


Perceived Roles of Agricultural Extension and Household Maize Availability among Atoin Meto Farmers Adopting GAP in North Central Timor, Indonesia


ABSTRACT 

	Objective: To evaluate the correlation between perceived agricultural extension roles—categorized as (X1) facilitator/educator, (X2) technical farming motivator, and (X3) organizer/linkage—and household maize food availability among Atoin Meto (Dawan) farmers practicing Good Agricultural Practices (GAP) in North Central Timor (TTU) District. Additionally, this study aims to determine the most significant role dimension using multivariable analysis.
Study Design: A quantitative analytical cross-sectional survey with an explanatory design, reported in accordance with the STROBE guidelines.
Location and Duration: North Central Timor (TTU), East Nusa Tenggara (NTT), Indonesia; conducted from 31 January 2025 to 31 December 2025.
Methodology: A three-stage probability technique was employed to systematically choose seven farmer groups, followed by the systematic selection of farmers within those groups, resulting in a final analytic sample of 68 respondents with complete data. Household maize food availability (Y) was assessed using a six-item composite score, with a range of 6 to 30. Extension roles were assessed using 20 items, consolidated into X1 (6 items; range 6–30), X2 (7 items; range 7–35), and X3 (7 items; range 7–35). Multiple linear regression (SPSS) was utilized, with diagnostics for residual normality/homoscedasticity, multicollinearity (tolerance/VIF), and autocorrelation (Durbin–Watson). 
Results: The average household maize food availability was 26.67 ± 3.01 (scale 6–30). The regression model was significant (R = 0.595; R² = 0.354; adjusted R² = 0.346; p < 0.001; Durbin–Watson = 1.898). All three extension-role dimensions were positive and statistically significant predictors: X1 (B = 0.152; β = 0.310; p = 0.001), X2 (B = 0.160; β = 0.421; p = 0.001), and X3 (B = 0.161; β = 0.437; p = 0.001). Multicollinearity indicated redundancy among predictors (VIF 4.168–10.425).
Conclusion: Extension roles in education, technical support, and linking functions correlate favorably with maize food availability in TTU. Because these roles share significant variance, they should function as a cohesive service unit. Improved coordination across these functions is vital for securing household staples.
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1. INTRODUCTION
Food insecurity remains a critical developmental challenge, limiting the capacity of households to maintain food availability, access, and stability—a condition often worsened by climatic and socioeconomic shocks. Regional vulnerability in Indonesia varies significantly; recent analyses show that food insecurity is concentrated in Eastern Indonesia and marginalized zones. These patterns are linked to structural issues like poverty and low human development, while climate stressors underscore the urgent need to bolster regional food provisioning (Juliannisa et al. 2025).
These vulnerabilities are especially pronounced in East Nusa Tenggara (NTT), a region characterized by semi-arid conditions and extended dry seasons that hinder crop yields and elevate production and storage risks. Recent data regarding NTT’s agroecological environment underscores prolonged dry intervals and irregular rainfall distribution, which often result in persistent water stress for agricultural systems (Yustiningsih et al. 2026). In this context, local white maize serves as both a vital agronomic commodity and a culturally significant food source. It is processed into traditional dishes such as jagung katemak, jagung titi, and jagung bose, directly linking maize production to household staple availability and local food systems (Yustiningsih et al. 2026).
Agricultural extension and advisory services are recognized as crucial policy tools for improving smallholder performance by enhancing knowledge, skills, and decision-making, as well as facilitating the dissemination of technologies that stabilize production and food security outcomes. In the literature on food security, extension initiatives are characterized as strategies designed to boost agricultural output and, through improved farm productivity, mitigate the risks of undernourishment and chronic hunger (Brenya and Zhu 2023). Within the Indonesian context, extension services act as intermediaries linking research, policy, and on-farm execution, with primary functions including knowledge distribution, training, and the facilitation of innovation adoption (Yanfika et al. 2024).
Nonetheless, the availability of household staples is influenced not only by agricultural production choices but also by postharvest management and the capacity to utilize storage technologies that preserve both grain quantity and quality. Empirical evidence from Tanzania indicates that postharvest training reduces maize losses and improves household food security metrics. The most significant advantages occur when training is paired with supportive inputs, such as hermetic storage bags, suggesting that capacity building is more effective when augmented by practical technologies (Chegere, Lokina, and Mwakaje 2020).  Supporting evidence shows that agricultural extension exposure and social learning each accelerate the adoption of hermetic storage technologies such as PICS bags by shortening the time to adoption; moreover, adoption occurs faster when farmers rely on both information sources jointly rather than on either source alone (Manda et al. 2024).
Moreover, staple availability and food security are heavily influenced by market connectivity and the institutional frameworks linking farmers to input and output markets. Panel evidence demonstrates that households closer to market centers typically report higher consumption expenditures, more varied diets, and lower food insecurity than those in remote areas—suggesting that enhanced market access and rural infrastructure are key drivers of food security (Usman and Haile 2022). A synthesis on market integration contends that farmer participation correlates with improved welfare, but notes that effective solutions require robust institutional frameworks—such as streamlined marketing channels and policy coordination—to mitigate barriers (Ma et al. 2024). These findings underscore the need for extension services to evolve beyond education toward organizing, networking, and facilitating direct access to services and markets
Despite the growing body of research, two significant practical gaps persist in contexts such as TTU–NTT. First, extension services are often treated as general exposure; consequently, there is limited empirical research that distinguishes between their specific functional roles (e.g., educator/facilitator, technician/motivator, or organizer/linkage) to identify which functions most strongly correlate with household staple food availability. Second, evidence remains scarce regarding indigenous and semiarid contexts, where agroecological stress and culturally ingrained food systems mean that supply is simultaneously constrained by production, storage, and market linkage limitations.
This study investigates the correlation between the roles of agricultural extension agents and household maize availability among Atoin Meto (Dawan) farmers practicing Good Agricultural Practices (GAP) in North Central Timor (Timor Tengah Utara), East Nusa Tenggara, Indonesia. Employing a quantitative cross-sectional survey design in accordance with STROBE reporting standards, the study defines household maize availability as a composite score of six components: production sufficiency, accessibility, storage capacity until the next harvest, safe storage practices, quality of provision, and harvesting convenience. The independent variables consist of perceived extension responsibilities, measured through 20 items categorized into three dimensions: (X1) facilitator and instructor, (X2) technical expert and motivator, and (X3) organizer and linkage
Research Question: To what extent do extension-role aspects—facilitator/educator, technical/motivator, and organizer/linkage—predict maize food availability for Atoin Meto households in TTU?
Goal. To evaluate the correlations between perceived extension-role qualities and household maize food supply, and to determine which role aspects exhibit the most significant association in multivariable regression analysis.
Propositions.
H1. The role of the facilitator/educator (X1) favorably influences household maize food availability (Y).
H2: The technical farming/motivator role (X2) favorably influences household maize food availability (Y).
H3. The organizer/linkage role (X3) favorably influences household maize food availability (Y).
H4: X1–X3 together account for the variation in maize food availability.

2. material and methods 
2.1. Study design and reporting framework
A quantitative analytical survey with a cross-sectional, explanatory design was conducted to evaluate the correlation between the roles of agricultural extension agents and household maize food availability among Atoin Meto (Dawan) farmers in East Nusa Tenggara, Indonesia. The reporting of the design, setting, participants, variables, measurements, and statistical methods adhered to the STROBE framework. This approach aligns with recent literature emphasizing STROBE as the reporting standard and the importance of checklist-based transparency in observational research (Dewidar et al. 2025).  
2.2. Study setting
The research was conducted in East Nusa Tenggara Province (Nusa Tenggara Timur; NTT), Indonesia, specifically targeting a district with a concentration of Atoin Meto farming families in North Central Timor District (Timor Tengah Utara; TTU). The data collection focused on maize-farming households in these districts.
2.3. Population, sampling, and study participants
2.3.1. Target population and sampling frame
The target demographic consisted of Atoin Meto maize farmers employing Good Agricultural Practices (GAP) in Timor Tengah Utara (TTU). According to administrative statistics from the district agricultural offices, the estimated accessible population comprises roughly 43,125 farmers organized into 1,725 registered farmer groups (Distan NTT 2023). The sampling framework consisted of a district-level list of qualified farmers, created and validated by local agricultural offices, who were actively engaged in maize cultivation and GAP implementation during the study period.
The eligibility criteria included: (i) self-identified Atoin Meto farmer; (ii) actively farming maize during the study period; (iii) inclusion in the validated district roster; and (iv) adherence to Good Agricultural Practices (GAP) in maize production. Farmers failing to achieve these requirements were excluded.

2.3.2. Sample size
A target sample of 68 respondents was established to ensure stable multivariable regression estimates and maintain district-level proportional representation. Sample size planning adhered to current guidelines emphasizing the necessity of defining the intended analysis, required precision, and power, as well as practical limitations, while acknowledging that 'rules-of-thumb' should not be applied in isolation for regression models (Althubaiti 2023)
2.3.3. Sampling procedure (systematic random sampling; direct selection of respondents)
The sampling in Timor Tengah Utara (TTU) employed a three-stage probability design. First, the TTU sample quota (n = 68) was allocated proportionally based on the number of farmer groups in TTU (1,725 groups) relative to the combined frame of three districts (7,612 groups) (Distan NTT 2023). Second, seven farmer groups were selected from the official TTU district roster using systematic random sampling with an interval of k = 1,725/7 ≈ 246 and a random start of 123, yielding selections at positions 123, 369, 615, 861, 1,107, 1,353, and 1,599 (Dadi et al. 2026). Third, eligible farmers were selected systematically from each selected group roster; to meet the predetermined TTU quota, 10 farmers were sampled from each of six groups and 8 farmers from the remaining group, resulting in a final analytic sample of 68 respondents. All 68 observations were retained for regression analyses, as no missing data were identified.

2.4. Study variables and operational definitions
2.4.1. Outcome variable
The dependent variable (Y) was household maize food availability, measured as a composite score of six Likert-type items assessing production sufficiency, accessibility, storage duration, safe storage practices, grain quality, and harvesting convenience. Items were rated on a scale of 1 to 5 and summed (range 6–30); higher scores represent improved food availability..

2.4.2. Explanatory variables
Perceived roles of agricultural extension agents were assessed as independent variables using 20 Likert-type items across three dimensions: (X1) Facilitator and Educator (6 items; total score range 6–30), (X2) Technical Advisor and Motivator (7 items; total score range 7–35), and (X3) Organizer and Linkage (7 items; total score range 7–35). Higher scores indicate a stronger perceived role performance of extension agents.

2.4.3. Achievement percentage and descriptive categories
For descriptive analysis, each composite score was transformed into an achievement percentage using the formula: Achievement (%) = (observed score / maximum possible score) × 100. The resulting percentages were classified into five established achievement levels to facilitate interpretation and comparison across constructs: 0–20% (very low), 21–40% (low), 41–60% (moderate), 61–80% (high), and 81–100% (very high). Chart 1 presents the corresponding labels for the research variables (maize food availability and the roles of extension agents), along with the complete cut-off system.
Chart 1. Achievement-level cut-offs used for descriptive categorization
	Achievement level (%)
	0–20
	>21–40
	>41–60
	>61–80
	>81–100

	Maize food availability (Y)
	Very low (never)
	Low (rarely)
	Moderate (sometimes)
	High (often)
	Very high (very often)

	Extension agents’ role (overall)
	Very low (never active)
	Low (rarely active)
	Moderate (sometimes active)
	High (often active)
	Very high (very often active)


Source: Authors' Calculation, 2025
2.4.4. Regression model
The multiple linear regression model was specified as:
Y = a + b₁X₁ + b₂X₂ + b₃X₃,
In this context, Y denotes maize food availability, a signifies the intercept, b₁–b₃ are the regression coefficients, and X₁–X₃ correspond to the three dimensions of extension roles.

2.5. Instrument and measurement procedures

Data were collected using a standardized, structured questionnaire administered through face-to-face interviews. The instrument's development followed modern design and validation protocols, encompassing construct definition, item generation, response format specification, expert review, pilot testing, and psychometric evaluation prior to full-scale deployment (Gómez-Caballero, Soto Vázquez, and Pérez Parejo 2026).
All items were encoded so that higher scores reflect more favorable conditions or stronger roles. Any negatively phrased items were reverse-coded prior to scoring, and composite indices were calculated as unweighted aggregates.
The internal consistency reliability of each multi-item construct was evaluated using Cronbach’s alpha, as presented in the Results section. This selection corresponds with contemporary literature on reliability methods that evaluates alpha in conjunction with other coefficients (e.g., omega) and examines factors influencing estimator efficacy (Madadizadeh and Bahariniya 2025).
2.6. Data collection and quality control
Enumerators underwent training to standardize question delivery, probing techniques, and recording methods, while ensuring the execution of uniform consent protocols. To minimize missing or inconsistent data prior to entry, we implemented daily field oversight and rigorous form verification. These procedures align with contemporary research on enhancing data quality in face-to-face surveys, particularly regarding the impact of enumerator interactions on measurement accuracy (Logan et al. 2020).

2.7. Data analysis

All analyses were conducted utilizing IBM SPSS Statistics. Descriptive statistics, including means, standard deviations, and achievement percentages, summarized the study variables. Multiple linear regression examined the relationships between extension-role aspects (X1–X3) and maize food availability (Y), with factors introduced concurrently in accordance with the conceptual model.
The major measures, being summated Likert-type composite ratings, were assessed as essentially continuous outcomes/predictors, a practice prevalent in applied research for the sake of interpretability and model convenience (Huh and Gim 2025). Simultaneously, new methodological research indicates that ordinal-specific approaches may provide benefits (e.g., power and bias characteristics) for Likert-scale outcomes; thus, regression diagnostics were highlighted to ensure model adequacy under this specification (Al-Jaishi et al. 2026).
Missing data were handled using complete-case analysis for the principal regression (SPSS default); however, no missing values were present in the dataset, so the analytic sample remained n = 68  (Austin et al. 2021).  Statistical significance was assessed at α = 0.05 (two-tailed).
2.8. Classical assumption tests (regression diagnostics)
Residual normality was evaluated by the histogram of standardized residuals and the Normal P–P Plot. Homoscedasticity was assessed by a scatterplot of standardized predicted values (ZPRED) against studentized residuals (ZRESID). Multicollinearity was assessed by tolerance and variance inflation factors (VIF), acknowledging recent warnings that collinearity diagnostics and thresholds must be understood contextually and may be influenced by sample characteristics (Salmerón-Gómez, García-García, and Rodríguez-Sánchez 2025). The Durbin–Watson statistic was utilized to assess residual autocorrelation as an additional diagnostic tool (Rauf et al. 2024).
2.9. Ethical considerations
Participation was optional. Participants were apprised of the study's objectives, methodologies, confidentiality measures, and their entitlement to withdraw without consequence. Informed consent, either verbal or written, was secured prior to the interviews. No personally identifiable information was disclosed, and datasets were securely held with limited access.

3. Results and Discussion
3.1. Results
3.1.1. Analytic sample and data completeness
The SPSS regression output indicates that the analysis comprised 68 complete cases. Although SPSS applies listwise deletion by default, no missing values were present in the dataset; therefore, all 68 observations were retained for the regression analysis. In accordance with contemporary methodological recommendations, complete-case analysis is straightforward but may diminish precision and introduce bias depending on the missing-data mechanism; thus, reporting the analytic sample size enhances transparency (Austin et al. 2021).






3.1.2. Descriptive cut-offs used in this study
Achievement categories were defined a priori and are summarized in Table 1.
Table 1. Achievement-level cut-offs used for descriptive categorization 
	Achievement level (%)
	0-20
	>21-40
	>41-60
	>61-80
	>81-100

	Maize food availability (Y)
	Never available
	Rarely available
	Sometimes available
	Often available
	Very often available

	Extension agents' role (overall)
	Never active
	Rarely active
	Sometimes active
	Often active
	Very often active


Source: Authors' Calculation, 2025
3.1.3. Descriptive statistics and achievement levels
Table 2 displays the descriptive statistics for the dependent variable (household maize food availability) and the three categories of extension roles. Based on the mean achievement percentages shown in Table 1, maize food availability is categorized as 'very high,' the facilitator/educator role as 'high,' and the remaining two characteristics as 'moderate.' Following (Huh and Gim 2025), aggregated Likert-type composite scores are summed and treated as quasi-continuous variables to enhance interpretability when used as multi-category scales.

Table 2. Descriptive statistics and achievement categories (n = 68)
	Construct
	Possible range
	Mean
	SD
	Achievement % (Mean/Max x 100)
	Category (Table 1)

	Maize food availability (Y)
	6-30
	26.6692
	3.01030
	88.90%
	Very high (very often)

	Facilitator & educator (X1)
	6-30
	19.4753
	3.47378
	64.92%
	High (often)

	Technical farming & motivator (X2)
	7-35
	19.9125
	4.67615
	56.89%
	Moderate (sometimes)

	Organizer & linkage (X3)
	7-35
	14.6464
	8.15314
	41.85%
	Moderate (sometimes)


Source: Authors' Calculation, 2025
Household maize food availability averaged 26.67 (SD = 3.01) on a 6-30 scale, or 88.90% of the maximum possible score (very high). Perceived facilitator/educator roles were, on average, more prominent than technical/motivator and organizer/linkage roles among predictor dimensions.
3.1.4. Bivariate associations (correlations)
Table 3 shows Pearson correlations (one-tailed). All three extension role characteristics correlated positively with maize availability. Given the significant intercorrelations between predictors, multicollinearity diagnostics were conducted within the regression analysis
Table 3. Correlation matrix (Pearson r; n = 68; 1-tailed p-values)
	Variable
	Y
	X1
	X2
	X3

	Y (Food availability)
	1.000
	0.502
	0.570
	0.590

	X1 (Facilitator/educator)
	0.502
	1.000
	0.871
	0.781

	X2 (Technical/motivator)
	0.570
	0.871
	1.000
	0.919

	X3 (Organizer/linkage)
	0.590
	0.781
	0.919
	1.000


Source: Authors' Calculation, 2025


3.1.5. Multiple linear regression: model fit and overall test
The multiple linear regression model forecasting maize food availability based on the three aspects of extension roles was statistically significant. The model exhibited R = 0.595, R-squared = 0.354, and adjusted R-squared = 0.346, with F(3,64) = 11.69 (p < 0.001). The Durbin-Watson statistic measured 1.898. In accordance with current guidelines advocating for the prioritization of estimation (effect sizes and uncertainty) over exclusive dependence on p-values, model fit indices are presented in conjunction with coefficient estimates (Bauer et al. 2023).
Table 4. Model summary and overall model test (n = 68)
	Metric
	Value

	R
	0.595

	R-squared
	0.354

	Adjusted R-squared
	0.346

	Std. Error of the Estimate
	2.43354

	F (df1, df2)
	11.688 (3,64)

	Sig. (overall model)
	< 0.001

	Durbin-Watson
	1.898


Source: Authors' Calculation, 2025

3.1.6. Regression coefficients and interpretation
Table 5 presents regression coefficients and collinearity statistics. All three extension-role aspects were statistically significant predictors (p = 0.001). The standardized coefficients were of similar magnitude, indicating equivalent standardized contributions across dimensions.
Table 5. Coefficients and collinearity statistics (dependent variable: maize food availability; n = 68)
	Predictor
	B
	SE
	β
	t
	p
	Tolerance
	VIF

	Constant
	21.810
	1.156
	—
	18.869
	< 0.001
	—
	—

	X1 (Facilitator/educator)
	0.152
	0.048
	0.310
	3.284
	0.001
	0.240
	4.168

	X2 (Technical/motivator)
	0.160
	0.038
	0.421
	3.322
	0.001
	0.096
	10.425

	X3 (Organizer/linkage)
	0.161
	0.047
	0.437
	3.437
	0.001
	0.155
	6.472


Source: Authors' Calculation, 2025
3.1.7. Multicollinearity diagnostics
Collinearity statistics revealed significant shared variation among predictors, with VIF values of 10.425 for X2 and 6.472 for X3. Recent methodological research advises against using singular VIF thresholds as absolute pass/fail criteria and underscores the necessity of contextual interpretation, since collinearity may inflate standard errors and compromise coefficient interpretation when predictors conceptually overlap (Kalnins and Praitis Hill 2025).
Table 6. Collinearity diagnostics (n = 68)
	Dimension
	Eigenvalue
	Condition index
	Variance proportions (Constant, X1, X2, X3)

	1
	3.854
	1.000
	0.00, 0.00, 0.00, 0.00

	2
	0.135
	5.348
	0.04, 0.00, 0.00, 0.17

	3
	0.008
	22.239
	0.92, 0.39, 0.05, 0.40

	4
	0.003
	33.237
	0.04, 0.61, 0.95, 0.43


Source: Authors' Calculation, 2025
3.1.8. Residual diagnostics (normality and residual range)
Residual diagnostics were evaluated by a histogram and a Normal P–P plot of standardized residuals (Figures 1–2). Visual examination of residual plots is a suggested and insightful method for assessing linear regression assumptions, particularly for identifying non-normality, outliers, and other distributional anomalies that may lack practical significance despite the sensitivity of formal tests (Li et al. 2024).




Table 7. Residuals statistics (n = 68)
	Statistic
	Minimum
	Maximum
	Mean
	SD
	N

	Predicted value
	24.7621
	30.8029
	26.6692
	1.79098
	68

	Residual
	-10.06196
	4.98477
	0.00000
	2.41957
	68

	Std. predicted value
	-1.065
	2.308
	0.000
	1.000
	68

	Std. residual
	-4.135
	2.048
	0.000
	0.994
	68


Source: Authors' Calculation, 2025

Table 7 indicates that the predicted values varied from 24.7621 to 30.8029 (mean 26.6692, SD 1.79098), however the residuals ranged from −10.06196 to 4.98477 with a mean of 0.00000 (SD 2.41957), signifying that the residuals were centered around zero as anticipated. The standardized residuals had a mean near 0.000 and a standard deviation of approximately 0.994, ranging from −4.135 to 2.048. This indicates generally acceptable dispersion, however there exists at least one extreme negative residual (|Std. residual| > 3) that may signify a potentially influential observation.
[image: ]Figure 1. Histogram of regression standardized residuals

Figure 1 (Histogram) demonstrates that normalized residuals are predominantly centered around zero and exhibit a unimodal, nearly bell-shaped distribution, aligning with the characteristics of approaching normalcy. The left tail extends further than the right, as seen by the minimum standardized residual of −4.135, suggesting a limited number of significantly large negative errors, where the model overestimated food availability compared to observed values. Figure 2 (Normal P–P Plot) illustrates points that predominantly align with the diagonal reference line, so affirming the validity of the normality assumption for residuals in this sample; slight deviations are observed mainly at the tails, further corroborating the existence of one or a few extreme residuals. The residual diagnostics indicate that normality is largely met; however, due to the presence of an extreme negative residual, it is prudent to augment these plots with influence diagnostics (such as leverage and Cook’s distance) and, if necessary, conduct a sensitivity analysis employing robust standard errors to confirm that inference is not unduly influenced by a singular case (Li et al. 2024).
[image: ]
Figure 2. Normal P-P Plot of regression standardized residuals
3.1.9. Summary of key findings
In this dataset (n = 68 complete instances), the average household maize food availability was significantly high, although perceived extension responsibilities varied from moderate to high across the three dimensions. The multivariable regression model demonstrated statistical significance and accounted for 35.4% of the variance in maize food availability. All three extension-role dimensions were significant predictors in the adjusted model; however, collinearity diagnostics indicated substantial overlap among the predictors.
3.2. DISCUSSION
3.2.1. Effect Of Facilitator/Educator Role On Maize Food Availability (H1)
Our results corroborate that the facilitator/educator function is positively correlated with household maize food availability in TTU. This aligns with the notion that extension education enhances agronomic decision-making, seasonal planning, and postharvest awareness, thereby aiding families in sustaining staple stocks. This pattern corresponds with research from Uganda, which indicates that extension advice is associated with enhanced food security outcomes via productivity and related mechanisms (Brenya and Zhu 2023). Furthermore, panel evidence from Ghana demonstrates that extension and advisory services are linked to improved welfare outcomes, such as increased per-capita food consumption and dietary diversity; this suggests that knowledge and advisory support can lead to better household food security beyond mere yield increases (Aremu et al. 2025). Comparative studies indicate that the effects of extension services are contingent upon service quality and local feasibility. In regions where farmers exhibit high staple availability (as shown in our descriptive results), the influence of educators may manifest more in building resilience—mitigating seasonal gaps and averting unnecessary losses—rather than simply increasing average production scores. In conclusion, Hypothesis 1 is validated: enhancing educator-focused extension is pertinent in TTU, especially to bolster stability and safeguard the existing robust maize supply (Brenya and Zhu 2023).
3.2.2. Effect of Technical/Motivator role on maize food availability (H2)
The findings support H2: the technical/motivator role is positively associated with household maize availability. This association plausibly reflects improvements in the quality and timeliness of farm operations—such as input use, crop management, and problem-solving—alongside strengthened farmer commitment to continue implementing recommended practices under environmental uncertainty. Evidence from Bangladesh is consistent with this mechanism, showing that extension engagement is associated with higher technology adoption and lower production risk, suggesting that technical guidance can help stabilize staple supplies rather than only raising average output (Alam et al. 2024).  Similarly, evidence from Ethiopia using selection-correction approaches indicates that households receiving extension/advisory services attain higher crop yields than comparable non-recipients, reinforcing the productivity pathway through which extension can strengthen household staple availability (Baylie and Pércsi 2025; Yitayew, Abdulai, and Yigezu 2023). However, maize-specific evidence also highlights that availability depends critically on postharvest performance: experimental findings from Tanzania show that postharvest training—especially when combined with hermetic storage—reduces food insecurity by lowering losses, implying that “technical” extension content should explicitly include drying, storage hygiene, and pest management, particularly in maize-based systems  (Chegere, Lokina, and Mwakaje 2020).
3.2.3. Effect of Organizer/Linkage role on maize food availability (H3)
Our results corroborate that the organizer/linkage function—which connects farmers to groups, input suppliers, services, and markets—is positively correlated with maize availability. This aligns with evidence indicating that household food outcomes are influenced not only by personal production but also by dependable procurement channels, reduced transaction costs, and enhanced institutional coordination.Panel evidence from Eastern Africa indicates that improved market access correlates with increased consumer spending, greater dietary diversity, and enhanced food security; this suggests that linkage mechanisms can safeguard households during fluctuations in their own inventories (Usman and Haile 2022). A recent synthesis on "linking farmers to markets" highlights that market integration can improve income and welfare, though it frequently necessitates institutional and coordination solutions—specifically within the realm of organizer/linkage extension functions, such as group coordination, market information, and buyer connections (Ma et al. 2024).  In contrast to environments with robust market infrastructure, the linkage effect may be more pronounced in remote or high-transaction-cost contexts, where enhanced coordination directly optimizes input timing and purchasing capability during periods of scarcity. Conclusion: H3 is validated; enhancing organizer/linkage capacity serves as a strategic mechanism in TTU to stabilize maize availability, particularly during seasonal deficits and market disruptions
3.2.4. Simultaneous effect of extension roles on maize food availability (H4)
The model-level findings substantiate H4: the roles of facilitator/educator, technical/motivator, and organizer/linkage collectively account for the variability in maize availability, indicating that extension is provided and perceived as a cohesive service package rather than as discrete tasks. This approach aligns with empirical research indicating that extension and advisory services influence food security through various, interrelated pathways (knowledge → adoption/management → productivity/risk reduction → food outcomes) (Brenya and Zhu 2023). Comparative studies indicate that systemic constraints (input access, knowledge, risk, and market linkages) seldom function in isolation; consequently, integrated interventions generally surpass single-component strategies—an observation highlighted in recent research on farmer–market linkages and associated barriers/solutions (Ma et al. 2024). This suggests that concentrating solely on training (without tools or connections) or exclusively on links (without technical capacity) may yield inferior results compared to a coordinated enhancement of all functions. Conclusion: H4 is substantiated; the most tenable interpretation for TTU is that extension functions as a cohesive system, necessitating the integration of improvement techniques across education, technical support, and linking roles (Brenya and Zhu 2023).

4. Conclusion
This study evaluated the correlation between farmers’ perceptions of agricultural extension roles—facilitator/educator, technical adviser/motivator, and organizer/linkage—and household maize availability among Atoin Meto (Dawan) farmers in North Central Timor (TTU), East Nusa Tenggara, Indonesia. The results demonstrate that extension functions correlate positively with maize availability; however, because the dimensions of these roles significantly intersect, no single function can be identified as distinctly predominant. The findings indicate that extension services operate as a cohesive package, where the education and facilitation of Good Agricultural Practices (GAP) should be enhanced alongside prompt technical assistance—including postharvest loss mitigation—and organizational roles that link farmer groups to inputs, storage solutions, and markets. Given that a significant portion of the variation in maize availability is influenced by factors beyond extension services, enhancing these efforts must be supported by facilitating conditions, such as upgraded storage infrastructure, improved market access, and climate risk mitigation strategies, to effectively maintain staple stocks throughout the seasons.
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Recommendations
Policymakers and practitioners must enhance extension delivery in TTU as a cohesive service package—incorporating facilitation/education, technical guidance, and organizational/linkage functions—while emphasizing structured GAP implementation support (seasonal action plans, synchronized group schedules, and regular follow-ups), clear postharvest-loss mitigation to safeguard household maize reserves, and improved connections to inputs, storage solutions, and markets via farmer-group coordination. In culturally unique communities, pilot programs ought to be collaboratively designed with traditional leadership (Amaf) and extension agents to enhance trust and compliance. Program enhancements should be assessed through longitudinal or quasi-experimental designs, supplemented by objective implementation and inventory metrics (e.g., storage audits, stock assessments, or farm records) and impact diagnostics.
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