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ABSTRACT

This study aims to analyze the influence of digital literacy, government policy, and
infrastructure on coffee productivity in Kerinci Regency. A descriptive and
explanatory research design was applied using a quantitative approach. The study
population consisted of 117 registered coffee farmers, and a sample of 90
respondents was determined using the Slovin formula with a 5% margin of error.
Data were collected through questionnaires, interviews, and field observations,
complemented by secondary sources. The findings show that all three factors
significantly affect coffee productivity. Digital literacy enables farmers to access
agricultural information, adopt modern technologies, and expand market
opportunities. Infrastructure improves efficiency by reducing production and
distribution costs while enhancing connectivity. Among the factors, government
policy has the strongest effect, particularly through training, certification, subsidies,
and market promotion. These findings highlight that government policy, digital
literacy, and infrastructure collectively play a crucial role in enhancing the
productivity and competitiveness of coffee farmers.
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INTRODUCTION

Coffee is a product with strong market potential both domestically and
internationally. As a source of foreign exchange earnings from export commerce, as
well as a source of revenue for the community and to meet domestic coffee
consumption needs, coffee commaodities are a significant part of Indonesia's economy
(Leo et al., 2023). Jambi Province's Kerinci Regency is renowned for producing some
of Indonesia's best coffee, especially the Arabica kind cultivated in the highlands of
Mount Kerinci. The coffee sector not only serves as an export commodity but also as a
key driver of rural development, improvement of farmers’ welfare, job creation, and
poverty alleviation.

However, coffee productivity in Kerinci Regency is still not optimal. In 2022, the
average productivity of Arabica coffee in Kerinci reached only 0.8-1.0 tons/ha, whereas
the potential yield under optimal cultivation conditions is 1.5-2.0 tons/ha (Central
Bureau of Statistics of Jambi province, 2023; Directorate General of Plantations, 2022).
This disparity highlights the gap between land potential and actual production yields
per hectare, indicating the urgent need for initiatives to boost productivity. By applying
technology in compliance with appropriate crop management recommendations, coffee
productivity can be increased while product quality is improved, thereby strengthening
competitiveness in both domestic and international markets (Handiyanto et al., 2024).
In addition, previous studies suggest that digital literacy, government policy, and
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infrastructure are among the critical factors influencing agricultural and coffee
productivity (Ikhsan et al., 2023; Kusnari et al., 2023; Sugihono et al., 2024).

Digital literacy refers to the ability of individuals to access, understand, and use
digital technologies effectively, including evaluating online information (Noprieka
Suriadiman et al., 2023). In rural areas, such as Kerinci Regency, limited access to
technology results in relatively low levels of digital literacy, which in turn reduces
farmers’ productivity and weakens the competitiveness of Kerinci coffee in domestic
and international markets. Strengthening digital literacy is therefore not only about
adopting technology but also about enabling farmers to innovate, improve decision-
making, and integrate into wider value chains. This makes it essential to study the role
of digital literacy together with government policy and infrastructure, in improving coffee
productivity, as findings from this research can guide targeted strategies to enhance
both farmer welfare and regional competitiveness.

Government policy refers to a set of actions or decisions made by the
government to achieve certain goals in socio-economic development. Central and
regional government policies are essential to establishing an ecosystem that promotes
economic inclusion and productivity growth. The government has introduced a number
of policies pertaining to Kerinci coffee, including the supply of superior seedlings,
training initiatives for farmers, marketing of Kerinci coffee internationally, and
assistance with certification systems. The sustainability of these policies, their influence
on raising farmers' incomes, the fair distribution of economic gains, and their
contributions to regional economic growth must all be taken into consideration when
assessing their efficacy.

Infrastructure refers to the facilities and systems that are strategically important
for the mobility of the population, connecting one region to another, and for facilitating
the distribution of goods and production factors between regions so that public needs
can be met, ultimately accelerating economic activity (Nuritasi, 2013). However, the
condition of infrastructure in Kerinci Regency remains a major obstacle to the
development of the coffee sector. Damaged roads, limited market access, and the lack
of post-harvest facilities result in high production costs and low selling prices.
Therefore, investment in infrastructure is essential not only to directly increase
productivity but also to stimulate growth in underdeveloped areas, reduce logistics
costs, and open up new business opportunities within the coffee value chain.

Increasing coffee productivity includes more than just raising output volume; it
also entails improving product quality, streamlining the supply chain, raising farmer
incomes, and strengthening the agricultural sector's role in local economic
development. Previous research shows that infrastructure and farmer institutions
significantly affect coffee farmers’ incomes and regional development (Gulo et al.,
2024), while the adoption of smart farming and IoT technologies has great potential to
increase coffee productivity in Indonesia, provided that infrastructure and digital
readiness are adequate (Mulyono et al., 2022). In addition, the level of digital literacy
among agricultural actors, including extension agents, remains moderate in many rural
areas, which influences their ability to utilize technology to support farmer productivity
(Sugihono et al., 2024). Furthermore, innovations in the coffee supply chain have been
found to improve process efficiency and market competitiveness (Irjayanti et al., 2025).
By comprehending how infrastructure, government policy, and digital literacy interact,
this study aims to examine how infrastructure, government policy, and digital literacy
affect coffee productivity in Kerinci Regency.

Land size influences the productivity and welfare of coffee farmers in Jambi
Province. This is because the larger the land used by coffee farmers, the greater the
amount of coffee produced. The resulting coffee production determines the level of
income enjoyed by farmers and will improve their welfare. Capital influences the
productivity and welfare of coffee farmers in Jambi Province. The amount of capital
used by farmers will affect the amount of coffee produced. Larger capital allows for a
larger inventory of goods to be produced. Labor affects the productivity and welfare of
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coffee farmers in Jambi Province. The availability of sufficient labor ensures that each
stage of production is carried out on time and with high quality. The more labor
employed in the production process, the greater the output produced. Technology
influences the productivity and welfare of coffee farmers in Jambi Province. Coffee
farmers who adapt farming technologies, such as using coffee hulling machines,
automatic irrigation systems, or applications to monitor plant conditions, can save time
and energy while increasing yields. Training impacts the productivity and well-being of
coffee farmers in Jambi Province. Training is a crucial investment in increasing the
capacity of coffee farmers. Furthermore, training also paves the way for farmers to
become more prosperous, independent, and competitive in the global coffee market
(Syofya & Widayat, 2025).

Although previous studies have separately examined the impact of government
policy (Ikhsan et al., 2023), infrastructure (Gulo et al., 2024), or digital literacy
(Sugihono et al., 2024) on agricultural outcomes, there is still a lack of comprehensive
research that simultaneously analyzes these three factors in the context of coffee
productivity, particularly at the farmer level in Kerinci Regency. Most existing studies
focus either on policy evaluation, infrastructure readiness, or digital adoption in general
agriculture, without integrating them into a single analytical framework for coffee as a
strategic commodity. This study therefore offers novelty by combining these three
determinants, government policy, infrastructure, and digital literacy, into one empirical
model, providing a more holistic understanding of their interrelationship and their
collective influence on coffee productivity in Kerinci. The findings are expected to
contribute not only to academic discourse but also to practical policymaking for regional
development and farmer empowerment.

METHOD

This study employed a descriptive and explanatory quantitative research designs
to investigate the impact of infrastructure, government regulations, and digital literacy
on coffee productivity in Kerinci Regency. The descriptive component aimed to provide
a comprehensive overview of the current conditions experienced by coffee farmers,
while the explanatory component sought to analyze causal relationships among the
studied variables. A quantitative approach was primarily used to measure and assess
the influence of the selected factors on coffee productivity. In addition, the study
integrated some qualitative insights to enrich the interpretation of quantitative data and
capture contextual factors that may not be fully represented by numerical data.

The data used in this study were obtained from both primary and secondary
sources. Primary data were collected directly from respondents through structured
guestionnaires, interviews, and field observations. These instruments were designed to
capture detailed information on the farmers' access to infrastructure, their
understanding of relevant government regulations, and their level of digital literacy.
Secondary data were gathered from relevant institutional reports, agricultural statistics,
and academic publications to support and contextualize the findings. The population of
this study consisted of 117 registered coffee growers in Kerinci Regency. The sample
size was calculated using the Slovin formula at a 5% margin of error to maintain

statistical validity:
N

"1 N(e?

where:

n is the sample size,

N is the population size, and
e is the margin of error.

Substituting the values:
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117 117 117

= = = =90.55
1+ 117(0.05)2 1+ 0.2925 1.2925

Thus, the required sample size was rounded to 90 respondents. Sampling was
conducted to capture variations in farm size, access to infrastructure, and exposure to
digital tools among coffee producers, ensuring adequate representation of the
population.

Data Analysis Procedure

Data analysis was conducted using SPSS software. Several stages of
quantitative analysis were performed, including instrument testing, classical
assumption testing, and multiple linear regression. These analytical steps were carried
out sequentially to obtain valid, reliable, and interpretable results that align with the
research objectives.

Instrument testing was conducted to verify the accuracy and consistency of the
measurement tools used in this study. The validity test was performed using the
corrected item-total correlation, where all items with correlation values greater than r-
table (0.205) were declared valid, confirming that the items effectively measured their
intended constructs. The reliability test was carried out using Cronbach’s Alpha, and all
variables demonstrated a values above 0.60, indicating acceptable internal consistency
and stability across measurements.

Before performing multiple linear regression analysis, several -classical
assumption tests were conducted to ensure that the regression model met statistical
requirements. These tests were essential to confirm that the data fulfilled the necessary
conditions for producing unbiased and efficient estimators. The assumption tests
included normality, multicollinearity, autocorrelation, heteroskedasticity, and linearity
assessments. The normality test was used to verify whether the residuals in the
regression model followed a normal distribution. This assumption ensures that the
estimated parameters and hypothesis testing are valid under the ordinary least squares
(OLS) approach. The normality of residuals was evaluated using both graphical
methods (histogram and Q-Q plot) and the Kolmogorov—Smirnov significance test.
Multicollinearity test was conducted to examine whether strong correlations existed
among independent variables. Multicollinearity can inflate standard errors and reduce
the reliability of the estimated coefficients. To detect it, the Variance Inflation Factor
(VIF) and tolerance values were analysed, where VIF values below 10 and tolerance
values above 0.10 indicated an acceptable level of multicollinearity. Autocorrelation test
aimed to identify whether there was correlation between residuals from different
observations. The presence of autocorrelation can bias statistical inference and lead to
inefficient estimates. The Durbin—Watson statistic was applied, and values around 2
indicated that the model was free from autocorrelation problems. Heteroskedasticity
test was used to ensure that the variance of the residuals remained constant across alll
observations. When heteroskedasticity is present, the regression coefficients remain
unbiased but their standard errors become inconsistent. This assumption was
examined through visual inspection of scatterplots between standardized residuals and
predicted values.

Finally, the linearity test was carried out to confirm that the relationship between
each independent variable and the dependent variable was linear. This step
guarantees that the linear regression model is appropriate for representing the actual
relationships within the data. Linearity was assessed using partial regression plots and
statistical verification through curve estimation procedures.

After verifying that all classical assumptions were satisfied, multiple linear
regression analysis was conducted to test the effect of the three independent variables
Digital Literacy (X1), Government Policy (X2), Infrastructure (X3) on Coffee Productivity
(Y). The regression model was specified as:
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Y = Bo+ BrXy + BoXy + BsXs + €

The regression analysis produced both unstandardized coefficients (B) and
standardized coefficients (B), along with t-values, significance levels (p), and the
coefficient of determination (R? and adjusted R?). Statistical significance was tested at a
5% confidence level (a = 0.05), ensuring that only meaningful relationships were
interpreted. This analytical approach provided empirical evidence on how digital
literacy, government policy, and infrastructure collectively affect coffee productivity in
Kerinci Regency.

RESULT AND DISCUSSION
Characteristics of Respondents

The respondents in this study consisted of 90 registered coffee farmers in Kerinci
Regency, selected through the Slovin formula to ensure adequate representation of the
total population. Based on the calculation results, the sample size was 48 from Kayu
Aro, 27 from West Kayu Aro, and 15 from Gunung Tujuh. The samples were randomly
selected from each village with the largest number of Arabica coffee farmers The
respondents varied in terms of farm size, cultivation experience, and exposure to
agricultural technologies, enabling the study to capture diverse conditions across
coffee-producing areas. Most farmers operate smallholder farms, typically managed by
family labor, reflecting the dominant agricultural structure in rural Kerinci. The age of
respondents generally ranged from productive middle-aged farmers to older farmers
who have been engaged in coffee cultivation for decades, indicating a wide distribution
of farming experience. Educational backgrounds also differed, with some respondents
having completed only primary or secondary schooling, while others had attained
higher levels of formal education, influencing their level of digital literacy.

Access to infrastructure varied across respondents; some farmers were located
in areas with relatively good road access and post-harvest facilities, while others
cultivated in remote areas with limited infrastructure support. Differences were also
found in terms of exposure to government policy programs, such as training,
certification, and subsidies, where certain respondents had participated actively while
others had limited access. Digital literacy levels among farmers were diverse as well,
ranging from individuals familiar with smartphones and agricultural information
platftorms to those who still rely on traditional knowledge. These variations in
demographic and contextual characteristics provide a comprehensive representation of
coffee farmers in Kerinci Regency, strengthening the validity of the findings and
ensuring that the results reflect real field conditions.

Research Instrument Test

From the validity test conducted on the score of each item with the total score of
each attribute in the study, the results of all items of the independent variables and
dependent variables showed validity, with a positive corrected item total correlation
value above the r table n =90; a = 0,05 (Table 1).

Each statement item from the variables used in the study is valid, according to
the validity test results, which indicate that the digital literacy, government policy,
infrastructure, and coffee productivity variable instruments obtained total correlation
value (reount) for corrected items > rigpe 0.205.

Similarly, the reliability test results, every variable related to government policy
(X)) as 0,810, infrastructure (x3) as 0,740, digital literacy (x;) 0,777 and coffee
productivity (Y) has a Cronbach Alpha value of at least 0.729. As a result, all variables'
reliability test results are trustworthy (Table 1).
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Table 1. Validity and Reliability Test Results

Variabel Code (r count) (nzg((;-tagiz) 05) Description Cror/?tlgjlch’s
Coffee Y1.1 0.376 Valid
Productivity Y1.2 0.450 Valid
) Y1.3 0.602 0.205 Valid 0,729>0,6
Y1.4 0.606 ' Valid Reliable
Y1.5 0.315 Valid
Y1.6 0.302 Valid
Digital X1.1 0.550 Valid
Literacy X1.2 0.506 Valid 0,777 > 0,6
(X1) X1.3 0.282 0.205 Valid Reliable
X1.4 0.620 Valid
X1.5 0.465 Valid
Government X2.1 0.599 Valid
policy X2.2 0.586 Valid
(X2) X2.3 0.549 0.205 Valid 0,810>0,6
X2.4 0.529 ' Valid Reliable
X2.5 0.646 Valid
X2.6 0.553 Valid
Infrastruc- X3.1 0.666 Valid
ture X3.2 0.619 Valid
) §32 8'282 0.205 Wﬂ 0.740>06
) . . ali
X3.5 0.309 Valid Reliable
X3.6 0.496 Valid
X3.7 0.400 Valid

Source: Data processed by researchers, 2025

Assumption Tests for Multiple Linear Regression

Before testing the research hypotheses, a series of classical assumption tests
were conducted to ensure that the regression model met the necessary statistical
criteria. These included the normality test, multicollinearity test, autocorrelation test,
heteroskedasticity test, and linearity test. The results of each test are presented and
interpreted below.

The normality of residuals was tested using the Kolmogorov—Smirnov (K-S)
method. The results are shown in Table 2. The Kolmogorov—Smirnov test yielded a
statistic value of 0.081 with a significance level of 0.200 (> 0.05) and df = 90. This
result indicates that the residuals follow a normal distribution pattern. The histogram
and Q-Q plot also show that the data points align closely with the diagonal line,
confirming that the normality assumption is satisfied.

Table 2. Normality Test Results (Kolmogorov—Smirnov Test)

Variable Statistic df Sig.
Unstandardized Residual 0.081 a0 0.200

Source: Data processed by researchers, 2025

Multicollinearity Test

The multicollinearity test was carried out to assess the degree of correlation
among independent variables using tolerance and Variance Inflation Factor (VIF)
values. The results are displayed in Table 3. All VIF values are below 10 and tolerance
values are above 0.10, which indicates that there is no multicollinearity between
independent variables. This means that each variable contributes uniquely to
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explaining coffee productivity without overlapping information. Hence, the regression
model fulfills the multicollinearity assumption.

Table 3. Multicollinearity Test Results

Variable Tolerance VIF

Digital Literacy 0.686 1.152
Government Policy 0.695 1.438
Infrastructure 0.721 1.387

Source: Data processed by researchers, 2025

Autocorrelation Test

The autocorrelation test was conducted using the Durbin—Watson (DW) statistic to
determine whether residuals were correlated across observations. The results are
shown in Table 4. The Durbin—Watson value of 2.055 lies within the acceptable range
of 1.5 to 2.5, indicating no autocorrelation problem. This result shows that the residuals
are independent from one another, which is crucial for ensuring valid statistical
inference. Therefore, the autocorrelation assumption was fulfilled.

Table 4. Autocorrelation Test Result

Test Statistic Range
Durbin-Watson 2.055 1.5-2.5
Source: Data processed by researchers, 2025

Heteroskedasticity Test

The heteroskedasticity test was analyzed through a scatterplot of standardized
residuals against predicted values. The visual output from SPSS is presented in Figure
1. The scatterplot shows that the residual points are randomly dispersed around the
zero line without any specific pattern. This indicates that the variance of residuals is
constant across all predicted values, fulfilling the assumption of homoscedasticity.
Therefore, the regression model does not exhibit heteroskedasticity issues and
remains statistically reliable.

Scatterplot
Dependent Variable: Coffee_Productivity

Regression Studentized Residual
it
o

o
o

o
w—

Regression Standardized Predicted Value

Figure 1. Scatterplot of Standardized Residuals
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Linearity Test

The linearity test was conducted to confirm whether the relationship between the
predicted and actual values of coffee productivity follows a linear pattern. The test was
performed using a scatterplot between unstandardized predicted values and
studentized residuals, as shown in Figure 2.
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Figure 2. Scatterplot of Unstandardized Predicted Values and Studentized Residuals

The scatterplot demonstrates that the residual points are randomly dispersed
above and below the zero line without forming any distinct curve or systematic pattern.
This indicates that the relationship between the independent variables (digital literacy,
government policy, and infrastructure) and coffee productivity is linear. Therefore, the
linearity assumption in the multiple regression model is considered fulfilled, and the
analysis proceeded with multiple linear regression to examine the effects of each
independent variable on coffee productivity.

Multiple Linear Regression Analysis

Table 5. Results of Multiple Linear Regression Analysis

Model Unstandardized Standardized sig
Coefficients (B) Coefficients (B) )
Constant 1.097 0.001
Digital Literacy 0.207 0.237 0.014
Government Policy 0.338 0.421 0.000
Infrastructure 0.207 0.254 0.013

Dependent Variable: Coffee Productivity
Source: Data processed by researchers, 2025

Table 5 displays the outcomes of processing regression data on infrastructure,
government policy, and digital literacy. The following are the outcomes of this study
model's multiple linear regression equation:

Y = 1,097+ 0,207 (X1) + 0,338 (X2) + 0,207 (X3)
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The regression analysis indicates that Digital Literacy (X1) has a significant and
positive influence on coffee productivity (B = 0.237, Sig. = 0.014). This finding implies
that farmers with higher digital literacy can effectively use digital platforms to access
agricultural information, adopt modern technologies, and manage farming operations
more efficiently, which in turn improves productivity. Government Policy (X2) emerges
as the most influential factor affecting coffee productivity (B = 0.421, Sig. < 0.001). This
result emphasizes the critical role of government interventions, including training
programs, certification schemes, financial support, and marketing facilitation, in
enhancing farmers’ capabilities and strengthening the overall performance of the coffee
sector. Infrastructure (X3) also shows a positive and significant effect on coffee
productivity (8 = 0.254, Sig. = 0.013). Adequate infrastructure improves production and
distribution efficiency by reducing logistical constraints, lowering operational costs, and
enhancing connectivity between production centers and markets.

Furthermore, the regression model demonstrates an R2 value of 0.539, indicating
that these three variables collectively explain 53.9% of the variation in coffee
productivity in Kerinci Regency, suggesting that other factors beyond the model may
also influence farmers’ performance. Overall, these results confirm that all three factors
significantly contribute to improving coffee productivity, with government policy being
the dominant determinant. This underscores the importance of integrated development
strategies that combine policy support, digital empowerment, and infrastructure
investment to sustainably enhance the productivity and competitiveness of coffee
farmers in Kerinci Regency.

The Influence of Digital Literacy on Coffee Productivity

The findings confirm that digital literacy has a significant positive effect on coffee
productivity (8 = 0.237, p < 0.05). This result supports prior studies showing that digital
competencies improve decision-making, adoption of technology, and market access in
rural agriculture (Makyanie & Witjaksono, 2022; Sugihono et al., 2024). Importantly, the
effect size, while smaller than that of government policy, indicates that digital literacy is
not merely a supporting factor but a strategic enabler of modern farming practices.
Farmers with higher digital literacy can optimize resource use, adopt precision farming,
and expand market reach through e-commerce platforms. These mechanisms directly
contribute to productivity and indirectly improve farmers’ income stability. However, the
relatively modest B coefficient also suggests that without supportive policy and
infrastructure, digital literacy alone may not fully transform productivity outcomes. This
highlights the need for integrated interventions where digital skills are complemented
by government programs and adequate infrastructure.

The Influence of Government Policy on Coffee Productivity

Government policy emerges as the most dominant predictor of coffee productivity
(B = 0.421, p < 0.001), confirming its decisive role in shaping agricultural outcomes.
This effect size is substantially larger than digital literacy (B = 0.237) and infrastructure
(B = 0.254), meaning that policy interventions account for the greatest share of
explained variance in productivity. In practical terms, this implies that targeted policy
actions, such as provision of subsidies, certification support, farmer training, and export
promotion can generate disproportionately large improvements in productivity relative
to other factors. Previous studies also demonstrate the strong influence of government
interventions on agricultural performance and rural economic growth (lkhsan et al.,
2023; Kusnari et al., 2023). The present findings extend this literature by showing that
in the context of Kerinci coffee, policy is not only statistically significant but also the
most impactful driver. The practical implication is clear: sustained and well-coordinated
government programs are essential for enabling farmers to capitalize on digital tools
and infrastructure investments. Without policy support, the effectiveness of other
factors may remain limited.
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The Effect of Infrastructure on Coffee Productivity

Infrastructure also shows a positive and significant relationship with productivity
(B = 0.254, p < 0.05). This aligns with previous evidence that infrastructure enhances
market access, reduces transaction costs, and facilitates the flow of goods and
services in agricultural supply chains (Gulo et al., 2024; Mulyono et al., 2022). Although
its effect size is smaller than government policy, infrastructure remains a critical
enabler, particularly in rural areas where poor road access, limited electricity, and weak
communication networks constrain productivity. Practically, the coefficient implies that
improvements in infrastructure, such as upgrading rural roads and expanding post-
harvest facilities would contribute to measurable increases in coffee output and
farmers’ competitiveness. Moreover, infrastructure investments create synergies with
government policy and digital literacy. For instance, training programs (policy) and
mobile applications (digital literacy) can only be effective if supported by reliable
connectivity and logistics systems.

Taken together, the three variables digital literacy, government policy, and
infrastructure explain 53.9% of the variance in coffee productivity (R2 = 0.539). This
demonstrates that while individual factors are important, their combined effect provides
a more holistic explanation of productivity dynamics in Kerinci Regency. The key
contribution of this study is twofold. First, it empirically validates the critical role of
government policy as the strongest determinant, showing that institutional interventions
carry greater weight than individual or infrastructural factors. Second, it highlights the
interplay between digital literacy and infrastructure as complementary enablers that
amplify the effectiveness of policy support. This combination advances prior literature
by offering an integrated model tailored to a developing-country, smallholder coffee-
farming context.

In conclusion, this study provides new insights into how digital capacity,
supportive policies, and infrastructure improvements jointly enhance agricultural
productivity. The novelty lies in demonstrating that while digital skills and infrastructure
are enablers, government policy acts as the primary driver in the Kerinci coffee sector.
These findings emphasize the importance of designing policies that simultaneously
strengthen digital literacy and infrastructure, thereby creating a synergistic framework
for sustainable agricultural transformation and rural development.

CONCLUSION

This study demonstrates that digital literacy, government policy, and
infrastructure jointly and significantly influence coffee productivity in Kerinci Regency.
Among the three, government policy emerges as the strongest determinant,
underscoring the pivotal role of training, certification, subsidies, and market promotion
in boosting farmers’ performance. Digital literacy acts as an important enabler, allowing
farmers to access agricultural information, adopt modern technology, and expand
market opportunities. Infrastructure contributes by reducing production and distribution
costs, improving product quality, and strengthening connectivity with wider markets.

The integrated effect of these factors explains more than half of the variance in
coffee productivity, highlighting the need for coordinated strategies. The novelty of this
study lies in its empirical evidence that policy effectiveness is amplified when
complemented by farmers’ digital capacity and adequate infrastructure. Therefore,
sustainable improvement of the coffee sector requires not only strong and consistent
government interventions but also investments in human capital and rural
infrastructure. This synergy provides a pathway for enhancing farmer welfare,
increasing regional competitiveness, and supporting inclusive rural development.
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