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Brown planthopper (Nilaparvata lugens) remains one of the most destructive rice pests,
necessitating environmentally friendly management supported by effective agricultural
extension. This study examined the effects of farmer characteristics and Articulate
Storyline-based interactive digital extension on strengthening this capacity for sustainable

pest management in Tulungagung Regency, Indonesia. A one-group pretest—posttest pre-
experimental design involved 84 rice farmers selected through multistage sampling.
Questionnaires were validated (63 of 67 items valid, r-table = 0.361, n = 30) and reliable
(Cronbach’s alpha 0.851-0.905). Intervention effectiveness was evaluated using N-Gain
analysis, while multiple linear regression with classical assumption testing identified the
influencing factors. Farmer characteristics significantly affected the outcome (B = 0.141,
standardized = 0.150, t =2.301, p = 0.024), while the digital extension medium showed
a substantially greater influence (B = 1.249, standardized = 0.866, t=13.310, p <0.001).
The model explained 69.1% of the variance (adjusted R? = 0.683; F (2,81) = 90.588, p <
0.001), confirming that instructional design outweighs demographic factors in building
this capacity for effective pest control. Extension agencies should therefore prioritize
content clarity and instructional quality over demographic targeting when developing
digital media. As a single-group, one-region study, causal inference and generalizability
remain limited; quasi-experimental or multi-region designs are recommended for future
research. Overall, the findings highlight Articulate Storyline’s potential as an innovative
tool for advancing environmentally friendly brown planthopper control and the broader
digital transformation of agricultural extension services.
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1. INTRODUCTION

Rice is not only the staple food of most Indonesians but also a key
commodity that supports agricultural development and rural livelihoods
[1]. According to the Central Statistics Agency (2024), Indonesia
produced 53.2 million metric tons of harvested dry paddy (HDP), with
East Java Province contributing 9.28 million metric tons, underscoring
its strategic role in national rice production. Tulungagung Regency
contributed 235,502 metric tons from a harvested area of 27,616 ha,
demonstrating the region’s strategic role in supporting national food
security, in line with the achievement of SDG 2 (Zero Hunger).

1.1.  Research Background

National food security is highly dependent on the sustainability
of rice (Oryza sativa L) production as a strategic commodity in
meeting the food needs of the Indonesian people. The growing
population and increasing rice consumption have intensified the
need for stable rice production to ensure national food security.
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The sustainability of rice production in the region continues to
face serious challenges, particularly from infestations of the
brown planthopper (Nilaparvata lugens). This pest damages
plants by sucking plant sap and acts as a vector for various viral
diseases that cause significant yield losses [2]. In severe
infestations, this can lead to total crop failure, a condition known
as “hopperburn”[3]. Data from the Plant Pest Control Agency
(POPT) of Tulungagung Regency for 2025 indicate that the
infestation covered 652 ha of rice fields, posing a real threat to the
stability of agricultural production.

Pest control at the farmer level is still dominated by synthetic
chemical insecticides. While this approach is effective in the short
term, it has the potential to lead to pest resistance, resurgence, a
decline in natural enemy populations, and environmental
pollution. This situation indicates that agricultural practices are
not yet fully aligned with the principles of sustainability, as
emphasized in SDG 12 (Responsible Consumption and
Production), which  underscores the importance of
environmentally friendly and sustainable production systems.

The success of pest control is determined not only by the
availability of technology but also by farmers’ capacity to
understand and implement agricultural innovations. Farmers’
capacity encompasses knowledge, skills, and attitudes in making
agricultural decisions. Enhancing this capacity is also linked to
SDG 4 (Quality Education), which emphasizes the importance of
strengthening competencies through continuous learning
processes, including in the agricultural sector.

Based on Regulation of the Minister of Agriculture of the
Republic of Indonesia No. 03 of 2018 concerning Guidelines for
the Implementation of Agricultural Extension, extension services
are aimed at enhancing the capacity of key actors and business
operators through the development of knowledge, skills, and
attitudes in the application of agricultural technology. This
regulation underscores the need for innovation in extension
methods and media to make the learning process more effective
and participatory.

Advances in information and communication technology are
driving the transformation of the extension system toward a
digital and interactive approach. The use of digital media has
helped extension workers convey information, improve
communication, and facilitate access to agricultural knowledge
[4]. One relevant tool is Articulate Storyline, an interactive
learning platform that integrates text, audio, visuals, animations,
and assessments into a single integrated system. According to the
Cognitive Theory of Multimedia Learning, the simultaneous
integration of verbal and visual information can significantly
improve understanding and information retention [5].

Various studies indicate that interactive learning media are
more effective than conventional media in increasing user
engagement and understanding. However, research examining
the simultaneous influence of farmer characteristics and
interactive extension media on farmers’ capacity remains limited,
particularly regarding the environmentally friendly control of
brown planthoppers in Tulungagung Regency.

Based on this gap, this study aims to analyze the influence of
farmer characteristics and interactive extension media based on
Articulate Storyline on farmers’ capacity for environmentally
friendly brown planthopper control.

1.2.  Literature Review

Extension media are communication tools used to convey
information, innovations, and technologies to extension targets in
https://doi.org/10.29165/ajarcde.v10i3.1178

order to improve farmers’ knowledge, skills, and behavioral changes
[6]1, [7], [8]. In extension activities, media serve as learning aids that
can clarify messages, increase their appeal, and facilitate the transfer of
agricultural knowledge and innovations more effectively [6]. Selecting
media that align with the characteristics of the extension target audience
is a critical factor in improving communication effectiveness and
accelerating the adoption of agricultural innovations [7], [8].

Advances in digital technology have driven the transformation of
extension systems toward a more participatory and digital-based
approach [9], [10]. Digitalization in agricultural extension systems can
expand access to information and strengthen interactions among factors
within the innovation system [11]. In line with this, the integration of
information technology into extension can improve farmers’ access to
agricultural information sources, strengthen the learning process, and
support more rational, data-driven decision-making in farming [8],
[12]. A recent systematic review of the ICT revolution in agricultural
extension across the Global South similarly reports a shift from one-
way information dissemination toward interactive, farmer-to-farmer,
technology-mediated learning, with smartphones and mobile
applications identified as key enablers of this transition [13].However,
evidence from Southeast Asia indicates that adoption of digital
extension services remains constrained by infrastructure, digital
literacy, and the perceived relevance of content to farmers’ daily
practices [14]. Underscoring the importance of instructional design
quality rather than technology availability alone. Within Indonesia
specifically, digital literacy constraints are not limited to farmers: a
study of extension agents in North Maluku found that limited digital
literacy among the agents themselves also restricts the effective
delivery of ICT-based extension services [15]. Similarly, a review of
ICT-based extension and advisory services in Ethiopia found that
mobile-based information channels have expanded farmers’ access to
agronomic information but remain limited by low digital literacy and
infrastructure gaps [16]. while evidence from digital advisory services
among maize farmers in Ghana shows that such services can
meaningfully increase the adoption of climate-smart technologies when
the information delivered is perceived as directly actionable [17]. In
China, farmers’ digital literacy has similarly been shown to be a key
enabling factorrather than device access alonefor the adoption of green
production technologies [18], reinforcing the argument that the quality
and comprehensibility of digital content, not merely its availability,
determines its effectiveness. [9], [19], [13], [14],

One digital medium that has gained prominence in learning
activities is Articulate Storyline. Unlike general-purpose digital
communication channels such as WhatsApp, YouTube, or static e-
learning modules that have dominated prior digital-extension [9], [12],
[14], [19]. Articulate Storyline is purpose-built for structured
instructional design: it integrates text, narrated audio, images, video,
branching scenarios, and embedded assessment within a single
sequenced learning pathway. This distinguishes it from ordinary digital
learning platforms, which typically deliver content linearly without
built-in interactivity or formative evaluation. Multimedia-based
learning can improve understanding through the structured integration
of visual and verbal elements, thereby reducing cognitive load and
improving information retention [5], [20], [21], [22].This extension
medium has the potential to increase farmers’ engagement in
understanding technical material in a more systematic and interactive
way [23].

Farmer capacity refers to farmers’ ability to access, understand,
evaluate, and apply agricultural information and innovations to support
effective and sustainable farm management [24]. Farmer capacity
encompasses knowledge, skills, and attitudes related to the adoption of
agricultural innovations, and plays a strategic role in identifying
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problems, making more informed decisions, improving farm
efficiency, and adapting to changes in the social, economic, and
agricultural technological environments [25], [26]. Improvements
in farmer capacity are influenced by internal factors such as age,
education, land area, and length of time farming, as well as
external factors such as access to information and extension
services [27]

The brown planthopper (Nilaparvata lugens) is one of the
major pests of rice crops, causing yield losses through the sucking
of plant sap and acting as a viral vector [28], [29]. Inappropriate
chemical insecticide-based control can lead to resistance,
resurgence, and disruption of the agricultural ecosystem balance.

Interactive digital extension media are more effective than
conventional media because they facilitate active learning
through visualization, simulation, and immediate feedback.
Various studies have shown that Articulate Storyline effectively
improves learning outcomes in formal educational contexts by
presenting material in an interactive, engaging, and easy-to-
understand manner [21], [22], [23], [30], [31], [32]. However,
three gaps remain in the existing literature. First, prior Articulate
Storyline studies have been conducted almost exclusively in
formal classroom settings (schools and universities) [21], [22],
[30], [32], none has tested the medium in a non-formal, field-
based agricultural extension context. Second, studies on digital
agricultural extension [9], [11], [12], [13], [14], have generally
evaluated general-purpose ICT channels rather than a structured,
assessment-embedded instructional platform, leaving open the
question of whether the added instructional design of a tool like
Articulate Storyline produces measurably greater capacity gains
than farmer characteristics alone. Third, no known study has
examined Articulate Storyline’s effect comprehensively across
all  three capacity = domainsknowledge, skills, and
attitudessimultaneously with farmer demographic characteristics
in a pest-management context. Addressing these gaps, this study
provides empirical evidence on whether a purpose-built
interactive instructional medium can outweigh farmers’
demographic characteristics in strengthening capacity for
environmentally friendly brown planthopper management,
thereby extending the application of Articulate Storyline beyond
formal education into agricultural extension practice.

X,
Farmer Characteristics H,
(Internal Factors) @

Y
H Farmers’ Capacity
1

. Age
* Level of education F-==
» Length of farming experience

+ Farm size

—_—

+ Knowledge
« Skills
« Attitudes

x2
Interactive Extension Media
Based on Articulate Storyline
(External Factors)

i
I
1
I
I
1
<
1
i
1
1
1
1
1
|
1

« Media design H,
+ Altractiveness and readability )
+ Interactivity

 Ease of use

Figure 1. Conceptual framework of the influence of X1 and X2
onY

The hypotheses in this study are as follows:
H1 : Farmer characteristics and Articulate Storyline-
based interactive extension media simultaneously
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influence farmers’ capacity.

H2: These characteristics have a significant effect
on
farmers’ capacity

H3: Articulate Storyline-based interactive extension
media have a significant effect on farmers’ capacity.

1.3.  Research Objective

This study aims to: (1) Describe the level of farmers’ capacity before
and after extension using Articulate Storyline; (2) Analyze the influence
of farmer characteristics and Articulate Storyline-based interactive
extension media on the improvement of farmers’ capacity.

2. MATERIALS AND METHODS

2.1.  Research Design

This study employed a quantitative pre-experimental design using a
one-group pretest—posttest approach to evaluate the effect of Articulate
Storyline-based interactive extension media on farmers' capacity. This
design was selected because implementing a randomized or quasi-
experimental study with a control group was not feasible under actual
field conditions. Farmer groups had already been organized according
to existing agricultural extension schedules, making random
assignment impractical. Moreover, withholding pest-management
information from a comparable group of farmers was considered
ethically inappropriate because the study was conducted in areas
experiencing active brown planthopper infestations.

Accordingly, changes in farmers' capacity were assessed by
comparing pretest and posttest scores obtained from the same
participants. Nevertheless, this research design is subject to several
threats to internal validity, including maturation, testing effects, history,
and the Hawthorne effect. These limitations should be considered when
interpreting the findings and are discussed further in the Discussion
section.

2.2.  Study Area, Population, and Sampling

The study was conducted from March to May 2026 in Tulungagung
Regency, East Java, Indonesia. Three subdistricts (Gondang, Pakel, and
Bandung) were purposively selected because they are major rice-
producing areas with recurring infestations of the brown planthopper
(Nilaparvata lugens), making them highly relevant to the
implementation of environmentally friendly pest management.

The study population consisted of 540 rice farmers. A total of 84
respondents were selected using the Slovin formula and a multistage
sampling technique. Farmers were eligible to participate if they (1) had
actively cultivated rice during the most recent planting season, (2)
farmed in brown planthopper-endemic areas, (3) were younger than 60
years of age, and (4) owned a smartphone to support the use of the
digital learning media.

2.3.  Research Ethics

This study did not require review by a formal institutional ethics
committee, as it was classified as a routine, non-clinical, and minimal-
risk agricultural extension activity rather than a medical or high-risk
intervention. This classification is consistent with common practice in
social and community-development research involving standard
educational interventions delivered through existing extension
programs.

https://doi.org/10.29165/ajarcde.v10i3.1178
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Nevertheless, the study adhered to fundamental ethical
principles throughout its implementation. Formal permission was
obtained from the Agriculture Office of Tulungagung Regency,
the local Agricultural Extension Centers (Balai Penyuluhan
Pertanian/BPP), and the leaders of the participating farmer groups
prior to data collection. Participation was entirely voluntary, and
all respondents provided informed consent after receiving a clear
explanation of the study's objectives, procedures, and their right
to withdraw at any stage without consequence. No personally
identifiable information was collected beyond what was
necessary for data analysis, and all responses were treated
confidentially.

The absence of formal ethics committee clearance is
acknowledged as a limitation of this study. Future research
involving similar extension interventions is encouraged to seek
institutional ethical review where available, to strengthen
methodological rigor and align with international publication
standards.

2.4.  Articulate Storyline-Based Extension
Intervention

The intervention comprised three extension sessions conducted
over three consecutive weeks, with one-week intervals between
sessions to allow farmers sufficient time to understand and apply
the learning materials in their farming activities. Each session
combined facilitator-led discussions with interactive multimedia
delivered via Articulate Storyline, projected on a laptop or a
shared smartphone screen.

The three learning sessions covered: (1) an introduction to the
Articulate Storyline platform and its navigation features; (2)
identification of the brown planthopper (Nilaparvata lugens),
including its morphology, life cycle, symptoms of infestation, and
factors influencing population development; and (3)
environmentally ~ friendly pest ~management strategies
emphasizing Integrated Pest Management (IPM) practices and the
cultivation of refugia plants.

Each learning module integrated six multimedia elements:
video, animation, still images, narrated audio, concise text, and
embedded quizzes with immediate feedback. These components
were developed following the principles of the Cognitive Theory
of Multimedia Learning [ 5], which emphasizes the integration of
visual and verbal information to enhance learning. At the end of
each learning section, farmers completed a short quiz and
received immediate feedback before proceeding to the next topic,
providing formative assessment throughout the intervention.
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Figure 2. Interface of the Articulate Storyline learning module:
(a) title screen, (b) main menu, (c) interactive quiz, (d) feedback
screen
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2.5. Research Instrument

The research framework comprised three variables: farmer
characteristics (X1), perceived quality of the Articulate Storyline media
(X2), and farmers' capacity (Y). Farmer characteristics included age,
educational level, farming experience, and landholding size. The
perceived quality of the Articulate Storyline media was evaluated based
on four dimensions: design, attractiveness and readability, interactivity,
and ease of use. Farmers' capacity was assessed across three
dimensions: knowledge, attitudes, and practical skills related to
environmentally friendly brown planthopper management.

Data were collected using structured questionnaires administered
before (pretest) and after (posttest) the intervention. Prior to the main
study, the questionnaire was pilot tested with 30 farmers who were not
included in the final sample. Item validity was assessed using the
Pearson product-moment correlation test at a 5% significance level (r-
table = 0.361). Of the 67 items evaluated, 63 met the validity criterion
and were retained for further analysis, while four items were excluded.
Instrument reliability was evaluated using Cronbach's alpha. As
presented in Table 1, all variables achieved Cronbach's alpha values
greater than 0.70, indicating satisfactory internal consistency.

2.6. Data Analysis

Changes in farmers' capacity following the intervention were first
evaluated using normalized gain (N-Gain) analysis based on pretest and
posttest scores. Multiple linear regression analysis was subsequently
performed to identify the factors influencing farmers' capacity.

Prior to regression analysis, the classical assumptions of normality,
multicollinearity, and heteroscedasticity were examined to ensure that
the regression model satisfied the assumptions of the Best Linear
Unbiased Estimator (BLUE). All statistical analyses were performed
using IBM SPSS Statistics.

3. RESULT AND DISCUSSION

3.1.  3.1. Respondent Characteristics

The study respondents were distributed across three subdistricts
Gondang, Pakel, and Bandung with a relatively proportional
distribution. This indicates that the sample adequately represents the
variation in the study area’s context, thereby providing a
comprehensive picture of respondent characteristics in Tulungagung
Regency.

Table 1. Distribution of respondents in Tulungagung Regency

Subdistrict | Number of Number of Percentage
Farmer Respondents
Groups
Gondang 6 37 44%
Pakel 4 28 33.3%
Bandung 3 19 22.6%
Total 13 84 100%

The distribution of respondents shows a spread across three
subdistricts, with the highest proportion in Gondang Subdistrict (44%),
followed by Pakel Subdistrict (33.3%) and Bandung Subdistrict
(22.6%). This situation still indicates the representativeness of the
research data, given that the entire study area was covered in the
sampling. This allows the research results to more accurately and
comprehensively represent the characteristics of respondents in
Tulungagung Regency.
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3.2.  Description of Farmers’ Capacity Building

The research results show that the use of interactive extension
media based on Articulate Storyline enhances farmers’ capacity
across knowledge, skills, and attitudes. This improvement is
evident from a comparison of pretest and posttest scores analyzed
using the N-Gain method, which yielded moderate to high results.

Table 2. Improvement in Farmers’ Capacity

Aspect Pre-test Posttest (%)| N-Gain |Category
(%)

Knowledge 53.30 87 0.72 |High

Skills 69.75 90.75 0.70 |High

Attitude 50.33 84 0.68 [Moderate

Average 57.79 87.25 0.70 |High

Note: N-Gain is a normalized gain index derived from pretest
and posttest results.

The results of the study indicate that the Articulate Storyline
based interactive extension medium resulted in an increase in
farmers’ capacity across all aspects, with a disproportionate
distribution of improvement across domains. Knowledge and
skills showed higher improvements compared to attitudes, with
N-Gain values of 0.72 (high), 0.70 (high), and 0.67 (moderate),
respectively, and an average of 0.70 (high). This pattern indicates
that multimedia-based interventions are more effective in the
cognitive and psychomotor domains but have limitations in
promoting affective change

Improvements in the knowledge and skills domains suggest
that integrating visual, audio, and animated elements into learning
media strengthens information encoding and the transfer of
technical knowledge. These findings confirm that interactive
digital media primarily serve as cognitive tools in the adoption of
agricultural technology, particularly in implementing Integrated
Pest Management (IPM). Conversely, the limitations regarding
attitudes confirm that affective changes cannot be achieved solely
through media-based interventions, as they are influenced by the
structure of experiences, agronomic practices, and the social
norms of farming communities.

These findings align with the Cognitive Theory of
Multimedia Learning, which identifies dual-channel processing
as the primary mechanism for enhancing understanding [5]. The
Diffusion of Innovations theory explains that the adoption of
innovations particularly regarding attitude change requires social
processes, communication among stakeholders, and a relatively
long adaptation period [33]. Previous research has also shown that
digital media can enhance learning effectiveness while promoting
behavioral change among extension program participants[34].
The success of innovation transfer is largely determined by the
quality of communication interactions between extension workers
and farmers as agents of change[35]. The effectiveness of
interactive media is determined not only by technological aspects
but also by the social ecosystem that supports the learning process
and the adoption of agricultural innovations.

3.3.  The Influence of Farmer Characteristics and
Articulate Storyline-Based Extension Media on
Farmers’ Capacity

Multiple linear regression analysis was used to test the influence
of farmer characteristics and Articulate Storyline-based
interactive extension media on farmers’ capacity. The results of
the analysis are presented in Table 3.
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Classical assumption tests were applied to ensure that the model
satisfied the Best Linear Unbiased Estimator (BLUE) criteria. The
Kolmogorov—Smirnov normality test yielded a p-value of 0.200 (n =
84, p > 0.05), indicating that the residuals were normally distributed.
The multicollinearity test, evaluated across all eight underlying
indicators of farmer characteristics and Articulate Storyline media,
produced Tolerance values ranging from 0.461 to 0.858 and VIF values
ranging from 1.17 to 2.17 (Table 4)all well within the acceptable
thresholds (Tolerance > 0.10; VIF < 10) indicating the absence of
problematic multicollinearity. The Glejser heteroscedasticity test
showed significance values of 0.978 for the farmer characteristics
variable and 0.932 for the interactive extension media variable (p >
0.05). These results indicate that the regression model satisfied the
classical assumptions and was suitable for further analysis.

Table 2. Multicollinearity Test Results (Collinearity Statistics)

Indicator Tolerance VIF

Age 0.537 1.861
Education 0.617 1.620
Farming experience 0.461 2.170
Land area 0.858 1.165
Design 0.595 1.681
Attractiveness and 0.830 1.204
readability

Interactivity 0.810 1.235
Ease of use 0.560 1.760

Multiple linear regression analysis was used to test the influence of
farmer characteristics (X1) and Articulate Storyline-based interactive
extension media (X2) on farmers’ overall capacity (Y). The results are
presented in Table 3.

Table 3. Multiple Linear Regression Results on Farmers’ Capacity

Variable B Std. B t- Sig 95%CI
Error, value

(Constant) -l 9.208 - | -7.634 | <0.001 (-
70.296 88.62,51.97)

Farmer 0.141| 0.061| 0.150 | 2.301 0.024 | (0.020, 0.262)

Characteristics

Interactive 1.249 0.094] 0.866 | 13.310 | <0.001 | (1.062,1.436)

Extension Media

Based on

Articulate

Storyline

Notes: B = Unstandardized regression coefficient; B = Standardised regression
coefficient; t-value = t-test value; Sig. = significance value (p-value) at a 5%
significance level

The results of the multiple linear regression analysis show that
farmer characteristics and the Articulate Storyline-based interactive
extension medium jointly have a significant effect on farmers’ capacity
(H1 supported). The adjusted R? of 0.683 indicates that 68.3% of the
variation in farmers’ capacity is explained by these two variables after
accounting for the number of predictors, while the remaining variance
is influenced by factors outside the research model. The significant F-
test result confirms that the regression model is valid in explaining the
relationship between variables. Partially, both farmer characteristics
(H2 supported; standardized = 0.150) and Articulate Storyline-based
extension media (H3 supported; standardized p = 0.866) have a
significant effect on farmers’ capacity, but the media variable’s
contribution is roughly 5.8 times larger in standardized terms,
indicating a substantially more dominant role.

https://doi.org/10.29165/ajarcde.v10i3.1178
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Based on the unstandardized coefficients presented in Table

3, the regression equation is expressed as:
Y =-70.296 + 0.141X1 + 1.249X>

where Y denotes farmers' capacity, X1 represents farmer
characteristics, and X represents Articulate Storyline-based
interactive extension media. This equation indicates that, holding
farmer characteristics constant, each one-unit increase in the
quality of the interactive extension media is associated with a
1.249-point increase in farmers' capacity, whereas each one-unit
increase in farmer characteristics is associated with only a 0.141-
point increase, reinforcing the substantially greater practical
contribution of instructional media quality. To quantify this effect

in standardized terms, Cohen's f* was calculated as 2.236 (R? =0.691),
indicating a very large overall effect size for the regression model as a

whole.

3.4.

Contribution of Individual Farmer Characteristics and
Media Indicators

To clarify which specific indicators drive these effects rather than
treating farmer characteristics and media as single composite scores

each indicator was additionally examined for its regression coefficient
across the three capacity domains and the overall capacity score (Table
6).

Table 4. Regression Coefficients of Individual Indicators Farmers’ Capacity

Indicator Capacity Knowledge Skill Attitude
B t Sig B t Sig B T Sig B t Sig

Age -0.011 | -0.130 0.897 | 0.112 | 1.763 0.082 | 0.033 | 0.302 0.764 | -0.127 | -1.074 0.285
Education 0.114 | 1.472 0.145 | 0.152 | 2.570 0.012 | 0.058 | 0.561 0.576 | 0.074 | 0.668 0.506
Farming experience | 0.184 | 2.056 0.043 | 0.125 | 1.827 0.072 | 0.162 | 1.351 0.181 | 0.158 | 1.233 0.222
Land area 0.020 | 0.303 0.763 | 0.045 | 0.886 0.378 | -0.001 | -0.011 0.991 | 0.009 | 0.101 0.920
Design 0.293 | 3.727 | <0.001 | 0.146 | 2.422 0.018 | 0.141 | 1.341 0.184 | 0.372 | 3.306 0.001
Attractiveness 0.324 | 4.868 | <0.001 | 0.120 | 2.341 0.022 | 0.225 | 2.541 0.014 | 0395 | 4.138 | <0.001
/readability

Interactivity 0.113 | 1.682 0.097 | 0.014 | 0.265 0.791 | 0.068 | 0.751 0.445 | 0.162 | 1.682 0.097
Ease of use 0.451 | 5.607 | <0.001 | 0.784 | 12.686 | <0.001 | 0.528 | 4.907 | <0.001 | -0.043 | -0.371 0.712

Note: B = unstandardized regression coefficient; ¢ = t-statistic; Sig. = significance level (p-value). Separate multiple linear regression analyses
were performed for overall farmers' capacity and for each capacity domain (knowledge, skills, and attitudes). A significance level of p < 0.05

was used.

Table 5. Model Summaries for Sub-Domain Regressions
(Characteristics and Media as Composite Predictors)

Domain B B Sig
X1 X2 X1 X2 X1 X2
Farmers’ 0.141 | 1.249 | 0.150 | 0.866 | 0.024 | <0.001
Capacity
Knowledge | 0.202 | 1.291 | 0.200 | 0.836 | 0.006 | <0.001
Skills 0.150 | 1.100 | 0.147 | 0.701 | 0.095 | <0.001
Attitude 0.067 | 1.349 | 0.047 | 0.613 | 0.619 | <0.001

Note: B = unstandardized coefficient; B = standardized coefficient;
Sig. = p-value; X1 = farmer characteristics; X2 = digital extension
media.

Rather than relying on demographic characteristics alone, the
findings suggest that practical farming experience is the most
relevant individual resource supporting farmers' learning during
digital extension. Farmers with more extensive farming experience
are likely to possess richer experiential knowledge, enabling them to
evaluate, interpret, and integrate newly acquired information into
their existing understanding of rice cultivation. This may explain
why farming experience contributed significantly to farmers' overall
capacity, whereas age, education, and land area had limited
influence. Although formal education significantly enhanced the
knowledge dimension, its contribution did not extend to skills and
attitudes, indicating that cognitive understanding does not
automatically translate into behavioral change. These findings are
consistent with previous agricultural extension research
demonstrating that experiential learning plays a more important role
than demographic characteristics supporting innovation
evaluation and adoption [21]. From the perspective of the Diffusion
of Innovations Theory, accumulated farming experience provides a

practical reference that enables farmers to assess the relative

in
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advantage and compatibility of newly introduced technologies
before deciding whether to adopt them [23].

It should also be acknowledged that digital literacy was not
measured as a separate construct in the present study. Consequently,
part of the influence attributed to farmer characteristics may actually
reflect differences in respondents' ability to access, navigate, and
utilize digital learning media effectively. Since recent international
studies consistently identify digital literacy as one of the strongest
determinants of successful digital extension [30], [34], [35], [36],
[37]Future studies should explicitly incorporate validated digital
literacy measures to disentangle its contribution from other
demographic characteristics.

The analysis of instructional-media components indicates that
farmers' learning outcomes depended primarily on the clarity and
accessibility of instructional content rather than on technological
sophistication. particular, ease of  use and
attractiveness/readability consistently contributed more strongly

In

than interactive features, suggesting that farmers benefited most
from learning materials that were simple to navigate, visually
organized, and easy to understand. This pattern suggests that
reducing unnecessary cognitive effort during navigation enabled
farmers to devote more attention to understanding environmentally
friendly brown planthopper management practices. The implications
of these findings are discussed further in the following section.

4. DISCUSSION
4.1

Why Digital Extension Media Outweighs Farmer
Characteristics

The findings indicate that the effectiveness of Articulate Storyline-
based digital extension depends primarily on the instructional design
quality of the learning experience rather than on farmers'
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demographic characteristics. This suggests that carefully designed
multimedia instruction can reduce disparities associated with
differences in age, educational attainment, and farming experience
by presenting technical agricultural information in ways that are
easier to process, understand, and apply. Consequently, farmers'
learning outcomes appear to be determined more by how
information is communicated than by who the learners are.

This interpretation is strongly supported by the Cognitive
Theory of Multimedia Learning, which argues that meaningful
learning occurs when verbal and visual information are processed
simultaneously through complementary cognitive channels while
minimizing unnecessary cognitive load [5]. By integrating narration,
text, photographs, animations, videos, and formative quizzes within
a structured learning sequence, the Articulate Storyline module
enabled farmers to construct meaningful mental representations of
environmentally friendly brown planthopper management. Rather
than relying on sophisticated technological features, the module's
effectiveness appeared to stem from its ability to simplify complex
agricultural information and present it in an accessible instructional
format. This interpretation explains why ease of use and
attractiveness/readability ~ exerted stronger influences than
interactivity itself. For adult learners, particularly those participating
in non-formal agricultural education, reducing cognitive complexity
may be more important than increasing technological sophistication.

The findings can also be interpreted through the Diffusion of
Innovations Theory [38]. The multimedia module strengthened
several key innovation attributes that influence adoption decisions.
Through visual demonstrations and practical examples, farmers were
able to perceive the relative advantage of environmentally friendly
pest management compared with conventional practices. The
presentation of realistic field situations increased the observability
of recommended practices, while connecting new information with
farmers' existing cultivation experiences enhanced the perceived
compatibility of the innovation.

Furthermore, the dominant influence of ease of use reflects the
complexity attribute proposed by Rogers. Innovations perceived as
simple and easy to understand are generally adopted more rapidly
than those considered difficult or complicated. The findings
therefore suggest that reducing the operational and cognitive
complexity of digital learning materials enabled farmers to
concentrate on understanding recommended pest-management
practices rather than learning how to operate the technology itself.
In this sense, the effectiveness of Articulate Storyline was
determined less by its interactive capabilities than by its ability to
reduce barriers to learning. This finding reinforces the broader view
that successful digital agricultural extension depends not only on
technological innovation but also on instructional strategies that
simplify learning and facilitate the adoption of innovation.

Although farming experience remained the only demographic
characteristic that significantly influenced overall farmers' capacity,
its contribution was substantially smaller than that of instructional-
media quality. This finding indicates that experiential knowledge
continues to support farmers in interpreting and evaluating newly
acquired information; however, high-quality instructional design can
partially compensate for differences in demographic background by
providing equitable learning opportunities across diverse farmer
groups. Because digital literacy was not measured separately, future
research should investigate whether the observed contribution of
farmer characteristics partly reflects differences in farmers' digital
competencies.

The findings should nevertheless be interpreted cautiously
because the one-group pretest-posttest design limits causal
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inference. Although the relatively short intervention period reduces
the likelihood of substantial maturation effects, gradual increases in
farmers' familiarity with pest management cannot be completely
excluded. Likewise, repeated exposure to similar questionnaire
items may have produced testing effects, while concurrent brown
planthopper outbreaks may have independently increased farmers'
motivation to seek information. The possibility of a Hawthorne
effect should also be considered, as respondents were aware they
were participating in a university-supported extension program.
Collectively, these limitations suggest that the estimated
intervention effects should be interpreted as evidence of a strong
association rather than definitive proof of causality. Replication
using quasi-experimental or randomized controlled designs would
therefore strengthen confidence in the findings.

4.2.  Comparison with International Digital Extension
Research

The present findings reinforce a growing body of international
evidence indicating that the effectiveness of digital agricultural
extension depends not only on the availability of technology but also
on the quality of instructional design embedded within digital
learning systems. While many previous studies have focused on
communication technologies such as WhatsApp, SMS, mobile
advisory services, and video-sharing platforms [9], [28], [32], [38].
the present study demonstrates the added value of a purpose-built
multimedia learning environment that integrates instructional
sequencing, visual learning resources, and formative assessment into
a coherent educational experience.

Evidence from Southeast Asia, Ethiopia, Ghana, and China
consistently shows that farmers benefit most when digital extension
materials are relevant, understandable, and compatible with their
existing farming practices [37], [38]. Collectively, these studies
indicate that instructional relevance and digital competencies exert
greater influence on learning outcomes than technology ownership
alone. The present findings extend this body of knowledge by
demonstrating that instructional design quality can outweigh
demographic characteristics in determining farmers' capacity.
Accordingly, digital transformation in agricultural extension should
be viewed not merely as technological modernization but as an
educational innovation requiring sound pedagogical design.

4.3.  Practical Implications

The findings generate several practical implications for
strengthening agricultural extension systems. At the national policy
level, the Ministry of Agriculture may consider integrating
structured multimedia learning modules into digital extension
strategies, emphasizing instructional design quality rather than
merely expanding digital infrastructure. For agricultural extension
officers, Articulate Storyline provides a practical platform for
developing standardized, reusable learning modules capable of
delivering consistent extension messages across different locations.
Local governments can facilitate implementation by providing
shared digital facilities, including projectors, laptops, and internet
connectivity within Agricultural Extension Centers (BPP) and
farmer-group meeting venues. Farmer groups may function as
community learning hubs through which digital extension materials
are disseminated collectively, thereby supporting farmers who have
limited access to digital devices while maintaining the social
learning processes emphasized by the Diffusion of Innovations
theory. Furthermore, agricultural education and training institutions
should strengthen extension workers' competencies in multimedia
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instructional design by incorporating digital authoring tools such as
Articulate Storyline into extension training curricula. Collectively,
these efforts could accelerate the digital transformation of
agricultural extension while promoting environmentally sustainable
pest management practices.

4.4.  Generalizability and Boundary Conditions

The findings should be interpreted within the context of several
boundary conditions. The study was conducted exclusively among
rice farmers in Tulungagung Regency who met specific eligibility
criteria, including smartphone ownership and an age below 60 years.
Consequently, the findings may not be directly transferable to
regions with different agroecological conditions, extension systems,
or levels of digital infrastructure. Likewise, the instructional
materials focused specifically on environmentally friendly brown
planthopper management within rice production systems; therefore,
caution is warranted when extending these findings to other crops or
agricultural commodities. Farmers with limited access to digital
technologies were also excluded from the sampling frame,
suggesting that group-based facilitator-assisted learning models may
remain necessary in less digitally connected communities. Finally,
because digital literacy was not measured explicitly as an
independent construct, the present study could not distinguish its
influence from broader demographic characteristics. Future research
should therefore employ multi-region quasi-experimental designs
and incorporate validated measures of digital literacy to better
understand how instructional design, farmer characteristics, and
digital competencies interact to determine agricultural extension
outcomes.

5. CONCLUSION

This study demonstrates that both farmer characteristics and
Articulate Storyline-based interactive digital extension significantly
strengthen farmers' capacity for environmentally friendly brown
planthopper (Nilaparvata lugens) management. However, the
interactive digital extension emerged as the dominant factor,
indicating that well-designed digital learning content has a greater
influence on capacity development than farmers' demographic
characteristics do. The findings support the Cognitive Theory of
Multimedia Learning by demonstrating that integrating visual and
verbal information effectively enhances knowledge acquisition and
practical skills among adult learners in agricultural extension
settings. The higher N-Gain scores observed in the cognitive and
psychomotor domains, compared with the affective domain, further
suggest that digital extension is particularly effective in improving
knowledge and technical competencies, whereas changes in attitudes
require longer-term learning experiences and continuous field
reinforcement.

From a practical perspective, this study highlights the potential
of Articulate Storyline as an innovative digital extension platform
that can enhance farmers' capacity and support sustainable brown
planthopper management. The findings also emphasize that
contextualized learning materials and instructional quality are more
critical than the complexity of multimedia features in achieving
effective learning outcomes. These results carry direct policy
relevance for the implementation of Regulation of the Minister of
Agriculture of the Republic of Indonesia No. 03 of 2018 concerning
Guidelines for the Implementation of Agricultural Extension: they
suggest that the Ministry of Agriculture, regional agriculture offices,
and agricultural extension centers should prioritize investment in

well-designed, interactive digital learning content, rather than
https://doi.org/10.29165/ajarcde.v10i3.1178

technology adoption alone, when strengthening the knowledge,
skills, and attitudes of farmers as mandated by the regulation.
Nevertheless, the pre-experimental one-group pretest—posttest
design limits causal inference. Future studies should employ quasi-
experimental or randomized controlled designs across broader
agroecological regions to validate these findings and enhance their
generalizability.
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