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Abstract—Agricultural extension systems in developing countries 

face a persistent capacity gap: the number of field agents is small 

relative to the farming population, and information often reaches 

farmers late, in generic form, or not at all. Technology-enhanced 

learning (TEL) offers a way to improve the reach, timeliness, and 

personalization of extension services. This paper presents a 

structured review of TEL channels used in agricultural extension, 

including mobile messaging and voice services, participatory 

video, interactive radio, artificial-intelligence (AI) advisory tools, 

immersive simulation, and online training for extension workers. 

Drawing on learning theory and published evidence, we derive six 

pedagogical design principles and propose a layered, multi-

channel architecture that integrates these channels with human 

intermediaries. We further adapt the Kirkpatrick training-

evaluation model into a four-level framework (Reach, Learning, 

Adoption, Impact) for measuring extension TEL programs. 

Finally, we discuss challenges such as the digital divide, content 

trust, fragmentation, sustainability, and data governance, and 

outline emerging directions including generative-AI assistants 

grounded in verified knowledge bases and voice-first interfaces. 

The Indian context is the primary case, but the framework applies 

to other low- and middle-income settings. 

Index Terms—Agricultural extension, technology-enhanced 

learning, ICT for agriculture, mobile advisory, participatory 

video, AI advisory, digital inclusion, evaluation framework. 

I. INTRODUCTION 

Agricultural extension is the system through which research 

findings, improved practices, and market and weather 

information are communicated to farmers. Conventional 

extension relies on field agents, demonstration plots, farmer 

meetings, and printed material [1]. In many countries the ratio 

of farmers to extension agents is far beyond what is needed for 

regular personal contact. In India, a large smallholder 

population is served by a comparatively small extension 

workforce, and surveys of farmers’ information needs have 

repeatedly found that substantial needs remain unmet [2]. 

Information and communication technologies (ICTs) have 

been proposed as a way to extend the reach of extension 

services. Reviews of ICT-based extension show that mobile 

phones, radio, and video can lower the cost of reaching farmers, 

but outcomes depend heavily on content quality, local 

relevance, and the presence of trusted intermediaries [3]. Field 

experiments of digital advisory services indicate that gains are 

possible but uneven, and that design details such as timing, 

language, and interactivity matter [4], [5]. 

The term technology-enhanced learning (TEL) frames these 

tools not merely as information delivery channels but as 

learning environments. This perspective draws attention to how 

farmers acquire knowledge, build confidence, and decide to 

adopt new practices, rather than only to how messages are 

transmitted. It connects extension practice with established 

theory, including social learning [6] and the diffusion of 

innovations [7]. 

This paper makes the following contributions: 

1) A structured taxonomy of TEL channels for agricultural 

extension, with their strengths and limitations. 

2) Six pedagogical design principles synthesized from 

learning theory and extension evidence. 

3) A layered multi-channel architecture that combines digital 

channels with human intermediaries. 

4) A four-level evaluation framework adapted from the 

Kirkpatrick model [8] for extension TEL. 

5) A discussion of challenges and emerging directions, with 

design recommendations for practitioners and 

policymakers. 

The remainder of the paper is organized as follows. Section 

II reviews background and related work. Section III presents the 

taxonomy of TEL channels. Section IV derives the pedagogical 

principles. Section V proposes the architecture. Section VI 

describes the evaluation framework. Section VII discusses 

challenges, Section VIII outlines emerging directions and 

recommendations, and Section IX concludes. 

II. BACKGROUND AND RELATED WORK 

A. Agricultural Extension and Its Limits 

Extension has been studied extensively as a driver of 

technology adoption and productivity [1]. Classical models 

emphasize training-and-visit approaches, farmer field schools, 

and demonstration. These approaches are effective when 

contact is sustained, but they are costly per farmer and difficult 

to scale. Reviews of extension in India highlight the diversity 

of providers (public departments, Krishi Vigyan Kendras, input 

companies, NGOs, and private advisors) and the gap between 

farmers’ needs and the information they actually receive [2]. 

B. ICT for Extension 

Aker’s review of ICTs for agricultural extension in 

developing countries concluded that mobile and related 

technologies can reduce information costs and improve 

timeliness, while stressing the need for rigorous impact 

evaluation [3]. More recent work reports that digital advisory 

services can improve farmers’ knowledge and practices, but 

that effects depend on whether advice is relevant, trusted, and 

actionable [4], [5]. A study of a voice-based advisory service in 
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Gujarat examined how adoption, diffusion, and sustainability of 

mobile advice could be improved [5]. 

C. Participatory Video 

The Digital Green model uses locally produced videos of 

farmer practices, screened to village groups with a facilitator 

who leads discussion. The model was reported to be 

considerably more cost-effective per adopter than traditional 

extension visits in its early evaluation [9]. Its design combines 

peer credibility, local language, and facilitated dialogue. 

D. AI and Data-Driven Advisory 

Deep-learning approaches to image-based plant disease 

detection demonstrated high accuracy on curated datasets [10], 

motivating mobile diagnosis tools. Performance in real field 

conditions is generally lower than in laboratory-style datasets, 

which is a known limitation. Language technology initiatives, 

including national language infrastructure in India, are enabling 

voice and chat interfaces in regional languages. 

E. Learning Theory 

Bandura’s social learning theory holds that people learn by 

observing others and by seeing the consequences of their 

actions [6]. Rogers’ diffusion of innovations describes how new 

practices spread through social systems, with the observability 

and trialability of an innovation influencing adoption [7]. Both 

provide a theoretical basis for peer-video, demonstration, and 

group-based approaches in extension TEL. 

III. TAXONOMY OF TEL CHANNELS 

Table I summarizes the main TEL channels used in 

agricultural extension, their typical uses, and key limitations. 

Examples are drawn from the Indian context. 

TABLE I 
TEL CHANNELS FOR AGRICULTURAL EXTENSION 

Channel Typical use Strengths Limitations 

SMS / IVR Weather alerts, pest 

warnings, market 

prices 

Works on basic 

phones; usable by 

low-literacy users 

Limited depth; one-

way unless designed 

otherwise 

Messaging 

apps (e.g., 

WhatsApp) 

Farmer–agent 

groups, photo-based 

diagnosis, short 

videos 

Rich media; peer 

exchange; low cost 
Needs smartphone; 

misinformation risk 

Advisory 
apps 

Crop advisories, 
diagnosis, scheme 

information 

Personalization; 
offline features 

possible 

Fragmentation; low 
retention; digital 

literacy needed 

Participatory 

video 
Practices such as 

SRI rice, drip 

irrigation, IPM 

Peer credibility; 

local context; 

facilitation 

Production and 

screening need 

organization 

Radio and 

broadcast 
Interactive call-in 

programs, listening 

clubs 

Wide reach; 

inclusive 
Fixed schedule; 

limited 

personalization 

AI and data-

driven 

advisory 

Image diagnosis, 

chatbots, voice 

assistants, satellite- 
and weather-based 

advisories 

Scalable; 

personalized; timely 
Data quality; trust; 

language coverage; 

field accuracy 

AR/VR and 

simulation 
Machinery, spraying 

safety, greenhouse 

management, what-if 

crop models 

Safe practice; 

visualization 
Cost; device access; 

limited rural uptake 

Online 

courses for 

extension 

workers 

MOOCs and LMS 

from MANAGE, 

state agricultural 

universities, KVKs 

Capacity building at 

scale 
Completion rates; 

local adaptation 

needed 

 

A. Mobile and Messaging 

SMS and interactive voice response (IVR) services are the 

most accessible digital channels because they run on basic 

handsets and do not require reading ability. Messaging 

platforms add images and video, enabling farmers to send 

photographs of affected crops and receive diagnosis from 

agents or experts. Dedicated applications provide more 

structured advisories but face adoption and retention barriers. 

B. Video and Multimedia 

Short local-language videos of practices, produced with or by 

farmers and shown in group settings, link observation to 

discussion. This combines the observability emphasized by 

diffusion theory with the modeling emphasized by social 

learning theory [6], [7], [9]. 

C. Radio and Broadcast 

Interactive radio with call-in segments and listening clubs 

remains one of the most inclusive channels, since it reaches 

households regardless of smartphone ownership and supports 

group listening. 

D. AI and Data-Driven Advisory 

Three families of tools are emerging: (i) image-based 

identification of pests and diseases [10]; (ii) chatbots and voice 

assistants offering advice in regional languages; and (iii) 

personalized advisories that combine soil health data, satellite 

imagery, local weather, and crop stage. These tools can scale 

expertise but depend on the quality of the underlying 

knowledge base and on farmer trust. 

E. Immersive and Simulation Tools 

Augmented and virtual reality can support training in 

machinery use, safe pesticide handling, and greenhouse 

management. Crop simulation models and digital twins allow 

what-if planning under different weather or input scenarios. At 

present these are more common in training institutions and 

demonstration settings than in routine farmer-facing extension. 

F. Training Platforms for Extension Workers 

Extension workers themselves need continuous learning. 

Online courses and learning management systems from national 

institutes, state agricultural universities, and Krishi Vigyan 

Kendras provide scalable training, and increasingly prepare 

agents to act as digital facilitators. 

IV. PEDAGOGICAL DESIGN PRINCIPLES 

Based on the learning theories and evidence reviewed above, 

we propose six principles for extension TEL. 

P1. Blended, not replacement. Technology should be 

paired with trusted human intermediaries such as extension 

agents, lead farmers, and farmer producer organizations 

(FPOs). Evidence from facilitated video and from advisory 

services suggests that trust and interpretation by intermediaries 

influence uptake [5], [9]. 

P2. Experiential and social learning. Farmers learn by 

seeing peers succeed [6], [7]. Peer videos and demonstration 

plots should be preferred over generic content. 

P3. Local language and context. Content must match the 

agro-ecological zone, crop calendar, and dialect to be relevant 

and credible. 

P4. Timeliness. Advice delivered at the correct crop stage is 

more valuable than comprehensive content delivered late. 

Content scheduling should follow the crop calendar. 

P5. Microlearning. Short, actionable units (for example, one 

to three minutes) fit farmers’ limited time and attention and are 

suited to mobile delivery. 
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P6. Two-way interaction. Feedback loops, helplines, and 

question-and-answer mechanisms improve relevance and trust, 

and provide data for improving the service [5]. 

V. PROPOSED MULTI-CHANNEL ARCHITECTURE 

We propose a four-layer architecture (Fig. 1) that 

operationalizes the principles above. 

 
Fig. 1.  Layered architecture for extension TEL. 

1) Knowledge layer. A curated, version-controlled 

repository of verified agricultural knowledge from 

agricultural universities, KVKs, and state departments, 

organized by crop, agro-ecological zone, and growth stage. 

Peer-produced video and farmer-generated knowledge are 

added after expert review. 

2) Intelligence layer. Services that personalize content: crop-

stage and weather-aware scheduling, image-based 

diagnosis, language processing for voice and chat in 

regional languages, and optionally soil and satellite data. 

Where generative AI is used, answers should be grounded 

in the knowledge layer to limit unverified output. 

3) Delivery layer. Multiple channels operating in parallel 

(IVR/SMS, messaging apps, mobile app, video screenings, 

radio) so that no farmer is excluded by device or literacy 

constraints. 

4) Human intermediary layer. Extension agents, lead 

farmers, women’s self-help groups, and FPOs who 

facilitate group sessions, verify advice, escalate complex 

cases, and reach farmers outside digital coverage. 

A cross-cutting monitoring and governance component 

collects usage and outcome data, applies the evaluation 

framework in Section VI, and enforces data-protection rules. 

Two design choices are central. First, channel redundancy: 

the same advisory should be available by voice, video, and text. 

Second, integration with existing institutions (KVKs, state 

departments, FPOs, and national digital agriculture platforms) 

to reduce fragmentation and support sustainability. 

VI. EVALUATION FRAMEWORK 

Extension TEL programs are often evaluated by downloads 

or views, which do not indicate learning or benefit. We adapt 

the four-level Kirkpatrick model [8] to extension, producing 

four levels (Table II). 

TABLE II 
FOUR-LEVEL EVALUATION FRAMEWORK FOR EXTENSION TEL 

Level Guiding question Example indicators 

1. Reach Who accessed the 

content? 
Unique users; gender, age, and land-size 

split; channel mix 

2. Learning Did knowledge 

improve? 
Pre/post quiz scores; diagnostic accuracy; 

self-efficacy 

3. Adoption Did practices change? Percentage of farmers adopting a practice; 

adoption persistence 

4. Impact Did outcomes 
improve? 

Yield, input cost savings, net income 

 

Attribution becomes harder at higher levels. For Level 3 and 

Level 4 we recommend comparison designs, such as matched 

comparison groups, staggered roll-out, or randomized 

evaluation where feasible, as used in the field-experimental 

literature on digital agricultural advice [4], [5]. Disaggregating 

indicators by gender and farm size helps reveal whether the 

program reduces or widens existing inequalities. 

VII. CHALLENGES 

Digital divide. Connectivity gaps, device costs, and limited 

digital literacy constrain access, particularly for women, older 

farmers, and tenant farmers. Voice and group-based channels 

partly mitigate this. 

Content quality and trust. Conflicting advice from public, 

commercial, and social-media sources reduces trust. 

Commercial bias in input-linked advice and misinformation on 

open platforms are recurring concerns. 

Fragmentation. Many overlapping apps and portals provide 

partial and sometimes inconsistent advice, with little 

interoperability. 

Sustainability. Pilots frequently lose momentum when 

external funding ends. Evidence on advisory services stresses 

the importance of business and institutional models that persist 

beyond the pilot stage [5]. 

Measurement. Adoption and income effects are harder to 

attribute than usage statistics, and are rarely measured over 

multiple seasons. 

Data privacy and ownership. Farmer data used for 

advisory, credit scoring, or market linkage require consent, 

purpose limitation, and clear ownership rules. 

VIII. EMERGING DIRECTIONS AND 

RECOMMENDATIONS 

A. Emerging Directions 

• Generative AI assistants grounded in verified 

knowledge bases, with citations to source documents and 

escalation to human experts. 

• Voice-first interfaces in regional languages for low-

literacy users. 

• Integration of IoT sensors and remote sensing with 

advisory delivery for field-specific recommendations. 

• Farmer-to-farmer digital learning networks and micro-

credentials that recognize skills. 

B. Recommendations 

1) Adopt a multi-channel approach combining voice, video, 

and text. 

2) Co-create content with farmers and train extension agents 

as digital facilitators. 

https://ijsrem.com/


      
               International Journal of Scientific Research in Engineering and Management (IJSREM) 

                            Volume: 10 Issue: 10 | Oct - 2026                               SJIF Rating: 8.659                                         ISSN: 2582-3930                                                                                                                                               
 

© 2026, IJSREM      | https://ijsrem.com                                 DOI: 10.55041/IJSREM68275                                        |        Page 4 
 

3) Integrate with KVKs, state departments, FPOs, and 

national digital agriculture initiatives. 

4) Target women farmers deliberately, for example through 

self-help groups. 

5) Build monitoring into the program from the start, tracking 

reach, learning, adoption, and impact. 

6) Plan financial sustainability through public-private 

partnerships, FPO subscriptions, or bundling with inputs 

and market services. 

7) Establish data governance policies covering consent, 

ownership, and security. 

IX. CONCLUSION 

Technology-enhanced learning can extend the reach, 

timeliness, and personalization of agricultural extension, but its 

benefits depend on design choices more than on technology 

itself. This paper has presented a taxonomy of TEL channels, 

six pedagogical design principles, a layered multi-channel 

architecture that keeps human intermediaries in the loop, and a 

four-level evaluation framework. The central message is that 

technology should complement, not replace, trusted local 

relationships, and that programs should be judged by adoption 

and outcomes rather than downloads. Future work should 

empirically validate the proposed architecture and evaluation 

framework through field pilots, with attention to women and 

marginal farmers, and should study how grounded generative-

AI assistants affect trust and decision quality. 

REFERENCES 

[1] J. R. Anderson and G. Feder, “Agricultural extension,” in Handbook of 

Agricultural Economics, vol. 3, R. Evenson and P. Pingali, Eds. 
Amsterdam, The Netherlands: Elsevier, 2007, pp. 2343–2378. 

[2] C. Glendenning, S. Babu, and K. Asenso-Okyere, “Review of agricultural 

extension in India: Are farmers’ information needs being met?,” IFPRI 

Discussion Paper 01048, Int. Food Policy Res. Inst., Washington, DC, 
USA, 2010. 

[3] J. C. Aker, “Dial ‘A’ for agriculture: A review of information and 

communication technologies for agricultural extension in developing 
countries,” Agric. Econ., vol. 42, no. 6, pp. 631–647, 2011. 

[4] E. Fabregas, M. Kremer, and F. Schilbach, “Realizing the potential of 

digital development: The case of agricultural advice,” Science, vol. 366, 
no. 6471, p. eaay3038, 2019. 

[5] S. Cole and A. N. Fernando, “‘Mobile’izing agricultural advice: 
Technology adoption, diffusion and sustainability,” Econ. J., vol. 131, no. 
633, pp. 192–219, 2021. 

[6] A. Bandura, Social Learning Theory. Englewood Cliffs, NJ, USA: 
Prentice-Hall, 1977. 

[7] E. M. Rogers, Diffusion of Innovations, 5th ed. New York, NY, USA: 
Free Press, 2003. 

[8] D. L. Kirkpatrick and J. D. Kirkpatrick, Evaluating Training Programs: 
The Four Levels, 3rd ed. San Francisco, CA, USA: Berrett-Koehler, 2006. 

[9] R. Gandhi, R. Veeraraghavan, K. Toyama, and V. Ramprasad, “Digital 
Green: Participatory video and mediated instruction for agricultural 
extension,” Inf. Technol. Int. Develop., vol. 5, no. 1, pp. 1–15, 2009. 

-based plant disease detection,” Front. Plant Sci., vol. 7, p. 1419, 2016. 

https://ijsrem.com/

