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Abstract

Can a chatbot replace or supplement a human extension agent? That question has moved from speculative to practical as artificial
intelligence tools become cheaper and more capable. This research developed and evaluated an agricultural extension chatbot prototype
(AgriBot-AM) and measured its acceptance among 156 young farmers (aged 18-40) in three provinces of Armenia between February and
October 2023. The chatbot was trained on 2,400 question-answer pairs covering crop management, pest identification, and market
information. Acceptance was measured using the Technology Acceptance Model (TAM). Overall acceptance averaged 3.7 on a five-point
scale. Response speed scored highest (4.3) and trust in advice scored lowest (2.9). Age correlated negatively with acceptance (r = -0.62,
p<0.001), with farmers under 25 showing substantially higher acceptance than those over 35. Regression showed that perceived usefulness
(B = 0.44) and ease of use (B = 0.31) were the strongest acceptance predictors. The chatbot performed well for factual queries but struggled
with context-dependent recommendations. These results suggest chatbots can serve as supplementary advisory channels for routine queries,
freeing human agents for complex advisory tasks.
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Introduction

The challenge facing agricultural extension worldwide is
scale: there are far fewer extension agents than farmers who
need advice, and the gap is widening ™. Armenia's
extension system serves roughly 340,000 farming
households with fewer than 200 active extension staff, a
ratio that makes individual advisory contact rare for most
farmers 2. Chatbot technology-software that simulates
conversation through text or voice-offers a potential way to
provide instant, scalable advisory responses to common
farming questions EI,

Several agricultural chatbot projects have been piloted in
India, Kenya, and the Philippines with mixed results I %1, A
consistent finding is that acceptance varies sharply by user
age and digital experience, with younger, smartphone-
literate farmers showing much higher engagement . But
most published chatbot research focuses on user behavior
without reporting on chatbot development methodology or
the content architecture behind the tool 71,

This research addressed both dimensions: the technical
development of an Armenian-language agricultural chatbot
and its acceptance among young farmers. Three objectives
guided the work: (a) building and training a chatbot on
locally relevant agricultural content, (b) measuring
acceptance using the TAM framework, and (c) identifying
design features that drive or hinder acceptance.

Armenia’s young farming population is particularly suited
for chatbot testing because smartphone penetration among
18 to 40 year olds in rural areas exceeds 78 percent, and
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Telegram usage is widespread. However, the Armenian
language poses natural language processing challenges due
to its unique alphabet, complex morphology, and limited
digital training corpora compared to languages like English
or Spanish.

The chatbot approach differs from other digital extension
tools in one important way: it is conversational. Unlike
mobile apps that present pre-packaged content or SMS
services that push one-way messages, a chatbot responds to
whatever question the farmer types, creating an experience
that partially resembles talking to a real advisor. This
conversational quality is both the chatbot’s strength and its
vulnerability, because farmers may develop expectations of
human-like understanding that the technology cannot yet
deliver.

System design and architecture

AgriBot-AM was built on the Rasa open-source framework,
chosen for its Armenian language support and on-premise
deployment capability. The knowledge base comprised
2,400 question-answer pairs organized into three domains:
crop management (1,100 pairs), pest and disease
identification (800 pairs), and market information (500
pairs). Content was sourced from Armenian agricultural
extension manuals and validated by five agronomists.
Natural language understanding was trained on 4,800 user
utterance examples collected during a three-week beta
phase. The chatbot was deployed on Telegram, the most
widely used messaging platform among Armenian youth.
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Response accuracy on a held-out test set of 300 queries was
78.4%.

Material and Methods

Material

A total of 156 young farmers (18-40 years) from Ararat,
Armavir, and Aragatsotn provinces participated between
February and October 2023. Participants were recruited
through agricultural cooperative networks and social media
outreach. Eligibility required smartphone ownership and at
least one season of farming experience. After a two-week
chatbot trial period, acceptance was measured using a 16-
item TAM-based questionnaire covering perceived
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usefulness, ease of use, trust, and intention to continue use.
Ethical clearance was obtained from the Armenian National
Agrarian University Ethics Board (Protocol ANAU-EB-
2023-006, January 2023).

Methods

Descriptive statistics summarized acceptance dimensions.
Pearson correlation tested the age-acceptance relationship.
Multiple regression modeled acceptance as a function of
TAM constructs and user characteristics. Chatbot usage logs
recorded query types, response times, and user ratings. Data
were analyzed using SPSS 28.

Table 1. Chatbot acceptance scores by tam dimension (n = 156)

Acceptance dimension Mean SD
24/7 availability 4.5 0.6
Response speed 4.3 0.7

Ease of use 4.1 0.8
Information quality 3.8 0.9
Language fit 3.2 1.0
Trust in advice 2.9 1.1

Availability (4.5) and response speed (4.3) were rated
highest. Trust in chatbot advice scored lowest (2.9), with

many farmers expressing preference for human

confirmation of important decisions.
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Fig 1: relationship between farmer age and chatbot acceptance score

A clear negative correlation (r = -0.62) shows that younger
farmers accepted the chatbot more readily. Farmers under
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25 averaged scores above 4.0, while those over 35 averaged
below 3.0.
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Fig 2: Chatbot feature satisfaction scores across six dimensions

The horizontal bar chart highlights the trust gap: while
functional features like availability and speed scored above
4.0, trust in the advice provided lagged behind at 2.9,
representing the main barrier to full acceptance.

Discussion

The trust deficit is the most important finding. Farmers
valued the chatbot's speed and accessibility but were
reluctant to rely on it for decisions with financial
consequences [l This suggests chatbots should be
positioned as information tools for routine queries rather
than as advisory replacements. The age gradient confirms
international patterns showing that digital agricultural tools
face adoption barriers with older users 1. Language fit (3.2)
reflects the challenge of building natural language
processing for Armenian, which has limited training corpora
compared to major languages [°l. Extension organizations
should view chatbots as complements to human agents,
handling high-volume simple queries and routing complex
questions to specialists.

The finding that round-the-clock availability was the
highest-rated feature has strategic implications. Farmers
often have questions outside business hours, particularly
during evening planning or early morning field preparation.
A chatbot that answers basic questions at five in the
morning provides value that no human-staffed helpline can
match without prohibitive cost. Extension organizations
should position chatbots specifically as after-hours and
weekend advisory tools, supplementing rather than
replacing daytime human contact.

The performance gap between factual queries at 89.1
percent accuracy and context-dependent recommendations
at 61.3 percent reveals a fundamental limitation of current
chatbot technology for extension. Farming decisions are
rarely context-free: the right advice depends on soil type,
weather history, available inputs, and dozens of other
variables that a chatbot cannot assess from a text query
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alone. This suggests that chatbots should be designed with
clear scope boundaries, redirecting complex queries to
human agents rather than providing potentially wrong
answers.

Performance evaluation

AgriBot-AM correctly answered 78.4% of test queries.
Accuracy was highest for factual questions about planting
dates and input rates (89.1%) and lowest for context-
dependent pest management recommendations (61.3%).
Average response time was 2.4 seconds. Over the trial
period, 156 users generated 3,847 queries, averaging 24.7
queries per user. The most common query category was pest
identification (34.2%), followed by crop management
(31.8%).

The research also revealed that chatbot usage patterns
followed a distinct cycle: initial enthusiasm during the first
two weeks, a decline in the third and fourth weeks as
novelty wore off, and then stabilization at a lower but
consistent usage level from month two onward. This pattern
suggests that chatbot adoption metrics should be evaluated
after at least three months, not during the initial novelty
period. The 24.7 queries per user over nine months
translates to roughly three queries per month per active user,
which is modest but represents advisory contact that would
not have occurred at all without the chatbot given current
staffing levels in Armenian extension.

Language fit scored 3.2, which reflects a broader challenge
for agricultural technology in minority language markets.
Building natural language understanding for Armenian
required substantial custom effort because off-the-shelf NLP
models trained primarily on English and other major
languages performed poorly on Armenian agricultural
vocabulary. Extension organizations in other small-language
markets should anticipate this bottleneck and budget
accordingly, as language quality directly affects user trust
and engagement.
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Conclusion

Agricultural chatbots can effectively serve young, digitally
comfortable farmers for routine advisory queries, but trust
remains a barrier that technology alone cannot solve.
AgriBot-AM demonstrated that a locally developed,
Armenian-language chatbot can achieve reasonable
accuracy and high user engagement among young farmers.
The path forward is hybrid: chatbots handling first-line
queries while human agents focus on complex, relationship-
dependent advisory work. Extension organizations investing
in chatbot development should prioritize content quality and
language naturalness over feature complexity, and should
always maintain a clear pathway to human support when
chatbot responses fall short.
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