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ABSTRACT

	Aims:
To evaluate and compare the effectiveness of online-only and blended learning interventions in enhancing the digital literacy of agricultural extension workers, particularly in the context of agricultural digital transformation.
Study design:
A quasi-experimental, pre-test-post-test control group design.
Place and Duration of Study:
Special Region of Yogyakarta, Indonesia, between February 2025 and July 2025
Methodology:
A total of 158 agricultural extension workers were recruited and systematically assigned to one of three groups: an online-only training group (n=49), a blended learning group (n=54), or a control group (n=55). Participants in the intervention groups received structured training designed to improve essential digital competencies. Digital literacy competency was rigorously measured using a validated assessment tool administered both before and after the interventions. Data analysis was performed using a mixed-design ANOVA.
Results:
The analysis revealed a statistically significant interaction effect between time and group (F(2, 148) = 10.71, P .001), indicating that the training interventions successfully increased digital literacy scores. Post-hoc tests showed that both the online-only group (mean improvement = 15.15) and the blended learning group (mean improvement = 11.07) significantly outperformed the control group (P .001 and P = .004, respectively). Crucially, no statistically significant difference in score improvement was found between the online-only and blended learning groups (P = .47).
Conclusion:
Both online-only and blended learning are equally effective modalities for significantly enhancing the digital literacy of agricultural extension workers. These findings suggest that resource-efficient, scalable online training can be as impactful as more resource-intensive blended models, offering important strategic implications for the design of future capacity-building programs in the agricultural sector.



Keywords: Digital Literacy, Agricultural Extension, Blended Learning, Quasi-Experimental Design.

1. INTRODUCTION

The agricultural sector is undergoing a significant digital transformation, often referred to as Agriculture 4.0 (Zhai et al., 2020). The integration of digital technologies—from mobile applications to data analytics and smart farming tools—offers unprecedented opportunities to enhance productivity, improve resource management, and increase sustainability (Rose & Chilvers, 2018). However, research has consistently shown that the success of this transformation is not solely dependent on the technology itself, but on the ability of agricultural professionals to effectively adopt and utilize these new tools (Ruzzante et al., 2021).

At the forefront of this transition are agricultural extension workers, who play a pivotal role as intermediaries between technological innovation and farming communities (Anderson & Feder, 2007). They are the primary agents responsible for disseminating new knowledge, facilitating the adoption of best practices, and providing technical support to farmers. Consequently, the digital literacy of these extension workers is a critical determinant for the successful digitalization of the agricultural sector (Mittal & Mehar, 2016). A lack of digital competence among these professionals can create a significant bottleneck, hinder the flow of vital information, and slow the adoption of beneficial technologies at the farm level (Sasmita et al., 2024).

Digital literacy encompasses the ability to use digital devices and the cognitive and social skills necessary for effective engagement with digital resources (Jia & Huang, 2023). One significant challenge is the existing gap in digital literacy among extension workers, which can hinder their ability to utilize digital tools effectively. Research indicates that many agricultural extension personnel need more digital skills, which can be attributed to a deficient educational system that often portrays technological innovations as complex and challenging (Aja, 2024). This lack of proficiency affects their personal career development and limits their capacity to facilitate the adoption of digital technologies among farmers (Magesa, 2023).

Recognizing this need, capacity-building programs aimed at enhancing the digital literacy of extension workers are becoming increasingly vital. A central question for policymakers and training institutions, however, is how to deliver this training most effectively. Blended learning, which combines face-to-face interaction with online components, is often praised for its ability to foster high engagement and create a strong learning community (Garrison & Kanuka, 2004). Conversely, fully online learning offers unparalleled scalability and cost-effectiveness, a crucial consideration for training large and geographically dispersed workforces (Dhawan, 2020a). While the comparison between these two modalities has been extensively studied in traditional academic settings (Means et al., 2013), there remains a scarcity of empirical evidence comparing their effectiveness specifically for the professional development of agricultural extension workers, a gap noted in recent reviews (Olagunju et al., 2021).

This study aims to address this critical gap by providing a direct, empirical comparison of these two training modalities. The primary objective is to evaluate the effectiveness of an online-only training intervention versus a blended learning intervention on the digital literacy levels of agricultural extension workers in the Special Region of Yogyakarta, Indonesia. Using a quasi-experimental, pre-test-post-test control group design with 158 participants, this study measures the change in digital literacy competency to determine if one training method yields significantly better outcomes than the other, or if they are equally effective.
The findings of this research offer valuable, evidence-based insights for agricultural organizations, government agencies, and educational institutions in designing and implementing scalable and effective digital literacy training programs. By understanding the relative impact of online and blended approaches, stakeholders can make more informed decisions about how to invest resources best to build a digitally competent extension workforce ready for the future of agriculture.

2. methodology 

2.1 Study Design and Participants
This study employed a quasi-experimental, pre-test-post-test control group design (Shadish et al., 2003) to evaluate the impact of two different training interventions on digital literacy. The research was conducted with agricultural extension workers from Agricultural Extension Centers (BPP) across the Special Region of Yogyakarta, Indonesia. From an initial pool, a final sample of 158 extension workers participated and were assigned to one of three conditions: an online-only training group (T1; n = 49), a blended learning group (T2; n = 54), or a no-intervention control group (C; n = 55). The demographic profile of the participants is detailed in Table 1. The participants were predominantly male (58.9%) and represented an experienced workforce, with an average age of 44.3 years and an average of 13.5 years of service.

Table 1. Demographic profile of all participants

	Demographic Variable
	Category
	Frequency (N)
	Percentage (%)

	Gender
	Male
	93
	58.9

	
	Female
	65
	41.1

	Age Group (Years)
	25–34
	12
	1.86

	
	35–44
	79
	12.27

	
	45–54
	62
	9.63

	
	55–60
	17
	2.64

	Highest Education Level
	Vocational High School
	26
	4.04

	
	Senior High School
	96
	14.91

	
	Diploma 3 (D3)
	18
	2.80

	
	Bachelor's Degree (D4/S1)
	13
	2.02

	
	Postgraduate (S2/S3)
	5
	0.78

	Experience (Years)
	1–5
	43
	6.68

	
	6–10
	1
	0.16

	
	11–15
	12
	1.86

	
	16–20
	99
	15.37

	
	21+
	3
	0.47



2.2 Training Interventions
Participants in the two experimental groups received a 10-day training program designed to enhance digital literacy based on the European Digital Competence Framework (DigComp 2.0). The curriculum, delivered via the Lentera DESA online platform, consisted of four modules covering topics from data literacy to problem solving. The delivery method for each group was the key independent variable:
· Online-Only Group (T1): The intervention began with a single three-hour introductory session conducted synchronously via Zoom. All subsequent learning was conducted asynchronously through the Lentera DESA online platform.
· Blended Learning Group (T2): The intervention began with a full-day, in-person training session that included hands-on workshops. This was followed by the same 10-day period of asynchronous online learning as Group T1 through the Lentera DESA platform.
· The control group (C) received no training intervention during the study period.

2.3 Measures and Procedure
Digital literacy competency was the primary dependent variable, measured using a questionnaire developed based on the DigComp 2.0 framework (Vuorikari et al., 2016). The instrument consisted of 20 items measuring five core competencies: Information and Data Literacy, Communication and Collaboration, Digital Content Creation, Safety, and Problem Solving. The questionnaire was administered to all participants as a pre-test before the intervention and as a post-test immediately after its conclusion.

2.4 Data Analysis
The collected data were analyzed using SPSS (Version 27). First, descriptive statistics were calculated for all variables. To test the primary hypothesis, a mixed-design Analysis of Variance (ANOVA) was conducted to examine the interaction effect between time (pre-test, post-test) and group (Control, T1, T2) on digital literacy scores. Statistical assumptions for the analysis, including normality, homogeneity of variances, and sphericity, were checked and met. Where a significant interaction was found, a one-way ANOVA on the score improvement (gain scores) followed by a Tukey HSD post-hoc test was used to identify specific differences between the groups. The significance level was set at α = 0.05 for all statistical tests.


3. results and discussion

The modernization of agriculture is increasingly dependent on the capacity of its frontline professionals—particularly agricultural extension workers—to effectively leverage digital tools (Klerkx et al., 2019). In this context, digital literacy transcends basic operational skills; it encompasses the competencies required to critically find, evaluate, create, and communicate digital information to support farming communities (Carretero et al., 2017). The importance of digital literacy for extension workers cannot be overstated. Studies have shown that the relationship between digital literacy and socioeconomic variables is critical, as these factors influence the capacity of extension workers to engage with digital tools and resources. Integrating digital literacy training into professional development programs for extension workers is essential to address these challenges and enhance their effectiveness in supporting farmers (Aja, 2024). Given the urgent need to build these competencies, a central challenge for agricultural organizations is identifying the most effective and scalable training modalities to upskill their workforce.

3.1 Participant Profile and Baseline Comparability
This study was designed to compare the effectiveness of online-only and blended training interventions for enhancing the digital literacy of agricultural extension workers, a professional group critical to the success of agricultural modernization (Klerkx et al., 2019). The study involved 158 agricultural extension workers from the Special Region of Yogyakarta, Indonesia. The participants were predominantly male (58.9%) and represented an experienced workforce, with an average age of 44.3 years and over 13 years of service. A baseline equivalence check confirmed that the three study groups (online-only, blended, and control) were comparable at the outset, with no statistically significant demographic differences found (P > .05 for all variables). A complete demographic profile is presented in Table 2.


Table 2. Baseline demographic comparison across study groups.

	Characteristic
	Group C (Control)
	Group T1 (Online)
	Group T2 (Blended)
	Test Statistic
	P-Value

	Age (Mean, SD)
	45.3 (7.1)
	43.7 (7.0)
	43.9 (7.2)
	F = 0.545
	.58

	Experience (Mean, SD)
	14.6 (5.8)
	12.8 (7.6)
	13.0 (8.1)
	F = 1.408
	.25

	Gender (% Male)
	60.0%
	51.0%
	64.8%
	χ² = 2.064
	.36

	Education (% Bachelor's or higher)
	63.6%
	81.6%
	72.2%
	χ² = 10.003
	.26



The demographic profile of the participants, as detailed in Table 2, is typical for the agricultural extension sector in many developing nations, highlighting a mature and experienced workforce. With an average age of 44.3 years, most of these extension workers can be characterized as "digital immigrants," meaning they did not grow up natively with digital technology but have had to adapt to it during their professional careers (Prensky, 2001). This demographic context is crucial, as it suggests that any digital literacy intervention must be designed to accommodate a different learning curve compared to a younger, "digital native" audience. 

Furthermore, the extensive average professional experience of 13.5 years indicates a workforce with deeply established routines and extension methodologies. While this experience is invaluable, it can also create a form of professional "inertia" or resistance to changes that disrupt familiar workflows, a common challenge noted in technology adoption literature (Venkatesh et al., 2003). However, this potential barrier is counterbalanced by the high level of formal education within the sample, with a majority holding at least a bachelor’s degree. A strong educational foundation is widely recognized as a key factor that enhances an individual's "absorptive capacity"—their ability to recognize the value of new information, assimilate it, and apply it to new ends (Cohen & Levinthal, 1990). Therefore, it is plausible that the participants' high level of education provided them with the cognitive capacity to engage effectively with the training materials, overcoming the potential resistance from established habits.

3.2 Effectiveness of the Training Interventions
The primary objective of this study was to compare the effectiveness of the online and blended training models. The digital literacy scores for each group, measured at pre-test and post-test, are presented in Table 3.

Table 3. Descriptive statistics of digital literacy scores by group

	Group
	N
	Pre-Test Score Mean (SD)
	Post-Test Score Mean (SD)

	Control (C)
	55
	72.45 (16.88)
	75.55 (15.39)

	Online-Only (T1)
	49
	65.00 (25.80)
	82.04 (11.08)

	Blended (T2)
	54
	65.09 (19.77)
	78.89 (15.07)



The data, which is also visualized in Fig. 1, reveal a clear pattern. Both the online-only (T1) and blended learning (T2) groups demonstrated a substantial increase in mean scores. In contrast, the control group's performance remained relatively static.


Fig. 1. Mean Digital Literacy Scores at Pre-Test and Post-Test by Study Group
Note: On the horizontal axis, '1' represents the pre-test and '2' represents the post-test.

A mixed-design ANOVA was conducted to test the significance of these observed changes. The analysis revealed a statistically significant interaction effect between time and group (F(2, 148) = 10.71, P .001), confirming that the training interventions led to a significantly greater improvement in digital literacy scores compared to the control group, as detailed in Table 4. This finding underscores that digital literacy is a malleable competency that can be effectively enhanced through targeted training, even among an experienced professional cohort.

Table 4. Results of mixed design anova for digital literacy scores
	Source
	df
	F
	P-Value
	Partial Eta Squared

	Time
	1, 148
	57.69
	.001
	0.280

	Time * Group
	2, 148
	10.71
	.001
	0.126



The significant improvement in digital literacy scores for both the online and blended learning groups, in contrast to the minimal change in the control group, confirms that these competencies are highly trainable through structured intervention. The success of the intervention can be attributed to a curriculum design that was not only aligned with core andragogical principles of adult learning and need-problem-centered content (Knowles et al., 2014) but was also deeply rooted in the specific professional context of agricultural extension. Rather than abstract concepts, the training focused on practical skills with immediate applicability to an extension worker's daily tasks. This approach directly addresses the need to build specific digital competencies that enable modern extension workers to evolve from being mere information providers to becoming facilitators and knowledge brokers in an increasingly complex digital ecosystem (Rivera & Alex, 2004).

This finding is particularly significant given the experienced demographic of the participants. It provides strong evidence that digital skills can be effectively developed in a professional workforce that is often perceived as being on the lagging side of the digital adoption curve, thereby bridging the "digital divide" within organizations (van Laar et al., 2017). For the agricultural sector, this is a crucial insight. It reframes digital literacy training not as a remedial action, but as a strategic investment in human capital essential for rural development (Shatila et al., 2025). By enhancing their own competencies, these extension workers are better equipped to act as catalysts for digital transformation at the farm level, thereby addressing a critical bottleneck in the modernization of the agricultural sector (Klerkx et al., 2019).


3.3 Comparison of Online vs. Blended Learning
To deconstruct the significant interaction effect and directly compare the two training methods, a post-hoc analysis was performed on the score improvements. As detailed in Table 5, both the online-only (P = .001) and blended learning (P = .004) groups significantly outperformed the control group.
Table 5. Post-Hoc comparisons of score improvement across groups
	Comparison
	Mean Difference in Improvement
	P-Value
	Conclusion

	Online (T1) vs. Control (T0)
	15.15
	.001
	Significant

	Blended (T2) vs. Control (T0)
	11.07
	.004
	Significant

	Online (T1) vs. Blended (T2)
	4.08
	.47
	Not Significant



The central finding of this study is the lack of a statistically significant difference in learning outcomes between the online-only and blended learning groups (P = .470). This result is consistent with a substantial body of educational research, often termed the "no significant difference" phenomenon, which has repeatedly demonstrated that well-designed, technology-mediated instruction can yield learning outcomes comparable to those of traditional or blended formats (Bernard et al., 2009; Layton, 1999; Means et al., 2013) This study provides crucial empirical evidence that this phenomenon extends to the professional development context of agricultural extension workers in a developing country, suggesting that the choice of delivery mode may be less critical than the quality of the instructional design and support provided.

Several factors, rooted in the context of adult professional learning, may explain this counterintuitive result. A primary explanation lies in the principle of learner autonomy, a cornerstone of andragogy which posits that adult learners are most effective when they have control over their own learning process (Knowles et al., 2014). For a self-motivated professional audience like extension workers, the flexibility to engage with high-quality learning materials at their own pace and convenience is paramount, a strength consistently attributed to asynchronous online learning (Hrastinski, 2008). The asynchronous online component, which was the core of both interventions, catered directly to this need.

A second plausible explanation is the concept of 'forced immersion' experienced by the online-only group. For this cohort, the Lentera DESA platform was not merely a supplementary tool but the exclusive environment for all learning activities. This necessity to immediately navigate and utilize the digital learning environment may have accelerated their comfort and proficiency, a phenomenon sometimes referred to as 'learning by doing' or situated learning, where knowledge is acquired in the context of its application (Lave & Wenger, 1991). This created a more intensive and integrated learning experience compared to the blended group, for whom the platform was initially positioned as the "homework" component following a familiar offline session.

This finding has profound practical and strategic implications for agricultural organizations and policymakers. Given that the online model achieved comparable outcomes, it presents a more cost-effective and scalable pathway for capacity building, a benefit of e-learning widely cited in the literature, particularly for resource-constrained contexts (Arkorful, 2014). Fully online training can overcome geographical barriers and reduce logistical costs associated with travel and venues, enabling a broader and more equitable reach to extension workers in remote areas (Dhawan, 2020b). The results strongly suggest that institutional investment should be prioritized not on the perceived superiority of face-to-face contact, but on developing high-quality, engaging asynchronous learning materials and establishing robust remote support systems. The use of dedicated WhatsApp groups, for instance, likely fostered a sense of social presence and provided timely support, which are well-established critical success factors in online learning environments (Kim et al., 2014; Rochmawati, 2023). These elements appear to be the authentic "active ingredients" for successful digital literacy training in this professional setting.

3.4 Implications, Limitations, and Future Research
The findings of this study offer significant practical implications. Given that the online model achieved comparable outcomes, it presents a more cost-effective and scalable pathway for capacity building, particularly in resource-constrained contexts. Institutions can confidently invest in high-quality asynchronous learning materials and robust remote support systems as the core components of their training strategies.

However, it is important to acknowledge the limitations of this study. The findings are specific to the context of agricultural extension workers in Yogyakarta, Indonesia, and may not be generalizable to other professional groups. Furthermore, this study measured the immediate impact of the training via a self-reported questionnaire; it did not assess long-term knowledge retention or observe on-the-job behavior change.

Building on these findings, several avenues for future research emerge. A longitudinal study could track participants over a longer period to determine if there are differences in long-term knowledge retention. Future research could also incorporate a formal cost-effectiveness analysis to quantify the online model's resource advantages, and qualitative studies could provide deeper insights into the user experience within each training modality.

4. Conclusion

This study compared the effectiveness of online-only and blended learning models for improving the digital literacy of agricultural extension workers. The findings demonstrate that both training interventions were significantly more effective than no training. Crucially, no statistically significant difference in learning outcomes was found between the online-only and blended learning groups. This suggests that well-designed, fully online training can be an equally effective, yet more scalable and cost-efficient, alternative to blended models for the professional development of agricultural extension professionals.
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