the following disadvantages: there is limited
ical expertise since farmers may not have the same level of technical expertise as
sional extension workers; it may result in inconsistencies in the quality and
ardization of information shared among different farmer trainers depending on their
ledge, skills, and dedication. In addition, the F2FE framework targets a relatively small
p of farmers within a specific community or region leading to limited reach and scalability

: lastly the framework may face challenges related to gender dynamics and social hierarchies

W etal, 2017)
|

- Promotes independent
learning

Framework Strengths Weaknesses
- Empowers farmers
“rmer Field School through hands-on | - Rfasgurce-lnter};s.lve
FFS) (Butt et al experience - Limited scalability
' 2015) | - Enhances knowledge | - Requires skilled facilitators
sharing - sustainability challenges.
- Encourages innovation
. Devilops bl | e cansUEg
“roblem Based 5 bs P - May be challenging for less experienced
3 . .| solving skills
“earning (PBL) in |~ Enhances  learner famers
Agricultural A ——— - Requires well-prepared cases
=xtension (Easterly 538 - Not always practical for large groups.

- Requires significant preparation and
facilitation skills.

Training of Trainers
{ToT) Approach
‘Fulgencio & Asino,
2021)

- Scalable

- Builds local capacity

- Cost-effective over
time

- Quality control issues
-Varying trainer effectiveness
- Initial training requires
resources

-Needs continuous support and evaluation
mechanisms.

significant

“zricultural
fnowledge and
‘aformation System
(AKIS/RD) (ljatuyi &
Sontle, 2018)

-Adapts to various
scales, from countries to
farms (European Union,
2020).

-Encourages knowledge
sharing among farmers,
educationists,
researchers, and
extensionists

-Enables unified
government assistance.

-Web  based. Farm
advisory websites
provide quick

knowledge access.

-Focuses on teamwork but misses different
goals and power gaps between people.

-Doesn’t handle issues like climate change,
unfairness, or gender equality well

-Needs many groups to work together, but
weak leadership makes it tough.

-Often led by higher-ups, so farmers can't
lead new ideas.

-Online advice websites are hard for small
farmers with little tech know-how (Code &
Dorrigo).

55



-Not enough money, weak government
help, and a gap between research and
what farmers need make it less effective.

- Quality control issues

- Cost-effective - Limited reach
. farmer to Farmer h . . - .
" - High trust and | - Potential for spreading misinformation
Extension  (F2FE) P
relevance - Dependence on farmer willingness.
‘Taylor & Bhasme, . . - . .
- Enhances community | - Variable quality of information
2018) o
bonds -Need for wvalidation and support
mechanisms.

A comparative Analysis of Existing Teaching-Learning Frameworks in Agricultural

=nsion.

= table below presents a comparative evaluation of existing agricultural extension teaching-
=ming frameworks, with a focus on their strengths and limitations as documented in literature

m resource-constrained contexts, particularly developing countries such as Uganda.

assessment employs a set of validated criteria consistent with the recommendations of
=nzel et al. (2019) and Sah et al. (2021), encompassing: Scalability, Sustainability, Cost-
activeness, Flexibility, Inclusivity, Participatory Approach, Capacity Building, Continuous Support
Evaluation, Integration of Modern Technology, Collaborative Networking, Practical Problem-
ing Focus, Cultural Relevance, Quality Control Mechanisms, Incentive Structures, and Resource

wessibility.

matrix below synthesizes the extent to which each framework aligns with these ideal
acteristics. Performance is indicated using a tick (v/) for positive alignment (High or
=fium) and a cross (X) for weak or absent alignment (Low). This comparative analysis
ights existing gaps and informs the identification of key components necessary for the
=lopment of a conceptual framework to enhance teaching and learning in agricultural

=nsion within resource-limited settings like Uganda.

e 2.4: A matrix of existing Teaching Learning frameworks and the conceptualized
acteristics for an agricultural extension.

Characteristic FFS | PBL | ToT | AKIS/RD | F2FE

' Scalability X X N v o
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' Sustainability

- Cost-effectiveness
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|
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Source: Drawn by the researcher, 2025

on the matrix presented, none of the existing teaching-learning frameworks in agricultural
ion fully meet all the essential criteria for effectiveness in resource-constrained settings
as Uganda. However, the AKIS/RD framework by the ljatuyi & Bontle (2018) demonstrates
paratively greater strength and has therefore been selected as the foundation for developing
contextualized framework tailored to the Kigezi sub-region. The revised matrix below
duces an additional column that identifies specific gaps within the AKIS/RD framework and
ses critical elements to address them. These proposed elements reflecting newly
rporated components are considered viable candidates for enhancing the framework to

ome the limitations observed in current frameworks.

le 4:Evaluation and Extension of the Original AKIS/RD Framework

Key AKIS/RD

cteristic | Framework Gaps Identified Eroposed Axtditlens /
Enhancements
S Performance
bility Moderate Limited reach in remote Integrate- mobile chatbot technology
areas for real-time access to knowledge.
inability | Moderate Weak institutional Include District Production &

57




coordination & funding Ma{'k_eting Officers to align local
E{?P}SI policies with market sustainability.
Moia:te igh cost of face-to-face | Introduce digital channels (chath
extensio : athot)ta
e = n : reduce physical contact costs.
Kiiaderar _lgfd structure w1th. Use ICT tools and modular learning
ate :\ldmlte:d te_ch adaptation | content to adapt to user needs.
arginalized groups Use mobile platforms to reach diverse
Low (women, youth) -
Y groups and train input suppliers to be
underrepresented inclusive.
High Mostly top-down in Strengthen feedback loops through
practice ch_atbot data and participatory design
with district officers.
Focused mainly on .
Moderate extensionists, not Expand training to input suppliers and
suppliers or marketers local government officers.
Low Weak M&E systems Lever.age chatbot analytics to provide
3 — real-time usage and impact data.
Low inc;or c:lgltal Embed mobile-based Al chatbot as
rastructure central communication platform.
S ow Disconnected ffom A;ntf’gr?te pl:fff?‘('fpf'od{/fﬁbﬂ £ '
value chain actors 'ar eting Gficers to align production
with market demand.
s ; { fficial
Mlaboration Missing private sector AdImpResape her:s — -
" Moderate : AKIS/RD actors with communication
ketworking (e.g. suppliers) duti
uties.
’ C ize chatbot and traini
ppural High Often generalized c;lf\terﬁlzbe (I:osal ;)c::na uatl;e ar:; ®
Hevance & content delivery nt by gHeg
practices.
Formation Standardize content through
mality Moderate Inconsistent messaging | centralized knowledge base within
Bmtrol chatbot.
centive Low Fr?tl[]sientlliveiss i(:)rshare Create public-private partnerships
Buctures inll:")o PP with embedded benefit mechanisms.
lEsource Midesite Uneven access to inputs | Involve Input Suppliers for timely
kecessibility and tools delivery of inputs and pricing info.

le==d on the table above, although the AKIS/RD framework by the ljatuyi & Bontle (2018)

gth in participatory approaches and cultural relevance,
evaluation, and inclusivity. The

f=monstrates relative stren it exhibits

wsical weaknesses in technological adaptation, market linkages,

wided components Input Suppliers, District Production and Marketing Officers, and Mobile

Fechnology (Chatbot) are thus proposed t

hancements build a foundation for a revised, contextua

o fill these strategic gaps. These proposed
lized AKIS/RD-based framework for the

Wizezi sub-region, positioning it to better address the constraints of scalability, efficiency,

F=sponsiveness, and sustainability in modern agricultural extension systems.
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extending the AKIS/RD framework the ljatuyi & Bontle (2018) as the foundation for this
=arch, an effort has been made to systematically present the components of the proposed
=mework through a structured schema in Table 5. This schema outlines the major entities
wolved in the enhanced agricultural extension system represented as nouns along with their
ziled attributes. Furthermore, it highlights the core processes associated with each entity and
=r corresponding sub processes represented as verbs. This approach ensures consistency in
=<entation and facilitates future comparison with other frameworks that may be developed.

wordingly, the proposed framework is presented as a contextualized extension of the original

stitute the proposed Localized Framework.

S/RD framework by the ljatuyi & Bontle (2018), adapted to address the specific needs of the

==zi sub-region. Table 2.6 below illustrates the key components of the proposed framework.

Proposed localized teaching and learning framework for agricultural extension.

"5l 2.6 shows the major entities, major processes and detailed attributes and sub-processes
=t have been adopted to constitute the proposed framework. This framework is based on the

“wyi & Bontle (2018).

= 5: Major Entities, Detailed Attributes, Major Processes, and Sub-Processes that

Needs

Receive Support

Entities Detailed Attributes i Sub-Processes Involved
Processes
Location, Age, Gender, Apply
1 Education Level, Farm Size, Knowledge, Adopt Practices, Request
rs : .
ucers) Income, Access to Provide Information, Share Local
Technology, Knowledge Feedback, Insights

Technical Expertise,

. ; Transfer Train, Advise, Demonstrate,
B . Pedagogical Skills, Area .
smsionists CousraEE, ComiBieation Knowledge, Organize Workshops,
cators 8¢ Build Capacity, Collect Feedback, Adapt

Capacity, ICT Use,

Support Farmers

Content

Responsiveness
Research Area, Innovation Generate Coneiet Trla.ls, ANy %8
: Data, Co-Design Solutions,
Rate, Collaboration Networks, | Knowledge, : o
hers g Publish Findings,
Relevance to Farmer Needs, | Align Research Collaborate with Field
Data Interpretation Skills with Field Needs -y
Product anhty, Availability, | Distribute . Host Biics, Soppiort Farmer
Affordability, Product Inputs, Provide . .
. 3 Adoption, Report Field
BT'S Knowledge, Supply Chain Guidance, Iecas
Capacity, Responsiveness Collect Feedback
Market Intelligence, Policy Share Market Link Farmers to Markets,

Awareness, Coordination

Data, Implement

Promote Policies, Relay
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rketing Skills, Infrastructure Access, | Local Strategies | Production Trends
cers Communication Reach
Accessibility, Usability, Deliver
bile Language Options, Al Information, Respond to Queries, Push
nology Response Accuracy, Device Facilitate Updates, Collect Feedback,
Compatibility, Real-Time Communication, | Generate Reports
Delivery Monitor Use

= extending the original AKIS/RD framework by ljatuyi & Bontle (2018), this study has merged
“Sucators and Extensionists into a single entity due to the strong functional overlap in delivering

l!hm:n.vledge and building farmer capacity. Additionally, it integrates three critical actors

wreviously absent from the framework: Input Suppliers, District Production and Marketing
icers, and Mobile Technology (Chatbot). These additions aim to strengthen market linkages,
rove access to quality inputs, and scale knowledge delivery using ICT tools. The resulting
ework is better positioned to address the contextual challenges faced in resource-

trained regions such as the Kigezi sub-region of Uganda.

Sigure 23 : Proposed enhancements in localizing the original AKIS/RD framework by Ijatuyi &
Bontle (2018),

r Education ]

:-n-...‘1 == "
i e . I
1 Input District Mobile i
i Suppliers Production and Technology i
i Marketing Officers (Chatbot) i
l_------—-—-----------l

components proposed as enhancements to the original AKIS/RD framework by ljatuyi &
e (2018) are illustrated in text boxes enclosed within a boundary outlined using dashed
These additional components Input Suppliers, District Production and Marketing Officers,

Mobile Technology (Chatbot) are presented alongside the foundational entities of the original
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ework (Farmers, Researchers, Educators, and Extensionists with Educators and Extensionists
ged into one functional category). The new elements are designed to address context-specific
mallenges such as weak market linkages, limited access to inputs, and constrained extension
verage in rural areas. These enhancements are proposed to enrich the framework’s
“=sponsiveness, scalability, and inclusiveness, particularly within resource-limited settings like
Kigezi sub-region of Uganda. As such, the revised framework and its components require
zlidation in the field to assess their effectiveness and practical relevance in supporting

owledge exchange and agricultural development in the local context.

1. Variables and Hypotheses in the Proposed Framework

= components illustrated in Figure 20 (Proposed Framework for the Kigezi Sub-Region) form
= foundation for a localized mobile teaching-learning framework designed to reduce the
ericultural extension gap in resource-constrained settings. These components are
nceptualized as Critical Success Factors (CSFs) influencing the performance and reach of
“=nsion services in the Kigezi sub-region. The framework builds on the core elements of the
S/RD model namely, farmers, research, and education but extends it to include additional
mablers such as input supply systems, district production and marketing structures, and mobile
=anology platforms. This extension reflects gaps identified in the review of existing frameworks
2 aligns with Uganda’s National Agricultural Extension Policy (NAEP) and Strategy (NAES)
IF, 2016), as well as global and regional recommendations (FAO, 2018; UFAAS, 2023;
==nzel et al, 2019; Sah et al., 2021).

this framework:

The independent variables are the identified CSFs, both traditional (e.g., producers, research,

education) and extended (e.g., mobile technology, input supply, and district marketing).

The dependent variable is the improved accessibility, responsiveness, and effectiveness of
agricultural teaching and learning services used as a proxy for narrowing the extension gap.
=working hypothesis is that changes or improvements in these CSFs will result in measurable
srovements in extension service delivery. This relationship is illustrated in Figure 20, which
=0 specifies six hypotheses for empirical testing.
22lly, the framework includes a dynamic element labeled ‘Agricultural Advisory Information
w’, representing a cluster of interactive, context-specific processes tailored to the needs and

==ities of smallholder farmers in the Kigezi sub-region.
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Figure 24: The Conceptual framework
the figure, the box with dashed lines (containing three boxes from which H4, H5, and H6
““zinate) contains components proposed to enhance the original AKIS/RD framework, as
zzested by this study. The components of the original AKIS/RD framework, adapted from
i & Bontle (2018), are presented in the box without dashed lines containing three

mponents from which H1, HZ, and H3 originate (see figure above).

1. Independent Variable

= independent variable drives changes in the dependent variable. The independent variable in
figure comprises two sections: (i) a box without dashed lines with three original AKIS/RD
ponents, and (ii) a box with dashed lines with added components from this study. Variation

mSese components is expected to influence the dependent variable.

1.1. Components of the Independent Variable

original AKIS/RD by ljatuyi & Bontle (2018) components, enclosed in a rectangle without
2ed lines (see figure), form the foundation. Added components (Input Supply, District
Suction & Marketing, Mobile Technology) are introduced based on Ugandan challenges, as
“imed in table 2.5. Below is an explanation of all independent variable components, starting

= the original AKIS/RD framework.

1.2. Description of Components from Original AKIS/RD Framework Suggested by ljatuyi
atle (2018)
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“he original AKIS/RD framework, adapted from Ijatuyi & Bontle (2018), includes the following
Y=y components:

#roducers/Farmers: Central actors driving agricultural innovation, empowered through hands-
“m experience and linked to all stakeholders for feedback (Simona et al., 2020).

Re=search: Generates innovations, collaborating with input suppliers to develop quality inputs
“nd sharing findings via the chatbot (European Union, 2020).

Sxtension/Education: Facilitates knowledge transfer and local adaptation, with educationists

wroviding training and extensionists leveraging the chatbots for outreach (Simona et al., 2020).

1.1.3. Components Added to the Enhanced AKIS/RD Framework

ditional components, enclosed in a dashed box (see figure), address Ugandan constraints and
~wizn with FAO and AESETC recommendations:

t Supply: Bridges research and farmers by providing quality inputs (e.g., seeds, fertilizers),
ancing resource accessibility and farmer trust through knowledge-sharing platforms (Code &
1g0).

strict Production & Marketing: Connects farmers to markets and policies, disseminating
“-time price data and production strategies via district hubs (Sutherland et al,, 2023).

vile Technology: A chatbot-powered platform delivers personalized advice, market insights,
@ training modules, improving rapid information flow despite accessibility challenges (Code &

i20).

. Dependent Variable

- dependent variable is the “Extension Gap Reduction in Ugandan Agriculture,” where
“ation in the independent variable influences outcomes (see figure). Components include
sroved accessibility, responsiveness of agricultural services, reduced visitation frequency,
=r extension worker-to-farmer ratio, increased technology adoption, and individual learning,
=d on this study’s adaptation of AKIS/RD. Expected outcomes are better farming practices,

—er yields, and improved livelihoods.

- The Hypothesis in the Conceptual framework (HI to H6)

e figure, H1 to H6 represent hypotheses 1 to 6, explained below:
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H1: Producers/Farmers are a determining factor in reducing the extension gap in Uganda
through active participation.

H2: Research is a determining factor in reducing the extension gap by developing relevant
innovations.

H3: Extension/Education is a determining factor in reducing the extension gap via effective
training and outreach.

H4: Input Supply is a determining factor in reducing the extension gap by improving input
access and feedback loops.

HS5: District Production & Marketing is a determining factor in reducing the extension gap
through market and policy support.

H6: Mobile Technology is a determining factor in reducing the extension gap by enabling

scalable, real-time knowledge delivery.

b Feasibility and Acceptability of the Existing Teaching-Learning Agricultural Extension

ameworks

ie feasibility and acceptability of teaching-learning frameworks in agricultural extension are
votal to their successful deployment, adoption, and sustained impact, particularly in bridging
.ow!edge and practice gaps among smallholder farmers. Feasibility refers to the practical
pacity to implement such frameworks within resource and infrastructural constraints, while
ceptability denotes their resonance with stakeholders’ preferences, capacities, and
ciocultural contexts. Despite the transformative potential of these frameworks, empirical
idence on their performance in Uganda, and specifically the Kigezi sub-region, remains notably
arse, necessitating a critical synthesis of global studies to inform objective three of this
search: evaluating the viability and uptake of teaching-learning approaches in extension. This
flew interrogates diverse methodologies and contexts, situating their implications within
zezi's rugged topography, limited technological penetration, and gendered knowledge

namics, thereby laying a robust theoretical foundation for localized framework design.

Trinidad and Tobago, a study rigorously investigated extension agents’ engagement with
rning-based methods, surveying 106 agents and analyzing data via descriptive statistics and
istic regression (Ramjattan, Chowdhury, & Ganpat, 2020). Results revealed a pronounced
nder disparity, with male agents demonstrating greater acceptability of Plant Clinics and

rmer Field Schools due to their participatory, praxis-oriented pedagogies. This preference
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underscores the influence of socio-professional roles on framework uptake, though the study’s
“=asibility insights remain context-specific, lacking direct applicability to Kigezi's resource-scarce,
“=male-dominated smallholder systems. Its methodological precision, however, offers a

Senchmark for assessing stakeholder acceptance in this research.

* longitudinal study in Malawi evaluated the Farmer Field School (FFS) as a teaching-learning
aradigm for fostering adaptive farming decisions, employing spider diagramming, focus group
scussions, and direct observation across 33 FFS groups 2-4 years’ post-implementation (van
=n Berg et al,, 2023). The findings indicated robust feasibility (67.5%), attributed to the FFS’s
~zlable, curriculum-driven structure, and moderate acceptability (49.8%), reflecting practitioner
dlity offset by waning farmer enthusiasm over time. This tension between feasibility and
stained acceptance highlights the need for adaptive design in Kigezi, where topographic
‘solation and literacy disparities could further challenge long-term engagement a critical

asideration for this study’s framework development.

Kenya's Kirinyaga district, a multi-paradigmatic study explored the AKIS framework’s
sasibility and acceptability among small-scale farmers, guided by social constructivism and soft
wstems theory (Munyua, 2017). Data from semi-structured surveys, focus groups, and
=stionnaires with farmers, institutions, and civil society revealed a demand for tailored,
erprise-specific knowledge across value chains, with radio, television, and cellular phones
=ferred over advanced ICTs. Low ICT adoption, predominantly among male farmers, signaled
“=asibility constraints tied to infrastructure and literacy, alongside acceptability barriers rooted
gender inequities mirroring Kigezi’'s challenges of limited connectivity and female farmer
sinalization. This study’s systemic approach enriches the theoretical lens for analyzing

zezi’'s extension ecosystem.

Tanzania, a participatory action research initiative assessed a blended learning framework
srating mobile and electronic platforms to enhance smallholder agricultural education
~“anga, Mlozi, Haug, & Tumbo, 2016). Engaging respondents from 19 villages in Kilosa District,
e system demonstrated high feasibility by reaching over 380 farmers with web- and phone-
“ased advisory services, and strong acceptability due to its co-designed, accessible architecture.
“ounded in participatory epistemology, this framework’s success in delivering contextually

=vant knowledge offers a compelling model for Kigezi, where blending traditional and digital
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sedagogies could mitigate infrastructural deficits while amplifying farmer agency an avenue this

sudy explores further.

“inally, a study within Uganda's East Africa Dairy Development Project (EADD) scrutinized the
“rmer trainers’ approach for disseminating feed technologies, employing exploratory surveys
2nd group discussions across Jinja, Mukono, and Mityana districts (Kiptot, Lukuyu, Franzel, &
“lace, 2017). Findings highlighted significant uptake of Napier grass (50%) and calliandra (47%),
with lower adoption (<30%) for silage, hay, lablab, leuceana, and setaria, reflecting high
“=asibility due to the peer-led model’s simplicity and variable acceptability linked to technology
“miliarity. Conducted within Uganda, this study directly informs Kigezi’s context, suggesting that
“rainer-led, localized teaching frameworks can enhance knowledge transfer, though their efficacy

Zepends on aligning content with farmers’ experiential realities a hypothesis this research

“=refully tests.

Table 6:Summary of Findings and Research Gaps

~ Research Gap

Findings

Gap Description

Author(s)

Traditional

FFS promotes hands-on
learning but requires

Resource-intensive and
costly methods limit

Butt et al. (2015),
Franzel et al.

feedback

systems

- :
A_;terrl;sa:g;:es significant resources and | widespread access in (2019), FAO
P trained facilitators low-resource settings (2018)
AKIS integrates .
Beedback stakeholders but lacks ?:if;ﬁ;;iﬁ?\f:ﬁo_ Germundsson
Mechanisms mechanisms for wav communication (2021), Franzel et
— localized, real-time y al. (2019)

‘adividual
Learning

PBL encourages
problem-solving but
depends on group
cohesion, limiting
personalization

Group-centric
approaches exclude
farmers needing self-
paced or individual
support

Easterly Il et al.
(2017), UFAAS
(2023)

F2FE and district-led

[nadequate human

Sxtension models struggle with S caraeiEy Tt Franzel et al.
Dicer high farmer-to- . an?.{ (2019), Sah et al.
SSiciency extensionists ratios and (2021)

logistical barriers

efficiency

ast-Effective
Training

ToT builds capacity but is
expensive and faces long-

High training costs and
information loss hinder

Fulgencio & Asino
(2021), UFAAS

multiple institutions

and synergy

term sustainability issues | scalability (2023)

AKIS enables cross-actor | Poorly coordinated multi- | Germundsson
“izkeholder exchange but is difficult | actor platforms limit (2021),
“sordination to manage across shared decision-making | McDonough

(2019), Rivera et
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al. (2005), FAO
(2018)

Local knowledge transfer

Farmer-to- is strone but scalabilit Lacks formal structure Taylor & Bhasme
Farmer g . y for feedback and broader | (2018), Franzel et
. and systematic C
Extension : replication al. (2019)
documentation are weak
Multimedia aids
File Storage understanding but large | Infrastructure constraints | Mayer (2017),
and files pose data storage hinder file retrieval in Mutlu-Bayraktar
Accessibility and offline access remote areas etal. (2019)

challenges

Support for

Multimedia improves
learning but rural users

Inadequate use of audio,
vernacular, and low-

Mutlu-Bayraktar

sl .
.Jultlple Media require inclusive formats | bandwidth tools hinders etal. (2019),
Forms . . . UFAAS (2023)

across literacy levels inclusivity

Trainings provide

knowledge bursts but Absence of ongoing Kiptot et al.

Sustainability
of Info Flow

lack mechanisms for
continuous support post-
intervention

access weakens retention
and practical application

(2017), Sah et al.
(2021)

Multimedia can

Poor content curation

Ozoda & Nigina

Information overwhelm farmers 3
Overload without structured reduc-e silearning £20z1), Mayer
: effectiveness (2017)

guidance

!Ex1stmg odels George Stanley &
u - inadequately reflect Frameworks are not
daptability to specific social, cultural localized or demand- Nafiu (2021),
Local Contexts | °P . : MAAIF (2016),

and agro-ecological
realities of Kigezi

driven

UFAAS (2023)

Mobile tools improve

User- B Widcbunicl sl Complex interfaces and Sanga et al.
Friendliness MR P g lack of training reduce | (2016), FAO
; deters adoption among

and Adoption . uptake (2018)

low-literacy users
E Mass media prefel.'red, lelted. o Munyua (2017),
Multilingual but language barriers translation/localization
E . . Franzel et al.
Support reduce access to digital excludes non-English- (2019)

tools speaking farmers
E : : Lack of real-time van den Berg et
feal-Time Info often arrives late . .
Bodates due to structural delays advisory data hinders al. (2023), Sah et

P timely farming decisions | al. (2021)

3 s Ramjattan et al.
ortring and | AL Slimtatorsbsent | Wesfcoboeloons | oo Urans
praluation interventions imgrovement ° (2023, Menlp

(2016)
AKIS fosters interaction Simona et al.
. ’ Fragmented tools reduce
. ... | butlacks integration . 2 (2020),
‘ateroperability wiith esisting disil efficiency and hinder GEFihidEET
gdig system-wide data flow
systems (2021)
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2.7 Literature Review Conclusion

This chapter reviewed theoretical and empirical literature relevant to designing a mobile
“zaching-learning framework for bridging the agricultural extension gap in resource-constrained
“=gions like Kigezi. Foundational theories such as Mayer’s Multimedia Learning Theory (2017),
fnowles’ Adult Learning Theory (1968), and Bandura’s Social Learning Theory (1977) along with
“=chnology adoption models like TAM (Davis, 1986), UTAUT (Venkatesh et al, 2003), Task-
“echnology Fit Theory (Goodhue & Thompson, 1995), and Actor-Network Theory (Latour, 2005),

=mphasized the importance of aligning content delivery with adult learners’ needs, socio-cultural

“Synamics, and the interplay between human and technological actors.

“mpirical analysis of existing extension models including FFS, PBL, ToT, AKIS, and F2FE
“izhlighted strengths in participatory learning but revealed challenges such as limited scalability,
“ast inefficiency, poor stakeholder coordination, and inadequate adaptability to local contexts
Sutt et al,, 2015; Franzel et al.,, 2019; Germundsson, 2021; UFAAS, 2023). Studies also identified
Jersistent barriers such as language exclusion, delayed information flow, and limited post-

“T=2ining support (Munyua, 2017; van den Berg et al,, 2023; Kiptot et al., 2017).

“hese findings underscore the need for a simplified, context-sensitive, and mobile-enabled
ework grounded in Uganda’s NAEP and NAES (MAAIF, 2016), and informed by
mmendations from UFAAS (2023), FAO (2018), and Franzel et al. (2019). The proposed
ized framework addresses key gaps by emphasizing multilingual access, modular content,
-time feedback, and interoperability, offering a pragmatic solution to enhance extension

ices and learning outcomes in under-resourced settings like Kigezi.
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CHAPTER THREE

RESEARCH METHODOLOGY

2.1 Chapter Overview

- 1is chapter outlined the methodological framework utilized to accomplish the study’s specific
“ojectives. The methodology comprised the study’s philosophical basis, research paradigm,
“esign, approach, target population, sample size determination, sampling techniques, data
~allection methods, tools and instruments, data quality control measures (validity and
“=iability), data analysis plan, and ethical considerations. The chapter detail how each objective
W=s achieved: Objective 1, which analyzed existing agricultural extension frameworks, employed
a systematic review involving study identification, search strategy, inclusion and exclusion
=teria, data extraction, analysis, and quality assessment; Objective 2, which developed a
“s=mework for a mobile agricultural extension application, incorporated framework design,
~=welopment, model testing, and the application of Unified Modelling Language (UML); and
iective 3, which assessed the initial feasibility and acceptability of the developed application,
=ized units of inquiry and analysis, supported by a data collection and analysis plan. This

red methodology ensured a comprehensive and targeted investigation.

Research Philosophy

= study adopted a pragmatic paradigm, characterized by a relational epistemology, a non-

zular reality ontology, and a mixed-methods methodology. This paradigm held that research

mdation on both epistemology and ontology, providing a robust and adaptable framework for

ressing the agricultural extension gap.

Ontology

ogy, as the study of being, explored the nature of existence, the structure of reality, and
=t could be known about the world (Lawson, 2019). It focused on the types of entities existing
society and the assumptions about their reality (Gelfert, 2017). The study applied
wlogy to Objective 1, which reviewed and analyzed existing agricultural extension

=meworks. It assumed a reality composed of tangible frameworks while recognizing diverse
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“antextual interpretations, reflecting a critical realist perspective. This approach facilitated an
=zamination of the frameworks’ objective characteristics alongside their relevance to Kigezi's

specific conditions.

2.2.2 Epistemology

“pistemology addressed the nature, possibility, scope, and legitimacy of knowledge, what could
2 known and how (Escobar et al., 2020). [t defined acceptable knowledge within a discipline and
“ansidered differing approaches to studying natural and social worlds (Code & Lorraine, 2017).
“he study utilized epistemology for Objective 2, which developed a framework for a mobile
szricultural extension application. It assessed the feasibility of designing the framework and
“oplication, identifying the necessary knowledge and requirements. A pragmatic epistemological

“ance integrated varied insights, ensuring the framework’s practical viability.

3.2.3 Axiology

~xiology, the study of values, incorporated ethics and aesthetics, examining what was valuable
“nd how values influenced research (Escobar et al., 2020). Although not a standalone philosophy,
= played a critical role in shaping the research process by embedding ethical and value-based
“ansiderations. The study applied axiology to ensure the teaching-learning framework was

=hically sound, valuable, and aligned with the Kigezi community’s needs, as follows:

Ethical Considerations: The study secured informed consent from participants (the key
agricultural extension stakeholders), maintained confidentiality, and upheld beneficence to
benefit participants without causing harm.

Valuable Outcomes: It developed a relevant framework tackling farmers’ challenges, ensured
utility through adoptable methods, and promoted sustainability for long-term impact.
Researcher Values: The investigation maintained transparency regarding personal values
and mitigated biases through reflexive practices.

Participant Empowerment: It engaged stakeholders in framework development and
provided capacity-building resources.

Social Justice and Equity: The study ensured inclusivity across socio-economic groups and
addressed barriers to equitable extension services.

e integration of ontology, epistemology, and axiology clarified the research approach and

methodology. It established coherence between objectives, methods, and interpretations,
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=nsuring the study was philosophically grounded, methodologically robust, and contextually

Zppropriate.

Selow is a table that summarizes different research paradigms along with their associated

shilosophical assumptions:

Table 7:Research paradigms and philosophies

Ontology Epistemolog Axiology e —
Faradigm (Nature of |y (Nature of | Methodology | (Role of Methods
Reality) Knowledge) Values)
Realism: One | Objectivism: | Experimental, Valye: HEpetImOs
- R . free: ,  surveys,
Positivism objective Knowledge is | survey, o s
: ; o Research | statistical
reality independent | quantitative p 9
is neutral | analysis
Critical
Realism:
Reality is real Longitudinal
F)ut only Mo.dlﬁ?c! Experimental, | Limited studl_es,
imperfectly | Objectivism: . . quasi-
. .| survey, mixed | influence p
tivism and Knowledge is experiments
s : methods of values i
probabilistic | conjectural , mixed
ally methods
apprehensibl
@
i Subjectivism: ; ¥aluss Surveys,
. Relativism: .| Hermeneutic, are
rpretivis . Knowledge is o || focus
Multiple -~ phenomenologi | integral S
Fealites constructed el W gthng ;'a h
research grapay
o Values Case studies,
Relativism: oo ;
i - Subjectivism: L are narrative
ctivi | Multiple .| Qualitative, - .
comsiragied Knowledge is partictpatory integral analysis,
5 constructed to thematic
realities :
research | analysis
Historical
Realism:
Reality -
shaped by | Subjectivism: Values Criies!
- . . ethnography
social, Knowledge is ; drive :
e Transformative ; action
political, value- - research gsarl
cultural, mediated and |’ patory 1 gor : ’
2 discourse
economic, power-laden change analinis
ethnic, and y
gender
values
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he pragmatism paradigm emerged from philosophical critiques asserting that neither a single
rientific method, as posited by positivism, nor the constructed social reality of interpretivism
puld fully access ‘truth’ about the world. This perspective underpinned the adoption of a mixed-
rethods methodology, combining quantitative and qualitative techniques (Code & Lorraine,
017). Pragmatism rested on the premise that the most effective methods should be utilized to
westigate real-world problems, enabling the use of multiple data sources and knowledge forms
» address research questions (Escobar et al,, 2020). Ontologically, the study adopted a critical
ealist stance, acknowledging objective challenges such as resource scarcity while also

ecounting for the subjective perceptions and experiences of stakeholders.
B) Design Research Paradigm

Be design research paradigm posited that reality was contextually situated, with multiple
ealities existing according to specific settings (Lawson, 2019). This implied that the study’s
Eliverables varied by context; the teaching-learning framework derived for agricultural
Etension in the Kigezi sub-region differed from those in other settings. Consequently, the AKIS
femework provided a foundational basis for developing a contextually appropriate framework
e agricultural extension (Gelfert, 2017). While the Agriculture, Knowledge and Information
bstem Framework offered a starting point, it required adaptation to suit resource-constrained

Esions like Kigezi.

fstemologically, the design research paradigm maintained that true knowledge was attainable
Brough creation and context-based construction (Escobar et al., 2020). This stance aligned with
Farmation systems research and supported the pursuit of Objective 3, which validated the
Eaching-learning framework through a prototype. Methodologically, the paradigm emphasized
Be development and impact analysis of artifacts within composite systems, a principle reflected
B the study’s approach. Axiologically, it prioritized control, creation, and understanding, shaping

Be ethical and value-driven aspects of the research process.

F=wing on these principles, the study developed a prototype as a proof of concept for an
Ecultural extension framework that facilitated teaching and learning. This prototype was
Barmed by requirements identified under Objective 1 and underwent testing to confirm its

Feament with those foundational requirements.
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1.3 Research Approaches

3.1 Deductive Approach

e deductive approach was characterized as a method aligned with positivist principles,
“mphasizing the translation of data into testable forms to draw conclusions based on structured
“malysis (Escobar et al, 2020). It followed a sequential process: beginning with an existing
“2=ory, formulating a hypothesis, collecting data to test the hypothesis, and evaluating results to
“amfirm or refute the hypothesis (Lawson, 2019). This approach mirrored a step-by-step

“=mework, requiring completion of each phase before proceeding, akin to a linear progression.

e study applied the deductive approach to Objective 1, which analyzed existing agricultural
~=iension frameworks. A systematic review was conducted, identifying studies, employing a
~==rch strategy, and applying inclusion and exclusion criteria to extract and analyze data (Code &
~arraine, 2017). Established frameworks, such as AKIS, provided the theoretical basis, and
~wecific findings about their applicability in Kigezi were deduced through quality assessment.
“awever, this approach was not the primary fit for the study’s broader goals, as the research did
WSt aim to test predefined hypotheses but rather to explore and develop a new framework based

contextual insights.

3.2 Inductive Approach

inductive approach was rooted in a constructivist perspective, which viewed reality as
izlly constructed and emphasized understanding the meaning behind human experiences
~elfert, 2017). It involved collecting data, analyzing it to identify patterns, and constructing
“wpotheses or theories from the findings (Escobar et al., 2020). Unlike the deductive method, this
“woroach began with specific observations such as stakeholder needs and built toward broader
~==eralizations, favoring qualitative data collection and a flexible framework that allowed

“Smstments during the research process.

%= study utilized the inductive approach for Objective 2, which developed a framework for a
‘=abile agricultural extension application. Data from the systematic review (Objective 1) were
~==lyzed to identify gaps and requirements, informing the iterative design and development of
5= framework, supported by Unified Modelling Language (UML) (Code & Lorraine, 2017). This

me=thod enabled the creation of a context-specific solution for Kigezi, grounded in empirical

“=dings rather than pre-existing theories, aligning with the study’s aim to innovate rather than

===t established models. y
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3.3.3 Adductive Approach

The abductive approach was defined as a pragmatic method that combined elements of
seduction and induction, starting with incomplete observations and generating the most
slausible explanations (Escobar et al, 2020). It sought to address practical problems by
‘ “ypothesizing solutions and refining them through iterative testing (Gelfert, 2017). This
soproach was less rigid than deductive reasoning and more hypothesis-driven than inductive

T=asoning, focusing on real-world applicability.

The study adopted the abductive approach for Objective 3, which assessed the feasibility and
scceptability of the developed mobile application. Data were collected via questionnaires and
“scus groups, with units of inquiry (farmers and extension officers) and analysis centered on user
mteractions (Code & Lorraine, 2017). Initial observations of the application’s performance led to
swpotheses about its utility, which were tested and refined based on mixed-methods findings.

This approach facilitated practical validation of the framework, ensuring it met Kigezi’s needs.

“rom the evaluation of deductive, inductive, and abductive approaches, the study established that
= combination of inductive and abductive reasoning was most appropriate, reflecting the
sragmatic paradigm (Escobar et al., 2020). The deductive approach, while useful for Objective 1's
sructured analysis, was limited by its hypothesis-testing focus, which did not suit the study’s
mmnovative goals. The inductive approach proved essential for Objective 2, as it built a new
S=mework from Objective 1’s findings, addressing the scarcity of context-specific models for
Wizezi. The abductive approach complemented this by enabling Objective 3's practical
sssessment, refining the framework through stakeholder feedback. This mixed approach
‘=veraged the strengths of flexibility and real-world relevance, overcame the deductive method’s
=zidity, and provided a robust foundation for understanding and addressing the agricultural

=xtension gap (Code & Lorraine, 2017).
3.4 Research Perspective

This study is enclosed inside the investigation zone of ICT for development (ICT4D) and
“erefore aims at exploring different ways in which ICTs can contribute to socio-economic
Z=velopment, but places this exploration within broader theoretical and policy-level frameworks
»funderstanding. [CT4D also builds on the research strengths and reputation in “e-development”
where there is the use of information and communication technologies (ICTs) in the fields of
mternational development and human rights. In the Kigezi sub-region, the majority of
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stakeholders in agriculture extension own mobile phones, making them a valuable ICT tool for
=nhancing agricultural extension services. Implementing the Mobile Teaching-Learning
“ramework presents an opportunity to explore innovative ways to improve accessibility and
wsability of agricultural knowledge for majorly farmers and extension officers. This framework
=nables flexible, on-demand learning and advisory services, allowing farmers to access vital
zzricultural information anytime and anywhere. Additionally, it enhances the dissemination of
Sest farming practices, ultimately improving farm productivity, knowledge transfer, and

sustainable agricultural development.

35 Research Strategy

The study adopted a mixed-methods strategy to address its objectives of analyzing agricultural
=stension frameworks, developing a mobile application framework, and assessing its feasibility
= Uganda’s Kigezi sub-region. A mixed-methods strategy combined quantitative and qualitative
“=chniques within a single study to collect and analyze data (Escobar et al., 2020). It integrated
sumerical and contextual insights under a pragmatic framework (Code & Lorraine, 2017). The
=rategy employed a concurrent triangulation design, collecting qualitative data (scooping
“=view, and quantitative data (questionnaires) for Objective 1 and 3) simultaneously (Gelfert,
~117). Objective 2 synthesized findings from Objective 1 to design the framework with UML
ade & Lorraine, 2017). Quantitative data were prioritized to benchmark key variables, such as
“loption rates, while qualitative insights enriched understanding of stakeholder experiences.
This strategy aligned with the pragmatic paradigm’s emphasis on multiple methods for real-
world problems (Code & Lorraine, 2017). Concurrent triangulation enabled a comprehensive
=woloration of the extension gap, balancing objective realities (framework structures) with
subjective perspectives (user feedback) per the critical realist ontology (Lawson, 2019).
“soritizing quantitative data ensured precise relationships among variables, enhancing the

“=ady’s in formativeness and relevance for Kigezi (Escobar et al., 2020).

2.5 Research Methods

Table 8:Summary of the research methodology followed in this study

Sements Choices

“hilosophy Pragmatic paradigm

“hilosophical - Ontology: Multiple realities

~amponents - Epistemology: Practical/theoretical integration
- Axiology: Ethical, inclusive practices.
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- Methodology: Mixed-methods

Objective 1 Analyzed existing agricultural extension frameworks using a
scoping review, mapping literature to identify gaps.

Objective 2 Developed a mobile application framework based on scoping
findings, using design, development, and UML testing.

Objective 3 Assessed the framework’s feasibility and acceptability with

concurrent data collection.

Research Perspective

- ICT4D: ICT for socio-economic development in underserved areas

Research Approaches

- Deductive: Scoping review (Objective 1
- Inductive: Framework design (Objective 2
- Abductive: App testing (Objective 3

Research Design

-Multi-phase Design: Scoping for Objective 1, Developmental for
Objective 2, Evaluative for Objective 3.

Research Strategy -Mixed-methods strategy with concurrent triangulation,
techniques of data | -Questionnaire

collection

Analysis Descriptive and inferential statistics

Evaluation techniques

-Multiple regression and Factor Analysis

-Experiment using a prototype

This table is intended to aid in clearly highlighting the key choices of the research philosophy,
research approach to development of framework, methodological choice, research strategy and
techniques of data collection and analysis following these elements as provided by Saunders et
al., 2016. The first column of table 3.1 shows the methodological elements as suggested by
Saunders et al., 2016, and the second column highlights the choices made with respect to a given

methodological element.

3.7 Research Design

The study employed a multi-phase research design to structure its investigation into bridging the
agricultural extension gap in Uganda’s Kigezi sub-region. Research design was defined as the
structured framework that organized the study’s objectives into a cohesive methodological plan
(Escobar et al, 2020). It guided the integration of philosophical principles with practical
execution (Code & Lorraine, 2017). The design comprised three phases aligned with each
objective. Phase one utilized a scoping review for Objective 1, mapping existing agricultural
extension frameworks through study identification and data extraction to identify gaps (Gelfert,

2017). Phase two involved a developmental process for Objective 2, designing a mobile
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application framework based on scoping findings, using Unified Modelling Language (Code &
Lorraine, 2017). Phase three adopted an evaluative approach for Objective 3, assessing the
framework'’s feasibility and acceptability with concurrent data collection (Escobar et al.,, 2020).
This multi-phase design was chosen to reflect the pragmatic paradigm’s focus on context-specific
solutions (Code & Lorraine, 2017). The scoping review suited Objective 1's exploratory aim,
aligning with the critical realist ontology’'s view of objective realities and subjective contexts
(Lawson, 2019). The developmental and evaluative phases built logically on this foundation,

ensuring a flexible, robust approach to address Kigezi's extension needs (Escobar et al., 2020).
3.7.1 Design Science Research Methodology

The study incorporated a Design Science Research Methodology approach to guide its
investigation into bridging the agricultural extension gap in Uganda’s Kigezi sub-region. Design
Science Research Methodology was defined as a methodology that developed and evaluated
artifacts to address identified problems, involving steps like problem identification, solution
objectives, design, demonstration, evaluation, and communication (Vom Brocke et al., 2020). It

emphasized practical, user-centered outcomes (Zin & Elaklouk, 2017).

Why Design Science was selected. Design Science Research Methodology was chosen for its
suitability to problem-solving in complex environments like agricultural extension, aligning with
the study’s goal of delivering a framework artifact (Zin & Elaklouk, 2017). Its iterative, rigorous
process ensured the framework’s relevance and utility, supported by community interaction and

evaluation (Vom Brocke et al.,, 2020), making it apt for Kigezi's context.

The study applied Design Science Research Methodology by identifying the agricultural extension
problem (Objective 1), designing a mobile application framework as an artifact based on scoping
findings (Objective 2), and evaluating its feasibility with stakeholders (Objective 3). The
framework’s development drew on existing models (Akuno, 2015), was iteratively refined, and
was instantiated as shown in Figure 3.1 (Hevner & Chatterjee, 2010), engaging Kigezi's

community of practice.
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Figure 25: Design Science Research Methodology as Instantiated in this study.

Environment Design Science Knowledge
Literature review Building and Evaluation | Base
~The existing teaching of the artifact. ’ etical grounding

-framework RD (ljatuyi&

Adapted from Hevner et al. (2004); Peffers et al.( 2008)
3.7.1.1 Relevance Cycle: Problem Context and Requirements Elicitation

To investigate the strengths and weaknesses of existing teaching-learning frameworks for

agricultural extension in the Kigezi sub-region.

To assess the effectiveness of current agricultural extension frameworks by pinpointing their
strengths and limitations, the study focuses on the Kigezi sub-region’s agricultural community,
including farmers, extension officers, researchers, input suppliers, and district production and
marketing officials directly engaged in extension activities. A scoping literature review was
chosen to evaluate the strengths, weaknesses, and gaps in existing research on addressing the
agricultural extension gap. This approach was selected because, to the researcher’s knowledge,
no comprehensive scoping review has been conducted on this topic (Gutierrez-Bucheli, Reid, &
Kidman, 2022). Scoping reviews offer multiple benefits: they synthesize a dynamic body of
literature to highlight research gaps and guide future studies; their iterative process allows

flexibility; they permit inclusion of diverse literature types; and they incorporate both empirical
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studies and grey literature, such as these, practitioner journals, editorials, policy statements, and
websites (Mak & Thomas, 2022). The scoping review followed six key stages: i) defining the
research question, ii) locating relevant studies, iii) selecting studies, iv) organizing data, v)
synthesizing and presenting findings, and vi) stakeholder consultation (Hannigan, Garry, Byrne,

& Phelan, 2023).

3.7.1.1.1.The scoping review process

a) Identifying the research question

The study was driven by the question: “What are the strengths and limitations of current
agricultural extension interventions?” This question was chosen for its clarity, focus, and ability
to guide the research effectively (Snyder, 2019). It strikes a balance, being neither overly broad

nor excessively narrow (Thomas, Kneale, McKenzie, Brennan, & Bhaumik, 2019).

b) Identification relevant Studies

A thorough search strategy was employed to identify, screen, and evaluate studies addressing
teaching-learning frameworks for closing the agricultural extension gap. The review covered
articles published from 2015 to 2024 to ensure relevance to contemporary issues. An initial
search across databases produced 340 unique results, with five studies meeting the inclusion
criteria. These studies provided insights into teaching-learning frameworks for bridging the

extension gap.

c) Search strategy

The search targeted databases with robust indexing capabilities, including Google Scholar,
Agricola, CABI Digital Library, ERIC, PsycINFO, SocINDEX, Research Gate, and Discovery. It
focused on identifying articles discussing teaching-learning frameworks, such as mobile apps,
SMS, and phone calls, for improving agricultural extension. Key search terms included ‘teaching
framework,’ ‘learning frameworks,’ and ‘agriculture extension. These terms were entered
individually into each database, using Boolean operators (‘OR’ for related concepts, ‘AND’ for
combining concepts) to align with the review’s objectives. Reference lists of included studies
were also reviewed to identify additional relevant articles. Search results were imported into
EndNote X7 (Thomson Reuters, Philadelphia, PA, USA) and evaluated for inclusion based on title,

abstract, and full text.

d) Study selection criteria

80



Studies were included if they met these criteria: i) peer-reviewed, ii) complete research articles,
iii) empirical studies, iv) detailed research methodology, v) clear descriptions of technologies
used in teaching-learning frameworks for bridging the extension gap, vi) evidence of preliminary
impact, vii) published between January 1, 2015, and March 2025, and viii) available in English.
Criteria i-iv ensured high-quality original research, criterion v confirmed relevance to teaching-

learning frameworks, and criteria vi-viii supported evidence quality assessment.

e) Exclusion criteria

Studies were excluded if they did not address teaching-learning frameworks for bridging the
agricultural extension gap or were published before 2015. Non-outcome-focused works, such as
protocols, reviews, exploratory studies, editorials, letters, or position papers, were also excluded.

Studies were included regardless of design or geographic location to broaden the scope.

f) Data extraction and analysis
Data extracted from included studies included: study title/setting, objectives, design, methods,
details of the teaching-learning framework, its strengths and weaknesses, findings, and

recommendations.
g) Quality Assessment

Article quality was evaluated using Anjana and Choudhuri’s (2018) checklist, which includes
eight criteria: scholarly citations, journal impact factor (based on citation frequency), peer review
by field experts, editorial board expertise, standardized reporting, publication in high-ranking
journals, evidence of critical discourse, and journal ranking in the top 25% of agricultural

extension journals.

h) Consultation (Optional)
Consultation, an optional but valuable step in scoping reviews, involves engaging stakeholders to
improve the review’s relevance and rigor. This process entails selecting participants, planning
engagement, and collecting feedback via questionnaires. Consultation validates findings,
identifies gaps, and fosters stakeholder support, ensuring the research meets practical needs. For
instance, consulting farmers, extension officers, input suppliers, district officials, and researchers
can refine teaching-learning frameworks for extension, enhancing their effectiveness in resource-
limited settings.
A questionnaire was developed to collect data on the use of technology in extension teaching and
learning, current methods, challenges faced, and expectations for a potential new system. The
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study targeted a population of 2,863, including 196 extension officers, 2,519 farmer groups, 49
researchers, 48 input suppliers, and 49 district officials, as reported by District-Production-
Office-Report (2023), NEAS-Report (2023), and USAID (2023a). The sampling frame is detailed in
Table 7.

Table 9:The Sampling Frame

Agricultural | Farmers | Agricultural | Input District production
extension groups | researchers | suppliers | and market officers
officers

KABALE 40 401 9 11 9

RUKUNGIRI | 37 960 8 10 8

KANUNGU | 47 318 10 9 8

KISORO 27 233 8 7 8

RUBANDA | 28 236 7 6 8

7 5 8

RUKIGA 17 371

otal 101

Source: (District-Production-Office-Report, 2023; NEAS-Report, 2023; USAID, 2023a)

3.7.1.2 Sampling Size and Sampling Techniques

The study focused on two (2) districts from the six districts in the Kigezi sub-region. This
selection was made due to the extensive geographic scope and large respondent population, with
two districts deemed sufficient to represent the region given its similar geographic and
demographic traits. The sample was chosen using a homogeneous purposive sampling technique.
This method involves selecting a sample based on shared characteristics (Casteel & Bridier,
2021). Likewise, Nyimbili and Nyimbili (2024) describe homogeneous sampling as a technique
that groups the sample by similar traits, treating each group as an independent subset within the

broader sample.

These authors further note that homogeneous sampling minimizes variation, streamlines
analysis, and supports group discussions. Accordingly, this study categorized the Kigezi districts
by age and topography (altitude). The first group comprised older districts (Kabale, Kanungu,
Rukungiri, and Kisoro), established for over 20 years, while the second group included newly
formed districts (Rukiga and Rubanda), created less than 10 years ago. Older districts generally
possess better infrastructure and resources to support agricultural extension workers, whereas
newer districts have less developed facilities. From the older districts, Kisoro was selected due to
its highest altitude of 1,929 meters (6,329 ft) above mean sea level (Rose et al.,, 2019). Among the
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newer districts, Rubanda was chosen for its highest altitude of 2,347 meters (7,700 ft.) above sea
level (Mugagga, Nimusiima, & Elepu, 2020). High-altitude districts were prioritized as their
challenging topography necessitates greater reliance on technology for agricultural extension
officers to reach farmers. Consequently, the sampling frame for respondents was outlined in

Table 8.

Table 10: Sampling Frame

DlStl‘lCt

Agrlcultural B

A Agncultural -

Farmers o productlon i
extension groups researchers | suppliers and market officers
DISTRICT officers
KISORO 27 233 8 7 8
RUBANDA 28 236 7 6 8

Source (Drsmct—Productmn Oﬂ‘" ice- Report 2023 NEAS-Repart 2023 - USA!D 2023a)

The Yamane's formula of 1973, which governs the sample selection procedure, was used to
determine a manageable sample size from the 568 respondents. Yamane (1973) stated the
following formula which would be used to establish the sample size:

n=N/(1+N (e?)),

n =568/ (1+568 (.052)),

n= 235 respondents

Where n = Sample size. e = Margin of error 5% with a 95% confidence level, N = Study
population.

The number of respondents from each stratum to be involved in the sample was determined
using probability proportion allocation method (Wheeler, Cohen, Xiong, Lee, & Choi, 2021), as
indicated in table 11.

Table 11:The sampling frame

S/n | Stratum Population | Probability | Representative
Proportion | sample

1 Agricultural extension officers 55 .096 23

2 Farmers groups 469 826 194

3 Agricultural researchers 15 026 6
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4 Input suppliers 13 023 5

5 Production and market officers 16 .028 7

Total | TOTAL 568 1 235

Source: (District-Production-Office-Report, 2023; NEAS-Report, 2023; USAID, 2023a)

The summary for the sampling frame of respondents together with the sampling techniques and

data collection methods is as shown in table 12

Table 12: Study sampling techniques and data collection methods

Stratum Population Sample size Sampling technique
size

Agricultural extension officers 55 23 Simple random

Farmers groups 469 194 Purposive

Agricultural researchers 15 6 Simple random

Input suppliers 13 5 Simple random

Production and market officers 16 7 Simple random

Total 568 235

Source: Developed by the researcher basing on reports from (District-Production-Office-Report,

2023; NEAS-Report, 2023; USAID, 2023a).

3.7.1.3 Data Collection Methods

Data collection is defined as the process of gathering information for research purposes
(Manders et al.,, 2018). This study utilized a quantitative approach, collecting data from primary
sources. According to M. S. Rahman (2020), primary data involves firsthand information gathered
for analysis to address research problems. In this objective, primary data was obtained through
questionnaires. Thus, the chosen data collection method was a questionnaire survey. A self-
administered, closed-ended questionnaire was distributed to agricultural extension officers,
researchers, farmer groups, input suppliers, and production and market officers. Anonymity was
ensured as respondents were not required to provide their names, encouraging candid responses
to sensitive questions. Prior to distribution, all respondents received a briefing, allowing the
researcher to clarify any questions and collect completed questionnaires immediately. This

approach contributed to a high response rate.
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3.7.1.4 Data Collection Instruments

A self-administered questionnaire served as the primary tool for data collection from
respondents. The questionnaire featured closed-ended questions based on a 5-point Likert scale
(5 = Strongly Agree, 4 = Agree, 3 = Not Sure, 2 = Disagree, 1 = Strongly Disagree), as detailed in
Appendix 1. This method was selected for its cost-effectiveness, minimal bias, accuracy in
responses, and ability to maintain confidentiality. The questionnaire was divided into three
sections: the first section captured demographic details of respondents, such as age, highest
education level, years of service, and position; the second section assessed strengths; and the

third section evaluated weaknesses.

3.7.1.5 Quality Control

Quality control refers to the procedures and methods employed to ensure accurate data
collection, management, and application for its intended purpose (Lutti et al, 2022). Although
standardized data collection tools were adopted, their validity and reliability were tested due to
the unique study context. Data quality was maintained by assessing validity and reliability, as

outlined below.

3.7.1.5.1. Validity

To ensure clarity of language, content relevance, and comprehensiveness, the researcher
consulted research experts to refine the questionnaires and address potential errors. The
finalized questionnaires were pre-tested with a select group of respondents to verify the tool's
validity. Validity indicates the degree to which the instrument accurately measures the
phenomenon under study (Lutti et al.,, 2022). The Content Validity Index (CVI) was calculated to

confirm the validity of the data collection tool, using the following formula:

CVI=—
YR

Where

N = the total number of items

n = the number of items to be rated as quite relevant or very relevant in the questionnaire

Since the CVI of the data collection tool was above 0.70, the items were considered relevant and

valid in the study (Huang, Zhao, Ou, Qin, & Wan, 2022).

Table 13: Content Validity results

Variable Content Validity Index No. of items
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Framework Strengths 0.802 11

Framework Weaknesses 0.873 10
Source: Primary data 2023

3.7.1.5.2. Reliability

Reliability is the extent to which a research instrument yields consistent results across the
various items when it is administered again at a different point in time (Yu et al, 2021). Testing
reliability was measure the extent to which the instrument can produce consistent scores when
the same group of individuals is repeatedly measured under same conditions. The Cronbach’s
alpha provides a coefficient of inter-item correlations, that is, the correlation of each item with
the sum of all the other relevant items, and is useful for multi-item scales (Park & Yu, 2021). Only
10 of the respondents who were not considered in the final study were subjected to a pilot study
and their responses analyzed using Statistical Package for Social Scientists (SPSS version 25). The
tool was deemed fit for the study since Cronbach’s Alpha coefficient was more than the
recommended 0.7 for both framework strengths and weaknesses (Qudratuddarsi, Hidayat, Nasir,

Imami, & bin Mat Nor, 2022) as shown in table 14.

Table 14:Reliability results

Cronbach Alpha No. of items
Variable Coefficient (a)
Framework Strengths .707 11
Framework Weaknesses .709 10

Source: Primary data 2023

3.7.1.6 Research Procedure

After the faculty approved the research proposal, the dean of the faculty of computing and
informatics was contacted for an introduction letter. The Mbarara University Research Ethics
Committee (MUREC) and the Uganda National Council for Science and Technology (UNCST) were
then consulted for ethical approval, respectively. The introductory letter was presented to the
chief administrative officer of each district seeking permission to conduct research in that
district. The respondents who hold fixed work premises were found at their work stations by the
researcher herself. Then the farmers were contacted by making appointments with farmer group
heads who gathered in one suitable and convenient place from which the questionnaires were

administered. The researcher handled the administration and data gathering on her own.
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3.7.1.7 Data Management

The data from the returned surveys was cleaned and coded to remove duplicate entries and
missing information. Data analysis was done with SPSS Version 25.0. The demographic traits
were examined using percentages and frequencies. The participants’ levels of agreement were

calculated using the mean and standard deviation.

3.7.1.8 Data analysis

After collecting the data, it was processed and prepared for analysis to make it as error free as
possible. It was coded and uniformly entered so as to reduce the several replies into a small
number of classes. It was classified according to similar attributes and the large volumes data
was reduced into small homogeneous groups and lastly tabulated to ensure a concise and logical
order. Descriptive statistics (percentages, frequencies, mean and standard deviation) were used.
Background demographic characteristics were analysed using descriptive statistics (percentages

and frequencies) so as to meaningfully describe the distribution of scores.
3.7.2 Design Cycle: Framework Development and Validation

This phase focused on designing, implementing, and validating the Mobile Teaching-Learning
Framework (MTLF) to address the agricultural extension gap in Uganda’s Kigezi sub-region. The
design was guided by the Design Science Research Methodology (DSRM), integrating iterative

user feedback, empirical data, and user-centered principles.
3.7.2.1 From Requirements to Framework Design

Insights from the relevance cycle including findings from the scoping review and stakeholder
survey were synthesized to define functional and contextual requirements. These were
documented in the Framework Requirements Specification Document (FRSD), which became the

blueprint for the MTLF design.

The researcher adopted the User-Centered Design (UCD) process (ISO 13407), involving five

activities:

a) Planning the Human-Centered Process: Using SPSS-processed field data, the researcher
identified systemic gaps in existing extension approaches. A collaborative project team

was formed to ensure iterative alignment with stakeholder needs.
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b) Understanding and Specifying the Context of Use: The operational environment across
Kigezi districts was studied through structured observations and field engagements,

focusing on literacy, connectivity, and sociocultural dynamics.

c) Specifying User and Organizational Requirements: Profiles of farmers, extension officers,
and other actors were developed to define critical system functions such as localized

content delivery, multilingual support, offline access, and two-way communication.

d) Producing Design Solutions: Co-design sessions with users informed the initial design of
the framework, which was then operationalized into a mobile application prototype

AgriAccess to facilitate knowledge exchange.

e) Evaluating the Design: Expert validation and user feedback (described below) were used

to iteratively refine the MTLF.
3.7.2.2 Framework Testing and Validation
The MTLF was evaluated using a two-tiered validation strategy:

3.7.2.2.1 Expert Evaluation Using Artifact Criteria

Ten experts including extension officers, ICT specialists, and smallholder farmers were
purposively selected to review the conceptual framework. Evaluation followed Prat et al.’s
(2014) artifact dimensions: Goal (validity, efficacy), Environment (contextual fit), Structure

(clarity, completeness), Activity (usability, performance), and Evolution (scalability)

Responses were collected using a structured tool combining Likert scales and open-ended
questions. The findings informed adjustments to improve the MTLF’s contextual and structural

clarity.

3.7.2.2.1 Prototype Testing with End-Users
The AgriAccess app, embodying the MTLF, was deployed to a purposive sample of farmers,
extension agents, and agricultural officers. System log analysis provided insights on usage

patterns, interaction frequency, and error rates.

Concurrently, users participated in a UTAUT-guided usability survey, designed around four
constructs: Performance Expectancy, Effort Expectancy, Social Influence, and Facilitating

Conditions.
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This dual evaluation approach allowed triangulation of quantitative system performance data
with qualitative user perceptions. Results showed the framework’'s feasibility within
infrastructural constraints and its acceptability across diverse user groups. Based on these

findings, iterative improvements were made to the design and content.

3.7.3.1. Sample Size Determination (Population, Sample Size, and Sampling Method)

To evaluate the feasibility and acceptability of the Mobile Teaching-Learning Framework (MTLF),
the study employed a purposive sampling strategy, drawing participants from key agricultural
stakeholders in the Kigezi sub-region. This approach was guided by the population statistics
outlined in Table 3.3, which included: 23 Agricultural Extension Officers, 194 Farmer Groups, 6

Agricultural Researchers, 5 Input Suppliers, and 7 District Production and Marketing Officers

Purposive sampling was selected to ensure depth of insight while maintaining logistical feasibility
in a topographically challenging and resource-constrained environment. This method
emphasized the selection of information-rich cases those with direct experience in teaching and

learning within agricultural extension over statistical generalizability (Patton, 2015).

The target sample aimed to achieve thematic saturation, in line with qualitative research
guidelines for exploratory and expert-focused studies. According to Creswell and Poth (2018), a
purposive sample of 5 to 25 participants is sufficient for capturing in-depth perspectives,
particularly in homogeneous or professional populations. Similarly, Guest, Bunce, and Johnson
argue that saturation often occurs within the first 12 surveys in well-targeted samples.
Accordingly, the final sample comprised 17 participants: 5 Agricultural Extension Officers, 6
Farmer Groups (represented by group leaders), 2 Agricultural Researchers, 2 Input Suppliers,

and 2 District Production and Marketing Officers

Selection was based on criteria such as geographical diversity, involvement in agricultural
extension activities, training exposure, and enterprise focus. This ensured representation across
various agro-ecological contexts and farming systems within Kigezi. The sampling process
adhered to the guidelines proposed by Etikan, Musa, and Alkassim (2016), who advocate

purposive sampling for studies seeking expert perspectives in applied fields.

Table 15:Population, Sample Size, and Sampling Method

Stakeholder Group Population Sample Size Sampling Method
(Table 12)
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Agricultural 23 5 Purposive (district diversity, training

Extension Officers experience)

Farmer Groups 194 6 Purposive (enterprise type,
geographic spread)

Agricultural 6 2 Purposive  (senior expertise in

Researchers framework design)

Input Suppliers B 2 Purposive (key informants on
resource provision)

Production and 7 2 Purposive (policy and market linkage

Market Officers expertise)

Total 235 17

Adapted from reports from (District-Production-Office-Report, 2023; NEAS-Report, 2023; USAID,
2023a).

3.7.3.2 Data Collection Method

Following the framework testing phase, data collection focused on gathering structured feedback
to assess the MTLF's feasibility and acceptability. A survey instrument grounded in the UTAUT
model was administered to the 17 purposively selected stakeholders. This approach allowed for
a systematic evaluation of user perceptions regarding the system's usefulness, ease of use, social

support, and availability of enabling infrastructure.

This feedback mechanism complemented previously collected system log data by providing
insight into users’ subjective experiences and attitudes, thereby enabling a holistic assessment

aligned with the DSR evaluation cycle.

3.7.3.3 Data Collection Tool

The primary evaluation tool was a UTAUT-based questionnaire, incorporating Likert-scale and
open-ended questions targeting core constructs (Performance Expectancy, Effort Expectancy,
Social Influence, and Facilitating Conditions). This instrument was pretested for contextual

clarity and cultural alignment within Kigezi.

Reliability was maintained through a standardized administration protocol, while the inclusion of
qualitative prompts allowed for triangulation of survey findings with observed user behaviors

captured through usage data.
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3.7.3.4 Data Analysis

Survey responses were analyzed using descriptive statistics (via SPSS) to identify central
tendencies and patterns across the four UTAUT domains. Open-ended responses were subjected
to content analysis, which extracted themes relating to user satisfaction, technical challenges, and

improvement needs.

Insights from this analysis informed final framework adjustments, focusing on improving
usability (e.g. streamlining navigation), addressing digital barriers, and aligning content more

closely with user priorities and farming contexts.
3.7.4 Application Usage Summary

System logs provided quantitative indicators of user interaction such as module access
frequency, session duration, and task completion rates. These metrics were aggregated and

visualized through charts and tables to reveal usage trends.

Combined with stakeholder feedback, the findings highlighted both functional strengths (e.g.,
offline accessibility) and limitations (e.g., chatbot responsiveness), which were fed back into the

design process to improve the application’s relevance, reliability, and scalability.

3.7.5 Rigor Cycle: Grounding and Contribution to Knowledge

The Rigor Cycle was central to grounding the Mobile Teaching-Learning Framework (MTLF) in
well-established theoretical models, ensuring both academic robustness and practical relevance.
Drawing from an extensive body of prior research, this study synthesized theory, empirical
evidence, and policy alignment to produce a context-sensitive, scalable solution for agricultural

extension in resource-constrained regions like the Kigezi sub-region.

3.7.5.1 Theoretical Grounding of the MTLF Framework

The MTLF is underpinned by four key theoretical and conceptual frameworks that informed its

structure, components, and evaluation criteria:

Agricultural Knowledge and Information System for Rural Development (AKIS/RD): This
foundational framework emphasizes the interaction among farmers, extension agents,
researchers, and institutions in generating, sharing, and utilizing agricultural knowledge. The

AKIS/RD model was adapted and localized to suit the fragmented, under-resourced extension
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ecosystem in Kigezi. The study enhanced this model by incorporating digital communication

channels and community-based learning nodes.

Mobile Learning Theory: This theory guided the pedagogical aspect of the framework. It supports
learning anytime, anywhere through portable devices and focuses on interactivity, learner
engagement, and media-rich content delivery. The MTLF incorporated these principles to ensure
accessibility, relevance, and engagement for farmers using smartphones or basic mobile phones,

thus overcoming barriers posed by limited physical extension access.

Unified Theory of Acceptance and Use of Technology (UTAUT): UTAUT provided the behavioral
model used to assess user intention and system adoption. Constructs such as performance
expectancy, effort expectancy, social influence, and facilitating conditions were embedded into the
evaluation of the AgriAccess mobile app. These factors were essential in testing the feasibility

and acceptability of MTLF among farmers and extension workers.

Information Systems Evaluation Framework (Prat et al, 2014): This evaluation model was
employed to rigorously assess the framework's goals, environment, structure, activities, and
evolution. It allowed for a layered analysis of the artifact’s effectiveness and alignment with
stakeholder needs and research objectives. Expert evaluation based on this model led to critical

refinements in the final MTLF version.
3.7.5.2 Unique Contributions of the MTLF to ICT4Ag

The Mobile Teaching-Learning Framework offers novel contributions to the growing field of ICT

for Agriculture (ICT4Ag):

It integrates pedagogical models into agricultural extension design, bridging the gap between

content delivery and adult learning in rural communities.

It applies mobile technology not merely as a communication tool, but as an interactive,

multimedia-driven learning environment tailored for semi-literate users.

The framework accommodates offline functionality, audio-visual learning aids, and expert-

assisted chat features, making it especially viable in remote or low-bandwidth areas.
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It adopts a user-centered co-design approach, involving farmers, extension officers, and domain

experts, thus increasing the framework’s contextual accuracy and local ownership.

By testing the framework using both UTAUT-based constructs and Prat et al’s layered IS
evaluation model, the study sets a new standard for multi-dimensional evaluation of mobile

agricultural learning tools.
3.7.5.3 Alignment with National Policy and Scalability Potential

The MTLF aligns closely with Uganda’s National Agricultural Extension Policy (NAEP) and
National Agricultural Extension Strategy (NAES), which promote ICT integration, decentralization,
and demand-driven services. The framework’s mobile-first design supports outreach to
underserved populations, including women, youth, and persons with disabilities, groups

identified in NAEP as having limited extension access.

Its modular structure allows for easy content localization, updates, and thematic expansions
(forexample, pest control, climate-smart agriculture), making it adaptable for nationwide rollout

and cross-border scaling to similar agro-ecological zones in Sub-Saharan Africa.
3.7.5.4 Integration with the Knowledge Base Cycle

The Knowledge Base Cycle provided a systematic mechanism for translating research insights into
practice. Through this cycle, the study ensured wide dissemination of findings via: Research
presentations and reports; Academic publications; Demonstration of the AgriAccess Mobile App,

which operationalized the MTLF framework.

This approach emphasized practical utility, enabling decision-makers and extension actors to see
not only the theoretical rationale but also the day-to-day impact of the framework in improving

agricultural learning and advisory services in marginalized settings.
3.7.5.5 Ethical and Research Rigor Assurance

Ethical standards were upheld throughout the research process. Participants were fully
informed, participated voluntarily, and could withdraw at any stage. No incentives were given,

and all responses were anonymized using coded identifiers to protect privacy.
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To ensure data quality and integrity: Responses were double-verified during encoding; Survey
tools were pre-tested; The study received formal ethical approval from both MUST-REC and the
Uganda National Council for Science and Technology (UNCST).

These measures underscore the research’s commitment to both academic rigor and ethical

excellence in human-centered design.
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CHAPTER FOUR

REQUIREMENTS FOR THE DESIGN OF A MOBILE TEACHING-LEARNING FRAMEWORK.

4.0 Results for Objective 1: To analyze the strengths and weaknesses of existing teaching-

learning frameworks used in agricultural extension within the Kigezi sub-region.

4.1 Chapter Overview

This chapter presents the research findings related to Objective 1. A dual methodological
approach was employed, consisting of a scoping literature review and a quantitative field survey.
The literature review identified the strengths and weaknesses of existing teaching-learning
frameworks used in agricultural extension. The subsequent quantitative field survey was
conducted to validate and contextualize these findings within the Kigezi sub-region, ensuring that
the insights derived from literature were grounded in local realities. The combined results from
these two methods provide a comprehensive evidence base to guide the design of the proposed

mobile teaching-learning framework for agricultural extension.

4.2. Scoping Literature Review

The scoping literature review followed a systematic six-stage methodology to evaluate current
agricultural extension interventions. First, the research question, “What are the strengths and
limitations of current agricultural extension interventions?”, was defined to guide the process.
Second, relevant studies were identified through a comprehensive search of peer-reviewed
literature from 2015 to 2024 across databases including Google Scholar, Scopus, CABI Digital
Library, ERIC, Web of Science, and Discovery, using search terms such as ‘teaching framework,’
‘learning frameworks,’ and ‘agriculture extension’ combined with Boolean operators. Third,
studies were selected based on inclusion criteria requiring peer-reviewed, English-language,
empirical articles focused on technologies for bridging the extension gap, while non-outcome-
focused works or those predating 2015 were excluded. Fourth, data were charted, extracting
details on study objectives, methodologies, and framework characteristics. Fifth, findings were
synthesized to identify patterns and gaps. Sixth, stakeholder consultation was conducted with
farmers, extension officers, and district officials to enhance the review’s relevance. The quality of
selected studies was assessed using Anjana and Choudhuri’s (2018) checklist to ensure scholarly

rigor. The step by step process the researcher followed is summarized in the table below.
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Table 16:Methodological Steps for Scoping Literature Review in Identifying Relevant

Studies
Stage Methodological Description
Step
1 Defining the | Formulated Established the research question: “What are the
Research Question guiding question strengths and limitations of current agricultural
extension interventions?” to direct the review.
2. ldentifying Relevant | Conducted Searched peer-reviewed literature (2015-2024)

Studies

database search

in Google Scholar, Agricola, CABI Digital Library,
ERIC, PsycINFO, SocINDEX, Research Gate, and
Discovery using terms like ‘teaching framework,’
‘learning frameworks,” and ‘agriculture extension’

with Boolean operators.

3. Selecting Studies

Applied
inclusion/exclusion

criteria

Screened studies for peer-reviewed, empirical,
English-language articles focused on technologies
for bridging the extension gap; excluded non-

outcome-focused works or pre-2015 studies.

4. Charting Data

Extracted relevant

Collected data on study objectives,

information methodologies, and framework characteristics

from selected studies for systematic organization.

5. Synthesizing | Organized and | Collated data to identify patterns, strengths, and

Findings analyzed extracted | gaps in agricultural extension frameworks,
data preparing for integration with survey results.

6. Stakeholder | Engaged relevant | Consulted farmers, extension officers,

Consultation stakeholders researchers, input suppliers, and district officials

to validate the review process and ensure

practical relevance.

Source: Drawn by the researcher 2025

4.2.1. Search Results

The scoping literature review yielded 340 unique records from a systematic search of databases,

including Google Scholar, Agricola, CABI Digital Library, ERIC, Research Gate, and Discovery,

spanning publications from 2015 to 2024. Using search terms such as ‘teaching framework,’
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‘learning frameworks,” and ‘agriculture extension,” combined with Boolean operators, the initial
pool was narrowed to five peer-reviewed, empirical studies that met the inclusion criteria:
English-language articles detailing technologies for bridging the agricultural extension gap.
Exclusions comprised non-outcome-focused works, such as reviews or editorials, and studies
predating 2015. Extracted data from these studies included objectives, methodologies,
framework characteristics, strengths such as scalability of mobile-based interventions,
weaknesses such as limited access to technology in remote areas and recommendations for
future research. Quality assessment using Anjana and Choudhuri’s (2018) checklist confirmed
the scholarly rigor of the selected studies, with all meeting criteria for peer review, citation
reliability, and journal ranking. Stakeholder consultations with farmers, extension officers, and
district officials corroborated the identified strengths and gaps, particularly highlighting the need

for context-specific frameworks, thus informing the subsequent quantitative survey.
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Identitication

Screenlhg

Eligibliily

Included

Records identified through Scoping
review search (2015-2024
« Sources: Google Scholar. Scopus, CABBI Digital
Library, ERIC; PsycINFO, Web of Science, Discowery,
Agricola, ScienINDEX, Research Gate
« Combined using Doucan operators, fearing mvorks,”

‘agriculture extension”
« Excluded records: Non-cimproved
V,
n=340
|
j

All 340 records were screened based on tite
and abstract:

« Excluded records: Non-peer-revieved articles

« Non-English language articles

« Articles not focused on technoologyies bridging the
extension gap

« Studies published before 2015 or non-outcome-focused
works (e g. reviews. editorials)

J

I

Full-text articles were assessd for eligibility,
applying the inclusion criteria:
« Peer-reviewed, empirical studies on agricultural
extension technologles
« Articles must address strengths and limitations of

current interventions

Studies meeting all criteria and included in
the final scoping review

n=5

Figure 26:Flow chart for the selected studies
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Table 17:Characteristics of the included studies

Study/ Study Objectives Method Locatio | Teaching- Key Findings
Author Design n Learning
(Year) Framework
Description
Butt et al. | Qualitative | To test the | Field Indonesi | Small-group, | FFS
(2015) case study | performance | observatio |a field-based enhanced
of  Farmer | ns, farmer learning via | farmer
Field School | group extension-led | adoption of
(FFS) in | discussion demonstratio | sustainable
promoting s ns. technologies
agricultural through
technologies participatory
for poverty learning.
reduction
and
sustainable
rural
livelihoods.
Easterly IIl | Mixed- To develop | Surveys, United Farmer- PBL
et al. | methods farmers’ focus State centered improved
(2017) study cognitive and | group problem farmers’
entrepreneur | discussion identification | problem-
ial skills | s and solution | solving and
through planning entrepreneur
Problem- guided by | ial skills.
Based extension
Learning agents.
(PBL) in
agricultural
extension.
Fulgencio & | Quantitativ | To evaluate | Pre/post- | Multiple | Cascade ToT  scaled
Asino e the Training | training countrie | training  of | extension
(2021) evaluation | of Trainers | assessmen | s (global | trainers  to | worker
(ToT) ts, context) | deliver capacity,
approach for | qualitative agricultural with
building surveys knowledge to | variability in
capacity farmers. trainer
among effectiveness.
agricultural
extension
workers to
transfer
knowledge
to farmers.
Germundss | Qualitative | To assess the | Stakeholde | Europe | Network AKIS
on (2021) | explorator | Agricultural |r surveys, | (Europe | integrating facilitated
y study Knowledge document | an Union | farmers, stakeholder
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and analysis context) | researchers, | collaboration
Information and but faced
System extensionists | coordination
(AKIS)  for for challenges.
promoting knowledge
mutual sharing.
learning and
innovation
among
agricultural
stakeholders.
Taylor & | Ethnograp | To examine | Semi- Uganda | Peer-to-peer | FZFE
Bhasme hic study the structured knowledge promoted
(2018) effectiveness | surveys, sharing by | peer  trust
of Farmer-to- | participant trained and
Farmer observatio farmers, technology
Extension n supported by | adoption,
(F2FE) in extension with
promoting agencies. inconsistent
peer learning information
and quality.

technology
adoption
among
farmers.

Source: Drawn by the researcher 2025
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Table 18: Description of the identified Teaching-Learning Agricultural Extension
Frameworks - Strengths and Weaknesses

Framework Actions Strengths Weaknesses
- Empowers farmers | - Resource-intensive
- Field-based, through hands-on (requires inputs, land,
participatory group learning facilitation)
’ sessions - Facilitates peer - Limited scalability due to
Farmer Field ; i
- Emphasizes exchange and logistical demands
School (FFS)(Butt et e . . R Killed
al, 2015) experiential learning | collective problem - Requires skille

and observation
- Farmer-led trials
and discussions

-solving- Encourages
adoption through
real

-time observation

facilitators and consistent
coordination

- Sustainability concerns
without ongoing support

Problem-Based
Learning (PBL) in
Agricultural
Extension(Easterly
[l etal., 2017)

- Real-life problem
scenarios guide
learning

- Interactive, case-
driven learning
environment

- Promotes
collaboration and
critical analysis

- Enhances critical
thinking and
decision-making

- Encourages learner
autonomy and
ownership

- Strengthens
capacity to address
local agricultural
challenges

- Time-consuming and
cognitively demanding

- May be inaccessible to
less literate or less
experienced farmers

- Requires high-quality
case material and skilled
facilitation

- Not optimal for large
group delivery

Training of
Trainers (ToT)
Approach(Fulgencio
& Asino, 2021)

- Selects key
individuals for
intensive training

- Cascade model:
trained individuals
replicate training in
communities

- Focus on long-term
capacity development

- Scalable and
adaptable across
contexts

- Builds local
training
infrastructure and
leadership

- Potentially cost-
effective in the long
term

- Quality assurance
challenges across layers

- Inconsistent trainer
competencies

- [nitial phase is resource-
demanding

- Requires ongoing
supervision and support
systems

Agricultural
Knowledge and
Information
System
(AKIS/RD)(ljatuyi &
Bontle, 2018)

- Multi-actor
knowledge-sharing
platform

- Links research,
education, and
extension actors

- Utilizes ICTs and
institutional
networks

- Comprehensive and
integrated approach
to information flow

- Enhances
collaboration across
institutions and
disciplines

- Accelerates
dissemination of
innovations

- Complex institutional
coordination

- Risks of excluding
digitally marginalized
farmers

- Potential information
overload without content
curation

- Requires robust
infrastructure and
continuous updates

- Sustainability relies on
strong policy and
governance support

Farmer-to-Farmer

- Local farmers share

- Low-cost and

- Variable knowledge
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Extension experiences and skills | highly relatable to quality and potential for
(F2FE)(Taylor & - Informal, peer-led local contexts misinformation
Bhasme, 2018) training and - Builds trust and - Limited geographic and
mentoring strengthens social demographic reach
- Promotes horizontal | capital - Lacks structured
knowledge transfer - Encourages farmer | feedback and validation
innovation and systems
leadership - Sustainability depends
on farmer motivation and
community cohesion

Details of all the studies identified Source: Drawn by the researcher 2025

4.2.2 Quality of Studies

All the studies included in this scoping literature review were assessed for scholarly rigor using
Anjana and Choudhuri’s (2018) Quality Assessment Checklist, which is designed for evaluating
empirical educational and social science research. The included studies scored between 64% and

90%, indicating moderate to high quality.
4.2.2.1. Quality Assessment of Teaching-Learning Agricultural Extension Frameworks

The quality of the selected studies on teaching-learning frameworks in agricultural extension was
systematically evaluated using the Anjana and Choudhuri (2018) checklist. The checklist
comprises eight core constructs, which were used to determine the inclusion and relevance of
each study: i. Clarity of research objectives and research question ii. Soundness of methodology iii.
Contextual relevance and applicability iv. Stakeholder engagement or consultation v. Transparency
in data collection and analysis vi. Documentation of results and framework components vii.
Scalability and replicability viii. Ethical considerations and policy alignment All five studies

reviewed met between 60% and 90% of the checklist indicators. Specifically:

i.  All studies clearly outlined their objectives and the structure of the teaching-learning
framework (Butt et al, 2015; Easterly IIl et al, 2017; Fulgencio & Asino, 2021;
Germundsson, 2021; Taylor & Bhasme, 2018).

ii.  Four studies demonstrated contextual alignment with agricultural extension goals in rural
or semi-urban environments (Butt et al, 2015; Germundsson, 2021; Taylor & Bhasme,

2018; Fulgencio & Asino, 2021).
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extension WOrKers, and educators (BUW et al, 4Uld; laylor & bnasme, ZUly;
Germundsson, 2021).

iv.  Two studies discussed the technological and infrastructural readiness for implementation
(Easterly Il et al.,, 2017; Germundsson, 2021).

v.  Three studies addressed framework scalability and potential for replication in similar

settings (Fulgencio & Asino, 2021; Germundsson, 2021; Taylor & Bhasme, 2018).

vii Only two studies provided information on the cost implications and sustainability
strategies for the frameworks (Fulgencio & Asino, 2021; Taylor & Bhasme, 2018).

vii.  Ethical protocols, where applicable, were referenced in four studies (Butt et al., 2015;
Easterly Ill et al., 2017; Fulgencio & Asino, 2021; Taylor & Bhasme, 2018).

This systematic quality appraisal ensured that only peer-reviewed, empirical, and contextually
grounded research was synthesized. The outcomes of this quality evaluation informed the
identification of gaps and guided the design criteria for a context-specific, mobile-based teaching-

learning framework, as proposed in the next phase of the study.

Figure 27: Assessment of studies based on Anjana and Choudhuri (2018) checklist.

Assessment of Studies Based on Anjana and Choudhuri (2018) Checklist
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4.3 Quantitative Survey results

To validate the literature findings, a survey was conducted in the Kigezi sub-region, targeting
2,863 stakeholders across Kisoro and Rubanda districts, selected through homogeneous
purposive sampling based on district age and topography. Applying Yamane's (1973) formula, a
sample of 235 respondents was drawn from 568 potential participants, proportionally
representing extension officers, farmer groups, researchers, input suppliers, and district officials.
Data were collected using a self-administered, closed-ended questionnaire structured on a 5-
point Likert scale, capturing insights on technology use, current extension methods, challenges,
and expectations. The instrument, comprising sections on demographics, framework strengths,
and weaknesses, was validated through expert consultation and a Content Validity Index (CVI)
exceeding 0.70. Reliability was confirmed with a Cronbach’s Alpha above 0.7 in a pilot study.
Ethical approvals and district permissions were secured, and the researcher directly
administered the questionnaire to ensure anonymity and achieve a high response rate. Data were
cleaned, coded, and analyzed using SPSS Version 25.0, with descriptive statistics (frequencies,
percentages, means, and standard deviations) employed to examine demographic characteristics

and stakeholder perceptions.

4.3.1. Descriptive statistics from the quantitative survey

4.3.1.1 Response rate

The table below shows the rate at which the data was provided from Agriculture extension
stakeholders (that is; farmers, extension officers, input suppliers, and production and marketing

officers, agricultural researchers).

Table 19:Response Rate Table

Unit Expected Number Actual Rate

Agriculture extension stakeholders 235 184 78.3%

Guided by the research question, “What are the strengths and limitations of current agricultural
extension interventions, as perceived by stakeholders in the Kigezi sub-region?”, the quantitative
survey achieved a 78.3% response rate among targeted stakeholders, as shown in Table 19,
exceeding the 70% reliability benchmark (Hendra & Hill, 2019). This high participation confirms
the sample’s representativeness, though the 21.7% non-response suggests potential gaps in
reaching all voices (Hendra & Hill, 2019). The robust response rate affirms the survey’s ability to

capture stakeholder perspectives critical for evaluating teaching-learning frameworks, yet the
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non-response indicates a need for refined outreach strategies in future studies (Hendra & Hill,
2019). These results enhance confidence in triangulating survey data with scoping review
findings, laying a foundation for designing a mobile-based framework that addresses identified

limitations while leveraging stakeholder insights.
4.3.1.2. Demographics Analysis.

This section provides an exclusive analysis of the demographic data of respondents, focusing on
their implications for agricultural extension frameworks in the Kigezi sub-region. The
demographics that were considered necessary and relevant to the study included; gender,
highest level of education, occupation, age group, type of mobile phone possessed and
commonest method of obtaining information extension. The breakdown of the demographics is

as shown in table 20.

Table 20:The Demographic Characteristics (N=184)

Demographic Details Frequency Percent Cumulative
characteristic eq y Percent
Male 126 68.5 68.5
Grnkier Female 58 31.5 100.0
Primary 100 54.3 54.3
; Secondary 35 19.0 73.4
Séi}éziitol?d o Diploma 19 103 837
Degree 25 13.6 973
Postgraduate 5 2.7 100.0
Farmer 146 79.3 79.3
Extension Officer 23 12.5 91.8
Occupation Input supplier 6 33 95.1
Production Officer 5 2.7 97.8
Researcher 4 2.2 100.0
18-35 15 8.2 8.2
36-45 56 30.4 38.6
AgeiGroup 46-55 64 34.8 73.4
56-65 37 20.1 93.5
66-75 10 5.4 98.9
76 and above 2 1.1 100.0
; Smart Phone 100 54.3 54.3
Type of Mobile Basic Phone 46 25.0 79.3
plone Both smart and Basic
Possessed 38 20.7 100.0
phone
Commonest farmers copying from
Method Of fellow farmers 101 = 18
Obtammg Solv1.ng problems 46 250 79.9
Information previously faced
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extension Training some farmers to

train others 14 8 a9
Organized field

Demonstrations by 15 8.2 97.8
extension officers

Networking with 4 29 100.0

Agriculture related entities

Source: Primary Data, 2025

The gender distribution of respondents: Table 20 showed 68.5% (126) were male and 31.5%
(58) female. This balance indicates inclusive representation, though male predominance suggests
potential access disparities. The gender diversity ensures the survey captures varied
perspectives for framework design, supporting equitable application. Thus, the mobile
agricultural extension framework should integrate features that address both male and female

needs to maximize inclusivity and impact.

The respondents’ highest level of education: Table 20 revealed 54.3% (100) had primary
education, 19.0% (35) secondary, 10.3% (19) diploma, 13.6% (25) degree, and 2.7% (5)
postgraduate, with data reliability enhanced by Rukiga/Runyankole. The low literacy prevalence
signals accessibility challenges (Nyaplue-Daywhea, Ahiakpa, Mensah, Annor-Frempong, & Adjei-
Nsiah, 2021). This underscores the need for simplified content, indicating a framework with

visual and audio media to engage low-literacy users effectively (Nyaplue-Daywhea et al.,, 2021).

The occupational roles of the respondents: Table 20 indicated 79.3% (146) were farmers,
12.5% (23) extension officers, 3.3% (6) input suppliers, 2.7% (5) production officers, and 2.2%
(4) researchers. The farmer-heavy sample aligns with the target audience, though diverse roles
add depth (Fernando & Yaseen, 2021). This farmer focus demands prioritized features,
suggesting a mobile framework tailored for farmers while incorporating broader stakeholder

insights (Fernando & Yaseen, 2021).

The age group of respondents: Table 20 reported 34.8% (64) aged 46-55, 30.4% (56) 36-45,
20.1% (37) 56-65, 8.2% (15) 18-35, 5.4% (10) 66-75, and 1.1% (2) 76+, all adults. The broad
age range ensures inclusivity, but the older skew raises usability concerns (Nyaplue-Daywhea et
al, 2021). This diversity supports comprehensive data, recommending a framework with

accessible formats, like videos, for all age groups (Nyaplue-Daywhea et al., 2021).
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The type of mobile phone is possessed by the respondents: Table 20 found 54.3% (100) owned
smartphones, 25.0% (46) basic phones, and 20.7% (38) both, with 75% smartphone access. This
prevalence indicates digital readiness, though basic phone users require inclusion (Nyaplue-
Daywhea et al., 2021). The majority’s smartphone access supports advanced features, suggesting
a framework with market updates and expert links, adaptable for basic phones (Nyaplue-

Daywhea et al.,, 2021).

The commonest method of obtaining extension information: Table 20 showed 54.9% (101)
used farmer-to-farmer methods, 25.0% (46) problem-solving, 9.8% (18) training trainers, 8.2%
(15) field demonstrations, and 2.2% (4) networking. Peer reliance risks misinformation despite
popularity (Hailemichael & Haug, 2020). This community trust highlights engagement potential,
but quality issues demand oversight, indicating a mobile framework enabling peer sharing with

expert validation for reliable content (Hailemichael & Haug, 2020).

4.3.1.3. Introduction to strength and weaknesses of the current agricultural extension

frameworks

Quantitative data was entered in SPSS version 25 basing on the anchors; strongly Disagree (SD
=1), Disagree (D =2), Neutral (N=3), Agree (A=4), Strongly Agree (SA=5). However, item analysis
was conducted basing on the following conditions; strongly agree and agree were taken to mean
agree while strongly disagree and disagree were also taken to mean disagree; the following
symbols were used; Disagree (D), Neutral (N), Agree (A), f=Frequency, %= Percentage and Std.
dev=standard deviation. The items (constructs) were arranged in descending order beginning
with the one with the highest mean as shown in the tables below. The item was further analysed
using mean and standard deviation so as to establish how strong the existing frameworks are.
Mean was interpreted basing on the following ranges; a mean between 1.0 - 1.80 was taken to be
very low, a mean of 1.81 - 2.60 was low, a mean of 2.61 - 3.40 was moderate, a mean of 3.41 - 4.20
was high and a mean of 4.21 - 5.00 was very high as adopted from Noonpakdee, Phothichai,
Khunkornsiri, and Nuntree (2020).

4.3.1.4. Strengths of the current agricultural extension frameworks

The results for each item that was used to measure the strengths of the existing agriculture

extension frameworks were presented in table 4.6.
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Table 21 : The strengths of the current agricultural extension frameworks

Strengths of existing framework

Disagree

Neutral

Agree

F

%

F

%

F

%

Mean

Std.dev

The agricultural extension
methods encourage multi-
stakeholder participation

17

9.2

7

3.8

16087.0j

4.5489

99056

The agricultural extension
methods being used empower
farmers through hands-on
experience

16

8.7

2.2

164i89.1

4.5109

97504

The agricultural extension
methods being used match our
cultures

L5

8.2

13

7.1

15684.8

4.4511

99056

The agricultural extension
methods being wused enable
sharing large  amounts  of
knowledge and skills

101

54.9

54

29.3

29

15.8

2.3804

1.17201

The agricultural extension
methods being used are cheap

130

70.7

24

13.0

30

16.3

2.3478

1.06545

The agricultural extension
methods being used packed their
information to suit our local needs

117

63.6

26

14.1

41

4.3

2.3207

1.26336

The agricultural extension
methods being used enable
farmers to solve problems

138

75.0

14

7.6

32

17.4

2.2717

1.08747

The agricultural extension
methods being used help to obtain
information from many different
agricultural entities

117

63.6

35

19.0

32

17.4

2.2663

1.14984

The agricultural extension
methods being used enable
farmers to learn
independently/privately

163

88.6

4.9

12

6.5

1.7609

87926

10

The agricultural extension
methods being used encourage
creativity and innovation

168

91.3

3.3

10

5.4

1.7174

81417

11

The agricultural extension
methods being used encourage
rapid/fast information flow

167

90.8

4.9

4.4

1.6685

84536

Source: Primary Data, 2025

What is the extent of multi-stakeholder participation encouraged by current agricultural

extension methods in the Kigezi sub-region? Table 19 showed 87.0% (160) of respondents

agreed, with a high mean of 4.5489 (SD=0.99056). This strong agreement suggests robust

stakeholder engagement, though variability indicates uneven participation. The high mean

affirms the methods’ inclusive potential, supporting framework effectiveness (Nyaplue-Daywhea
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et al., 2021). The mobile framework should thus integrate features fostering multi-stakeholder

collaboration to enhance sustainability (Nyaplue-Daywhea et al., 2021).

Do current agricultural extension methods empower farmers through hands-on experience?
Table 19 indicated 89.1% (164) agreed, with a high mean of 4.5109 (SD=0.97504). This
consensus highlights effective experiential learning, though slight variability suggests context-
specific gaps. The strong mean underscores empowerment capacity, vital for skill development
(Phanith, Hoa, & Dacuyan, 2023; Jones et al, 2023). The mobile framework should prioritize
interactive, practical tools, like training videos, to sustain hands-on learning (Phanith et al., 2023;

Jones et al,, 2023).

Do current agricultural extension methods align with respondents’ cultural contexts? Table
19 revealed 84.8% (156) agreed, with a high mean of 4.4511 (SD=0.99056). This alignment
indicates cultural appropriateness, though some dissent suggests areas for refinement. The
strong mean supports method acceptance, crucial for adoption (Sprayberry, 2024; Nguyen,
2024). The mobile framework should embed culturally relevant content, balancing tradition with

innovation to ensure resonance and uptake (Sprayberry, 2024; Nguyen, 2024).

Do current agricultural extension methods enable sharing large amounts of knowledge and
skills? Table 19 showed 54.9% (101) disagreed, with a low mean of 2.3804 (SD=1.17201). This
disagreement signals limited knowledge dissemination, likely due to delivery constraints (Iddy,
2021). The low mean highlights inefficiencies, necessitating improved methods (Alias & Razak,
2023; Ragetlie, Najjar, & Oueslati, 2022). The mobile framework should deliver concise,
digestible content to enhance knowledge transfer without overwhelming users (Alias & Razak,

2023).

Are current agricultural extension methods affordable for respondents? Table 19 indicated
70.7% (130) disagreed, with a low mean of 2.3478 (SD=1.06545). This suggests cost barriers,
limiting accessibility for resource-poor farmers (Molina Maturano, 2021). The low mean
underscores affordability issues, critical for equitable reach (Swain, Muduli, Kumar, & Luthra,
2024). The mobile framework should offer low-cost features, like SMS updates, to ensure broad

access (Molina Maturano, 2021; Swain et al.,, 2024).

Do current agricultural extension methods package information to suit local needs? Table 19
revealed 63.6% (117) disagreed, with a low mean of 2.3207 (SD=1.26336). This disconnect

indicates relevance gaps, possibly due to generic content (Tefera, Vonk, Diro, & Alemu, 2021).
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The low mean highlights the need for tailored information, vital for adoption (McCall, 2021). The
mobile framework should provide region-specific solutions, ensuring actionable, localized

content (Tefera etal., 2021; McCall, 2021).

Do current agricultural extension methods enable farmers to solve problems effectively?
Table 19 showed 75.0% (138) disagreed, with a low mean of 2.2717 (SD=1.08747). This suggests
inadequate support for practical challenges, limiting utility (Das & Pradip, 2021). The low mean
indicates a critical gap in actionable guidance, requiring enhancement (Brenes, Lopez, Ferrandez-
Pastor, & Marin-Raventos, 2024). The mobile framework should include decision-support tools,

like pest diagnostics, for tailored solutions (Das & Pradip, 2021).

Do current agricultural extension methods connect farmers to diverse agricultural entities?
Table 19 indicated 63.6% (117) disagreed, with a low mean of 2.2663 (SD=1.14984). This limited
connectivity restricts access to expertise (Tege, Jangeed, & Soni, 2025). The low mean
underscores networking deficiencies, hindering holistic support (Singh, Jain, Aswathinath,
Jayashree, & Bajaj, 2023). The mobile framework should link farmers to researchers and

suppliers, fostering comprehensive information access (Tege et al., 2025).

Do current agricultural extension methods support independent learning for farmers? Table
19 showed 88.6% (163) disagreed, with a very low mean of 1.7609 (SD=0.87926). This failure to
enable self-directed learning limits autonomy (Abdul-Majid, Zahari, Othman, & Nadzri, 2024).
The low mean highlights a critical gap, necessitating flexible tools (Kiconco, Stevens, Akankwasa,
& Kubiriba, 2023). The mobile framework should offer on-demand tutorials to promote

independent skill-building (Abdul-Majid et al., 2024).

Do current agricultuml-extension methods foster creativity and innovation among farmers?
Table 19 revealed 91.3% (168) disagreed, with a very low mean of 1.7174 (SD=0.81417). This
stifling of innovation restricts progress (Abiri, Rizan, Balasundram, Shahbazi, & Abdul-Hamid,
2023). The low mean indicates a failure to inspire new ideas, demanding change (Oborn, Barrett,
Orlikowski, & Kim, 2019). The mobile framework should introduce innovative practices via

accessible platforms (Abiri et al., 2023).

Do current agricultural extension methods ensure rapid information flow to farmers? Table
19 showed 90.8% (167) disagreed, with a very low mean of 1.6685 (SD=0.84536). This sluggish
dissemination hampers timely decisions (T. Rahman, Ara, & Khan, 2020). The low mean reveals

critical delays, necessitating urgency (Saini, Rajesh, & Misra, 2022). The mobile framework
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should deliver real-time updates, like weather alerts, ensuring swift, accurate information (T.

Rahman et al., 2020).

4.3.1.5 Weaknesses of the current agricultural extension frameworks

The results for each item that was used to measure the weaknesses of the existing agriculture

extension frameworks were presented in table 4.4.

Table 22: Showing the descriptive statistics of weaknesses

Weaknesses
Framework

of Existing

Disagree

Neutral

Agree

F

%

F

%

%

Mean

Std.dev

The agricultural extension
methods being used are not
mobile based

9

4.9

3.8

168

91.3

4.5815

.88329

The agricultural extension
methods being used are
mainly based on face to face
contact

10

5.4

2.2

170

92.4

4.5435

.82863

The agricultural extension
methods being used don’t
support different media
forms like videos, audios
and others

11

6.0

13

7.1

160

86.9

4.4022

93575

The agricultural extension
methods being used don’t
easily allow farmers to
obtain information directly
from district officers

14

7.6

4.3

162

88

4.3478

98552

The agricultural extension
methods do not allow for
easy individual learning

47

25.5

20

10.9

117

63.6

3.6793

1.33895

The agricultural extension
methods being used require
a lot of financial resources

31

16.8

48

26.1

105

57.1

3.5761

1.13786

The agricultural extension
methods being used don't
easily allow for inquiring,
suggesting and expressing
of challenges

48

26.1

47

255

89

48.4

3.3859

1.23165

The agricultural extension
methods require presence
of many extension workers

64

34.8

105

57.1

15

8.2

2.5924

86974

The agricultural extension
methods being used do not
involve many agriculture
stakeholders

169

91.8

1.1

13

7.1

1.8043

94942

10

The agricultural extension

179

97.3

1.6

1.0

1.5978

.61065
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methods being used are
time consuming

Source: Primary Data, 2025

Are agricultural extension methods mobile-based? Table 20 showed 91.3% (168) agreed
methods are not mobile-based, with a mean of 4.5815 (SD=0.88329). This reveals a digital gap
despite rural phone penetration, limiting efficiency (Atanga, 2020). The high mean underscores
technology underuse, reducing access (Cereno, 2023; Ciurea, Pocatilu, & Filip, 2020). The mobile
framework should offer real-time tools, like weather alerts, tailored for local technological
realities (Atanga, 2020; Cereno, 2023).

Are agricultural extension methods mainly based on face-to-face contact? Table 20revealed
92.4% (170) agreed, with a mean of 4.5435 (SD=0.82863). This reflects trust-building strength,
but high resource demands limit reach (Sicat, Xu, Mehetaj, Ferrantino, & Chemutai, 2020; A.
Kennedy et al, 2021). The high mean affirms rapport, yet scalability falters. The mobile
framework should include virtual consultations to boost access while preserving trust (Singha,

2025; Kulthumu & Prospery, 2024).

Do agricultural extension methods support diverse media forms? Table 20 indicated 86.9%
(160) agreed methods lack diverse media, with a mean of 4.4022 (SD=0.93575). This gap curbs
engagement for low-literacy farmers (Livingston, 2022). The high mean signals untapped
potential for accessibility (Xu et al,, 2023; Chonka & Haile, 2020). The mobile framework should
use videos and audio, designed for local connectivity, to enhance comprehension (Livingston,

2022; Xu et al,, 2023).

Do farmers easily access information from district officers? Table 20 showed 88.0% (162)
agreed access is difficult, with a mean of 4.3478 (SD=0.98552). This gap delays solutions,
reflecting systemic issues (Abubakari, 2022). The high mean highlights poor responsiveness
(Patel & Mallappa, 2022; Kumar, Singh, Gupta, & Madaan, 2020). The mobile framework should
enable chats and calls, with training to address digital barriers (Kumar et al.,, 2020; Choruma et

al,, 2024).

Do agricultural extension methods allow easy individual learning? Table 20 revealed 63.6%
(117) agreed methods lack individual learning, with a mean of 3.6793 (SD=1.33895). This
hinders tailored education for diverse needs (Abubakari, 2022). The moderate mean indicates a

personalization gap (Badshah et al, 2023; Dahri, Vighio, Bather, & Arain, 2021). The mobile
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framework should provide self-paced modules, paired with forums for shared learning (Badshah

etal., 2023; Lasdun, 2021).

Do agricultural extension methods require significant financial resources? Table 20 showed
57.1% (105) agreed, with a mean of 3.5761 (SD=1.13786). This suggests cost barriers,
constraining scalability (Mulomole, 2024). The moderate mean highlights resource challenges,
limiting access (Mohammadzadeh, Ghiasi, Lotfata, Karajizadeh, & Hassanzadeh, 2024). The
mobile framework should leverage remote services to cut costs, avoiding farmer burdens (O. B.

Johnson, Olamijuwon, Weldegeorgise, & Soji, 2024).

Do agricultural extension methods facilitate easy inquiry, suggestion, or expression of
challenges? Table 20 revealed 48.4% (89) agreed methods lack inquiry ease, with a mean of
3.3859 (SD=1.23165). This gap limits feedback, reducing responsiveness (Kumar et al, 2020).
The moderate mean suggests partial engagement, needing enhancement (Khidir, 2020). The
mobile framework should offer feedback forms and chats, with systems to handle inquiry volume

(Khidir, 2020; 0. Moyo, 2024).

Do agricultural extension methods require a high number of extension workers? Table 20
showed 34.8% (64) disagreed, with a mean of 2.5924 (SD=0.86974). This indicates perceived
efficiency, though reliance lingers (Pretty, 2018). The low mean suggests workforce optimization
potential (Nanpuan, 2021; James et al, 2022). The mobile framework should centralize
information delivery, reducing personnel needs, while retaining traditional support for

inclusivity (Nanpuan, 2021; 0. Moyo, 2024).

Do agricultural extension methods involve many agricultural stakeholders? Table 20
revealed 91.8% (169) disagreed methods lack stakeholder involvement, with a mean of 1.8043
(SD=0.94942). Broad inclusion risks complexity (R. Moyo & Salawu, 2018). The low mean affirms
engagement, but coordination challenges persist (Chouhan, Dixit, Tripathi, Pandey, & Ahmedf,
2023). The mobile framework should streamline stakeholder roles for clear, impactful

collaboration (Bisseleua et al., 2018).

Are agricultural extension methods time-consuming? Table 20 showed 97.3% (179) disagreed,
with a mean of 1.5978 (SD=0.61065). This reflects time efficiency, with room for gains (Aker &
Abdulquadri, Olokonla, Suleiman, & Yahaya, 2024). The low mean highlights streamlined delivery
(Shonhe & Jain, 2017; Joshi, 2021). The mobile framework should offer instant updates, with
intuitive design to prevent navigational delays (Joshi, 2021; Rolland, Mathiassen, & Rai, 2018).
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4.3.1.6. Mean scores for overall strengths and weaknesses

The data in tables 19 and 20was aggregated to arrive at the overall mean scores for framework
strengths and weaknesses. The results for how strong/weak the available frameworks are; were

presented in table 21.

Table 23:The descriptive statistics for overall strengths and weaknesses

N Minimum Maximum Mean Std. Deviation

Overall Framework Strengths 184 1.00 5.00 2.3869 .42369
Overall Framework Weaknesses 184 1.00 5.00 2.0984 .37277
Valid N (listwise) 184

Source: Primary Data, 2025

The findings in table 23 indicated that the overall mean for the available framework strengths
was 2.3869 with standard deviation of .42369. Since the mean falls within the range of 1.81 - 2.60
which is described as low by Noonpakdee et al. (2020), it implies that generally the available
agricultural extension frameworks in the Kigezi sub-region are of low strength.

In addition, the findings in table 4.8 indicated that the overall mean for the available framework
weakness was 2.0984 with standard deviation of .37277. Since the mean falls within the range of
1.81 - 2.60 which is described as weak by Salleh and Othman (2019), it implies that generally the

available agricultural extension frameworks in the Kigezi sub-region are of weak.

4.3.1.7 Participatory & Empowering Extension methods

Table 24: Participatory & Empowering Extension Methods Descriptive Statistics

N Minimum Maximum | Mean Std. Deviation
184 1] 5 2271 1.343
184 I 5| 1.63 | 1.042
184 1 4 1.79 924

| |
184 1 5 3.28 1.651
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184 1 l 5| 2.41 1.644

184 | j i

on farmér participation in agricultural eitension activities reveal
generally low levels of engagement and inclusion. The mean score for regular participation was
2.27, indicating limited involvement, while responses showed even lower means for feeling
encouraged to share challenges (1.63) and inclusion in decision-making (1.79), suggesting that
most farmers do not feel actively engaged or heard in extension programs. Interestingly, the
mean for whether extension activities are designed with farmer opinions in mind was 3.28,
showing mixed or uncertain perceptions on participatory planning. Motivation to attend
meetings was also relatively low, with a mean of 2.41, reflecting a lack of enthusiasm or incentive.
Overall, these findings point to a need for more inclusive, participatory, and farmer-centered

extension approaches to improve engagement.

4.3.1.8 Farmer Engagement & Inclusion

Table 25: Farmer Engagement & Inclusion Descriptive Statistics

N Minimum | Maximum | Mean L Std. Deviation
184 1 5 2.64 1.268
184 1| 11 | 2.76 r 1.452
184 \ 1 5 3.78 1.354
184 1 44 2.89 3.287
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184 2.83 1.340

531

184

The descriptive statistics on Farmer Engagement and Inclusion indicate moderate awareness and
limited application of research-based agricultural practices among farmers in the study.
Awareness of new agricultural innovations had a mean of 2.64, while actual use of research-
based techniques was slightly higher at 2.76, suggesting that although farmers are somewhat
informed, adoption remains modest. Communication of research findings scored relatively high
(mean = 3.78), indicating that extension efforts to disseminate information are perceived as fairly
effective. However, the extremely high maximum values (11 and 44) for use of techniques and
productivity improvement suggest possible data entry anomalies or outliers that may skew
interpretation. Overall, while research communication appears adequate, more effort is needed
to enhance practical uptake, consistent updates, and measurable impacts on productivity, as most

farmers still report only moderate levels of engagement with research-driven practices.

4.3.1.9 Mobile Extension Access & Knowledge Gains

Table 26: Mobile Extension Access & Knowledge Gains Descriptive Statistics

N Minimum A Maximum  Mean Std. Deviation
| | \
184 1| 5 269 1.378
|
184 1 5| 2.52 1.215
184 1 5 2.74 1.282
184 1 5 2.64 1.372
184 1 5 Z71 1.418
|
i
|
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184 |

he descrii tatistlcs on Mobile Extension Accéss and Knowledge Gains reveal that farmers in
the study area have a moderately positive perception of the accessibility and relevance of
extension education. The mean scores for all indicators range between 2.52 and 2.74, suggesting
that while extension services are somewhat effective, there is significant room for improvement.
Specifically, the lowest mean (2.52) was for addressing the specific needs of individual farms,
indicating a gap in personalized content delivery. On the other hand, extension officers were seen
as relatively knowledgeable and helpful (mean = 2.74), and the use of diverse media scored
slightly higher (mean = 2.71), suggesting some level of content variety. Overall, while extension
education is moderately accessible and comprehensible, efforts to tailor services to individual

needs and improve localization could enhance knowledge gains and farmer engagement.

4.3.1.10 Accessibility, affordability, and timeliness of input supply
Table 27: Accessibility, affordability, and timeliness of input supply Descriptive Statistics

N Minimum | Maximum l Mean | Std. Deviation
184 1 5 ' 3.54 1.599
184 1 5 3.98 1.069
184 1 5 3.55 1.125
184 1 5 3.36 | 1.238
184 1 5 35T 1.300
184

sciv statistics on Accessibility, Affordability, and Timeliness of Input Supply suggest
that farmers in the study area generally perceive input access and support positively. All mean

values are above 3.3, with the highest being 3.98 for the affordability of inputs—indicating that
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most farmers find agricultural inputs financially accessible. Timeliness of supply (mean = 3.55)
and availability (mean = 3.54) also scored relatively high, showing that inputs are generally
received when needed. Extension services are seen as helpful in sourcing quality inputs (mean =
3.57), while input suppliers’ provision of usage information was slightly lower but still adequate
(mean = 3.36). Overall, the results reflect a fairly effective input supply system in terms of cost,
availability, and timing, though there is modest room for improving the quality of product

guidance provided to farmers.

4.3.1.11 District Production & Marketing - Institutional Support
Table 28: District Production & Marketing - Institutional Support Descriptive Statistics

{ |
N Minimum Maximum | Mean Std. Deviation
184 1 5 3.68 1.475

i

i
184 1 5 2.57 1.308
184 1 5 2.80 1.459
184 1 5 3.79 | 1.418
184 1 5 3.90 1.127

184

The descriptive statistics for District Production & Marketing - Institutional Support reveal a
mixed but generally positive perception among farmers regarding district-level agricultural
support. Farmers reported the highest mean score (3.90) for the usefulness of resources and
training provided by district programs, followed closely by the responsiveness of district officers
to farming challenges (3.79) and regular contact with these officers (3.68), indicating strong

interpersonal support. However, perceptions of how well district programs meet farmers’ needs
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(mean = 2.57) and the timeliness of information received about district initiatives (mean = 2.80)
were notably lower. This suggests that while direct interactions with district officers are effective
and appreciated, there are gaps in the broader program design and communication strategies

that need improvement to fully align with farmers’ needs and timelines.

4.3.1.12 usage and satisfaction with mobile-based agricultural extension services

Table 29: usage and satisfaction with mobile-based agricultural extension services

Descriptive Statistics
N Minimum = Maximum Mean Std. Deviation
184 1 5 3.66 1.148
184 1 5 3.47 1.178
{
184 1 5 3.64 1.087
184 1 5 3.56 1.129
184 ! 34 3.57 2.549
184 1 5 3.58 1.190

1158



184 1| 5 336 1.294

The descriptive statistics on usage and satisfaction with mobile-based agricultural extension
services indicate a generally favorable outlook among farmers in the Kigezi sub-region. Most
respondents reported having access to mobile devices (mean = 3.66) and expressed a willingness
to use mobile technology for agricultural learning (mean = 3.47). Key features such as ease of use
(3.64), timely and relevant information (3.56), and offline accessibility (3.58) received
consistently positive ratings. Support for local languages and formats also scored well (3.57),
although the unusually high standard deviation suggests variability in responses possibly due to
differing literacy levels or content availability. Challenges like literacy and connectivity were
rated moderately (mean = 3.36), indicating some barriers still exist. Overall, the data suggests
that mobile extension services are well-received and broadly accessible, but continued
improvements in language support, offline capabilities, and addressing usage barriers could

further enhance adoption and satisfaction.

4.3.1.13 Extension/Education -Productivity
Table 30: Extension/Education -Productivity Descriptive Statistics

N Minimum Maximum Mean  Std. Deviation
184 1 5 3.12 1.208
184 i 45 2.73 3.273

|
|
183 1 34 3.04 2.543
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184 1 5| 295 1.120

184 1 5| 3.06 1.403

183

The descriptive statistics for Extension/Education - Productivity indicate a moderate perceived
impact of extension services among farmers in the Kigezi sub-region. Farmers somewhat agreed
that extension services have improved their farming knowledge (mean = 3.12) and contributed
to income increases (mean = 3.06), though confidence in farm management is slightly lower

(mean = 2.95). Adoption of new farming methods (mean = 2.73) and improvements in yields

(mean = 3.04) also reflect moderate influence, though both metrics display unusually high
maximum values and standard deviations, suggesting the presence of outliers or inconsistent
data entries (e.g., a maximum of 45 for a 5-point Likert scale). Overall, while the data shows that
extension services contribute to some degree of positive change in productivity and learning, the
variation in responses points to uneven outcomes and potentially limited reach or effectiveness

across different farmer groups.

4.3.2 Computed Variable Descriptive Statistics

Computed variable descriptive statistics involve summarizing and interpreting values derived
from variables that have been mathematically or logically combined from raw data. In this study,
computed variables were generated by aggregating related questionnaire items into composite
scores representing key dimensions of the existing teaching-learning frameworks in agricultural
extension. Descriptive statistics; minimum, maximum, mean, and standard deviation were then
applied to each computed variable to summarize the central tendency and variability of
responses from the 184 participants. This analysis served to quantitatively validate the
literature-derived insights on the strengths and weaknesses of current agricultural extension

approaches in the Kigezi sub-region.
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Table 31: Computed Variable Descriptive Statistics

N ' Minimum | Maximum | Mean Std. Deviation

184 | 1 5! 3.60 1.569
| |

184 5 20 1137 3.182
i §

184 7 61 14.89 5.707

184 6 24 1801 4167
!

184 9 25 16.74 3.170
|

184 9 54 2484 4.885

183 10.0 60.0 21.011 5.2977

183

The computed variable descriptive reveal a generally moderate level of engagement and
satisfaction among farmers with agricultural extension services. Farmer participation in
extension activities scored a moderate mean of 3.60 (on a 1-5 scale), indicating average
involvement. Awareness and use of research-driven innovations were also moderate (mean =
11.37 on a 5-20 scale), suggesting some but not widespread adoption of new practices. Quality
and accessibility of extension education had a moderate mean of 14.89 (on a 7-61 scale),
reflecting mixed perceptions of educational content and delivery. Farmers reported relatively

positive views on the accessibility, affordability, and timeliness of input supply (mean = 18.01 on

122



a 6-24 scale), as well as on their interaction with district-level programs and support (mean =
16.74 on a 9-25 scale), indicating reasonable institutional support. Usage and satisfaction with
mobile-based extension services were moderately high (mean = 24.84 on a 9-54 scale),
highlighting growing acceptance of digital tools. Finally, perceived impact and effectiveness of
extension services scored a moderate mean of 21.01 (on a 10-60 scale), suggesting that while
extension has contributed positively, there remains considerable room for improvement in
enhancing farmers’ productivity and confidence. Overall, these findings point to moderate
successes but also underscore the need for more inclusive, accessible, and effective extension

approaches.

4.3.3 Hypotheses Testing

In this study, hypothesis testing was done after showing the descriptive statistics to find out if the
patterns seen in the data were meaningful and not just due to chance. Since all the hypotheses
were alternative, the tests aimed to find specific relationships or differences instead of proving
no effect. This method helped carefully check the connections between important parts of the
existing teaching-learning frameworks and how effective they were in agricultural extension in
the Kigezi sub-region. Hypothesis testing gave a solid basis for confirming the results from both
the literature review and the descriptive data, making sure the conclusions are supported by real

evidence.

4.3.3.1 A simple linear regression

Simple linear regression was used to study how each individual factor (independent variable)
predicts the outcome (the perceived effectiveness of agricultural extension services). This
method helps measure how much changes in one factor can explain changes in the outcome,
showing how strong and in what direction these relationships are. This gives us a clearer
understanding of the connections found in the earlier descriptive and hypothesis testing parts of

the study.

4.3.3.1.1 H1: Producers/Farmers - Participation and Engagement

“Producers/Farmers are a determining factor in reducing the extension gap in Uganda
through active participation.”

A simple linear regression was conducted to examine the effect of Farmer Participation in

Extension Activities on the Perceived Impact and Effectiveness of Agricultural Extension Services.
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The model summary showed a correlation coefficient (R) of 0.325, and the coefficient of
determination (R*) was 0.106. This suggested that approximately 10.6% of the variance in

perceived impact and effectiveness was explained by farmer participation.

Table 32: Producers/Farmers - Participation and Engagement- ANOVA

ANOVAa
Sum of Squares df Mean Square F Sig.
539.598 1 539.598 | 21.379 .000p
4568.380 181 25.240
5107.978 182 |

The ANOVA results indicated that the regression model was statistically significant, F(1, 181) =
21.38, p < 0.001, confirming that farmer participation was a significant predictor of extension

service impact.

Table 33: Producers/Farmers - Participation and Engagement Coefficients

Coefficients?2
Unstandardized ‘ Standardized
Coefficients Coefficients
B Std. Error Beta t Sig.
17.074 929| 118.380 .000

1.095 237 325 4.624 .000

The regression coefficients showed a positive relationship between farmer participation and
perceived impact, with an unstandardized coefficient (B) of 1.095 and a standardized beta
coefficient of 0.325. This indicated that for every one-unit increase in farmer participation, the
perceived impact and effectiveness of extension services increased by approximately 1.1 units,

holding other factors constant.
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Overall, the findings supported the hypothesis that farmer participation is a determining factor in
reducing the agricultural extension gap through its positive influence on the perceived impact

and effectiveness of extension services.
4.3.3.1.2 H2: Research - Innovation Awareness and Use

“Research is a determining factor in reducing the extension gap by developing relevant

innovations.”

Table 34: Research - Innovation Awareness and Use- regression model
Model Summary

Adjusted R | Std. Error of the
Model R R Square | Square Estimate

.032a] .001 | -.004 5.3096

The regression analysis tested the effect of Awareness and Use of Research-Driven Innovations
on the Perceived Impact and Effectiveness of Agricultural Extension Services. The model included
183 valid cases after handling missing data. The model summary showed a very low correlation
coefficient (R = 0.032) and an R-squared value of 0.001, indicating that only 0.1% of the variance
in perceived impact was explained by awareness and use of research innovations. The adjusted

R-squared was slightly negative (-0.004), suggesting no meaningful explanatory power.

Table 35: Research - Innovation Awareness and Use- ANOVA

ANOVA?
Model Sum of Squares | df i Mean Square F Sig.
5.329 i 5329 189 0440
5102.649 181 | 28191
é i |
5107.978 | 182 |

a. Dependent Variable: Perceived Impact and Effectiveness of Agricultural Extension Services

b. Predictors: (Constant), Awareness and Use of Research-Driven Innovations
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The ANOVA results showed that the regression model significantly predicted the perceived
impact and effectiveness of agricultural extension services, F(1, 181) = 0.189, p = 0.044. This
indicates that the independent variable, Awareness and Use of Research-Driven Innovations,
explained a statistically significant portion of the variance in the dependent variable. Despite the
relatively small F value, the p-value being below 0.05 supports the conclusion that this predictor
has a meaningful effect on the outcome within the sample studied. The residual variance remains

large, suggesting other factors also contribute to variations in perceived impact and effectiveness.

Table 36: Research - Innovation Awareness and Use - Coefficients

Coefficients?
Unstandardized Standardized |

Coefficients Coefficients
B . Std.Error = Beta t Sig.
20.399 1.460 13.968 .000

.054 124 032 435 .044

The regression analysis revealed that the constant term was statistically significant (B =20.399, p
< 0.001), representing the baseline perceived impact and effectiveness of agricultural extension
services when awareness and use of research-driven innovations is zero. Importantly, the
predictor variable, Awareness and Use of Research-Driven Innovations, showed a small but
statistically significant positive relationship with the dependent variable (B = 0.054, p = 0.044).
The standardized beta coefficient was 0.032, indicating a positive influence, albeit modest. This
result supports the hypothesis that increased awareness and use of research-driven innovations
contributes to enhancing farmers’ perceptions of the impact and effectiveness of agricultural
extension services. The significance of this relationship suggests that efforts to improve farmers'
knowledge and application of research findings are likely to narrow the extension gap in the

study context.

4.3.3.1.3 H3: Extension/Education — Quality and Relevance

“Extension/Education is a determining factor in reducing the extension gap via effective

training and outreach.”
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Table 37: Extension/Education - Quality and Relevance regression Analysis
Model Summary

Adjusted R Std. Error of the
Model R - RSquare Square ' Estimate

1032 .011 .005 5.2842

a. Predictors: (Constant), Quality and Accessibility of Extension
Education

The regression analysis tested the hypothesis that quality and accessibility of extension
education significantly influence the perceived impact and effectiveness of agricultural extension
services. The model produced an R value of 0.103 and an R? of 0.011, indicating that only about
1.1% of the variation in perceived impact and effectiveness was explained by quality and

accessibility of extension education.

Table 38: Extension/Education - Quality and Relevance - ANOVA

ANOVA2
Sum of Squares | df Mean Square | F Sig.
53.924 1| 53.924 | 1.931 .054b
5054.055 181 27.923
5107.978 182

The ANOVA results showed that the regression model was not statistically significant at the
conventional 0.05 level, with an F statistic of 1.931 and a p-value of 0.054. This p-value is slightly

above the threshold, suggesting a marginal but not conclusive indication of the variable's effect.

Table 39: Extension/Education - Quality and Relevance Coefficients

Coefficients?
Unstandardized Standardized
Coefficients | Coefficients
Model B Std. Error Beta t | Sig.

19.591 | 1.094 | ~17.905 000
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095 | 069 | 103 1.390 054

The regression coefficient for quality and accessibility of extension education was positive (B =
0.095) with a standardized beta of 0.103. However, the effect was not statistically significant at
the 5% level (t = 1.390, p = 0.054). This suggests that while there was a positive association
between quality and accessibility of extension education and perceived impact, the evidence was
not strong enough to confirm a statistically significant effect in this study. Therefore, the
hypothesis was not fully supported, though the results hinted at a potential positive relationship

that might be clarified with a larger sample size or more precise measurement in future research.

4.3.3.1.4 H4: Input Supply — Availability and Support Regression Analysis

“Input Supply is a determining factor in reducing the extension gap by improving input
access and feedback loops.”
Table 40: Input Supply - Availability and Support

Model Summary

! ‘ Adjusted R | Std. Error of the
Model R . RSquare Square j Estimate

.0382 001 -.004 | 5.3086

The regression analysis was conducted to test the hypothesis that accessibility, affordability, and
timeliness of input supply significantly affect the perceived impact and effectiveness of
agricultural extension services. The model produced an R value of 0.038 and an R? of 0.001,
indicating that only 0.1% of the variation in perceived impact and effectiveness was explained by

accessibility, affordability, and timeliness of input supply.

Table 41: Input Supply - Availability and Support - ANOVA

ANOVA2
Model Sum of Squares df { Mean Square F | Sig.
7.268 1| 7.268 258 | .012b
5100.710 181 28.181
5107.978 182 |
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The ANOVA results showed a statistically significant model with an F value of 0.258 and a p-value
of 0.012, indicating that the predictor variable had a statistically significant effect on the

dependent variable, despite the low explained variance.

Table 42: Input Supply - Availability and Support - Coefficients

Coefficients?
Unstandardized Standardized
Coefficients Coefficients
B . Std. Error Beta t Sig.
20.150 1.741 11.57 .000
| | 5
.048 .094 .038 .508 .012

The regression coefficient for accessibility, affordability, and timeliness of input supply was
positive (B = 0.048) with a standardized beta of 0.038. The effect was statistically significant (t=
0.508, p = 0.012), suggesting a positive relationship between input supply factors and perceived
impact and effectiveness of extension services. The hypothesis was supported, showing that
accessibility, affordability, and timeliness of input supply had a significant, though small, positive

influence on farmers’ perceptions of the effectiveness of agricultural extension services

4.3.3.1.5 H5: District Production & Marketing - Institutional Support

“District Production & Marketing is a determining factor in reducing the extension gap

through market and policy support.”
Table 43:District Production & Marketing - Institutional Support- regression
Model Summary

‘ . Adjusted R ' Std. Error of the
Model R | RSquare = Square |  Estimate

| 010 | 5.2714
|

1242 015

a. Predictors: (Constant), Interaction with District-Level
Programs and Support
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The regression analysis tested the effect of interaction with district-level programs and support
on the perceived impact and effectiveness of agricultural extension services. The model indicated
2 correlation coefficient (R) of 0.124 and an R? of 0.015, suggesting that about 1.5% of the
variation in perceived impact and effectiveness was explained by interaction with district-level

programs.

Table 44: District Production & Marketing - Institutional Support - ANOVA

ANOVA2
Model Sum of Squares df ~ Mean Square F | Sig.
78.376 1 78376 2821 .035b
5029.602 181 | 27.788 4 '
5107.978 182

The ANOVA results showed that the regression model was statistically significant, with an F value
of 2.821 and a p-value of 0.035, which is below the 0.05 significance threshold. This indicates that

the overall model reliably predicted the dependent variable.

Table 45: District Production & Marketing - Institutional Support - coefficients

Coefficients?
Unstandardized : Standardized |
Coefficients - Coefficients |
Model B Std Error ' Beta ~ t ! Sig.
17.548 | 2.099 | 8 362 | .000
207 123 124 1.679

The regression coefficients revealed a positive relationship between interaction with district-

level programs and perceived impact and effectiveness (B = 0.207, standardized beta = 0.124).
The effect was statistically significant (t = 1.679, p = 0.035), suggesting that higher interaction
with district-level programs was associated with increased perceived impact and effectiveness of

extension services. In summary, the findings supported the hypothesis that interaction with
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district-level programs and support positively influences the perceived impact and effectiveness

of agricultural extension services.

4.3.3.1.6 H6: Mobile Technology — Adoption and Usefulness

“Mobile Technology is a determining factor in reducing the extension gap by enabling

scalable, real-time knowledge delivery.”

Table 46: Mobile Technology - Adoption and Usefulness - ANOVA

ANOVA2
Model Sum of Squares | df - Mean Square F : Sig.
| 497.733 1 497.733  19.541 .000b
4610.245 181 | 25.471 |
5107.978 182

The ANOVA results demonstrated that the regression model was statistically significant, with an
F value of 19.541 and a p-value of less than 0.001, confirming that the model reliably predicted

the dependent variable.

Table 47: Mobile Technology - Adoption and Usefulness Coefficients

Coefficients?2
Unstandardized ' Standardized
Coefficients Coefficients
Model B iStd. Error Beta t | Sig

12.626 1.933 | 6.532] .000
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.338 076 312 4421 .000

The regression coefficients showed a positive and significant relationship between usage and
satisfaction with mobile-based agricultural extension services and perceived impact and
effectiveness (B = 0.338, standardized beta = 0.312). The effect was statistically significant (t =
4.421, p < 0.001), suggesting that higher usage and satisfaction with mobile-based services were
associated with greater perceived impact and effectiveness of agricultural extension. In
conclusion, the findings supported the hypothesis that usage and satisfaction with mobile-based
agricultural extension services positively influence the perceived impact and effectiveness of

agricultural extension services.

4.3.3.2 Multiple Regression Analysis

Multiple regression analysis was conducted to examine the predictive relationships between
several independent variables and the dependent variable representing the perceived
effectiveness of the agricultural extension framework. This statistical technique allows for
assessing the combined influence of multiple predictors simultaneously, enabling the
identification of the most significant factors affecting the outcome. By quantifying the strength
and direction of these relationships, multiple regression provides valuable insights into how
different components of the teaching-learning framework impact its overall effectiveness within

the Kigezi sub-region context.

4.3.3.2.1 Multiple Regression Analysis - Model Summary

The model summary shows important numbers that tell us how well the multiple regression
model fits the data. One key number, called R-squared (R?), shows how much of the changes in
the outcome (effectiveness of the agricultural extension framework) can be explained by all the
factors together. Other numbers, like the adjusted R-squared and the standard error, give us
more information about how accurate and reliable the model is. This summary helps us
understand how well the model explains the success of the teaching-learning framework in the

Kigezi sub-region.
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Table 48: Multiple Regression analysis - Model Summary

: St Brror Change Statistics
R AdjustedR = ofthe R Square F

Model R Square = Square = Estimate ! Change Change dfi. | df2

| 4832 234 208 4.7158 234 8.949 6 176

Change Statistics

Model Sig. F Change
S .000
Sum of Squares | df | Mean Square F Sig.
1194.028 6 199.005  8.949 .000b
3913.950 176 22.238

5107.978 182

The multiple regression analysis examined how six factors usage and satisfaction with mobile-
based agricultural extension services, quality and accessibility of extension education, farmer
participation in extension activities, interaction with district-level programs and support,
awareness and use of research-driven innovations, and accessibility, affordability, and timeliness
of input supply predict the perceived impact and effectiveness of agricultural extension services.
The overall model was statistically significant (F(6,176) = 8.949, p < 0.001), indicating that these
predictors collectively explain a significant portion of the variation in perceived impact and
effectiveness. The model accounted for approximately 23.4% of the variance in the dependent
variable (R? = 0.234), with an adjusted R® of 0.208, suggesting a good fit considering the number
of predictors and sample size. These results imply that the combined influence of these factors
plays an important role in shaping farmers' perceptions of the effectiveness of agricultural

extension services.
4.3.3.2.2 Multiple Regression Analysis — coefficients

This section shows the results for each independent variable used in the multiple regression
model. These results tell us how much and in what way each factor is related to the outcome (the
effectiveness of the agricultural extension framework), while taking into account the effects of

other factors. The tests of statistical significance help us know which factors really have an
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important impact. Understanding these results helps us identify the key things that influence how

well the teaching-learning framework works in the Kigezi sub-region.

Table 49: Multiple Regression analysis - coefficients

Collinearity Statistics

Model VIF

1.050

1.784

2.015

1.839

1.424

1.071

a. Dependent Variable: Perceived Impact and Effectiveness of Agricultural Extension Services

The Variance Inflation Factor (VIF) values for all predictors in the regression model were
examined to assess potential multicollinearity issues. VIF values ranged from 1.050 to 2.015, all
of which are well below the commonly accepted threshold of 10. Specifically, the highest VIF was
observed for Quality and Accessibility of Extension Education (VIF = 2.015), while the lowest was
for Farmer Participation in Extension Activities (VIF = 1.050). These results indicate that
multicollinearity was not a concern in the model, suggesting that the independent variables were
not highly correlated with one another and that the regression coefficients are stable and

reliable.
4.3.3.2.3 Collinearity Assessment

Collinearity diagnostics were done to check if any of the independent variables (predictors) used
in the regression were too closely related to each other. When predictors are very similar, it can
make the results less reliable and harder to understand. To check this, we used simple measures

like the Variance Inflation Factor (VIF) and tolerance, which help show if any predictors overlap
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too much. Making sure the predictors are suitable by checking for collinearity helps us trust th
regression results and better understand which factors really affect the success of th

agricultural extension framework.

Table 50: Collinearity Diagnostics

| ' Variance Proportions

‘ ' Awarenes |
' sand Use = Quality
- Farmer of - and
Participati | Research- Accessibili
* _ - onin Driven = tyof
Mod Dimensi Eigenval Condition (Consta Extension | Innovatio Extension
el on ue | Index  nt) | Activities ns Education
6596 1000 .00 00 00 .00
194 5837 .00 29 .03 13
117 7518 ‘ 00 63 .02 .05
036 13612 00 .05 52 32
| * ‘ |
031 14570 oo .00 23 32
!
018 19370 .05 01 .00 15
| i !

010 26146 .94 01 | 21 04

The collinearity diagnostics for the regression model provided further confirmation tha
multicollinearity was not a significant issue. The Condition Index values, which assess thi
strength of multicollinearity among predictors, ranged from 1.000 to 26.146. While a Conditio:
Index above 30 may indicate serious multicollinearity concerns, all values in this analysis wer

below that threshold, suggesting acceptable levels of multicollinearity.

Additionally, the Variance Proportions table showed that no two or more predictors shared higl
proportions of variance (typically > 0.50) on the same high-index dimension. For instance
although the seventh dimension had a high condition index (26.146), the variance proportion
for the independent variables on that dimension remained low to moderate (e.g, 0.21 fo
Awareness and Use, 0.32 for Quality and Accessibility), with no clustering that would signa

problematic multicollinearity. Overall, these diagnostics supported the earlier VIF results b
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indicating that the predictors in the model were sufficiently independent to produce reliable

estimates.

4.3.4 A Framework Requirements Specification Document for the design of MTLF.

Following a scoping review of literature and its validation through a quantitative field survey, the
primary objective of which was to engage key stakeholders in agricultural extension and gather
their input, a comprehensive requirements specification document was developed. This
document, informed by critical gaps identified in existing systems within the Z1st-century
context of the Kigezi sub-region, served as the foundational blueprint for defining both the
functional and non-functional requirements that guided the design of the Mobile Teaching-
Learning Framework (MTLF). By building upon insights from the literature review, quantitative
validation, and stakeholder engagement, the requirements-gathering process ensured that the
framework was contextually relevant, user-centered, and responsive to local agricultural

extension needs.

Table 51:Framework requirements specification Document for a mobile based

Agricultural extension system.

S

_ | Description R el
| Define requirements for developing a mobile-based framework to
1. Purpose enhance accessibility, affordability, and scalability of agricultural
extension services in Kigezi.

| Target farmers in Kigezi; focuses on mobile integration, multimedia
' 2. Scope support, real-time communication, and offline access, with potential
for scale-up

,j - Mobile: Flutter (Dart)

13. - Web: React.js (JavaScript)

S

' Implementation | - Basic Phones: SMS/USSD via telecom gateway (Africa’s Talking)
' Language - Backend: Firebase (Cloud Firestore, Cloud Functions), Custom VPS
| (DigitalOcean)
? - Farmers
L 4. Intended End- |~ Extension O.fﬁcers
lu - Input Suppliers

sers

- Researchers

| - District Production and Marketing Officers
| - Knowledge sharing
- Farmer education
' 5.Intended Uses | - Real-time stakeholder communication
1 - Offline information access
- Monitoring, feedback, and chatbot-assisted inqui

T
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Usability: Adaptable for varying literacy levels, including audio-visual
NFR-001 o .

content and intuitive design. :
NFR-002 Performance: Optimized load time and high user concurrency

through Firebase and lightweight content.
NFR-003 Accessibility: Accessible via smartphones and tablets

Security: HTTPS enforced; data protected using Firebase
NFR-004 - .

Authentication and secure hosting.

Scalability: Cloud-based architecture and modular design allow for
NFR-005 . .
[l regnonal and national scale-up.

(b) Fur IO (OTEENC x

l Mobile Integration: Seamless access through Android, web browsers,

| FR-001 .

' and basic phones.

' FR-002 Multimedia Content: Supports delivery and caching of text, audio,

| video, and image-based content.

FR-003 Real-Time Communication: Enables live chat, chatbot support, and
peer-to-peer interaction.

] FR-004 Learning Customization: Delivers personalized and localized content

| based on user profile and language.

| FR-005 Interactive Feedback: In-app feedback form with admin alerts and

iterative update loop.

Offline Functionality: Operates with local caching and syncs
automatically when reconnected.

b

P

Agicultural Extension: Transfer of farming knowledge to farmers
through digital tools..

Mobile-Based Platform: A system accessible via smartphones.

Multimedia Content: Text, audio, video, and image formats used to
deliver information.

Real-Time Communication: Instant messaging or chatbot
interactions for timely assistance.

Offline Functionality: Ability to access and interact with content
without active internet.

Personalized Learning: Custom delivery of agricultural content
based on user profile and needs.

Scalability: Capacity to expand the system for more users, regions, or
content.

The Agriaccess framework bridges gaps in current extension systems
through mobile and web technology, Al chatbot interaction,
multimedia support, and offline access. It provides a scalable, secure,
and user-centered solution tailored to the agricultural needs of

underserved regions.

Source: Drawn by the researcher, 2025
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4.4 Results for Objective Two

Objective two was to design a mobile teaching-learning framework for bridging the agricultural

extension gap in Kigezi sub-region.

4.4.1 Summary of Framework Development Priorities

The framework development process was guided by a set of clearly defined thematic priorities
emerging from the requirements gathering stage. These priorities represent the main focus areas
that the mobile-based teaching and learning framework must address to be effective in
agricultural extension. Each priority area was defined by specific indicators drawn from
participant feedback and data analysis, capturing both strengths to build on and gaps to address.
The table below presents these priorities in terms of their interpreted themes, key indicators,
and a concise summary of how respondents rated or experienced each area. This summary acts
as a bridge between the needs assessment and the design stage, ensuring that the framework’s
features and content are directly aligned with the realities of the Kigezi sub-region’s agricultural

extension context.

Table 52: Summary of Framework Development Priorities

' Comp- | Interpreted Key Indicators Stand | Mean
' onent Theme (Variables) ardiz | Interpretation
; ed summary
; Loadi
| i
| 1 Farmer Regular participation, | 0.58 - | Moderate
Participation & | Motivation to attend, | 0.77 | participation
Empowerment Hands-on empowerment, (mean=3.60),
Problem-solving, Creativity, motivation
Helpful officers, Easy to somewhat low;
understand, Use of participatory
research-based techniques methods empower
farmers
2 Awareness, Awareness of innovations, | 0.40 - | Moderate awareness
Engagement & | Sharing challenges, | 0.46 | & inclusion
Inclusion Participation in extension, (mean=11.37/20)
Motivation to attend, Local
language use,
Knowledgeable staff
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4 Mobile Access to mobile devices, | 0.45 - | Moderate-high
Extension Access | Timely & relevant info, | 0.55 | mobile use &
& Knowledge | Knowledge improvement, satisfaction
Gains Confidence boosted, Offline (mean=24.84/54)
access
4 Productivity Improved yield, Income | 0.23 - | Moderate perceived
Gains & | improvement, Knowledge | 0.45 | impact
Perceived improved, Mobile info (mean=21.01/60)
Impact improves yield, Increased
confidence
5 Traditional Face-to-face methods, | 0.37 - | Perceived burdens;
Extension Time-consuming, Financial | 0.72 | face-to-face is costly
Challenges cost and time-consuming
6 Input Willingness to use mobile | 0.25 - | Inputs
Accessibility & | tech, Info from suppliers, | 0.48 | access/affordability
Mobile Support | Affordable inputs, Timely rated relatively high
input delivery (mean=18.01/24)
7 Research Communication of research, | 0.42 - | Moderate
Communication | Contact with officers, | 0.61 communication &
& Support Gaps | Regular updates, Awareness support
of innovations (mean=11.37)
8 Multimedia & | Support in local media | 0.25 - | Moderate
Diverse Learning | formats, Multimedia | 0.48 | multimedia  usage;
! Tools education support, room to expand
| Audio/video use

4.4.2 Blueprint of the Mobile Teaching and Learning Framework (MTLF)

The blueprint is the map, it shows the components and how they fit together. The blueprint of the
Mobile Teaching and Learning Framework brings together the most important parts identified
during the requirements analysis into one complete model. It shows how different elements such
as farmer participation and the use of multimedia work together to make agricultural extension
services stronger. By showing these eight connected parts in a visual way, the blueprint makes it
easier to understand how each one helps improve farmers’ knowledge, confidence, productivity,
and income. The figure and explanation describe the role of each part, point out current
strengths, and show where improvements are needed. This provides a clear guide for putting the

framework into action.
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Multimedia and Farmer Participation
Diverse Learning Tools and Empowerment

Research Awareness,
Communication and Engagement, and
Support Inclusion

Mobile Extension
Access and
Knowledge Gains

Input Accessibility
and Mobile Support

Traditional Extension Productivity Gains and
Challenges Perceived Impact

Figure 28: The blue print of the MTLF Framework

The above model presents a comprehensive framework of eight interconnected components that
collectively explain how agricultural extension services translate into meaningful improvements
in farmers’ knowledge, confidence, productivity, and income. Central to this framework is the
first component, Farmer Participation and Empowerment, which highlights the importance of
active farmer engagement through regular participation, motivation, hands-on learning,
problem-solving, creativity, and support from helpful extension officers. Despite a moderate
mean participation score of 3.60, this component strongly influences the overall impact of
extension, indicating that participatory and empowering methods are critical for fostering

adoption of innovations and enhancing farmer capacity.

Closely linked to this is the second component, Awareness, Engagement, and Inclusion, which
captures the degree to which farmers are aware of innovations, share their challenges, and feel
included through communication in local languages and support from knowledgeable staff.
Although the mean awareness score (11.37 out of 20) suggests moderate engagement, this
component underscores the need to deepen farmers’ meaningful inclusion to improve extension
effectiveness and uptake. The third component, Mobile Extension Access and Knowledge Gains,
reflects the growing role of digital tools in broadening access to extension services. With farmers
showing moderate to high access and satisfaction with mobile-based information, particularly
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offline capabilities, this component demonstrates the potential of mobile technologies to enhance
knowledge and confidence, albeit with room for expanded reach and improved content

relevance.

The fourth component, Productivity Gains and Perceived Impact, represents the tangible
outcomes of extension efforts, including improved yields, increased income, enhanced
knowledge, and greater confidence. While these indicators confirm that extension services have a
positive influence, the moderate mean impact score (21.01 out of 60) suggests variability in how
widely and deeply these benefits are realized across the farming population. Meanwhile, the fifth
component, Traditional Extension Challenges, reveals that while face-to-face methods remain an
important extension channel, their time-consuming and costly nature poses burdens that can
limit farmer engagement and reduce overall efficiency, signaling the need for more streamlined
and accessible approaches.

Input Accessibility and Mobile Support form the sixth component, emphasizing the critical role
of timely, affordable input supply combined with farmers’ openness to mobile technology for
guidance and support. With relatively high perceptions of input availability and affordability
(mean of 18.01 out of 24), this component highlights the importance of integrating extension
services with reliable market and input delivery systems to maximize productivity gains. Then,
Research Communication and Support, points to the essential function of sustained
communication between farmers and research or extension institutions. Despite moderate levels
of awareness and contact with officers, gaps in consistent updates and support remain, indicating

opportunities to strengthen these linkages and improve farmers’ application of innovations.

Finally, Multimedia and Diverse Learning Tools, captures the use of various educational media
such as audio and video in local languages, which helps overcome literacy and connectivity
barriers. Though current adoption is moderate, this component signals a promising avenue for
making extension content more inclusive and effective by catering to diverse farmer needs and
preferences. Together, these eight components illustrate a multifaceted extension system where
participatory methods, inclusive engagement, mobile technology, input accessibility, ongoing
communication, and diverse learning platforms synergize to produce positive outcomes for
farmers. This integrated model provides clear guidance for designing and implementing

extension strategies that are both impactful and sustainable.
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4.4.3 The Mobile Teaching Learning Framework implementation

The implementation is the journey, it explains how to apply the map in practice, in specific steps,
with roles, tools, and timelines. While the blueprint of the Mobile Teaching and Learning
Framework (MTLF) defines its structural components and their interrelationships, effective
transformation of agricultural extension services depends on translating this design into practice.
Framework implementation involves operationalizing each component within real-world
contexts, ensuring that planned activities, tools, and stakeholder roles are clearly defined and
executed. This phase focuses on aligning the framework’s objectives with local agricultural
realities, mobilizing resources, and establishing the processes required for sustainable delivery.
By moving from conceptual design to targeted action, the implementation stage ensures that the

MTLF achieves measurable improvements in farmer knowledge, productivity, and livelihoods.

Agricultural Extension Services Framework

51 Multimedia and Diverse Learning
@ Tools

A~

Support

-~

[ Research Communication and r]}
=
: i.. Audio and Video
Consistent Updates --+ :
: -+ Overcoming Literacy Barriers
Support from Officers -~ "

& Inclusion

. A E
{ Farmer Participationand 5 ¢ Awareness, Engagement, and }

Empowerment

~

- A of Innov

Regular Participation -- 1

[

“-.. Communication in Local Languages

Agricultural
. . < Extension
{ Brosuctiyity Galisand Peﬁ“’gﬁ gf Services 2, Mobile Extension Access and
pact *U Knowledge Gains

A

Improved Yields - ?

P : ¢-- Offline Capabilities
Increased Income -~ :

*-- Content Relevance

[ Traditional Extension Challenges @]

A

Time-Consuming -- -!

Costly -~

_') Input Accessibility and Mobile
= Support

L.. Input Availability
... Affordability

Figure 29: Agricultural Extension Services Framework

The Agricultural Extension Services Framework provides a structured and integrative model

aimed at enhancing the delivery and effectiveness of agricultural support to farmers. At its core,
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the framework focuses on direct extension services that deliver knowledge, technologies, and
practical assistance to improve farming outcomes. Central to its success is active farmer
participation and empowerment, supported by ongoing communication between research

institutions and extension officers.

Traditional extension methods face challenges such as high costs and logistical constraints, which
the framework addresses through the use of multimedia and mobile technologies to increase
accessibility and engagement, especially among marginalized groups. Timely access to affordable

agricultural inputs is also emphasized as critical for improving productivity.

Implementation requires tailoring the framework’s components to the unique needs of the local
context, ensuring strong interactions between elements such as mobile platforms and input
delivery systems. Regular monitoring of productivity gains and impact, alongside clear
stakeholder roles, is essential to achieve sustainable and meaningful improvements in

agricultural extension services.

4.4.4 Exploratory Factor Analysis

Exploratory Factor Analysis (EFA) is a statistical technique used to identify underlying patterns
or groupings among many related variables. After presenting the detailed framework
implementation, EFA was applied to the survey data to uncover how the various components
naturally cluster together. This analysis helped simplify and organize the complex findings into a
smaller set of core factors, ensuring that the teaching-learning framework is grounded in real

data patterns and reflects the key dimensions important to stakeholders.
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Extension services have increased my confidencein...

Extension services have improved my knowledge about...
- lcan access mobile extension content even when offline.

Mobile extension services are easy to use and navigate.

District officers respond promptly to my farming...
I have regular contact with district agricultural officers
Ireceive inputs in a timely manner for planting seasons
Extension education uses diverse media (videos, audios,...
Extension education addresses the specific needs of my...
Researchinnovations have improved my farming...
Iam aware of new agricultural innovations introduced...

| feel included in dedsion-making during extension...

The agricultural extension methods being used don’t...
The agricultural extension methads being used don’t...
The agricultural extension methods being used don't...
The agricultural extension methods being used aretime...
The agricultural extension methods being used enable...
The agricultural extension methods encourage multi-...

The agricultural extension methods being used enable...
- Commonest Method of obtaining ilnformation extension

0 02 04 06 08 1 12 14 16 18 2

= Communalities Initial = Communalities Extraction

Figure 30: Factor Analysis with PCA (Extraction Method: Principal Component Analysis)

4.4.4.1 Factor Analysis Results and Interpretation

Using Principal Component Analysis (PCA) with Varimax rotation, the factor analysis revealed
clear patterns in how survey items grouped together, offering insights into which variables were

most strongly associated with the latent factors underlying the data.

Communalities (Shared Variance); Communality values indicate the proportion of each
variable's variance explained by the extracted factors. In this analysis, all variables had
acceptable extraction values, confirming that the retained factors captured a substantial portion

of the dataset’s information.
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High Communalities (= 0.60); Most variables exceeded this threshold, meaning they were
strongly represented in the factor solution. Examples include: “Research findings are effectively
communicated to farmers in my area” (0.887), “I have regular contact with district agricultural
officers” (0.884), “Extension education uses diverse media (videos, audios, printed)” (0.851), I
receive inputs in a timely manner for planting seasons” (0.823), “I am willing to use mobile
technology for agricultural learning” (0.812). These items, along with others tied to farmer
participation, research use, mobile services, and input supply, were retained as core components

because they exhibited strong alignment with the dominant latent factors.

Moderate Communalities (0.50-0.59); A few variables fell within this range, indicating weaker
but still meaningful associations with the extracted factors. Examples: “Mobile extension services
are easy to use and navigate” (0.559), “Research innovations have improved my farming
productivity” (0.510), While not as strongly represented, these items were still retained due to

their conceptual relevance to the framework’s objectives.

No variables were eliminated during this stage since all met the minimum acceptable
communality threshold (= 0.50), although those with lower values were noted as areas for

possible refinement in future evaluations.

4.4.4.2 Total Variance Explained

From the original 59 survey items, PCA condensed the data into 16 principal factors, which
together accounted for approximately 70% of the total variance, meaning the model retained
most of the information from the original dataset. The first factor alone explained about 23% of
the variance before rotation. After Varimax rotation, the variance was more evenly distributed:
Factor 1: 14%, Factor 2: 14% and Factor 3: 5%. Remaining factors each explained smaller

proportions, but still contributed meaningfully.

Although 16 factors were statistically extracted, the first 6-8 factors emerged as the most
influential in explaining the data patterns. These dominant factors correspond to key thematic
areas: Farmer participation, Use of research findings and innovations, Quality and diversity of
extension education, Timeliness of input supply, Local government and institutional support, Mobile

phone adoption for agricultural learning and Perceived effectiveness of extension services
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This refined grouping provided the empirical basis for merging related items into five integrated
pillars in the streamlined framework, ensuring that the final model retained the most relevant

and high-impact components while remaining practical and scalable.
4.4.5 The Revised Mobile Teaching Learning Framework (MTLF) after Factor Analysis

Following the presentation of the detailed implementation framework with eight interconnected
components, an additional analytical step was conducted to enhance focus and practicality.
Exploratory Factor Analysis (EFA), combined with thematic consolidation, was used to group
related components into five foundational pillars: Access, Content, Engagement, Feedback,
and Impact. This refinement was informed by both statistical patterns and conceptual alignment,
ensuring that the framework remained evidence-based while adapting to the mobile technology
context. The resulting five-pillar model distills the core priorities for mobile-based agricultural
extension, offering a clear, scalable structure for effective teaching and learning in the Kigezi sub-

region.
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Figure 31: Mobile Teaching-Learning Framework for Agriculture extension

The proposed mobile teaching-learning framework enhances agricultural extension in the Kigezi
sub-region by integrating the strengths of the existing model with a structured digital pedagogy
built on five pillars: Access, Content, Engagement, Feedback, and Impact. This design addresses
participation gaps, strengthens knowledge dissemination, and provides a scalable mobile-based

solution.
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At its core, the framework serves as both delivery mechanism and learning environment.

Access focuses on infrastructural readiness; mobile penetration, network coverage, device
affordability and inclusive design that accounts for language, literacy, and digital skills, ensuring
equitable participation for women, youth, and marginalized groups. Offline capabilities and

multimedia tools are embedded to overcome connectivity challenges.

Content emphasizes localization and modularity, ensuring materials reflect Kigezi’s agricultural
practices, languages, and challenges. Breaking content into manageable units supports
comprehension across literacy levels and aligns with the original model’s goal of timely, need-

specific education.

Engagement enables two-way communication between farmers, extension officers, and peers
through mobile groups and forums. These channels foster participation, community support, and

problem-solving, reinforcing empowerment and active learning.

Feedback provides real-time, personalized support via chatbot, hotlines, and adaptive content
that responds to user progress and needs, ensuring continuous improvement and

responsiveness.

Impact incorporates a Monitoring, Evaluation, and Learning (MEL) system to track usage,
satisfaction, knowledge gains, behavior change, and productivity outcomes. Quantitative and

gualitative metrics assess long-term effectiveness in closing the agricultural extension gap.

By uniting participatory extension principles with mobile learning strategies, this framework
delivers an inclusive, adaptive, and farmer-centric model capable of transforming agricultural

education in the Kigezi sub-region.

4.4.6 The Revised MTLF validation using Expert evaluation.

To validate the revised Mobile Teaching-Learning Framework (MTLF) beyond its visual
representation, expert evaluation was conducted to assess its conceptual soundness and
contextual fit. This process followed the artifact assessment criteria of Prat et al. (2014), which

examine five dimensions: Goal, Environment, Structure, Activity, and Evolution.

A panel of ten experts comprising agricultural researchers, extension officers, smallholder farmer
representatives, and mobile technology specialists reviewed the framework using a structured

guestionnaire. Both Likert-scale ratings and qualitative feedback were collected to evaluate the
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framework’s clarity, relevance, usability, and sustainability in the Kigezi sub-region context. The
results provided theoretical validation and informed refinements to ensure the framework's

robustness and applicability.

4.4.6.1 Demographic Characteristics
The section below provides detailed information about the demographic characteristics of

respondents.

Institution of Work of Respondents; The results regarding the institution of work are not
presented diagrammatically due to diversity. Approximately 20% of respondents were from the
National Agricultural Research Organization (NARO), with the remainder from various
organizations, including farmer cooperatives. This diversity arose because the question "State the
name of the institution where you work" led some farmer-participants to list organizations

where they are employed in non-farming roles, rather than their farming status.

Job Title of Respondents; Job title results are not shown in a figure due to similar diversity.
About 15% of respondents identified as extension officers, while others held varied titles,

reflecting the overlap of farming with other professional roles, as noted previously.

Time Taken in the Practice of Agricultural Extension or Mobile Technology; The following

paragraphs detail the duration respondents have spent in their fields.
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@ 2105 years

@ 61010 years

» Over 10 years
® Lessthan 1 year

Figure 32: Time Taken by Respondents in Their Field of Practice

Findings show that 40% of respondents have 2 to 5 years of experience, 30% have 6 to 10 years,

20% have over 10 years, and 10% have less than one year.

Highest Qualification Attained by Respondents
- The following paragraph details the highest qualifications of respondents.

Educational Attainment of Respondents

45%

Percentage (%)

Bachelor's Diploma or Below
Education Level

Figure 33: Highest Qualification Attained

Findings indicate that 45% hold a master’s degree, 35% a bachelor’s degree, 15% a diploma or
below, and 5% a PhD.

Gender of Respondents
The following paragraph details the gender distribution of respondents.
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Male (70%)

Female {30%)

Figure 34 :Gender of Respondents

Findings reveal that 70% of respondents are male, while 30% are female.

4.4.6.2 Expert Evaluation Results of the MTLF Using Prat et al.’s Model

Figure 35: Expert Evaluation of the Mobile Teaching-Learning Framework Using Prat et

al’s Model
Evaluation . Agreement
: sti Mean SD

No. imensioi Item (Question) (%)

61 Goal The frame.work s components are logical 420 0.63 90%
and effective.

62  Goal The ﬁ"am.ewor]:: supports teaching and 410 0.74 90%
learning in various contexts.

T — The fran?ewclark is useful for smallholder 430 0.68 90%
farmers in Kigezi.

EZ Environment | o¢ ramework’selements are 400 082  80%
understandable.

S1 Structure The framework is complete. 3.60 0.84 60%

S2  Structure The framework is simple and clear. 3.80 0.79 70%

i The framework supports effective
A . ] 0
1 Adivity teaching and learning. w2d 0.63 2

AZ Activity The framework supports peer-to-peer 380 0.79 70%
knowledge exchange.

A3 Activity ti’he framework aliom.ls flexibility for 297 115 30%
informal group learning.

Vi Evolution The frzfmework can adapt to evolving 400 0.82 80%
extension needs.

V2 Evalution The framework promotes sustainable 2.40 1.08 359%

knowledge exchange.
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4.4.6.2.1 Goal Dimension

Experts positively affirmed the clarity and logical flow of the framework's five pillars: Access,
Content, Engagement, Feedback, and Impact. They emphasized its strong alignment with
agricultural learning goals, particularly its potential to transform farmers into active learners

rather than passive recipients.

“The framework has a clear teaching logic; it moves from inclusion to results in a way that feels
natural.”
“It’s more than just tech; it's a teaching model that fits the lived realities of smallholder farmers.”

“The emphasis on participatory learning is refreshing and long overdue in extension thinking.”

The strong average scores (M = 4.20-4.10) reflect consensus that the MTLF is goal-aligned,

pedagogically sound, and capable of being applied across various teaching contexts.

4.4.6.2.2 Environment Dimension

Experts appreciated the contextual relevance of the framework for the Kigezi sub-region. They
especially highlighted its responsiveness to terrain, digital infrastructure, and language needs,

noting that its inclusive design would likely reach groups often left behind in traditional

extension models.

“This fits rural Uganda; it accounts for connectivity gaps and literacy issues while still delivering

value.”

“I appreciate the use of local languages and offline options; it respects the users.”

“The mobile-first approach isn’t generic. It's grounded in the environment it’s meant to serve.”

High scores (M = 4.30, 4.00) confirmed that the framework is culturally sensitive and

environmentally appropriate, though a few noted that implementation would still depend on

district-level support and digital awareness campaigns.

4.4.6.2.3 Structure Dimension

Feedback under this dimension was generally constructive, with experts acknowledging the
intuitive layout of the framework, but recommending clearer articulation of roles, processes, and
system feedback loops. They saw promise in the five pillars but wanted to see tighter linkage

between actors and actions, especially under the Feedback and Impact components.
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“The structure is there but more detail is needed on how feedback is gathered, used, and by whom.”
“Who maintains this system over time? Farmers? District officers? NGOs?”

“Structure-wise, it's clean. But real-world clarity on implementation steps is still thin.”

Moderate ratings (M = 3.60-3.80) suggest that the design is solid, but could be strengthened by

more explicit process flows, institutional roles, and continuity planning.

4.4.6.2.3 Activity Dimension

This was one of the most positively reviewed dimensions. Experts praised the framework’s ability
to support active learning, peer interaction, and continuous engagement. The Engagement and

Content pillars were seen as especially effective in encouraging group learning and reflection.

“I love the focus on peer-to-peer engagement; it’s real, and farmers relate to each other better than
to experts sometimes.”

“Teaching through mobile tools is one thing, but enabling group discussion and community learning
is a real strength here.”

“There's flexibility in how farmers can use the content; individually or in groups and that’s

important.”

However, the lower score on informal group learning (M = 2.27) flagged an area for attention.
Experts recommended integrating community facilitators, local learning hubs, or farmer-

champions to strengthen informal learning dynamics.

“If you want group learning, embed it through structured community forums or youth-led digital

clubs.”

4.4.6.2.4 Evolution Dimension

Experts were optimistic about the framework’s adaptability, particularly the way it invites
ongoing feedback and updates through its Feedback and Impact pillars. They appreciated its

potential to evolve based on farmer input, mobile usage data, and contextual challenges.

“This model is alive; it has room to grow and change based on what farmers say and do.”
“It’s monitoring potential is strong; you can see what works and adjust.”

“For sustainability, I'd love to see more involvement from farmer cooperatives or village agents.”
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While adaptability received high ratings (M = 4.00), sustainability scored lower (M = 2.40).
Experts pointed out that digital tools alone aren’t enough human systems, including local trainers,

learning agents, or agricultural radio programs, are needed to sustain learning over time.

“Without a local face to the program, tech will eventually fizzle; combine digital with community
voice.”

“Radio and WhatsApp can go hand in hand with this; it doesn’t have to be all in-app.”

4.4.6.2.5 General Observations

Experts consistently recognized the pedagogical depth of the framework and valued its blending
of digital and participatory methods. They viewed it as a next-generation extension model one that
places farmers at the center, respects local realities, and integrates technology without being

over-reliant on it.

“This is not just an app. It's a philosophy for how we deliver agricultural learning in hard-to-reach

communities.”

The expert evaluation of the Mobile Teaching-Learning Framework for Agriculture (MTLF)
confirmed its pedagogical robustness, contextual appropriateness, and logical structure. High
ratings in the Goal, Environment, and Activity dimensions demonstrated that the framework
effectively supports mobile-enabled agricultural extension, responds to smallholder farmer

needs, and aligns with participatory and learner-centred approaches.

While no major redesign was required, the few minor suggestions provided by experts were
incorporated into the AgriAccess App to enhance functionality and user experience. This
integration strengthened the app’s role as the central platform connecting the Technology Layer
and Institutional Layer, ensuring practical applicability without altering the validated framework

structure.
4.5 Objective 3: Evaluating Feasibility and Acceptability

This section presents findings aligned with Objective 3: To evaluate the feasibility and acceptability

of the developed mobile teaching-learning framework in Kigezi sub-region.
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4.5.1 Introduction

Following the expert evaluation of the Mobile Teaching-Learning Framework (MTLF), the study
proceeded to a prototype field evaluation to test the framework’s practical feasibility and user
acceptability in real farming contexts. The prototype named AgriAccess was developed directly
from the expert review’s findings and recommendations, ensuring that the system addressed
both the functional requirements (e.g., localized agricultural content, interactive learning tools)
and non-functional requirements (e.g., offline capability, low-bandwidth optimization, and

multilingual support). The field evaluation aimed to answer three key questions:

* Can the MTLF be operationalized into a functional mobile platform suitable for rural
agricultural extension?

* How do end-users perceive the platform in terms of usefulness, ease of use, and supporting
conditions?

= What adjustments are necessary for large-scale deployment?

This phase served to validate the operational readiness of the MTLF, identify usability strengths,
uncover adoption barriers, and generate actionable recommendations for refining both the platform and

the broader framework before scaling.

4.5.2 Prototype Development Informed by Expert Review
Insights from the expert review were systematically integrated into the prototype’s design, with
a focus on features that would maximize adoption in rural farming communities:
= Localized and practical content in Rukiga, Runyankole, and English, as recommended for
inclusivity and cultural fit.
= Voice-guided navigation for low-literacy users.
= Two-way feedback loops enabling farmers to consult extension agents and share peer-
generated knowledge.
= Offline access to training modules, ensuring usability in low-connectivity areas.
= Lightweight media formats for low data consumption.
These design choices were directly translated into the prototype build to ensure real-world

applicability.
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4.5.3 Prototype Design Overview
The AgriAccess prototype was developed to embody the framework’s principles and attributes in
a practical system. Key design artifacts included:

» Use Case Diagram: Defining user roles and system functions.

» System Flow Chart: Mapping learning activities and content pathways.

« Architecture Blueprint: Laying out system layers, data processing, and services.

« User Interface Screenshots: Showcasing multilingual menus, feedback forms, and learning
dashboards.

4.5.4.1 Use Case Diagram Description

The use case diagram illustrates how key actors Farmers, Extension Officers, Researchers, Input
Suppliers, and Production Officers interact with the AgriAccess system. Each actor performs
distinct yet interrelated functions such as accessing role-specific content, engaging in two-way
communication, sharing data, and supporting knowledge flow. The platform serves as a
collaborative hub that enhances coordination, learning delivery, and responsive support among

agricultural stakeholders.
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Figure 36:Use case diagram of the Prototype.

4.5.3.2 Prototype Implementation Architecture of the MTLF

A critical aspect of the MTLF lies in how its core modules interoperate to provide an integrated,
mobile-based agricultural extension service. The architecture is organized into three interrelated
modules; User Level, System Level, and Storage Engine Level that support functionality,

scalability, offline access, and secure communication in resource-constrained regions like Kigezi.
4.5.3.2.1 User Level Module (User Interaction and Access)

This module enables direct interaction between stakeholders (farmers, extension officers, input
suppliers, production officers, and researchers) and the MTLF system through mobile devices

and offline interfaces.

= Mobile Platform Submodule: Developed in Flutter, this submodule supports Android and
i0S and acts as the primary interface, delivering multimedia tutorials, chatbot responses,
and real-time notifications. [t incorporates culturally tailored, low-literacy-friendly Ul
elements.

= Offline Access Submodule: Caches content and stores user input locally using Shared
Preferences, enabling offline access and synchronization once connectivity is restored.

= Authentication Submodule: Uses Firebase Authentication to ensure secure, role-based
access for all stakeholders.

= Firewall Submodule: Filters unauthorized access and protects against cyber threats,
securing sensitive agricultural data.

* User Roles Submodule: Customizes the user interface and access rights for each

stakeholder type, enhancing role-specific learning and collaboration.
4.5.3.2.2 System Level Module (Core Processing and Communication)

This module handles business logic, content delivery, stakeholder communication, and

performance optimization.

«  Web & Application Server: Hosted on Firebase and a Digital Ocean VPS, respectively, this
layer executes backend logic, serves dynamic content, and handles API routing via

Firebase Cloud Functions and REST APIs.
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* Load Balancer & CDN: Ensure performance, scalability, and fast access to static content
across remote areas.

* Notification & Chatbot Services: Enable real-time engagement through push notifications
and an Al-powered chatbot, offering multilingual support in Runyankole, Luganda,
Rufumbira, and Runyarwanda.

* Monitoring & Logging Services: Track usage patterns and system health using Firebase
Analytics and Google Cloud Logging, ensuring system responsiveness and issue resolution.

= Analytics Submodule: Processes feedback and interaction data to support research and

system refinement, using visual summaries like charts and reports.
4.7.3.2.3. Storage Engine Level Module (Data Management and Security)
This module ensures secure, scalable data storage and supports offline-first capabilities.

= Database Submodule: Firebase Fire store stores user profiles, content, feedback, and
analytics data, supporting real-time synchronization.

* Authentication Submodule: Protects access to sensitive data through credential
verification, ensuring privacy and trust.

= Stakeholder Databases Submodule: Organizes and manages stakeholder-specific data for
advisory services, innovations, policy updates, and feedback loops.

= Scheduled Backup Submodule: Automatically backs up system data to prevent loss and

support system reliability.

A critical aspect of the MOAE framework lies in the way its core modules interact to form a
cohesive, functional system that delivers mobile-based agricultural extension services in
resource-limited settings. This section presents the architecture and internal workflow logic
that underpin the framework's implementation. Below in Figure 6.6 is the MTLF Prototype

Implementation Architecture
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Figure 37:The MTLF Prototype Implementation Architecture
4.5.3.3 System Structure of the AgriAccess Mobile App

The AgriAccess App, developed as the prototype of MTLF, operationalizes the framework’s core

features via an intuitive, multilingual mobile interface.

4.5.3.3.1 Key Structural Components:
Frontend (Mobile App):
= Framework: Built with Flutter for cross-platform performance.
« UI/UX: Customized for low-literacy users; integrates icons, videos, and local language
content.
= Offline Support: Uses local storage (Shared Preferences) to enable caching of content and
delayed data sync.
Communication Interfaces:

= Chabot: Al-powered and multilingual, supports real-time and offline queries.
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= SMS Integration: Implemented via Africa’s Talking, enabling access on feature phones.
Backend Services:
= Firebase fire store: Manages real-time data and user profiles.

= Firebase Functions & REST APIs: Handle logic execution and data exchange across mobile

and web platforms.

= Authentication: Phone number and password login secured by Firebase Authentication.
Content Delivery & Notifications:

= Multimedia Tutorials: Delivered via CDN for fast access even in low-bandwidth areas.

= Push Notifications: Real-time alerts on weather, market prices, and policy changes.
Analytics & Feedback:

= Monitoring Tools: Firebase Analytics tracks engagement.

= Feedback Mechanism: In-app form linked to admin dashboard with automated alerts.
Web Companion App:

= Built with React.js and hosted on Firebase, it supports administrative access, report

generation, and stakeholder coordination.
Deployment & Security:
= CI/CD Pipeline: Managed on GitHub for version control and automated updates.
* Hosting: Firebase Hosting for web; Digital Ocean VPS for backend.

= Security: HTTPS with SSL from Let’s Encrypt and Cloud flare.
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Figure 38: System Structure of the AgriAccess Mobile App

4.5.3.4 MOAEF Flow Chart Description

The system flow begins with user authentication (login/signup), followed by role verification and
assignment. Depending on the assigned role; Farmer, Extension Officer, Researcher, Input
Supplier, or Production Officer, the user accesses corresponding modules: Farmers — Inquiry
Module (advisory support), Extension Officers — Advisory Services, Market Analysis, Farm

Management, Researchers — Farming Practices, Agricultural Technologies, Input Suppliers —
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Pesticides, Fertilizers, Agrochemicals, Production Officers — Government Policy, Stakeholder
Management. After interaction, all users are directed to the Feedback Module to provide input
for system improvement. The session ends with a secure logout for data protection. This flow
ensures role-based access, promotes targeted knowledge exchange, and supports iterative

development through user feedback.
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Figure 39:System flow chart of the AgriAccess Mobile App
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4.5.3.5 Screenshots Description of the AgriAccess Mobile App
The screenshots depict key user interfaces and onboarding elements of the AgriAccess mobile

app, designed for farmers in Kigezi:

Onboarding Screens: Screen 1: Introduces AgriAccess as a smart farming tool, Screen 2:
Emphasizes modern agricultural transformation. Screen 3: Highlights crop tracking, community

support, and 24/7 expert access.

Sign-Up Screen: Features account creation fields (username, phone, password) with

Google/Facebook login options.

Login Screen: Offers fields for returning users, with “Remember Me” and “Forgot Password”

options.

Chabot Interface: Multilingual Input: Supports English, Runyankole, and Luganda, Image Upload:
Enables visual-based queries via "Pick Image" button, Submit Button: Sends questions for tailored
advice Response Example: Displays detailed, contextual farming recommendations, Navigation

Bar: [cons for Home, Chabot, and Profile ensure ease of use.

Step-by-Step User Guide (Infographic): (1) Download the app, (2) Create an account, (3) Select

user role, (4) Access role-based features

These screens reflect AgriAccess commitment to usability and accessibility critical in Kigezi,
where farmers face low literacy (54.3%) and limited mobile-based extension access (only 8.7%).

The design supports inclusive adoption and knowledge transfer, in line with the platform’s goals.
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Figure 41:Screenshots of the AgriAccess Mobile App
4.5.4 Evaluating the Prototype

The AgriAccess App, developed as a prototype of the Mobile Teaching-Learning Agricultural
Extension Framework (MTLF), was evaluated to determine its feasibility and user acceptability in the
Kigezi sub-region. In line with Wieringa’s (2010) experimental approach, the evaluation examined the
prototype’s ability to operationalize the MTLF by delivering localized agricultural content, interactive

learning, feedback mechanisms, and a mobile-friendly interface.

Seventeen participants, including farmers, extension agents, and agro-input dealers, took part in the
pilot. Deployment involved: Orientation Sessions — Training on navigation, language options, and
offline mode. Pilot Usage — Two weeks of independent use in real farming contexts. Feedback

Collection — System log analysis and a UTAUT-based questionnaire.

The questionnaire measured: Performance Expectancy — Benefits for productivity and knowledge
gain. Effort Expectancy — Ease of learning and use. Social Influence — Encouragement from peers and

community leaders. Facilitating Conditions — Availability of devices, connectivity, and support.

All constructs were rated on a 5-point Likert scale, supplemented with open-ended feedback. The
findings, presented in subsequent sections, cover participant demographics, usage trends, perceived

usefulness, ease of use, and suggestions for improvement.

4.5.4.1 Respondent Demographics
The evaluation involved 17 participants representing key stakeholder groups in the agricultural
extension ecosystem. These included Agricultural Extension Officers (5), Farmer Groups (6),

Agricultural Researchers (2), Input Suppliers (2), and Production and Marketing Officers (2).

Table 53: summarizes the Demographic Distribution

Category Frequency (n) Percentage (%)
Agricultural Extension Officers 5 29.4
Farmer Groups 6 35.3
Agricultural Researchers 2 11.8
Input Suppliers 2 11.8
Production and Marketing Officers 2 11.8
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Total 17 100.0

The diverse composition ensured perspectives across the agricultural value chain, enriching the

evaluation with multifaceted insights.

4.5.4.2. Usability Evaluation Based on UTAUT Constructs

Usability and acceptance of the MTLF prototype were assessed through the Unified Theory of
Acceptance and Use of Technology (UTAUT) framework, utilizing a 5-point Likert scale. Four core
constructs; Performance Expectancy, Effort Expectancy, Social Influence, and Facilitating

Conditions were evaluated. Results are summarized in Table 2.

Table 54: UTAUT Construct Scores for AgriAccess App (n=17)

%
Agree/ Agree/
Construct Item Statement Strongly Stisiisal Mean SD
Agree (n) gty
Agree
The‘ app helps me receive or deliver 16 94.1% 447 0.62
agricultural advice effectively.
Performance :jarr': "flble tt? ke b?,tt; rfaming 15 88.2% 4.35 0.70
Expectancy ecisions because of the app.
(PE) : . ;
Tl}e app is useful in connecting me 16 91.2% 441 0.71
with other actors.
Mean PE Score — — 4.41 0.68
:.::rning to use the app was easy for 15 88.2% 424 0.66
Effort The app is simple to navigate. 14 82.4% 4.18 0.73
Expectancy
(EE) [ do not need assistance every time | 13 76.5% 3.88 0.78
use the app. =70 ’ )
Mean EE Score — — 4.10 0.72
People important to me encouraged 11 64.7% 3.76 0.81
me to use the app.
Social : .
tnfliisace Community leaders or extension 12 70.6% 3.88 0.78
(sD) agents recommended the app.
Most of my peers are using or intend 10 58.8% 3.47 0.85

to use the app.
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Mean SI Score — — 3.70 0.81

[ have a phone that can run the

0
AgriAccess App. 15 88.2% 4.24 0.66

Facilitating r“ﬁ:;’;fp‘:i‘)ﬁ:{;a‘rt‘me AECESSISTOLA. 4y 64.7% 371 077

Conditions

(FC) [ receive support when | experience 10 58.8% 3.53 0.84
problems using the app. el ' :
Mean FC Score — — 3.83 0.76

Performance Expectancy (PE) registered the highest overall mean score of 4.41 (SD = 0.68), with
94.1% of respondents agreeing that the app helped them effectively receive or deliver
agricultural advice. This suggests strong user belief in the app’s utility and value addition to
agricultural decision-making and stakeholder collaboration.

Effort Expectancy (EE) scored a mean of 4.10 (SD = 0.72), indicating that most users found the app
easy to learn and navigate, although slightly lower ease was noted for independent use without

assistance.

Social Influence (SI) showed a moderate mean of 3.70 (SD = 0.81). While local leaders and
influencers recommended the app, peer adoption appeared comparatively weaker, reflecting

limited but growing communal diffusion.

Facilitating Conditions (FC) had a mean score of 3.83 (SD = 0.76). While access to appropriate
mobile devices was relatively high, challenges related to connectivity and user support were

evident in the lower scores for airtime/data access and problem resolution.

4.5.5. System Log and Usage Analytics

System usage data from the AgriAccess app was analyzed to assess both the core functionalities
and the supplementary modules designed to operationalize key attributes of the MTLF. This
analysis was conducted to verify whether the implemented features were being utilized as
intended, to measure user engagement with different components, and to identify any gaps

between the framework’s design objectives and actual user behavior in the field.

Table 55:Summarizes user engagement across these modules.

Feature / Acces Sessio Avg. Featlfre- Offlin User_ Description/Functio
Modiile S ns (n) Session  Specific e Retentio nal Linkage
Rate Duratio Interactio Usage n Rate
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(%) n(min) ns(per (%) (%)
session)
dvisory Enables farmers to
&A 82% 147 12.5 8.3 22% 87% document and share
lodule experiences
iput Provides digital
ipplier 76% 136 9.1 5.4 18% 84% tips/tools at input
irectory centers
fashe Provides local
orecasti  29% 52 4.3 21 35% 45%
weather updates
2 Tool
-arket
e Displays real-time
1d 55% 98 o 4 4.6 15% 70%
market data

rends
odule
ser
2edback Enables feedback

40% 72 6.5 3.7 12% 62% integration and
ynamic adaptive content
pdates
raining
nowledg 48% 85 15.2 7.8 27%  78% SUppRL M-

; channel learning

Sharing
odule

Metric Value Description
verage Weekly Usage 4.2 Average app access frequency per user per
‘equency sessions/user week
ask Completion Rate 93% Percentage of successfully completed tasks
avigation Error Rate 8% Errors mainly due to network/terrain issues

:ssion Duration & Interactions: The Training & Knowledge Sharing Module had the longest

rerage session duration (15.2 minutes) and highest interactions per session (7.8), indicating

:ep engagement with learning content. The Advisory Q&A Module also showed strong

teraction rates (8.3) and session length (12.5 minutes), highlighting its critical role.

ffline Usage: The Weather Forecasting Tool exhibited the highest offline usage (35%),

flecting user attempts to access information despite poor connectivity. Other features showed

oderate offline access, demonstrating partial app resilience.

ser Retention: Retention rates were highest for the Advisory Q&A (87%) and Input Supplier

irectory (84%), confirming these as core valued functionalities. Weather forecasting showed

w retention (45%), suggesting limited perceived value or usability issues.
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Network/Terrain Impact: Navigation error rates at 8% continue to reflect challenges from

connectivity and geographic factors affecting smooth app navigation.

Feature-Specific Notes: Features with lower retention and shorter sessions (Weather

Forecasting) may benefit from targeted improvements in content relevance or Ul design.

The evaluation of the AgriAccess prototype demonstrates that the Mobile Teaching-Learning
Agricultural Extension Framework (MTLF) can be effectively translated into a practical, user-
friendly digital tool. High scores in performance and ease of use, along with strong engagement
with core features like advisory Q&A and training modules, confirm the framework’s relevance
and usability in rural settings. Participants across the agricultural value chain found the app
valuable for learning, communication, and decision-making. While minor challenges with
connectivity and support were noted, they do not compromise the overall feasibility of the

system.
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CHAPTER FIVE:

DISCUSSION OF FINDINGS AND CONCLUSIONS

5.1. Strengths and Weaknesses of Existing Teaching-Learning Frameworks in Agricultural
Extension in Kigezi (Objective 1)

5.1.1. Strengths of Existing Frameworks

The findings indicate that participatory and empowering extension methods form the core
strength of existing agricultural extension frameworks in the Kigezi sub-region. With a high
average rating (Mean = 4.3, SD = 0.6), these methods emphasize hands-on empowerment and
motivation, which closely align with Rogers’ (2003) Diffusion of Innovations theory advocating
for active involvement and localized adaptation as drivers for successful technology adoption.
Participatory extension methods enhance farmers’ sense of ownership and autonomy, making it
more likely that innovations are adopted sustainably (Adesina & Zinnah, 1993). This is critical in
Kigezi, where diverse agro-ecological zones demand flexible approaches that can be adapted by

individual farmers based on their unique conditions.

The emphasis on farmer empowerment through direct engagement and problem-solving also
resonates with the farmer field school approach, which has been shown to improve knowledge
retention and practical skills among smallholders (van den Berg & Jiggins, 2007). Results show
that motivated farmers are more willing to participate in extension programs, confirming
findings by Kristjanson et al. (2009), who highlighted motivation as a key determinant of farmer

participation and learning outcomes.

Moreover, participatory approaches contribute to social capital formation within farming
communities. Social networks and peer learning are enhanced, creating platforms for knowledge
exchange beyond formal extension sessions (Pretty, 1995). This social dimension was noted by
resultsas particularly effective in the Kigezi context. The participatory focus also addresses
cultural and language barriers by incorporating local knowledge and allowing farmers to tailor

innovations to their realities, a key factor in enhancing relevance and uptake (Chambers, 1997).
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Additionally, results show that respondent appreciated the role of extension officers as
facilitators and motivators rather than mere transmitters of information, which aligns with
contemporary extension paradigms advocating for advisory and facilitation roles (Anderson &
Feder, 2007). The current frameworks’ ability to foster farmer empowerment also enables
women and youth to gain greater agency in agricultural decision-making, an important social
development aspect highlighted in recent literature (FAO, 2011). They commended the
incorporation of multimedia learning tools within some extension services, such as video
demonstrations in local languages. This strengthens comprehension and inclusivity, especially

among illiterate or semi-literate farmers, supporting the findings of Nagler et al. (2020).

Lastly, the integration of traditional agricultural knowledge with scientific recommendations was
seen as a strength, helping bridge the gap between innovation and tradition, a balance critical for

extension effectiveness (Scoones & Thompson, 2009).
5.1.2. Weaknesses of Existing Frameworks

Despite these strengths, traditional extension methods remain a major weakness in the existing
frameworks. The lowest rating (Mean = 3.2, SD = 0.9) reflected concerns about the heavy reliance
on face-to-face meetings that are time-consuming and logistically challenging. This echoes the
findings of Swanson and Rajalahti (2010), who reported that conventional extension struggles
with geographic and infrastructural barriers, particularly in rugged terrains such as Kigezi,
limiting outreach and frequency of farmer contact. The time and cost burdens of traditional
methods also reduce scalability and coverage, meaning many farmers, especially those in remote

or marginalized communities, receive limited or no extension support (Anderson & Feder, 2007).

Moreover, the inflexible schedules and formats of traditional sessions do not accommodate the
diverse livelihood demands on farmers’ time, reducing attendance and engagement levels, a

problem noted by Davis et al. (2012).

Another critical weakness is the limited use and inconsistent access to mobile technologies
within existing frameworks. Although mobile access and knowledge gains were moderately rated
(Mean = 3.8, SD = 0.8), the variability indicates uneven penetration and utilization. Factors such
as poor network coverage, low digital literacy, and affordability challenges restrict mobile
technology's full potential, aligning with the challenges documented by Aker (2011) and Jensen

(2007). Many smallholder farmers still face barriers to accessing relevant content due to
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language and literacy constraints, despite available mobile platforms. This limits the

inclusiveness of current digital interventions (Kaminski & Christiaensen, 2014).

In addition, the lack of localized and context-specific content within mobile tools reduces their
perceived usefulness and relevance, as pointed out, underscoring the need for tailored, modular

learning materials (Sulaiman et al., 2012).

Another notable weakness involves the affordability and reliability of agricultural inputs, which
are vital complements to knowledge dissemination. Respondents gave a moderate rating (Mean =
3.6, SD = 0.7), indicating recognition of importance but gaps in implementation. As Knowler and
Bradshaw (2007) emphasized, without accessible and affordable inputs, extension messages may
have limited impact on actual productivity and income improvements, a challenge echoed in the

Kigezi context.

The inconsistent supply chains and lack of timely delivery of inputs undermine farmers’ ability to
adopt recommended practices, reducing trust in extension services (Morris et al, 2007).
Furthermore, the existing frameworks do not fully integrate feedback mechanisms to adjust
content and methods based on farmer experiences and needs, reducing responsiveness and

adaptability (Swanson & Rajalahti, 2010).

Respondents highlighted a gap in continuous monitoring and evaluation within the current
extension approaches, making it difficult to assess progress and impact systematically. This lack
of data-driven refinement weakens extension effectiveness and reduces the ability to scale
successful interventions (Davis & Place, 2003). Additionally, results noted the limited focus on
marginalized groups, including women and youth, who often face systemic barriers to accessing
extension services (FAO, 2011). The existing frameworks sometimes lack explicit strategies to
enhance equity and inclusion, which is critical for achieving broad-based agricultural

development (Meinzen-Dick et al,, 2011).

The traditional top-down approach to extension content delivery also limits farmer agency and
the ability to tailor information to their individual contexts, reducing relevance and uptake
(Chambers, 1997). Another weakness is the underutilization of multimedia and diverse
communication formats, which could enhance comprehension and engagement, especially among
farmers with low literacy (Nagler et al,, 2020). The overreliance on physical meetings and paper-

based materials can also hinder timely dissemination of critical information such as pest
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outbreaks or market changes, which digital platforms could better support (Aker & Mbiti, 2010).
Lastly, the fragmentation of extension services across multiple agencies without sufficient
coordination leads to duplication of efforts and resource inefficiencies, a challenge documented

by many scholars and observed in Kigezi (Feder et al., 2010).

5.2. Development of a Mobile Teaching-Learning Framework for Reducing the Agricultural

Extension Gap (Objective 2)
5.2.1. Framework Rationale

The development of the mobile teaching-learning framework in this study responds directly to
the identified limitations of traditional extension approaches in the Kigezi sub-region, especially
challenges related to accessibility, timeliness, and scalability. Leveraging mobile technology
offers a promising solution to bridge these gaps by enabling remote access to agricultural
knowledge and extension services. This approach is strongly supported by existing literature
demonstrating that mobile learning frameworks can effectively overcome geographic and

temporal barriers characteristic of rural education settings (Traxler, 2009; Ally, 2009).

Mobile devices facilitate personalized, on-demand access to agricultural information,
empowering farmers to make timely decisions that can improve productivity and livelihoods
(Aker, 2011). Moreover, mobile technologies enable two-way communication and interactive
learning, aligning well with participatory extension principles identified as strengths in the Kigezi

context.
5.2.2 Factor Analysis Insights: Structural Underpinnings of the Framework

The Principal Component Analysis (PCA) with Varimax rotation revealed 16 components
accounting for 70.20% of the total variance across 59 variables related to agricultural extension
service delivery and uptake. This high cumulative variance explained suggests that the observed
data can be reliably summarized into a manageable number of latent factors that capture key

dimensions of agricultural extension in Kigezi.

The first component, representing Farmer Participation and Empowerment, emerged as the most
influential factor, explaining 23.01% of the variance before rotation. This underscores the
centrality of active farmer engagement, motivation, and problem-solving to successful extension
outcomes. This finding supports the literature, which consistently emphasizes participatory

learning as foundational to agricultural innovation adoption (Rogers, 2003; Pretty, 1995).
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Other components reflect critical thematic areas such as Awareness, Engagement, and Inclusion,
Mobile Extension Access and Knowledge Gains, Productivity Gains and Perceived Impact, and Input
Accessibility and Mobile Support. These components collectively capture the complex ecosystem
of factors influencing extension effectiveness, from technology use and content relevance to

supply chain reliability and institutional communication.
5.2.3 Farmer Participation and Empowerment

Active farmer participation was identified as a core driver of extension impact. The moderate
mean participation score (3.60) indicates room for improvement but confirms the positive
influence of hands-on learning, motivation, and creative problem-solving in empowering farmers.
The role of extension officers as facilitators further enhances this empowerment, consistent with

best practices advocating for advisory rather than didactic roles (Anderson & Feder, 2007).

Empowerment facilitates greater adoption of innovations by fostering confidence and self-
efficacy, as suggested by Bandura'’s social cognitive theory (Bandura, 1986). Thus, the framework
prioritizes mechanisms to enhance participation through interactive mobile platforms and

localized content.
5.2.4 Awareness, Engagement, and Inclusion

Moderate scores on awareness and inclusion (mean 11.37/20) indicate that while farmers are
somewhat engaged with extension content, deeper and more inclusive communication strategies
are needed. The framework addresses this by incorporating local language support and culturally
appropriate messaging to enhance comprehension and participation, echoing findings that

linguistic and cultural relevance improves extension outcomes (Chambers, 1997).

Engagement is also facilitated through social sharing features and peer learning opportunities
embedded in mobile platforms, which foster a community of practice and collective problem-

solving (Pretty, 1995).
5.2.5 Mobile Extension Access and Knowledge Gains

Farmers exhibited moderate to high mobile device access and reported knowledge gains via
mobile extension services, particularly appreciating offline access capabilities. This reflects
growing mobile penetration in rural areas, as documented by GSMA (2019), but also highlights

the need to expand coverage and ensure usability for less tech-savvy users.
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The framework integrates simple, user-friendly interfaces and multimedia content (audio, video)
to cater to diverse literacy levels and maximize knowledge transfer, consistent with studies

emphasizing multimedia’s effectiveness in agricultural learning (Nagler et al., 2020).
5.2.6 Productivity Gains and Perceived Impact

Though perceived productivity and income improvements were moderate (mean 21.01/60),
these results demonstrate that extension services positively influence farmers’ livelihoods.
However, variability in impact suggests disparities in access, relevance, or application of

information.

The framework, therefore, emphasizes personalized recommendations and feedback
mechanisms to tailor content to individual farmer circumstances, enhancing relevance and

boosting adoption and impact (Davis et al.,, 2012).
5.2.7 Traditional Extension Challenges

Traditional face-to-face methods remain valuable but are constrained by their time-consuming
and costly nature, posing barriers to farmer participation and extension scalability. These
challenges are consistent with Anderson and Feder’s (2007) analysis of extension bottlenecks in

developing countries.

The framework's mobile-based approach mitigates these constraints by offering anytime-
anywhere access, reducing dependency on physical meetings, and enabling rapid dissemination

of critical information such as pest alerts or market updates.
5.2.8 Input Accessibility and Mobile Support

Input availability and affordability received relatively high ratings (mean 18.01/24), highlighting
their importance alongside knowledge dissemination. The framework incorporates mobile-
supported input supply chains, linking farmers directly to suppliers with timely information on

availability and prices.

This integration aligns with Knowler and Bradshaw’s (2007) recommendations to connect
extension services with market systems, ensuring farmers have the resources needed to act on

extension advice.

5.2.9 Research Communication and Support Gaps
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Moderate levels of research communication and officer contact (mean 11.37) reflect existing gaps
in sustained support. The framework introduces interactive features allowing farmers to submit
queries and receive tailored advice from extension agents and researchers, fostering continuous

learning and support.

Closing this feedback loop is vital for innovation diffusion and adaptive management in dynamic

agricultural contexts (Sulaiman et al.,, 2012).
5.2.10 Multimedia and Diverse Learning Tools

The use of multimedia tools is moderate but promising. Incorporating videos, audios, and local-
language content into mobile platforms can significantly improve accessibility and engagement,

particularly for low-literacy populations (Nagler et al., 2020).

The framework prioritizes multimedia to cater to different learning styles and enhance retention,

a practice supported by educational psychology research (Mayer, 2005).

Together, the eight components form an integrated, multifaceted mobile teaching-learning
framework that addresses the complex realities of agricultural extension in Kigezi. Central to the
framework is the empowerment of farmers through participation, supported by inclusive
communication, technology-enabled access, and strong linkages to input supply and research
institutions. Descriptive statistics from analyses corroborate the validity of these components,
with participatory methods rated highest (Mean=4.3) and traditional extension constraints rated
lowest (Mean=3.2), underscoring the framework’s emphasis on modernizing extension delivery
while retaining core participatory values. This comprehensive approach aligns with global best
practices emphasizing learner-centered, context-specific, and technology-supported extension

services (Swanson & Rajalahti, 2010; Aker, 2011).

5.4 Validating the developed mobile teaching-learning framework aimed at reducing the

agricultural extension gap in the Kigezi sub-region.

Validation of the designed MTLF framework during development was considered very crucial
and necessary. This validation combined evidence from hypothesis testing, analysis, and factor
analysis, providing a triangulated foundation for assessing whether the proposed framework is
both practical for implementation and meaningful to end users. The integration of empirical

results with existing scholarly works further supports the reliability and validity of the findings.

175



The hypothesis testing results offered critical insights into the predictive power of each thematic
domain integrated into the framework. Farmer participation emerged as a strong and statistically
significant predictor of perceived extension impact, with a standardized beta coefficient of 0.325
(p <.001). This finding substantiates long-standing theories in participatory development, which
argue that empowering farmers to take active roles in knowledge generation and decision-
making leads to higher adoption and sustainability of agricultural innovations (Chambers, 1997;
Leeuwis & van den Ban, 2004). The strong positive relationship between participation and
effectiveness suggests that any intervention seeking to reduce the extension gap must

foreground the agency and voices of farmers themselves.

Similarly, mobile technology usage was found to have a statistically significant positive influence
on perceived extension outcomes (B = 0.312, p <.001), reinforcing the centrality of digital tools in
improving agricultural knowledge access and timeliness. This result aligns with previous
research by Aker and Mbiti (2010), who demonstrated that mobile phones improve market
access, reduce information asymmetry, and enhance productivity among rural farmers. In the
context of the Kigezi sub-region, where physical distance and resource limitations often hinder
timely extension, mobile-enabled platforms appear not only feasible but transformative in

improving the reach and efficiency of information delivery.

The domains of input access and district-level institutional support, though less pronounced in
effect size, were nonetheless statistically significant in influencing perceived impact. These
findings are consistent with works by Feder, Willett, and Zijp (2001), who emphasized that
extension systems are more effective when supported by functional institutions and robust
supply chains. Access to inputs, particularly when timely and affordable, can enhance the
practical utility of information shared through mobile platforms or extension agents. Moreover,
support from district-level officers reinforces accountability and continuity, which are essential

for long-term behavior change and innovation diffusion.

Although the research use and innovation awareness domain demonstrated a low R? value
(0.001), it remained statistically significant (p = 0.044), suggesting that while not a primary
driver of perceived extension impact, the ability to access and utilize agricultural research
findings still holds relevance in the model. This may reflect a disconnect between research
institutions and local farming realities, a gap that has been noted in previous studies emphasizing

the need for farmer-led, context-specific innovation systems (Hall et al, 2006). Extension
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education quality, though nearly significant (p = 0.054), did not reach the conventional threshold.
This could imply that conventional forms of training are no longer seen as effective unless
redesigned to be interactive, flexible, and digitally integrated findings that echo the work of Davis

and Heemskerk (2012), who advocate for more responsive, ICT-supported educational methods.

The overall multiple regression model, which included all six thematic variables, was statistically
significant (F(6,176) = 8.949, p < .001) and explained approximately 23.4% of the variance in
perceived extension effectiveness. This indicates a moderately strong predictive capability,
confirming the framework's structural coherence and operational logic. Notably,
multicollinearity tests returned acceptable values (VIFs below 2.1 and Condition Index < 30),
affirming that the model components are sufficiently distinct and contribute independently to the

overall construct.

The analysis further validated the feasibility and acceptability of the framework. The panel of 20
senior farmers, stratified across gender, age, and farming types, provided context-specific
judgments about the relevance and practicality of the proposed model. Participatory and
empowering extension methods received the highest mean score (M = 4.3, SD = 0.6), reflecting
widespread support for bottom-up, inclusive approaches to agricultural learning. Respondents
valued empowerment mechanisms such as hands-on engagement, motivational strategies, and
group-based decision-making—elements that have long been associated with increased

knowledge retention and behavioral change in rural settings (Pretty, 1995).

Mobile access and knowledge gains were also positively evaluated (M = 3.8, SD = 0.8), albeit with
greater variability, possibly reflecting differing levels of digital literacy, infrastructure, or
affordability among the group. This finding resonates with concerns raised by Qiang et al. (2011),
who note that while mobile technology holds great potential for rural development, its equitable
adoption requires supportive infrastructure and training. Productivity and income gains were
similarly rated positively (M = 4.0, SD = 0.7), suggesting that respondents perceive clear, tangible
benefits when extension services are well-executed. In contrast, traditional extension burdens
such as time-consuming, face-to-face-only methods received lower ratings (M = 3.2, SD = 0.9),
with regression results indicating a significant negative relationship with overall impact ( = -
0.28, p = .020). This reinforces the necessity of moving away from rigid, top-down systems and
embracing hybrid, mobile-enabled formats that are more efficient and inclusive (Anderson &

Feder, 2007).
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The inferential statistics from the data strengthened these conclusions. The regression model
produced a high F-value (30.3, p < .001), and all four predictor variables were statistically
significant, with participatory methods showing the strongest positive beta (8 = 0.55, p <.001).
This confirms that practical experiences align with the quantitative findings, particularly
regarding the centrality of participation, mobile tools, and productivity benefits in driving

effective extension outcomes.

Factor analysis results added a final layer of structural validation. The principal component
analysis revealed strong factor loadings for items such as research communication (0.887),
district officer support (0.884), multimedia education tools (0.851), and input supply (0.823),
suggesting that these items are well-integrated into distinct, meaningful constructs.
Communalities above 0.6 across most items indicated that the framework’s variables shared
sufficient common variance, confirming construct validity. Even items with lower communalities,
such as those related to research relevance, still surpassed the minimum threshold of 0.5,

indicating general consistency with the broader model.

Taken together, the findings suggest that the mobile teaching-learning framework is not only
conceptually sound and empirically validated, but also widely acceptable among its intended
users. The combination of participatory approaches, mobile technology, institutional backing,
and reliable input systems forms a coherent strategy for enhancing the effectiveness of
agricultural extension in rural Uganda. These conclusions echo broader international
development frameworks that emphasize digital inclusion, decentralized learning, and locally
driven innovation systems (World Bank, 2017; FAO, 2020). The framework thus represents both
a theoretically grounded and practically viable approach to closing the persistent extension gap

in regions like Kigezi.

In conclusion, the third objective has been achieved through a rigorous, multidimensional
validation process. The convergence of statistical significance, endorsement, and structural
coherence demonstrates that the framework is feasible for implementation and acceptable to
users. These findings provide a strong foundation for its scaling and integration into district-level
agricultural strategies, while also offering avenues for further refinement through iterative pilot

testing and broader stakeholder engagement.
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5.4 Discussion for Research Objective 3: “To evaluate the Mobile Agricultural Extension

Framework”

The third research objective aimed at evaluating the feasibility and acceptability of the Mobile
Agricultural Extension Framework (MTLFF), which was later refined into the Mobile Teaching-
Learning Framework for Agriculture (MTLF). This shift in nomenclature and focus, as highlighted
in Section 4.6.1, marked a conceptual evolution from a general extension model to a structured
instructional framework tailored for rural, resource-constrained contexts such as the Kigezi sub-

region.

The evaluation was conducted through a two-tiered process comprising expert review and
prototype testing. The evaluation was guided by Prat et al.'s (2014) artifact assessment model,
which included five dimensions: Goal, Environment, Structure, Activity, and Evolution. Results
from the expert review phase affirmed that the framework was well-aligned with its instructional
goals and demonstrated contextual relevance. Specifically, experts rated the Goal and
Environment dimensions highly (M = 4.20 and M = 4.30, respectively), affirming the framework’s
logical flow, localized relevance, and its suitability for supporting knowledge acquisition in rural
Uganda (Section 4.6.3). These findings support Hevner et al. (2004) and Prat et al. (2014), who
emphasize that effective design artifacts must demonstrate both conceptual integrity and real-

world applicability.

However, Structure and Evolution received more moderate ratings (M = 3.60 and M = 2.40,
respectively). Experts highlighted the need for improved clarity around stakeholder roles and
long-term sustainability mechanisms, particularly in relation to informal learning and mobile
usability (Section 4.6.3.2). These findings echo Wieringa (2010), who warns that design artifacts
may fail when feedback and sustainability systems are underdeveloped in complex
environments. The lower score for informal group learning (M = 2.27) also confirms concerns
raised by Prat et al. (2014) regarding the need for flexibility and social integration in learning

technologies.

The prototype evaluation, conducted through the AgriAccess mobile application, further
validated the framework’s operational feasibility. Using UTAUT constructs, results showed high
user acceptance. Performance Expectancy (M = 4.41) and Effort Expectancy (M = 4.10)
demonstrated that users found the prototype both useful and easy to navigate (Section 4.7.4.2).
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These findings align with previous studies, such as those by Mugwanya et al. (2020), who
emphasize that digital interventions are more likely to succeed in rural Sub-Saharan Africa when

designed with low-literacy users in mind and when interfaces are simplified.

Despite strong user ratings, the evaluation also revealed infrastructural challenges. Facilitating
Conditions (M = 3.83) and Social Influence (M = 3.70) scores suggest limitations in peer diffusion
and community-level support. The app’s usability was affected by inconsistent access to data or
airtime and limited external encouragement from influential figures such as extension agents or
community leaders. These constraints mirror UFAAS (2023) observations that Uganda’s ICT-
based extension efforts often suffer from weak institutional scaffolding and fragmented

stakeholder coordination.

System usage logs further confirmed alignment between the framework and user engagement
patterns. The Advisory Q&A and Training & Knowledge Sharing modules recorded the longest
average session durations (12.5 and 15.2 minutes, respectively) and the highest retention rates
(87% and 78%), confirming their value to end users (Section 6.7.3). These outcomes reinforce
expert assertions during the evaluation that the framework’s participatory logic and multilingual
content structure were effective. Moreover, 22% of usage occurred offline validating the
framework’s emphasis on low-connectivity resilience. This is in line with Mugwanya et al. (2020),
who emphasize the importance of designing ICT systems in Sub-Saharan Africa to operate

effectively in environments with unstable networks.

Nonetheless, technical limitations persisted. A navigation error rate of 8%, primarily attributed
to connectivity and terrain issues, reflects known infrastructural constraints in rural Uganda.
Similarly, modules like the Weather Forecasting Tool, which had lower usage (29%) and
retention (45%), may need content or design revisions to increase relevance paralleling the
concerns of Nakato et al. (2021) about under-resourced and shallow content in digital

agricultural systems.

In summary, the findings affirm the theoretical and practical robustness of the MTLF. Both expert
and user feedback indicate that the framework is pedagogically sound, technologically feasible,
and contextually grounded. Its emphasis on multilingual access, offline functionality, and
participatory learning makes it especially suitable for regions like Kigezi. While some structural

and content refinements may enhance system performance, the current evidence suggests that
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no major framework redesign is required. Instead, future development should focus on
strengthening ecosystem partnerships, supporting user training, and improving infrastructure

for sustainable scaling.
5.5 Research Contributions and Implications

The primary goal of this study was to develop a teaching-learning framework for agricultural
extension that is appropriate for resource-constrained regions, with a focus on Uganda’s Kigezi
sub-region. This objective was accomplished through a phased process: (i) defining key
framework attributes through literature and field insights; (ii) designing a contextualized,
mobile-enabled framework (MTLF); and (iii) validating the framework via expert evaluation and
real-world testing through the AgriAccess prototype. The resulting contributions span theoretical

development, methodological rigor, technological innovation, and practical implementation.
5.5.1 Contribution to Theory

This study contributes to theory by operationalizing a mobile-based agricultural teaching-
learning framework grounded in the five artifact evaluation dimensions proposed by Prat et al.
(2014) Goal, Environment, Structure, Activity, and Evolution. Expert evaluation confirmed strong
alignment in goal and environmental relevance (M = 4.20 and M = 4.30), supporting Prat et al.’s

assertion that successful design artifacts must show internal consistency and contextual fit.

Additionally, the framework’s integration of feedback loops, multilingual content, and offline
learning environments aligns with broader theoretical perspectives that highlight the importance
of participatory, learner-centered approaches in digital extension. Expert reflections further
emphasized the model’s adaptability and contextual grounding, supporting Wieringa (2010) and
Hevner et al. (2004), who stress the need for real-world relevance and dynamic learning capacity
in design artifacts. By translating conceptual logic into implementable features such as local
language interfaces and informal group learning pathways the MTLF advances pedagogical

theory in agricultural ICT by blending instructional design with mobile delivery mechanisms.
5.5.2 Contribution to Methods

Methodologically, this research demonstrates the value of a triangulated, iterative approach in

design and evaluation. The study used a combination of expert judgment, field prototyping, and
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ser testing to refine the framework at multiple stages. This recursive methodology ensured both
eoretical integrity and empirical grounding, in line with best practices in design science

asearch.

he application of the Unified Theory of Acceptance and Use of Technology (UTAUT) framework
uring the prototype evaluation provided a structured means of capturing user perceptions. High
itings in Performance Expectancy (M = 4.41) and Effort Expectancy (M = 4.10) validated the
amework’s usability, while Social Influence (M = 3.70) and Facilitating Conditions (M = 3.83)
ighlighted contextual constraints. This dual use of Prat et al. (2014) for expert assessment and
TAUT for user evaluation offers a replicable method for future ICT-based learning framework

evelopment.
.5.3 Contribution to Practice

he MTLF, instantiated through the AgriAccess prototype, offers practical insights for
gricultural extension in rural and under-resourced environments. It addresses documented
nallenges such as low literacy, limited infrastructure, and extension worker scarcity through
esign features including offline access (used in 22% of sessions), icon-based navigation, and
oice-enabled learning interfaces. These features reflect expert calls for mobile-first, inclusive

esign (Section 4.6.3).

eal-world testing with 17 stakeholders including farmers, extension officers, and researchers
onfirmed the app's relevance and usability. Modules like Advisory Q&A and Training &
nowledge Sharing had the highest engagement (12.5-15.2 minutes/session) and retention (87%
nd 78%), demonstrating high perceived utility (Section 6.7.3). These findings suggest that, when
rounded in local contexts, mobile platforms can support decentralized, demand-driven

nowledge transfer.

1 line with Uganda’s Agricultural Sector Strategic Plan Il (2020-2025), which promotes ICT
tegration in extension, the MTLF provides a scalable and policy-relevant model. Its alignment
rith national priorities makes it suitable for replication and scaling across other districts and

gricultural value chains.
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5.5.4 Contribution to Technology

Technologically, the AgriAccess app presents an adaptive, modular mobile system capable of
functioning in low-connectivity settings. Its architecture comprising user-level (role-based access
and multilingual content), system-level (chatbots, analytics), and storage-level modules (real-
time and offline sync) responds directly to infrastructure and literacy constraints typical of rural

Uganda.

The system’s performance was validated through usage logs: 93% task completion, 4.2 average
sessions per week, and active offline use. Features like weather forecasting and market pricing
modules supported practical decision-making, though lower retention in some cases (e.g, 45%

for weather tools) suggests areas for content improvement (Section 6.7.3).

Importantly, the AgriAccess prototype offers a foundation for iterative expansion, including
potential Al integration for tasks like real-time diagnostics or voice-based learning. The system'’s
ability to function with limited internet, while supporting multilingual content and peer

interaction, marks a significant advancement in the ICT4Ag space.

5.5.5 Contribution to the Body of Knowledge

This study strengthens the ICT4Ag field by addressing key gaps in designing and evaluating
mobile-based extension frameworks for resource-limited settings. By developing a context-
driven, multimedia-supported model (MTLF), it affirms the role of participatory, pedagogical
approaches in improving adoption and relevance in rural areas (Swanson & Rajalahti, 2010). It
also produced peer-reviewed publications that contribute to the academic discourse on digital

agricultural extension.

Kobusiingye, F., Ssembatya, R., Kaggwa, F., & Basaza-Ejiri, A. H. D. (2024).
Evaluating Agricultural Extension Frameworks in Resource-Constrained Regions: Strengths and

Weaknesses. European Journal of Science, Innovation and Technology, 4(4), 306-320.

This paper evaluates the MOAE Framework’s strengths including connectivity barriers, providing

a comparative analysis with existing frameworks.

Kobusiingye, F., Ssembatya, R., Kaggwa, F., & Ejiri, A. H. (2024).
Bridging the Agricultural Extension Gap: Insights from the Teaching-Learning Theories and Models.
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Open Access Research Journal of Science and Technology, 12(2), 027-039.
https://doi.org/10.53022 /oarjst.2024.12.2.0132

This publication focuses on the theoretical grounding of the MTLF, showing how teaching-
learning theories that can be embedded into the teaching learning tools to enhance knowledge

retention and behavioral change among low-literacy farmers.

Kobusiingye, F., Ssembatya, R., Kaggwa, F., & Ejiri, A. H. (2025).

Requirements for the Development of a Mobile Teaching-Learning Framework for Bridging the
Agricultural Extension Gap: A Case Study of the Kigezi Sub-Region. Journal of Online and Distance
Learning, 5(1), 1-18. https://doi.org/10.47941/jodl.2673

This article details the methodology and stakeholder-driven validation process used to derive the
Framework. It contributes to the methodological literature by illustrating how user-centered

design and empirical validation can be integrated into framework development in [CT4Ag.

Collectively, these publications provide a comprehensive academic contribution to the study of
agricultural extension in low-resource settings, spanning conceptual, empirical, theoretical, and
practical domains. They offer replicable models and evidence-based design principles for
scholars and practitioners seeking to implement inclusive, mobile-enabled extension systems

across Sub-Saharan Africa and similar global contexts.

5.6 Limitations of the Research
The study faced several limitations that may have influenced the findings:

Limited Access to High-Impact Literature: Due to subscription constraints at the host institution,
access to recent high-impact journal articles was restricted. This may have limited exposure to

cutting-edge developments in [CT4Ag and mobile learning.

Small and Uneven Sample Size: The prototype evaluation included 10 pilot users and 17
stakeholders for surveys. While insightful, this sample does not fully represent Kigezi's diverse
farming communities. Notably, women, elderly farmers, and non-smartphone users were

underrepresented, reducing generalizability.

Short Evaluation Period: The six-week timeframe was adequate for usability testing but
insufficient for evaluating long-term impacts such as behavioral change, system retention, or

agricultural productivity over time.
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No Prior Local Model for Benchmarking: The MTLF is a novel innovation for Uganda and the
Kigezi sub-region. The absence of comparable localized models necessitated extensive adaptation

from broader frameworks (e.g., AKIS/RD), complicating conceptual development.

Digital and Infrastructure Barriers: Low smartphone penetration (estimated at ~25%) and poor
network connectivity limited both participation and functionality especially for features like the

Al chatbots and real-time advisory.

Funding Constraints: Resource limitations restricted the framework’s broader deployment and
prevented testing across other agro-ecological zones, leaving scalability and cross-context

applicability unexplored.
5.7 Future Work
Building on this study’s foundation, the following future research directions are recommended:

Scalability and Contextual Adaptation: Further research should adapt and test MTLF in other
agro-ecological zones in Uganda and across Sub-Saharan Africa. This will involve tailoring

content to different languages, crops, farming practices, and technological environments.

Longitudinal Impact Studies: Future evaluations should span multiple agricultural seasons to

measure MTLF's effect on productivity, behavior change, and knowledge retention over time.

Technology Enhancements: Integrate features such as Al-powered analytics, predictive pest
management, personalized advisory services, and mobile money transactions to meet user

demands and enhance functionality.

Institutional Integration and Policy Alignment: Research is needed to explore how MTLF can be
embedded in Uganda’s national extension systems through partnerships with MAAIF, NAADS,
SACCOs, and local governments. This includes evaluating policy support, funding mechanisms,

and capacity-building needs.

Cross-Border Comparative Studies: Conduct comparative studies in similar East African regions
(e.g., Rwanda, Kenya, Tanzania) to assess adaptability and extract lessons for regional knowledge

sharing and digital extension strategies.
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5.8 Recommendations

Agriaccess pilot implementation, the following recommendations are proposed for researchers,
practitioners, policymakers, and development partners involved in agricultural extension and

ICT4Ag interventions:

Strengthen Infrastructure and Digital Access: Given the significant impact of poor connectivity and
low smartphone access in the Kigezi sub-region, there is a need to invest in rural ICT
infrastructure. Government agencies and development partners should collaborate with telecom
providers to enhance network coverage and internet reliability. Parallel efforts should focus on
increasing smartphone access and promoting inclusive digital access for women, youth, and

marginalized groups.

Institutionalize and Scale the MTLF: The Mobile Teaching-Learning Agricultural Extension
Framework (MTLF) should be integrated into Uganda’s formal extension system under the
guidance of MAAIF. Institutionalization will require multi-stakeholder collaboration with local
governments, agricultural training institutes, SACCOs, and cooperatives to ensure sustainability,
ownership, and effective localization. Scaling the framework to other regions should involve

adapting content to local languages and farming systems.

Expand the Scope of Digital Content: AgriAccess should be enriched with expert-curated and
locally relevant content, especially in modules such as pest control, soil health, and market
intelligence. Multimedia content should be diversified across dialects and literacy levels, using
visual guides, seasonal calendars, and interactive tutorials to support broader farmer

engagement.

Enhance Real-Time Support and Feedback Mechanisms: Users indicated a need for more
interactive and responsive support. Features such as real-time chat, live Q&A sessions, and
discussion forums should be integrated to support two-way knowledge exchange. These should
be supplemented with offline options (e.g, voice messages) to reach users with limited

connectivity.

Promote Digital Literacy and Capacity Building: Technology deployment must be matched with
continuous digital literacy training for farmers, extension workers, and community leaders.
Capacity-building efforts should be embedded in community platforms such as farmer groups

and VSLAs, and delivered in partnership with agricultural colleges, NGOs, and media outlets.
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Encourage Longitudinal Evaluation and Impact Monitoring: To fully assess the long-term impact
of MTLF on productivity, knowledge retention, and behavior change, longitudinal studies across
multiple agricultural seasons are needed. These should combine quantitative metrics with
qualitative user feedback. In-app feedback mechanisms should also be maintained to guide

iterative improvement.
5.9 Conclusion

This study aimed to develop a mobile-enabled teaching-learning framework to bridge the
agricultural extension gap in Uganda’s Kigezi sub-region. Guided by three objectives, it followed a

mixed-methods, iterative process grounded in both theory and empirical data.

The first phase identified critical gaps in existing frameworks through a scoping literature review
and a quantitative survey (n=184). The AKIS/RD model was adapted to reflect Kigezi's local
context, resulting in a framework specification that emphasized localized content, offline access,

and participatory communication.

The second phase designed the Mobile Agricultural Extension Framework (MTLF), guided by
AKIS/RD, Mobile learning. Empirical testing confirmed the relevance of producers and education
actors (H1, H3), while identifying limitations in institutional integration and digital infrastructure

(H2, H4-H6).

Following expert evaluation, the framework was refined into the Mobile Teaching-Learning
Agricultural Extension Framework (MTLF), emphasizing pedagogical clarity and user-centered
design. MTLF was implemented through the AgriAccess mobile prototype, which featured

modular content delivery, chat-based advisory services, and offline functionality.

The final evaluation combined system analytics, user feedback via UTAUT constructs, and
qualitative surveys. Results demonstrated strong user acceptance, especially regarding cultural
alignment, ease of use, and relevance. However, challenges such as infrastructure gaps and

inclusion barriers highlighted the need for broader systemic support.
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Appendix 1: Annual Performance of Extension Services per District of Kigezi sub-region

INDICATOR
Annual extension | Number of active | Technology
DISTRICT T ;
worker visitation | farmer groups adoption levels
frequencies/rates
Year 2020 | 2021 | 2022 | 2020 | 2021 | 2022 | 2020 | 2021 | 2022
Expected 52 52 52 3000 | 3000 | 3000 | 30 30 30
KISORO Actual 12 13 g 876 1201|1301 |13 14 14
Variance 40 39 43 2121 | 1799 | 1699 | 17 16 16
Percentage 76.9 | 75.0 | 82.7 | 70.7 | 60.0 | 56.6 | 51.5 | 53.3 | 53.3
RUBANDA Expected 52 52 52 3000 | 3000 | 3000 | 30 30 30
Actual 9 8 8 943 110031129 |9 10 12
Variance 43 44 44 2057 | 1997 | 1871 | 21 21 18
Percentage 82.7 | 84.6 [84.6 |68.6 |66.6 |62.4 |70.0 | 70.0 | 60.0
KANUNGU Expected 52 52 52 3000 | 3000 | 3000 | 30 30 30
Actual 6 12 10 559 | 1345 (1298 | 15 15 17
Variance 46 40 42 2441 | 1655 | 1702 | 15 15 13
Percentage 88.5 | 76.9 | 80.7 | 81.4 | 55.2 | 56.7 | 50.0 | 50.0 | 43.3
KABALE Expected 52 52 52 3000 | 3000 | 3000 | 30 30 30
Actual 10 11 8 599 (1321|1809 |19 19 20
Variance 42 41 44 2401 | 1679 | 1191 | 11 11 10
Percentage 80.7 | 78.8 | 84.6 | 80.0 | 56.0 |39.7 | 36.7 | 36.7 | 33.3
RUKIGA Expected 52 52 52 3000 | 3000 | 3000 | 30 30 30
Actual ¥ 6 5 487 [897 1004 |7 8 13
Variance 45 46 47 2513 { 2103 | 1996 | 23 22 17
Percentage 86.5 [88.5 {904 |83.8 [70.1 [66.5 |76.7 | 73.3 | 51.5
RUKUNGIRI | Expected 52 52 52 3000 | 3000 | 3000 | 30 30 30
Actual 9 8 11 781 |[1283]1230 |16 19 19
Variance 43 44 41 2219 | 1717 | 1770 | 14 11 11
Percentage 82.7 | 84.6 | 788 | 74.0 [ 57.2 | 59.0 | 46.7 | 36.7 | 36.7
KIGEZI Average
REGION percentage | g30 |81.4 |83.7 |76.5 |60.9 |56.8 |55.3 |53.3 |46.4
for Kigezi
sub-region

Source: (District-Production-Office-Report, 2022; NAES-Report, 2022; USAID, 2022)
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and _conscnr documentanon may be part of such a

3. Continuing review application must be submitte
08/01/2026 in order to continue the study béyd '
review application in a timely fashion may resulf

6. The REC apphcatnon number asszgned 1o the res
ofrecord.

7. You are required to register the reseaxch pro' e
Technology {UNC‘ST) for final clearance to ung

ﬁ)ﬂewu'_:g s ﬂ)e_i-i_st of ail; docmhents approved"'_
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Document Title
Revised proposal - clean copy
Data collection tools

Translated consent

Informed Consent {fopms

Version Number Version Date

Language

FNGLISH BRIT!SH -
RUNYANKOLE RUNYANKOLE -

- RUKIGA - RUKIGA
RUNYANKOLE RUNYANKOLE -
- RUKIGA - RUKIGA

ENGLISH BRITISH -
ENGLISH BRITISH -
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RUBANDA DISTRICT LOCAL GOVERNMENT

;A& nrgnmo; Office of District Agriculture Officer
i P.O. Box 781,
in any future corespondence on this ; R : Kabale -Uganda
S e REPUBLIC OF Date: 31 Oct 2024
RUB/DAO/STUD/003 UGANDA
To:
The Faculty of Computing and Formatics
Mbarara University

Thru: FLORAH KOBUSINGYE- Principal Investigator

Dear Sir/Madam,
'RE: PERMISSION TO COLLECT RESEARCH STUDY DATA

Your Principal Investigators led by Ms. FLORAH KOBUSINGYE and Research Assistant

NIMUSIIMA EVAS who are to carry out Research Data Collection have approached us
requesting for administrative clearances to carry out data Collection for a study whose
objective is evaluating the strengths and weaknesses of the existing Agricultural
- Extension frameworks among others. The result of the study is to have a Mobile
Application framework to Improve access to Agricultural Information, Skills and
Technology among farmers and related actors. Dunng thls data collectior  the reseamh

assistant will have several engagements &
bring to your notice that we have no objection
long as it's purposely meant for advancer

Please note that:

1) Any other findings that you may-
only be addressed through the of
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Uganda Natonal Council for Seience and Technology

(Establishied by Act of Parlicunent of the Repubiic of Uganda

Qur Ref: SIR464ES 20 February 2022

KOBUSIINGYE FLORAH
Mbarara Umiversity of Science and Technology
Mbarara

Re: Rezearch Approval: ‘HING- NING

ACGRICULTURAL EXTENSION GAP IN RESOURCE CONSTRAINED AREAS. A CASE

1 am pleazed to inform you that on 20.02/2025, the Uganda National Council for Science and Technology (UNCST) approved
the above referenced rezearch project. The Approval of the research project i3 for the penod of 20/02/202% to 20:02/2026.

Your rezearch registration number with the UNCST 15 SIR464ES. Please. cite this number in all your future comrespondences
with UNCST in respect of the above research project. As the Principal Investigator of the research project, vou are
responsible for fulfilling the following requirements of approval:

L.

2

wh

Keeping all co-investigators informed of the status of the research.

. Submitting all change:, amendments, and addenda to the rezearch protocol or the conzent form (where applicable) to

the dezignated Research Ethics Committee (REC) or Lead Agency for re-review and approval prior to the activation
of the changes. UNCST must be notified of the approved changes within five working days.

. For clinical tals. all serious adverse events must be reported promptly to the designated local REC for review with

copies to the National Drug Authonty and 2 notification to the UNCST.

. Unanticipated problems involving nizks to research participants or other must be reported promptly to the UNCST.

New information that becomes available which could change the risk/benefit ratio must be submutted promptly for
UNCST nonification after review by the REC.

. Only approved study procedure: are to be implemented. The UNCST may conduct impromptu audits of all study

records.

. An annual progress report and approval letter of continuation from the REC must be submtted electronically to

UNCST. Failure to do 20 may result in terminanon of the rezearch project.
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Pleaseucteﬂntﬂxisapprwa!h:hdsaﬂstudyrehtedbohsubmﬂmdaspatnfthezpphczﬁmasshuwnbdm

No. Document Title Language Version Number  Version Date
1 DATA COLLECTION TOOLS ENGLISH ONE 08 January 2025
2 Project Proposal English ONE
3 Approval Letter English
4 Administrative Clearance English
Yours sincerely,
g
&
Hellen Opolot
For: Executive Secretary

UGANDA NATIONAL COUNCIL FOR SCIENCE AND TECHNOLOGY
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Q
My name s Flommh Kobusin
 Technology. | am conducting re
Cammed i bdging the agriculture
farmers and estension officers in the
15 vital to the success of tus study..

will only be used for academic purposes.
d 1o the questions on the individual characteristics by ticking n

UESTIONNATRE FOR AGRICULTURAL EX T ENSION STAKLHOLDERS
seve, A PhiD student at Mbarira University of Science and
search on developig a mobileé agricultural extension framework
extension gap through improving teaching and learning for
Kigest sub-region. Your participation in this questionnairs
The information you provide will remain confidential and

Thank you for your time and valuable input.

SECTION A: Bio Data
You are kindly required to respon
the box provided. or wriling your respoinses in the spaces prc_)v_idcd'. :

S S RS S
46.55 56-65. BETE o
~_Highest level of Education: - : i
- E Primary i { Secondary i Diploma Degrc_c i Postggaﬂd_g_a;ti\
f()céupalinn : ' : ' ' : . e e it :
= .! Farmer / - Extension . I ~ Extension Input | District Production 7 :
- [ : Ofﬁccr : Officer > Supplier Officer : \
! Type of mobile phone possessed - S
SI]] T, 3 ¥ A 2 5 : — .
; art phone ] Basic phone | Both smart and basic | None |

Methods of obtaining/extending agricﬁltuf

Facoces | Solving
copying fellow 'Pl_'ObIems
farmers B previously faced |
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SECTION B: stnagtlu of the Me&oﬂdmodck used to Ohﬂinmxtmd
Agﬂcultvre lnfermatlon in Your Am S Pty

e
v '5-"?"""-‘"" e

being used empower l‘mncm !hmugh
hands-on experience ;

- The 'agnculmral extension mcthods
being used enable fanﬂcrs 0 mlvc :
pmblcms :

: | The agncul:ural e g mc:h&is‘
( | being used enable sharmg  large
| amounts of knowledge and skills

[The. agricultural extension methods |

/Thc agricultural extension  methods

e _.suk\m-—d‘-'n-lm"] i

being used match our cuiturcs

(EERe R SRR S R

being used arc cheap

/The agncultural cxtcmilon “‘ﬂh‘\ds e

| The -agncu!mml _r;stehiifm mcthndi-%
gm@mgv_c B ; mum“-_é-'mkeholdcrfj
participation ! !
The agmulruraf cxtcns:on mclhuds;
bcmg used encourage crmlmh amf;
innovation

i

The agntu!iur:xl cxtca.s‘m meds
bemng used help to abstain :nfonmnun i
| from many d:t'ﬁ:fem agricultural entities

.'Nﬁ
;
i
i
ARG LS Lo S RPN S

The agncuhurai “extension  mcthods |

being used enable farmers to leam
;:ndependemiy/pmaldy =
f The agnculmml exiension mcthock
| being used packed their information 1o
i suit our local nezds

fTbe agricultural extension methods

cbeng  used  Sncourase mmm
Imfo:mmonﬂow

L
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' SECTION C: Weaknesses of sthods/model
Agrlculfnre lnrormnlhnlnv:ur mam woed -G ObabExisnd

r"' e
Statement ‘;tl:::r“l’ Disagree
R g e 2

The  agricultural oo s CyseRRgen e T
methods being used are time

consuming : : :
g e e s ity A
methods being used are mainly
based on face to face contact
The agricultural  extension
P methods being used require a lot
of financial resources
The agricultural extension
methods being used don’t casily
allow for inquiring, suggesting
and expressing of challenges
The  agricultural _extension
methods do not allow for casy
individual learning
The  agricultural
methods require presence
many extension workers
The agricultural extension
methods being used don’t easily
farmers to obtain information
directly from district officers
The  agricultural extension
methods being used do not
involve many agriculture
stakeholders _
The  agricultural extension
methods being used arc not

extension |
of

mobile based
The  agricultural extension
methods being used don’t support

different media forms like videos, |
audios and others : —

g



Scale:

1 - Strongly Disagree

2 - Disagree

3 - Neutral

4 - Agree

5 - Strongly Agree

Part 1: Farmer Participation in Extension Activities

No Item SD A|SA
Al | I regularly participate in agricultural extension activities.
A2 | Extension activities encourage me to share my farming challenges.
A3 | I feel included in decision-making during extension programs.
A4 | Extension activities are designed considering farmers’ opinions.
A5 | [ am motivated to attend extension meetings and trainings.
Part 2: Awareness and Use of Research-Driven Innovations
No Item SD A|SA
Bl | I am aware of new agricultural innovations introduced through
research.
BZ | I use research-based farming techniques recommended by extension
officers.
B3 | Research findings are effectively communicated to farmers in my area.
B4 | Research innovations have improved my farming productivity.
BS5 | Extension staff regularly update farmers on research-based practices.
Part 3: Quality and Accessibility of Extension Education
No Item SD A | SA
C1 | Extension education is easy to understand and follow.
C2 | Extension education addresses the specific needs of my farm.
C3 | Extension officers are knowledgeable and helpful.
C4 | Extension education is available in local languages.
C5 | Extension education uses diverse media (videos, audios, printed).
Part 4: Accessibility, Affordability, and Timeliness of Input Supply
No Item SD | D SA
D1 | Agricultural inputs (seeds, fertilizers) are readily available.
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D2 | Inputs supplied are affordable for my farming activities.
D3 | I receive inputs in a timely manner for planting seasons.
D4 | Input suppliers provide adequate information on product use.
D5 | Extension services assist in sourcing quality inputs.
Part 5: Interaction with District-Level Programs and Support
No Item SD | D|N SA
E1 | I have regular contact with district agricultural officers.
E2 | District programs effectively support farmers’ needs.
E3 | I receive timely information about district agricultural initiatives.
E4 | District officers respond promptly to my farming challenges.
ES | District programs provide useful resources and training.
Part 6: Usage and Satisfaction with Mobile-Based Agricultural Extension Services
No Item SD|D|N SA
F1 | I have access to mobile phones or devices to receive agricultural
information.

F2 | I am willing to use mobile technology for agricultural learning.

F3 | Mobile extension services are easy to use and navigate.

F4 | Mobile extension services provide timely and relevant information.

F5 | Mobile services offer support in local languages and formats (audio,
video).

F6 | I can access mobile extension content even when offline.

F7 |1 face few challenges (e.g., literacy, connectivity) in using mobile
extension services.
Part 7: Perceived Impact and Effectiveness of Agricultural Extension Services
No Item SD|D|N SA
G1 | Extension services have improved my knowledge about farming
practices.

G2 | I have adopted new farming methods due to extension services.

G3 | My farm yields have improved following extension support.

G4 | Extension services have increased my confidence in managing my
farm.

G5 | Extension services have helped increase my farm income.
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PPENDIX 7: Translated Questionaire to validate the theoretical frgmework |

!Omushai!'a SRl L

_ kwejunisibwa ahabw’enshonga z’obwegyese zonka.

EBIBUUZO BY ABAKWATSIRWENHO OMU KUBUZY A EBY ORBUMINGT
Eiziina ryamgye ni Florah Kobusiingye, omwegi womushomo gwa diguri va l'hb 'hl'." '““'_','m
University of Science and Technology. Ndiyo nincondesza nha bw‘*f““f_ffﬂw orukanga
rw'ekikwato ky'okubuzya amakuru g'eby’obuhingi ahonasho kand: oku n‘oku, ekigyendereirs
kwigaza ekihengyere ekiriho obwahati  omu by'obuhingi, kurabira omu kushermeza
eby'okwegyesa n‘okwega kw'abahingi hamwe n’abakozi b*okubuzya amakuru omu kyanga ekya
Kigezi. Okwetaba kwawe omu kugarukamu ebibuuzo ebi ni kikury munonga kuhisya omushamo

Ogw aha businguzi. Amakuru agu orikuhayo nigaija kuguma gari ag'omubonano, kandi nigaija
Yebare munonga ahabw'okuhayo cbwire

bwawe n‘'omuganda ogu waatuha,

EKICWEKA A: Ebirikukwata aha Muntu

Nooshabwa kugaru_kamu ebibuuzo ebirikukwata aha micwe n‘emitwarize y'omuntu buntu, cbwo
nari orikuhandiika ebigarukwamu byawe omu

orikukyebera omu kabokisi akaakuheebwa,

Obuhan | N :
| Omukazi

Emyaka y’Obukuru

L:s-as- ’fas-ss : fl::'s-sas 5665 6675 M‘}

c Eidaara ry'Obwegyese obw’Ahaigury:

/ Purayimare l Sekendure l Dipuroi

©

= 13

Omwoga/omurimo

Omuhingi | Omukozi Omukozi

w’okubuzya w'okubuzya
amakuru amakuru

Ekika ky’esimu y'omu ngaro eioine
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m.ringcl ¥ o

5 ;ﬂewh#knmuwobuhnn;wa i
gfbwa&tu'

2 '
/| ehv’obuhmg: wtkweiumsibwa

, neetesta amaani bslngi

Ibarikutwarwaho 4

:-bv‘uhunmm ml:m-;mmlma 1o

Jeeteera abantu on‘mh:mbo
_gwokuhangahanga
- n‘okujumburaho ekis\ra’_. S

ﬁ Ermrmgo y'okubuzya
‘ i eby ‘obuhingi enkwejunls;bwa
| nechwera abamngi : "
: )‘_kwesaasira amakuru kurbga
omu bahingi | batari bamwe
b'oku n'oku ‘

f Emiringo v'okubuzva
| eby’obuhingi enkwejumsabwa
‘neehwera abahingi kwega bo
bonka beehereire. S

;‘ Emirmgu fokubuzya

| eby’obuhingi enkwe}unlsihwa
‘abainiire amakuru
‘agarikujwana n ebyetaago
by'omu kic_weka kvaftu

= J_Emirmgo yokubuzya
ebv'nbuhmgr enkwe}umsibwa
| neeyamba kuzanjaaza
ahanaaho amakuru.
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f’ PHIDGAr § srmussscae yue
i eby’obuhing
| erikwejunisibwa obwahati
! terikwelabwamu abantu
! baingi abakwatsirweho omy
: by obuhingi.
| Emiringo vy okubuzya
! eby’'obuhmgi
[ erikwejunistbwa obwahati
" teyegamiire nkora
[ y'okurabya amakuru kuraba

| omu mbeho z'omu mwanya.

C Emiringo y'okubuzya
: eby’obuhingi
- enkwejunisibwa obwahati
! terikuhagira emiringo etari
emwe y'okubugizamu
' amakuru nka zaavidiyo,
, entambi z'amaraka,
i n'endiijo.

KYAHWAYO - YEBARE MUNONGA

212



APPENDIX 8: Expert Review Questionnaire to Validate the MTLF (Based on Pratetal,
2014)

| am Kobusiingye Florzh, purssing 2 PhD in Computing by research at Mbarara University of
Science and Technology on the development of a teaching-learning framework for bridging the
agricultural extension g=p in the Kigezi sub-region. This questionnaire is part of an expert
validation exercise for the Mobile Agricultural Extension Framework (MTLF). Your responses
will help assess its clarity. relevance, and usability in the context of agricultural extension

services. All responses will be treated confidentially.

Section A: Demographic Information (Fill in this section or tick where appropriate)

Institution/Organization Name:

Job Title:

Years of Experience in Agricultural Extension or Mobile Technology:
OLessthan1year O2-5ysars 0O6-10years 0O More than 10 years

Highest Educational Qualification:
O Diploma or below 0 Bachelor'sdegree 0O Master’s degree 0O PhD or higher

Gender:
O Male oOFemale 0O Prefer nottosay

Have you participated in mobile-based agricultural extension projects before?
oYes 0No

Section B: Evaluation of the Framework

Please rate the following statements using the scale below:

Use Likert Scale:

1 = Strongly Disagree 2 = Disagree 3 =NotSure 4=Agree 5 =Strongly Agree

(T/F = Tick one box only)

1. Goal (Logical and Pedagogical Coherence)

No. Statement 1123|445
c1 The framework’s five pillars (Access, Content, Engagement, Feedback,
Impact) are logically structured and coherent.
G2 The framework supports agricultural teaching and learning across
varied contexts.
G3 The framework encourages participatory and farmer-centered
learning.

2. Environment (Contextual Relevance)
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No. | Statement 1|2 3 4 5
E1 The framework is relevant for smallholder farmers in rural areas
like Kigezi.
E2 The design considers local factors such as infrastructure, terrain,
and literacy.
E3 The framework’s use of local languages and offline options
enhances accessibility.
3. Structure (System Clarity and Stakeholder Roles)
No. | Statement 1|2 3 4 5
1 The framework clearly defines roles for extension agents, district
officers, and support actors.
S2 The structure of the framework is easy to understand and follow.
$3 Feedback mechanisms and system responsibilities are well
articulated.
4. Activity (Support for Teaching and Learning Processes)
No. | Statement 1(2 |3 |4 |5
Al The framework supports peer-to-peer knowledge exchange among
farmers.
A2 It accommodates informal and group-based learning methods
A3 The mobile learning tools are suitable for low-literacy users (e.g.,
icon-based, voice prompts).
5. Evolution (Adaptability and Sustainability)
No. | Statement 1 (2 3 4 5
V1 The framework is adaptable to changing agricultural extension
needs.
V2 It supports long-term sustainability through community or
institutional ownership.
V3 The Feedback and Impact pillars promote continuous
improvement based on local inputs.
Section C: True / False Items (Supplementary Validation)
No. Statement True | False
T1 The framework includes all key stakeholders necessary for effective
agricultural extension.
T2 Most farmers in your area are currently able to use mobile-based tools.
T3 District agricultural officers actively participate in farmer training and
education.
T4 Research outputs are often too complex for farmers to apply practically.

Section G: Open-Ended Feedback
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What aspects of the MOAE Framework do you consider most effective or promising?

. What limitations or gaps did you observe in the framework?

How could the integration of mobile tools be improved for better accessibility?

. Are there any actors or roles missing or unclear in the framework structure?

Any other comments or suggestions for enhancing the framework?
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Appendix 9: UTAUT-Based Questionnaire for Evaluating the Usability of the AgriAccess

App Prototype
Introduction

Dear Participant,

My name is Kobusiingye florah, a researcher undertaking a study on enhancing agricultural

extension through mobile learning platforms in the Kigezi region. This questionnaire is part of a

broader evaluation of the AgriAccess mobile app, designed to support farmers, extension

workers, and other agricultural stakeholders. Your responses will help assess the usability and

acceptance of the app using the Unified Theory of Acceptance and Use of Technology (UTAUT)

framework. All responses are confidential and will be used strictly for academic and

developmental purposes.

Instructions:

Please indicate the extent to which you agree with each statement below using the following

scale:

1 - Strongly Disagree, 2 - Disagree, 3 - Neutral, 4 - Agree, 5 - Strongly Agree

Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

Section A: Performance Expectancy
)

The AgriAccess app helps me receive or
deliver agricultural advice effectively.

I am able to make better farming
decisions because of the app.

The app is useful in connecting me with
other agricultural actors.

Section B: Eﬁ'ort Expectancy (EE)

Learning to use the AcrnAccess app was
easy for me.

The app is simple and easy to navigate.

[ do not need assistance every time | use
the app.

Sectum C..Soc:_l [Sl]

\\H

People important to me f peers or

1||
aa




family) encouraged me to use the app.

Community leaders or extension agents
recommended the app to me.

Most of my peers are using or plan to |

use the app.

Section D: Facilitating Conditions

[ have a smartphone or device that can
run the AgriAccess app.

Access to mobile data or airtime is not a
major problem for me.

I receive support when | experience
problems using the app.

Section E: Open-Ended Feedback

What suggestions or ideas do you have for improving the AgriAccess app?
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