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HIGHLIGHTS

 Extension-worker competence and cosmopolitanism strengthened ICT-enabled advisory services.
 Institutional, infrastructure, and regulatory support reinforced Agricultural Extension Centre performance.
 Conventional methods alone did not improve digital extension implementation.
 Hybrid advisory strategies can combine digital reach with trusted face-to-face facilitation.

ABSTRACT

Agricultural Extension Centers connect farmers with information, innovation, consultation,
and institutional networks. This study analysed the human and institutional factors
associated with centre performance and information and communication technology-based
agricultural extension in West Java. The study was conducted from May to November
2022 in Subang and Cianjur Regencies. Survey data from 156 extension workers and farmers
were complemented by interviews, observations, and document review. Descriptive statistics
and partial least squares structural equation modelling were applied. The centres performed
strongly as information, development-movement, learning, agribusiness-consultation, and
partnership-networking hubs. Digital-extension adoption capacity and sustainability were
also rated highly. Positive path coefficients were observed from respondent characteristics
to centre performance (0.257) and digital extension (0.293), and from extension support
to the same outcomes (0.326 and 0.319, respectively). Extension methods had a negligible
coefficient for digital extension (-0.008). Cosmopolitanism, extension-worker competence,
infrastructure, institutional support, and regulations were prominent indicators. The findings
show that digital advisory services are supported by capable personnel, enabling
institutions, reliable infrastructure, and hybrid strategies that combine digital communication
with face-to-face facilitation.

INTRODUCTION

Agricultural extension increasingly operates through digital and
face-to-face channels that connect farmers with production
knowledge, markets, climate information, and institutional services.
Information and communication technology (ICT) can accelerate the
delivery of timely advice, widen geographical coverage, and support
more responsive decision-making. However, technology alone does
not create effective advisory services. Extension-worker

competence, information-seeking behaviour, organisational support,
infrastructure, and regulations determine whether digital tools
become embedded in routine practice. Recent evidence shows that
farmers’ acceptance of ICT-based advisory services depends on
usefulness, trust, accessibility, responsiveness, and personalisation
(Paliwal et al., 2026), while extension personnel need differentiated
skills in digital communication, document management,
troubleshooting, cybersecurity, and emerging applications (Sahoo
et al., 2025).
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Indonesia institutionalised this transformation through the
Strategic Command for Agricultural Development, which positioned
Agricultural Extension Centers at sub-district level as operational
hubs for data, learning, consultation, development programmes, and
partnerships. The centers were expected to use ICT to coordinate
local agricultural development and link farmers with innovation
systems. Their effectiveness is especially important in West Java,
where farmers continue to rely strongly on extension workers as
trusted information intermediaries. Evidence from the province also
indicates that advisory services and livelihood resources strengthen
farmers’ resilience through capacity-building pathways rather than
information delivery alone (Azhari et al., 2025), while global
research mapping confirms the growing integration of agricultural
extension within climate-resilience scholarship (Azhari et al., 2026).

Conventional visits, lectures, and demonstrations continue to
build trust and enable contextual problem solving, whereas digital
channels increase speed and reach. Treating these modes as
substitutes may therefore weaken extension quality. Digital
transformation is more plausibly understood as a hybrid
institutional process in which human capability and organisational
conditions enable technology to complement interpersonal advisory
work. Research has commonly examined digital access, extension
competence, or institutional support separately, leaving limited
evidence on their combined relationships with centre performance
and digital extension implementation.

Subang and Cianjur Regencies offered relevant settings because
their extension centres had implemented the national programme
across contrasting rice and horticultural systems. The study tested
whether respondent characteristics, extension methods, and
extension support influenced the role of Agricultural Extension
Centres and ICT-based agricultural extension. It was hypothesised
that human capability and institutional support would have positive
effects, while reliance on conventional methods without digital
integration would not strengthen ICT-based services. The objective
was to identify the most influential human and institutional factors
and derive practical directions for hybrid agricultural extension in
West Java.

Earlier Indonesian studies documented the importance of centre
readiness and extension-worker performance in implementing the
national programme (Anto & Andriansyah, 2020; Kinasih et al.,
2021; Pakpahan et al., 2021). Internet use has also been associated
with extension-worker performance in Cianjur (Purwatiningsih et
al., 2018), while field evidence continues to show the contribution
and limits of ICT within local extension practice (Prayoga, 2018;
Utomo et al., 2022). More recent work places digital learning and
social capital at the centre of capacity development for sustainable
food systems (Sumardjo et al., 2026). Together, these studies justify
examining technology use within the institutional and human system
that supports it.

METHODOLOGY

An explanatory survey was conducted from May to November
2022 in Subang and Cianjur Regencies, West Java. The locations
were selected purposively because all Agricultural Extension Centres
had implemented the Strategic Command for Agricultural
Development and represented contrasting rice and horticultural

production systems. Respondents were drawn from seven centres
in each regency. The final sample comprised 156 agricultural
extension workers and farmers involved in centre activities. Data
were collected using a structured questionnaire and were
complemented by field observations, document review, and in-depth
interviews with programme innovators, managers, extension workers,
farmers, and other community representatives. The model included
respondent characteristics, extension methods, and extension support
as explanatory constructs.

Respondent characteristics captured extension-worker
competence and cosmopolitanism. Extension methods represented
conventional and digital approaches, while extension support
covered institutional, infrastructure, and regulatory support. The
two endogenous constructs were the role of Agricultural Extension
Centres and ICT-based agricultural extension. Centre roles
comprised data and information, agricultural development
movements, learning, agribusiness consultation, and partnership
networking. ICT-based extension comprised adoption capacity and
sustainability. Items were rated using ordinal response scales and
converted to interval data before modelling. The construct
specification followed the view of extension as a facilitated learning
and capacity-development process rather than one-way information
transfer (Amanah, 2007).

Instrument testing was conducted with 42 respondents from
six Agricultural Extension Centres in Bogor Regency. Item validity
coefficients ranged from 0.343 to 0.926 and reliability coefficients
from 0.661 to 0.943, supporting use of the instrument. Descriptive
analysis summarised respondent access, support, institutional roles,
and digital-extension performance. Partial least squares structural
equation modelling was performed using SmartPLS 4 to estimate
measurement loadings, path coefficients, and explained variance. The
structural analysis examined the relationships of respondent
characteristics, extension methods, and extension support with both
endogenous constructs. Qualitative evidence was used to interpret
the institutional context and the continued role of interpersonal
extension. Participation was voluntary, respondents were informed
about the study purpose, and responses were analysed
confidentially.

RESULTS

Human readiness and extension practices

Based on Table 1, respondents averaged 46 years of age, and
37.82% had completed undergraduate education. Average work
experience was 11 years. Digital access was already substantial:
92.31% had personal or family access to an internet-enabled
smartphone and 77.56% had personal or family access to a computer
or laptop. Extension-worker competence reached a moderate index
of 69.39%. Respondents were able to manage information,
understand digital-era responsibilities, anticipate barriers, and
recognise the advantages of innovation, but the moderate score
indicated room for more advanced facilitation and data-management
skills. Information seeking was most frequent in other villages and
agricultural or extension service offices, averaging four visits per
month. This cosmopolitan orientation exposed extension actors to
innovations and professional networks beyond their immediate work
environment.
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Both conventional and digital practices remained active. Farm
visits were used often or always by 80.77% of respondents for
technological innovation and 77.56% for facilities and infrastructure
information. Social media were used often or always by 70.51%
for technological innovation, 73.08% for facilities and infrastructure,
and 73.71% for marketing information (Table 2). Internet sources
other than social media were less consistently used. The pattern
indicates an emerging hybrid system: farm visits remained central
for observation, demonstration, and trust, while social media
accelerated follow-up communication and information distribution.
Digital channels should complement rather than displace
interpersonal methods because farmer decisions frequently require
local diagnosis and confidence in the adviser (Yadav et al., 2026).

Institutional performance and enabling support

Based on Table 3, institutional, infrastructure, and regulatory
support were all rated highly. The data and information centre
recorded the highest mean index (98.18), followed by the
agricultural development movement (96.69). Respondents associated
institutional support with innovation assistance, technical and
methodological training, internships, and seminars. Infrastructure
included internet connectivity, operational facilities, and learning

Table 1. Respondent readiness for digital extension

Indicator Result

Mean age 46 years
Undergraduate education 37.82%
Mean work experience 11 years
Smartphone access¹ 92.31%
Computer/laptop access¹ 77.56%
Competence index 69.39% (moderate)
Information visits to villages 4 per month
Visits to extension service offices 4 per month

¹Includes personal or family ownership

Table 2. Frequent use of selected extension methods

Method Technological Marketing Facilities Inputs
innovation (%) (%) (%)

(%)

Farm visits 80.77 77.56 77.56 81.41
Lectures 59.62 55.13 58.98 63.46
Social media 70.51 73.71 73.08 69.23
Other internet 58.33 60.26 57.70 53.85
sources

Table 3. Extension support and centre performance indices

Dimension High category Mean
(%) index

Institutional support 89.74 91.03
Facilities and infrastructure 78.21 88.35
Regulatory support 77.56 88.03
Data and information centre 93.59 98.18
Agricultural development movement 94.87 96.69
Learning centre 94.24 96.51
Agribusiness consultation 86.53 91.77
Partnership networking 92.31 96.58

resources, while regulations provided legitimacy and direction for
centre activities. The similarly high values show that digital
extension was enabled by a bundle of organisational conditions
rather than a single intervention.

Determinants of centre roles and ICT-based extension

The structural model explained 28.3% of the variance in the
role of Agricultural Extension Centres and 30.4% in ICT-based
agricultural extension. Positive coefficients were observed from
respondent characteristics to centre roles (0.257) and ICT-based
extension (0.293), and from extension support to centre roles
(0.326) and ICT-based extension (0.319). In contrast, extension
methods had a negligible negative coefficient for ICT-based extension
(-0.008). The measurement model identified cosmopolitanism
(0.923) and extension-worker competence (0.887) as strong
indicators of respondent characteristics. Infrastructure (0.927),
institutional support (0.904), and regulations (0.821) strongly
represented extension support. ICT adoption capacity (0.945) and
sustainability (0.934) also loaded strongly on the digital-extension
construct.

DISCUSSION

The findings indicate that ICT-based agricultural extension
depends not only on access to technology but also on the capacity
of extension workers to convert digital resources into relevant
advisory services. The positive coefficients linking respondent
characteristics with both Agricultural Extension Centre roles and
ICT-based extension underline the importance of competence and
cosmopolitanism. Access creates opportunities for communication,
whereas competence determines whether information can be
verified, contextualised, and communicated effectively. This
interpretation is consistent with Panda et al. (2019) and Kumar
(2025), who reports that productive ICT use is associated with

Table 4. Structural model results

Relationship or indicator Coefficient/loading Interpretation

Characteristics  centre roles 0.257 Positive
Characteristics  ICT extension 0.293 Positive
Extension support  centre roles 0.326 Positive
Extension support  ICT extension 0.319 Positive
Extension methods  ICT extension -0.008 Negligible negative
R² centre roles 0.283 Moderate explanatory value
R² ICT extension 0.304 Moderate explanatory value
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education, media exposure, social participation, and extension
contact. Digital competence therefore extends beyond platform
operation to information verification, content development, online
facilitation, data protection, and interpretation of farmer feedback
(Sahoo et al., 2025). This broader capability orientation is consistent
with integrative approaches to strengthening extensionists’ roles in
farmer empowerment (Amanah et al., 2026).

Cosmopolitanism connects local agricultural problems with
knowledge and resources beyond the immediate community.
Contacts with research institutions, universities, government
agencies, private organisations, and professional networks expose
extension workers to alternative practices and innovations. Digital
platforms expand these opportunities through webinars, virtual
demonstrations, and communities of practice. However, external
information becomes useful only when it is assessed against farmers’
resources, production systems, and risks. Extension centres can
strengthen organisational learning by encouraging staff to evaluate
and share knowledge obtained through external networks.

The continuing use of farm visits alongside social media
supports a hybrid extension approach. Digital channels are
appropriate for timely alerts, reminders, market information, and
verified materials, whereas field interaction remains important for
diagnosis, demonstration, negotiation, and complex problem-solving.
The negligible coefficient linking extension methods with ICT-based
extension does not show that conventional methods are ineffective.
Rather, it suggests that adding digital media to existing activities
does not automatically produce digital transformation. Effective
hybrid extension deliberately connects field diagnosis, digital follow-
up, farmer feedback, and institutional information while considering

Figure 1. Structural model of
ICT-based agricultural extension

farmers’ literacy, connectivity, device access, and the complexity
of the agricultural problem.

The centres also show potential as local information and
innovation intermediaries. Their strong information, learning, and
partnership functions indicate that they perform more than
administrative roles. This interpretation agrees with Azhari et al.
(2025) and Syamsiah et al. (2025), who emphasise the contribution
of extension, learning, and social resources to resilient farming
systems. It also aligns with evidence that social transformation and
institutional collaboration are central to food-system sustainability
(Sumardjo et al., 2023; Godara et al., 2024; Godara et al., 2025).
The comparatively lower agribusiness-consultation score, although
still high, points to a gap between technical information provision
and enterprise-oriented support. Agribusiness consultation requires
individualised analysis of production costs, markets, financing,
partnerships, and risks, together with coordination beyond the
conventional extension system.

The positive coefficients for extension support confirm that
digitalisation requires a supportive institutional environment
comprising functioning infrastructure, organisational commitment,
operational funding, technical assistance, and clear regulations.
Digital farmer field schools improve knowledge when technology
is integrated into facilitated learning (Kadam et al., 2026), while
interactive platforms can strengthen farmer agency when they move
beyond one-way information delivery (Godara et al., 2024; Yadav
et al., 2026). Infrastructure may remain underused when
connectivity is unreliable, training is discontinuous, or operational
guidance is unclear. ICT-based extension should therefore be
developed as part of the broader functions of Agricultural Extension
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Centres rather than as a separate technology project (Sondarava et
al., 2023). The moderate explained variance also indicates that trust,
digital literacy, leadership, workload, organisational culture, farmer
demand, and locally relevant content warrant examination in future
longitudinal or multigroup studies.

CONCLUSION

Agricultural Extension Centres in West Java function as strong
local hubs for information, learning, programme coordination,
consultation, and partnerships. Their performance and the
implementation of digital advisory services depend more clearly on
extension-worker capability, outward information seeking,
institutional support, infrastructure, and enabling regulations than
on method choice alone. Conventional methods remain valuable for
trust, diagnosis, and practical learning, but they need to be
deliberately connected with digital communication and follow-up.
Extension policy should therefore prioritise continuous digital
competence development, peer learning across locations, reliable
connectivity, operational support, and governance arrangements that
integrate field and online services. A hybrid extension system built
around capable personnel and supportive institutions offers a
practical pathway for widening access without losing the
interpersonal qualities that make agricultural advice credible and
locally relevant.
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