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1. Introduction

Corn (Zea mays L.) is a major food commodity that plays an important role not
only as a source of carbohydrates but also as a raw material for various
industries. In Indonesia, corn is considered a strategic commodity that can help
reduce dependence on rice as a staple food. This study aims to analyze the
factors influencing the welfare of maize farmers in Simalungun Regency, North
Sumatra, using Structural Equation Modeling (SEM) based on Partial Least
Squares (PLS). The variables examined included socioeconomic factors,
accessibility, production, and farmer welfare. Data were collected from 100
maize farmers in Simalungun Regency. The results indicate that socioeconomic
conditions, accessibility, and corn production significantly affect farmer welfare.
The model produced an R? value of 0.387, suggesting that the independent
variables explain 38.7% of the variation in farmer welfare. Measurement model
evaluation showed satisfactory validity and reliability, with loading factors
above 0.60, Cronbach’s Alpha values above 0.60, Composite Reliability values
above 0.70, and Average Variance Extracted values above 0.50, indicating that
the model is fit and the latent variables have substantial effects on welfare. The
findings imply that improving farmer welfare requires strengthening
socioeconomic conditions, enhancing access to production inputs and
infrastructure, and increasing farm productivity. Policy support through
improved access to capital, agricultural extension services, infrastructure
development, and stronger farmer institutions is therefore recommended.
Keywords: accessibility, production, smart-PLS, socio-economic, welfare

One of the developing countries that continues to strive to become a developed country is Indonesia.
Improving the standard of living and family welfare is the goal of Indonesia's sustainable development [1].
The process of developing the overall system of state administration to achieve national goals is known as
national development. Activities that aim to improve or change the condition of society are called
development.

National development is highly dependent on family life, which is the core part of society, so that families
have a strategic value in national development and become the foundation for full human development. The
success of a region's development can be seen from the extent to which the development is able to improve
family welfare, where the level of welfare is studied by covering several fields, one of which is
socioeconomic factors [2]. Economic development that aims to improve people's welfare requires
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components that are closely related to each other. Elements-any aspect, including the economy [3, 4] can be
modified to increase the value of economic development according to local characteristics or local wisdom

[5].

The agricultural sector supports various economic activities, including farming. Improving the accessibility
of agricultural roads is one of the government's plans, as stipulated in the Regulation of the Minister of
Villages, Development of Disadvantaged Regions, and Transmigration (Permendes PDTT) regarding the
Priority Allocation of Village Funds, which is intended to facilitate the development of village roads,
agricultural access roads, and supporting infrastructure for local economic activities [6]. Both directly and
indirectly, the availability of adequate agricultural roads will have an impact on the high cost of production
and distribution of agricultural commodities. Moreover, the presence of proper road infrastructure may
enhance the mobility of agricultural products and related services. In contrast, inadequate agricultural
facilities and infrastructure tend to increase production as well as distribution expenses, thereby reducing the
competitiveness of agricultural commodities within the market [7].

In order to encourage the rural economy, one of the ways is through accessibility [8]. Accessibility may be
interpreted as the degree of convenience in obtaining or reaching required goods and services. A high level
of accessibility can be achieved through the existence of adequate infrastructure, particularly road networks,
accompanied by the provision of supporting transportation and mobility facilities [9]. In rural areas,
accessibility has an important role. The existence of this accessibility can stimulate the growth of markets
and economic growth centers in a village area [10, 11, 7]. With easy accessibility, agricultural productivity
will also increase [12, 13].

In family life today, there are still many families who have not reached the desired level of welfare. This
condition may arise due to the relatively low income earned by the husband or head of the household,
resulting in an inability to adequately meet the family’s essential needs and consequently affecting the
overall level of household welfare. In this case, family members must have the ability to overcome these
problems [14]. In this case, the family is the smallest social unit in society, consisting of father, mother, and
children. The family is the institution most responsible for safeguarding the welfare of its family members,
including their social, economic, and survival well-being. [15, 16].

National development is highly dependent on family life, which is the core part of society, so that families
have a strategic value in national development and become the foundation for full human development. The
level of welfare is studied by covering several fields, one of which is socioeconomic factors besides the
accessibility factor of roads or infrastructure, production, and access to capital. There is a relationship
between income from farming and income from alternative non-farm work to increase total income and
farmer welfare, Sirajuddin [17, 18]; in which socioeconomic conditions constitute one of the determinants
influencing farmers’ income levels [19, 20, 21].

Currently, farmers' welfare is a major concern as it is expected to decline. This can be seen from the
relatively low level of farmer income and the purchasing power of farmers, which is reflected in the Farmer
Exchange Rate (NTP), which often fluctuates and even tends to decline in certain periods [22, 23, and 24].
Some of the factors that are thought to contribute to the decline in farmers' welfare levels are the decline in
production caused by cultivation aspects, one of which is pest attacks on maize plants [25]. reduction in the
area of land owned by farmers, a decrease in commodity prices at harvest, and an increase in input
components that contribute to farm production [26]. This is supported by Wahed et al. [27] in which
production exerts a significant influence on the welfare level of farmers [28, 29].

Corn production is influenced by a combination of agronomic, economic, social, environmental, and policy
factors. Understanding these factors is crucial for designing effective strategies to increase corn production
and improve farmers’ well-being. Efforts to increase corn production must involve a holistic approach that
takes all these factors into account [30, 31].
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In 2023, with a land area of 36,733.9 hectares, Simalungun District produce 213,828 tons of maize, with a
productivity of approximately 5.82 tons per hectare. Multiple aspects, including accessibility, the application
of agricultural technology, and the involvement of farmer groups, show good potential for increasing maize
production and productivity in Simalungun District. For this reason, the lives of farmers and the
sustainability of maize production in Simalungun District must continue to be improved.

In their farming activities, maize farmers in Simalungun District face various challenges that affect their
income, including socioeconomic factors, accessibility, and production levels. This study formulates a model
illustrating the interrelationship between socioeconomic conditions, accessibility, production factors, and the
welfare of farmers. The model was analyzed using Smart-PLS, a statistical tool that allows testing structural
and measurement relationships on latent variables.

CORN FARMING

SOCIAL ECONOMY ACCESSIBILITY PRODUCTION

WELFARE

Figure 1. Research framework

2. Materials and Methods

2.1. Research Methods

The study employed a case study approach, which involves an intensive, detailed, and comprehensive
examination of particular individuals, groups, institutions, or events in order to obtain an in-depth
understanding of the subject under investigation. Data collection in this research incorporated both
qualitative and quantitative approaches. The qualitative descriptive approach was applied through a
descriptive-analytical framework to examine and interpret the identified problems systematically. This
approach was expected to provide a clearer depiction of the observed phenomena as well as a deeper
interpretation of the relationships among those phenomena. Furthermore, quantitative analysis was
conducted through statistical testing using the Structural Equation Modeling (SEM) technique with a Partial
Least Squares (PLS) approach.

2.2. Location determination method

This study was conducted in Simalungun Regency, which is known as one of the major corn-producing
regions in North Sumatra. The research locations were selected using the one-stage cluster sampling
technique with a sampling proportion of 30%, resulting in the selection of three subdistricts. These locations
were determined through purposive sampling based on the principle of representing areas with high,
medium, and low production levels, which are: Sidamanik Subdistrict with high production scale (>10.000
tons/year); Raya Subdistrict with medium production scale (5.000-10.000 tons/year); and Hutabayu Raja
Subdistrict with low production scale (<5.000 tons/year).

2.3. Sampling method

The population studied in this research consisted of 700 farmers engaged in corn cultivation. The sample size
was determined using Proportional Stratified Random Sampling, with the sample consisting of 100 farmers
selected through purposive sampling. Thus, the sample size can be determined as shown in Table 1.
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Table 1. Research sample size

Scale of Production Population (Farmers) Sample (Farmers)
High (Sidamanik) 280/700 x 100 40
Medium (Raya) 210/700 x 100 30
Low (Hutabayu Raja) 210/700 x 100 30

2.4. Data collection methods

The data utilized in this research comprised both primary and secondary sources. Primary data were gathered
through field-based research activities, including direct visits to the study area and interviews with
respondents using structured questionnaires, as well as observation and documentation techniques. In
contrast, secondary data were obtained through literature reviews and institutional sources, including the
Statistics of the Central Bureau, the Agriculture Office of Simalungun Regency, village administrative
offices, and various other relevant sources. Additional supporting information was also collected from
community leaders, local government representatives such as village secretaries and neighborhood heads, as
well as other parties relevant to the objectives of this study.

2.5. Data analysis method

The principal analytical approach applied in this study was the mixed methods approach, which integrates
both qualitative and quantitative research perspectives within a single framework. Furthermore, the data
analysis process employed the Structural Equation Modeling (SEM) technique based on Partial Least
Squares (PLS), supported by measurements using a Likert scale with the following research variables:

Table 2. Measurement of research variables

Variables/Constructs Variable Types Indicators
Social economy (se) Exogenous Social characteristics (sel)
Social capital (SE2)
Agricultural Extension (SE3)
Marketing (SE4)

Production Input Assistance (SES5)
Fertilizer subsidies (SE6)
Farming Experience (SE7)
Accessibility (A) Exogenous Access to farm roads (A1)
Environment (A2)
Access to capital (A3)
Cultivated area (A4)
Access to technology (AS)
Production (P) Exogenous Output (P1)
Land Productivity (P2)
Labor Productivity (P3)
Welfare (W) Endogenous Production Cost Efficiency (W1)
Income (W2)

Product Price Increases (W3)
Household consumption (W4)
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3. Results and Discussion

The findings derived from the Structural Equation Modeling (SEM) analysis based on Partial Least Squares
(PLS), which examined the effects of socioeconomic factors, accessibility, and maize production on farmers’
welfare in Simalungun Regency, produced a model as illustrated in Figure 2.
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Figure 2. Loading factor value of farmer welfare model

3.1. Socioeconomic variables

All indicators representing the socioeconomic variables in this study demonstrated loading factor values
exceeding 0.60, as indicated by the PLS data processing results presented in Figure 1. These findings suggest
that indicators with loading values greater than 0.60 possess a strong level of validity [32, 33, 34], which
means that the seven indicators on socio-economic variables meet the criteria for convergent validity.

3.2. Accessibility variables

The PLS data analysis results indicate that all indicators associated with the accessibility variable obtained
loading factor values greater than 0.60. These findings demonstrate that the indicators measuring the
accessibility variable possess a strong degree of validity, indicating that they satisfy the requirements of
convergent validity.

3.3. Production variables

Based on the PLS data processing results, all indicators representing the production variable exhibited
loading factor values above 0.60. This finding indicates that the production variable indicators generally
demonstrate a high degree of validity, meaning that each indicator fulfills the established criteria for
convergent validity.

3.4. Welfare variable

This welfare variable has a loading value above 0.60 as a whole. Overall, this welfare variable indicator also
has a high level of validity, which can be interpreted as meaning that all indicators in the welfare variable
also meet the criteria of convergent validity. This finding indicates that the welfare level of maize farmers in
Simalungun Regency is affected by several factors, including socioeconomic conditions, a conclusion that is
consistent with the findings reported in previous studies by Ismawati [35] which concluded that
socioeconomic conditions have an effect on farmers’ welfare and are further reinforced by findings from
other related studies [36]. Accessibility factors influence the level of farmer welfare, as stated by Sitorus [37]
who stated that good accessibility to markets and transportation facilities can increase the efficiency of
agricultural product marketing, thereby impacting the improvement of farmer welfare. Likewise, production
variables are important factors that influence the level of farmer welfare. Increased production and
productivity in farming will increase farmer income, thus impacting the improvement of farmer household
welfare [38, 35].



85
Indonesian Journal of Agricultural Research Research Vol. 09, No. 02 (2026) 80 — 89

Table 3. Construct reliability and validity

Cronbach's tho A Cmflpqs.ite Average Variance

Alpha - Reliability Extracted (AVE)
Accessibility 0.93 0.94 0.95 0.78
Production 0.76 0.76 0.86 0.68
Social Economy 0.89 0.92 0.92 0.61
Welfare 0.88 0.89 0.92 0.73

The constructs included in this research model were regarded as having satisfactory discriminant validity, as
the PLS data analysis results revealed no issues related to convergent validity within the tested model. These
findings indicate that the constructs employed in the study are both valid and reliable.

Average Variance Extracted (AVE)
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Figure 3. Average variance extracted (AVE)

The values of Cronbach’s Alpha (CA), Composite Reliability (CR), and Average Variance Extracted (AVE)
for each construct in this study also demonstrated acceptable results, indicated by Cronbach’s Alpha values
exceeding 0.60, Composite Reliability values above 0.70, and AVE values greater than 0.50. These results
confirm that the model possesses adequate validity and reliability.

Table 4. Discriminant validity

Accessibility Production Social Economy Welfare
Accessibility 0.88
Production 0.29 0.82
Social Economy 0.49 0.56 0.78
Welfare 0.28 0.59 0.48 0.85

The loading factor of each indicator on its respective construct was found to be higher than its cross-loading
values on other constructs. Accordingly, each construct or latent variable in the study can be considered to
possess adequate discriminant validity. This condition indicates that the indicators within each construct
demonstrate stronger associations with their own construct compared to indicators belonging to other
construct groups. Based on the cross-loading analysis results, no issues related to discriminant validity were
identified.

The examination of each relationship was conducted through a simulation procedure employing the
bootstrapping technique on the research sample. This procedure was intended to reduce potential issues
associated with the non-normal distribution of the research data. The outcomes of the SEM-PLS analysis
using the bootstrapping approach are presented as follows.
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Figure 4. Bootstrapping
Based on the bootstrapping procedure, the calculation results are presented in the following table:

Table 5. Outer loadings from bootstrapping

Sumple Stmle P TSwtisties py
(0) Mean (M) (STDEV) (|JO/STDEYV))

A1l <- Accessibility 0.85 0.86 0.07 12.26 0.00"*"
A2 <- Accessibility 0.92 0.91 0.07 12.70 0.00™"
A3 <- Accessibility 0.85 0.83 0.11 8.02 0.00"""
A4 <- Accessibility 0.92 0.91 0.09 10.27 0.00"*"
AS <- Accessibility 0.87 0.86 0.08 10.31 0.00"*
P1 <- Production 0.83 0.83 0.05 16.21 0.00"*"

P2 <- Production 0.83 0.82 0.06 13.38 0.00"*"

P3 <- Production 0.81 0.81 0.05 16.24 0.00"*"
SE1 <- Social Economy 0.70 0.71 0.08 9.29 0.00™"
SE2 <- Social Economy 0.90 0.90 0.02 44.59 0.00"*"
SE3 <- Social Economy 0.75 0.74 0.07 10.16 0.00""
SE4 <- Social Economy 0.86 0.87 0.03 34.37 0.00™"
SES5 <- Social Economy 0.62 0.60 0.11 5.55 0.00""
SE6 <- Social Economy 0.83 0.82 0.06 13.35 0.00™*"
SE7 <- Social Economy 0.76 0.77 0.06 12.60 0.00™*"
W1 <- Welfare 0.79 0.79 0.05 15.78 0.00™*"
W2 <- Welfare 0.89 0.89 0.03 26.59 0.00™"

W3 <- Welfare 0.90 0.90 0.04 24.96 0.00™"

W4 <- Welfare 0.83 0.83 0.05 17.30 0.00™"

R Square 0.39

R Square Adjusted 0.37
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Based on the PLS calculation results derived from the outer loading values and statistical testing, the
existence of relationships among variables can be identified through the p-value. A p-value below 0.05
indicates a statistically significant effect, whereas a p-value greater than 0.05 signifies the absence of a
significant effect. Table 5 demonstrates that all indicators associated with each variable obtained p-values of
0.000 (<0.05), indicating that every indicator exerts a statistically significant effect on the socioeconomic,
accessibility, production, and welfare variables.

3.5. Structural model

The structural model testing results indicate that socioeconomic conditions, accessibility, and production
significantly affect farmers’ welfare. The coefficient of determination (R?) for the farmer welfare variable
was recorded at 0.387, suggesting that the model is capable of explaining 38.7% of the variation in farmers’
welfare.

4. Conclusion

Based on the findings obtained from the Structural Equation Modeling (SEM) analysis using the Partial
Least Squares (PLS) approach, it can be concluded that socioeconomic conditions, accessibility, and maize
production exert significant effects on the welfare level of farmers in Simalungun Regency. The results of
this study further emphasize the crucial role of socioeconomic, accessibility, and production-related factors
in enhancing farmers’ welfare, thereby providing a foundation for the formulation of policies and farmer
empowerment initiatives within the region. Overall, this study implies that efforts to improve the welfare of
corn farmers need to be carried out in an integrated manner through increasing the socio-economic capacity
of farmers, improving infrastructure accessibility, and increasing corn production in Simalungun Regency.
Future research can use the results of this study as part of creating a corn agribusiness development model by
integrating other variables.
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