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ABSTRACT 
 

The growth of the digital economy brings both challenges and opportunities for regional economic 
development, especially in areas where infrastructure and human resources are unevenly distributed. This 
study examines how digital infrastructure and socio-economic factors influence ICT competence, which 
is a key driver of digital economic progress in Eastern Indonesia. Using data from 13 provinces between 
2016 and 2023, the study applied a Fixed Effects Model (FEM) to analyze regional and time-based 
differences. The results show that Internet access has a strong positive impact on ICT competence, 
highlighting the critical role of digital infrastructure in boosting participation and reducing the digital gap. 
Education also plays a significant role, with improved education helping to build digital literacy and better 
prepare the population for technological change. On the other hand, income does not seem to have a 
significant effect on ICT competence, suggesting that economic factors are not yet the main drivers of 
technological skills in the region. Overall, the findings emphasize that digital development in Eastern 
Indonesia is primarily influenced by the availability of infrastructure and the quality of human resources. 
To support inclusive and sustainable digital growth, policies should focus on ensuring equal access to the 
Internet and incorporating digital literacy into education. 
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1. INTRODUCTION 

The growth of the digital economy in eastern Indonesia is a key part of regional transformation, 
linking infrastructure, social, and economic factors. While the region has significant natural resource 
potential, there are still major barriers to fully engaging in the digital economy, especially regarding digital 
infrastructure, education, and income levels. On the infrastructure front, there has been some progress, 
with Internet access increasing from 25.37% in 2016 to 53.73% in 2020, showing better access to digital 
services and connectivity (Anggoro et al., 2022). However, there is still a significant gap, as many provinces 
in the eastern region are highly vulnerable in terms of ICT, with notable disparities in technological 
readiness (Anggoro et al., 2022; Kharisma, 2022; Saputra et al., 2023). Key challenges remain, such as poor 
connectivity, high technology costs, and limited digital skills, which hinder effective use of ICT (Rahiem, 
2020; Susanto, 2018). Consequently, improving digital infrastructure is essential for closing the digital 
divide, expanding reliable connectivity, and supporting human capital development. Investing in digital 
infrastructure not only facilitates information flow and innovation, but also lays the groundwork for 
boosting community participation and improving digital literacy (Saputra et al., 2023). 

From a socio-economic perspective, digitalization in Eastern Indonesia holds significant potential 
for driving transformation. Digital platforms have given a boost to micro, small, and medium enterprises 
(MSMEs), helping them expand their market reach, improve efficiency, and foster innovation (Kushadiani 
et al., 2021; Rolando & Mulyono, 2025). However, the digital literacy gap and cybersecurity concerns 
remain major hurdles, particularly in rural areas where technology adoption is still low (Farliana et al., 2024; 
Rolando & Mulyono, 2025). Addressing these challenges will require comprehensive policies that focus 
on improving digital skills, promoting inclusive participation, and strengthening online security (Farliana 
et al., 2024). Economically, there’s clear evidence that adopting digital technologies leads to higher Gross 
Regional Domestic Product (GRDP) per capita, highlighting the positive impact of digitalization on 
regional productivity and competitiveness (Ma et al., 2023; Novianti et al., 2025). The digital economy also 
plays a crucial role in diversifying industries, reducing regional isolation, and enhancing economic 
resilience, positioning Eastern Indonesia as a key area for inclusive growth (Ma et al., 2023; Suhendra et 
al., 2025). In this light, sustained investment in digital infrastructure, human resource development, and 
institutional capacity is essential to unlock the full potential of the digital economy and align it with national 
economic transformation goals. 

While research on the digital economy in developing countries is growing, there is still a lack of 
empirical studies focused on the spatial and structural factors that influence digital economic development 
in Indonesia, especially in its eastern regions. These areas face significant gaps in infrastructure, education 
and income. Most existing studies have centered on the national level or urban areas like Java, where digital 
infrastructure and human resource quality are much more advanced (United Nations Development 
Program, 2023; World Bank, 2021). Consequently, they often overlook the regional differences that play 
a major role in digital transformation across Indonesia, leaving a gap in understanding how basic factors 
such as Internet infrastructure, education, and income levels affect digital economic performance in less 
developed regions. 

The unique aspect of this study is its regional and multidimensional approach, which analyzes the 
factors that influence digital economic development in eastern Indonesia by combining three key 
dimensions: infrastructure (Internet access), social capital (education), and economic capacity (income) 
into a single framework. Unlike previous studies that examined these factors separately or only at the 
national level, this study used panel data analysis to capture both spatial and temporal differences, offering 
a more detailed view of the structural dynamics behind regional digital transformation. By focusing on 
eastern Indonesia, this study contributes new theoretical insights into digital inclusivity and regional 
development, especially from a geographically diverse and underrepresented area. The findings are 
expected to inform policies aimed at bridging the digital divide and fostering inclusive and sustainable 
digital economic growth in Indonesia. 
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2. LITERATURE REVIEW 

The theory of digital inclusivity, introduced by Warschauer (2003), highlights the need for equal 
access to, skills in, and use of Information and Communication Technology (ICT) across all segments of 
society. This idea builds on the concept of the digital divide, which not only points out the physical gaps 
in access to technology but also includes disparities in digital skills, meaningful use of technology, and 
institutional support (Garcia, 2003). When it comes to ICT competence, this perspective stresses that a 
person's ability to effectively use technology is deeply shaped by structural factors like the learning 
environment, training opportunities, and access to public digital services. Consequently, education policies 
and investments in digital infrastructure are key tools for promoting ICT literacy and skills development 
across all regions, ensuring a more even distribution of these capabilities. 

Access to the Internet at the household level plays a crucial role in developing individual ICT skills, 
which in turn boosts social, economic, and educational participation. Reliable Internet access allows people 
to connect to information, online learning resources, and social networks, all of which help them adapt to 
technological changes. Therefore, household Internet access is not just a technical tool, but also a key 
factor in reducing digital exclusion by providing the necessary resources and environment to build ICT 
skills (Muñoz-Espinoza et al., 2025). Several studies have confirmed this, showing that household Internet 
access positively affects community ICT competence. Increased connectivity leads to better digital literacy, 
improved problem-solving skills using technology, and greater individual readiness for digital 
transformation (de Araujo et al., 2018; Formichella et al., 2020; Nash & Wakefield, 2025; Wamuyu, 2017). 
Based on this, the following hypothesis is proposed: 

H1: Internet access positively affects ICT competence. 

Formal education plays an important role as a systematic platform for developing ICT competence 
through a structured and integrated curriculum. In this context, educational institutions provide a learning 
environment that enables the implementation of digital technology and the use of Internet-based resources 
to improve the effectiveness of learning and student engagement (Blyznyuk & Hotsaniuk, 2024; Mochalina 
et al., 2025; Priimak & Razina, 2020). Formal education does more than transfer technical knowledge; it 
also plays a vital role in developing digital literacy, problem-solving skills, and critical thinking. These are 
essential for lifelong learning and adapting to the ever-changing global digital landscape (Ayyildiz et al., 
2021; Javorcik, 2017). As noted by Formichella et al. (2020), this highlights that education level has a 
positive impact on community ICT competence. This shows that investing in education not only improves 
individuals' ability to use technology but also fosters more inclusive participation in the digital economy. 
Based on this, the following hypothesis can be proposed: 

H2: Education has a positive effect on ICT competence 

From an economic perspective, there is a clear link between socioeconomic status (SES) and ICT 
literacy. Individuals from higher SES groups tend to have better digital skills compared to those from 
lower-income backgrounds (Scherer & Siddiq, 2019). Income, a key component of SES, plays a significant 
role in providing access to devices, the Internet, and digital learning opportunities. For example, the 
income gap in China between urban and rural areas is strongly tied to differences in ICT adoption, like 
Internet usage and access to digital devices (Fong, 2009). This means that income not only affects people’s 
ability to access technology but also influences their level of ICT competence. There’s a positive 
relationship between income and ICT skills—higher income improves affordability and access to ICT 
training, ultimately enhancing digital skills (Ali et al., 2019; Park & Weng, 2020). Based on this, the 
following hypothesis is proposed: 

H3: Income has a positive effect on ICT competence 
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3. METHOD  

 This study analyzed the digital economy development model in eastern Indonesia from 
infrastructure, social, and economic perspectives using panel data from 13 provinces from 2016 to 2023. 
A static panel data analysis was used to determine the most suitable model among pooled least squares 
(PLS), fixed effect model (FEM), and random effect model (REM), with the Chow and Hausman tests 
applied for selection. 

3.1 Chow Test 

The Chow test was used to determine whether the data could be combined in a single PLS model 
or if there were significant differences between groups that required separate models. This test examined 
the null hypothesis that the regression coefficients had the same across all groups (e.g., region, sector, or 
time) (Granger & Newbold, 1974). If the test results reject the null hypothesis, then the PLS model cannot 
be used, and it is recommended that separate models (such as the Fixed Effects Model (FEM) or Random 
Effects Model (REM)) be used. 
In the context of this test: 

H₀ : Regression coefficients are the same across groups (pooled model is valid) 

H₁ : Regression coefficients differs across groups (separate models are more appropriate) 
If the Chow Test p-value < 0.05, the null hypothesis was rejected and choose a model separate 

group (e.g., FEM or REM) 

3.2 Hausman Test 

The Hausman test was used to determine the most appropriate model between FEM and REM 
by testing whether there is a correlation between unique errors (individual effects) and independent 
variables in the model. If the individual effects are correlated with the independent variables, then the 
FEM model is more appropriate to use, as it can control for unobserved individual effects, thereby 
producing consistent estimates. Conversely, if the individual effects are not correlated with the 
independent variables, then the REM model is more efficient, as it does not require additional estimates 
to control for individual variation and produces estimates with smaller variance. As a result, the Hausman 
Test serves as a tool to ensure the selection of a panel data model that is not only statistically efficient but 
also theoretically consistent in representing the relationship between the research variables (Frondel & 
Vance, 2010). 
In the context of this test: 

H₀ : There is no correlation between the individual effects and independent variables (REM is more 
efficient). 

H₁ : There is a correlation between individual effects and independence (FEM is more appropriate). 
If the p-value of the Hausman Test is < 0.05, the null hypothesis is rejected, and the FEM is selected. 
Conversely, if p-value > 0.05, the REM is considered a more efficient choice. 

Furthermore, classical assumption tests – namely, multicollinearity, heteroskedasticity, and 
autocorrelation tests—were conducted to ensure the absence of these issues, thereby confirming that the 
model and empirical results are free from bias. 

Table 1. Description of Variable 

No Variables Indicator Units Source 

Dependent Variable 

1 ICT Competence 
(ictcomp) 

Proportion of population with ICT skills Percentage 
(%) 

Central Bureau of 
Statistics (Indonesian 

Independent Variables 

2 Internet Access 
(inetacc) 

Proportion of households that have accessed 
the Internet in the last three months 

Percentage 
(%) 

Central Bureau of 
Statistics (Indonesian 
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3 Education (educ) Rate of school participations Percentage 
(%) 

Central Bureau of 
Statistics (Indonesian 

4 Income (income) GRDP per capita Thousand 
Rupiahs 

Central Bureau of 
Statistics (Indonesian 

 
 As shown in Table 1, the dependent variable used to assess the digital economy is ICT competence 
(ICTcomp), measured by the proportion of the population possessing ICT skills. To represent the 
infrastructural, social, and economic dimensions, the independent variables employed include Internet 
access (inetacc), education (educ), and income (income). Accordingly, the analytical model used in this 
study can be formulated as follows: 

𝐼𝐶𝑇𝑐𝑜𝑚𝑝𝑖𝑡 =  𝛽0 +  𝛽1𝑖𝑛𝑒𝑡𝑎𝑐𝑐𝑖𝑡 + 𝛽2𝑒𝑑𝑢𝑐𝑖𝑡 + 𝛽3𝑙𝑛𝑖𝑛𝑐𝑜𝑚𝑒𝑖𝑡 + 𝛿𝑖𝑡      (1) 

where: 
ICTcomp  : ICT Competence 
Inetacc   : Internet Access 
educ   : Education 
lnincome  : logarithm of natural income 

𝛽0   : Intersep 

𝛽1, 𝛽2, 𝛽3  : Coefficient of Regression 

𝛿   : random error (noise) 
i   : 1-13 cross-sectional data of province 
t   : 1-8 time series data from 2016 to 2023 

4. RESULT AND DISCUSSION 

4.1 Result 

4.1.1 Descriptive Statistics 

Table 2. Descriptive Statistics 

Variables N Mean Std. Dev. Min Max 

ICTcomp 104 49.00 17.30 15,00 84.03 

inetacc 104 63.60 18.52 19.26 91.21 

educ 104 74.41 3.927 61.89 79.92 

income 104 31.254 13.522 11.469 71.924 

 
Table 2 presents the descriptive statistics for the four key variables analyzed in this study: ICT 

competence (ICTcomp), Internet access (inetacc), education level (educ), and income (income). The 
average ICT competence score is 49.00, with a standard deviation of 17.30, showing that there is a wide 
range of digital skills across different regions. Internet access had a mean of 63.60 and a standard deviation 
of 18.52, highlighting significant differences in both the availability and quality of Internet connectivity 
between provinces. The average education level is 74.41, with a standard deviation of 3.93, indicating that 
most regions have relatively high education levels, but there are still noticeable regional differences. 
Income has an average of 31.254 with a standard deviation of 13.522, ranging from 11.469 to 71.924, 
indicating significant income inequality between areas. Overall, these statistics point to clear socio-
economic disparities that could affect the results of the model, suggesting the need to address issues such 
as multicollinearity and heterogeneity in the analysis. 
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4.1.2 Best Model Choices 

 In the panel data analysis, the Chow and Hausman tests were used to determine the best model 
among PLS, FEM, and REM (Arellano & Bond, 1991; Ciarreta et al., 2019; Verbeek, 2021). First, the The 
Chow test was applied to compare the PLS and FEM. The results showed a Prob > F value of 0.000 
(<0.05), leading to the rejection of the null hypothesis, which means FEM was chosen over PLS. The 
Hausman test was then performed to decide between FEM and REM. The estimation resulted in a Prob 
> Chi² value of 0.000 (<0.05), leading to the rejection of the null hypothesis again. Therefore, FEM was 
confirmed as the preferred model. In conclusion, the Fixed Effects Model (FEM) was determined to be 
the most appropriate model for this study. 
 
4.1.3 Classical Assumption Test 

In econometric analysis, it’s essential to test classical assumptions to ensure the regression model 
used for data analysis is both valid and reliable. In this study, two key diagnostic tests were conducted: the 
multicollinearity test and the heteroskedasticity test. Multicollinearity happens when two or more 
independent variables in a regression model are highly correlated, which can distort the estimation of 
regression coefficients. In the fixed effects model, multicollinearity can be spotted by checking the 
correlation matrix of the independent variables. If the correlation coefficient exceeds 0.75, it suggests 
potential multicollinearity (Goodman, 2013). Heteroskedasticity occurs when the variance of the residuals 
changes across observations, leading to inefficient estimates and biased standard errors (Yang, 2021). To 
check for heteroskedasticity in the fixed effects model, the study used the Kezdi test (Kezdi, 2005; Uchôa 
et al., 2014). 
 

Table 3. Correlation between Independent Variables 

 
inetacc educ lnincome 

inetacc 1.000 
  

educ 0.4962 1.000 
 

lnincome 0.1791 -0.1852  1.000 

Source: Author (processed data) (2025) 
 

As presented in Table 3, the correlation values among the independent variables—ICT 
competence (ICTcomp), education (educ), and log of income (lnincome)—do not exceed 0.75. This 
indicates that the model is free from multicollinearity issues. Table 4 presents the results of the 
heteroskedasticity test. 
 

Table 4. Kezdi Test (Heteroskedasticity Test) 

Test for Statistic P-value 

H1 vs. H0 5.811 0.562 

H2 vs. H0 11.548 0.116 

H3 vs. H0 8.726 0.273 

H1: Cross-sectional homoskedasticity 
H2: Serially uncorrelated: e_it, x_it or both 
H3: Homoskedasticity and serially uncorrelated 
H0: Heteroskedasticity 

Source: Author (processed data) (2025) 
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The results of the Kézdi test in Table 4 show that the p-values for all comparisons (H1 vs. H0, H2 
vs. H0, and H3 vs. H0) are greater than 0.05. This indicates there isn’t enough evidence to reject the null 
hypothesis, meaning there’s no significant heteroskedasticity or autocorrelation in the Fixed Effects 
Model. As a result, the model’s estimated coefficients are considered efficient, and the model is not 
influenced by the non-constant error variances. 

 
Table 5. Comparison of PLS, FEM, and REM Estimation 

Variables PLS FEM REM 

inetacc 0.939*** 0.972*** 0.979*** 

 (0.0221) (0.0240) (0.0198) 

educ -0.312*** 1.305** -0.298 

 (0.105) (0.611) (0.196) 

lnincome 1.592* -3.481 0.387 

 (0.827) (2.630) (1.514) 

Constant -3.833 -74.17 4.907 

 (12.54) (51.94) (23.15) 

Observations 104 104 104 

R-squared 0.962 0.977  

Number of Prov  13 13 

Standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 

Source: Author (processed data) (2025) 
 

Based on the model selection process (Table 5), the Fixed Effects Model (FEM) was chosen as 
the most suitable specification. The relationships between the variables are summarized in Table 5 
(Column 3, FEM). The model’s R-squared value of 0.977 indicates that 97.7% of the variation in ICT 
competence (ICTcomp) is explained by the independent variables: Internet access (inetacc), education 
(educ), and income (lnincome). The remaining 2.3% is due to factors not included in the model. 

Internet access (inetacc) has a strong positive and statistically significant effect, with a coefficient 
of 0.972 at the 1% significance level (p < 0.01). This means that a 1% increase in Internet access leads to 
a 0.972% increase in ICT competence. Education (educ) also has a positive and significant impact, with a 
coefficient of 1.305 at the 5% significance level (p < 0.05), suggesting that a 1% improvement in education 
results in a 1.305% increase in ICT competence. On the other hand, income (lnincome) does not show a 
significant effect, as its p-value is above 0.10, indicating that income doesn’t play a major role in 
determining ICT competence in this model. 
 
4.2 Discussion  

The estimation results show that Internet access has a strong positive and significant effect on ICT 
competence. Having access to the Internet opens up digital resources and additional learning materials, 
which help improve both academic performance and technological skills. Students with Internet access at 
home tend to perform better in subjects like mathematics and reading (Formichella et al., 2020; Rodríguez 
Arenas & Gamboa, 2024), highlighting how connectivity contributes to better learning outcomes and 
stronger ICT skills. Additionally, Internet access boosts self-confidence in using technology, which further 
enhances ICT competence. Professional development programs for teachers, supported by Internet 
access, have also been found to improve their digital self-efficacy and ICT skills (Murwaningsih, 2025). 
 Furthermore, education shows a strong positive and significant link to ICT competence. It plays 
a crucial role in developing the digital skills needed for effective technology use. Students with higher 
digital literacy are more likely to use technology successfully for academic purposes (Shima & Jaupaj, 2025). 
Educational programs and ICT-focused training initiatives have been proven to improve digital 
competence among both students and teachers, as seen in Vietnam and China (Thao et al., 2024; Xiong 
& Lim, 2015). These findings highlight that investing in education not only strengthens individual tech 
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skills but also supports broader, more inclusive participation in the digital economy (Formichella et al., 
2020). 

However, income does not have a statistically significant impact on ICT competence. This finding 
contrasts with some theoretical expectations and previous studies that suggested that a higher economic 
status would boost digital skills. However, this effect seems to be influenced more by other factors, 
especially education and technology access. For example, a study in Bangladesh showed that while 
wealthier women were more likely to acquire ICT skills, about 85% of this effect was explained by their 
level of education (Islam & Uthso, 2024). This suggests that while income may help with accessing devices 
and Internet connectivity, ICT competence is more strongly shaped by education and effective use of 
technology than by financial resources alone. This highlights that policy efforts focused only on increasing 
income, without simultaneous improvements in education and digital infrastructure, are unlikely to 
produce the best results for the elderly. 
 
5. CONCLUSION 

This study examines how digital infrastructure and socio-economic factors affect ICT competence 
as a measure of digital economic development in eastern Indonesia, using panel data at the provincial level. 
The results show that Internet access has a positive and significant impact on ICT competence, 
highlighting the essential role of digital infrastructure in developing digital capacity. Education also plays 
a significant role, reinforcing the importance of improving the quality and equity of education to 
strengthen digital literacy and skills. However, income does not appear to have a significant effect, 
suggesting that economic conditions aren’t yet a major driver of technological proficiency in the region. 

Given these findings, digital economic development in eastern Indonesia is mainly driven by the 
availability of digital infrastructure and the quality of human resources, not economic factors. Policymakers 
should focus on expanding equitable digital infrastructure across all provinces, especially in areas with 
limited Internet access. It’s also crucial to integrate digital literacy into both formal and non-formal 
education systems to build ICT competence from an early age. Capacity-building programs should target 
lower- and middle-income communities to ensure inclusive participation in digital transformation. 
Additionally, while efforts to increase income are important, they should be paired with policies that 
promote the productive use of technology in agriculture. The key to achieving inclusive and sustainable 
digital economic growth in Eastern Indonesia lies in the combined efforts of infrastructure development, 
educational improvement, and economic empowerment policies. 
 
6. LIMITATION 

This study has some limitations that should be considered when interpreting the results and 
planning future research. The static panel data model used may not fully capture the long-term dynamics 
between digital infrastructure, education, income, and ICT competence in Eastern Indonesia. Therefore, 
future studies should consider using dynamic panel methods, such as the Generalized Method of Moments 
(GMM) or spatial panel models, to better account for temporal changes and the interactions between 
regions. 

Additionally, using provincial-level data may overlook variations within provinces, especially the 
differences between urban and rural areas, which can vary significantly in terms of geography and 
infrastructure. This research also does not include important variables such as local government policies, 
the quality of educational infrastructure, ICT sector investments, or sociocultural factors that could 
influence how technology is adopted and mastered. Future research should expand the range of variables 
considered, extend the observation period, and incorporate both quantitative and qualitative methods for 
a more comprehensive understanding of the factors driving digital economic development, particularly in 
Eastern Indonesia. 
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