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Abstract
 

_________________________________________________________________ 
This study investigates the impact of regional spillover effects on economic growth in Central 

Java’s regencies and cities, focusing on Knowledge Spillover, Industry Spillover, Private 

Investment Spillover, and Government Expenditure Spillover using a spatial econometrics panel 

model. The results indicate significant effects on local economic growth; however, direct spillover 

effects, which are represented by the variable Wx in the Spatial Durbin Model (SDM), were not 

significant. This may be due to limited resource mobility, varying regional absorption capacities, 

and temporal dynamics. Direct spillover effects typically involve immediate economic interactions 

between neighboring regions, but in this study, these effects did not materialize as expected. 

Conversely, indirect spillover effects, reflected by spatial parameters ρ in the Spatial 

Autoregressive Model (SAR) and λ in the Spatial Error Model (SEM), highlight the importance 

of broader spatial dynamics across regions. These effects underscore the significance of 

interregional linkages rather than direct regional interactions, showing that regional synergies play 

a crucial role in fostering economic growth. From a policy perspective, the study recommends 

strengthening interregional cooperation by enhancing mechanisms such as information flow, 

technology transfer, and investment. Investment in digital infrastructure, the creation of 

innovation hubs, and cross-regional investment funds can help bridge the development gap and 

foster sustainable growth. Policies that support labor mobility and skill-building opportunities, 

especially for marginalized groups and women, are essential to promote equitable and inclusive 

economic development across regions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                    © 2025, Universitas Negeri Semarang 

 Corresponding author : 

   Address: Jenderal Soedirman University 
    E-mail: : isna.febriyana@mhs.unsoed.ac.id 

 

 

         ISSN 2252-6560
 

http://journal.unnes.ac.id/sju/index.php/edaj


  

Febriyana. I. & Badriah. L. S. / Economics Development Analysis Journal Vol. 14 No (1) (2025) 

 

125 

 

INTRODUCTION 

Economic growth is a multidimensional 

process that reflects the development and 

transformation of economic activities over time. 

It involves increasing productivity, fostering 

innovation, and enhancing the quality of labor 

and capital (Todaro & Smith, 2011). However, 

economic growth is rarely uniform across 

regions, as spatial disparities often emerge due to 

differences in resources, infrastructure, and 

economic interactions. These disparities 

highlight the importance of spatial analysis, a 

framework that examines how economic 

activities are distributed geographically and how 

they influence neighboring areas. A key 

component of spatial analysis is the concept of 

spillover effects, which refer to the positive or 

negative externalities generated by economic 

activities in one region on others (Richardson, 

1976). 

Theories of regional economic growth 

have extensively explored the nature and impact 

of spillover effects. Perroux's (1950) growth pole 

theory posits that economic development 

originates in specific centers and spreads outward 

to surrounding areas, eventually fostering 

regional balance. Similarly, Hirschman (1968) 

introduces the trickle-down mechanism, which 

predicts that the benefits of concentrated growth 

will diffuse to lagging regions. However, other 

scholars emphasize the risks of polarization and 

inequality. Myrdal (1957) warns of the backwash 

effect, where growth in advanced regions 

exacerbates disparities in less developed ones 

(Jhingan, 2016). These conflicting views 

underline the need for empirical analysis to better 

understand how regional spillover effects 

operate, particularly in spatially diverse 

economies. 

Indonesia's economic growth, as an 

integral part of the Association of Southeast 

Asian Nations (ASEAN), has shown a consistent 

upward trend in recent years. Data from the 

Central Statistics Agency (BPS, 2023)  indicates 

that Indonesia's economic growth has remained 

stable at around 5% from 2019 to 2023. This 

growth is bolstered by contributions to the Gross 

Regional Domestic Product (GRDP) from 

various regions, reflecting the diverse economic 

potential across the archipelago. Figure 1 

illustrates the proportion of GRDP contributions 

from each region, emphasizing the significance 

of regional economies in sustaining Indonesia's 

national development. 

 

 

Figure 1. Contribution of GRDP by Region to the Indonesian Economy (Percentage) 

Source: BPS Central Java Province, 2023 
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In Figure 1, Java Island is the most 

significant contributor to Indonesia's GRDP, 

accounting for over 50% of the national 

economy. This positions Java as the country's 

economic heart, with its strategic role driven by 

concentrated industrial, trade, and service 

activities. Following Java, Sumatra is the second-

largest contributor, with Kalimantan, Sulawesi, 

Maluku, Papua, and Bali and Nusa Tenggara 

playing smaller but vital roles. However, within 

Java, economic growth is not uniformly 

distributed among its provinces (BPS, 2023a). 

Figure 2 highlights the variations in economic 

growth rates across provinces in Java based on 

constant 2010 prices.

 

 

Figure 2. GDP Growth Rate at Constant 2010 Prices for Provinces in Java Island (Percentage) 

Source: BPS Central Java Province, 2023 

As seen in Figure 2, Central Java records 

the lowest economic growth rate among the 

provinces on Java Island, consistently falling 

below the national average. This highlights 

regional disparities within Java, despite its 

dominant economic contribution. These 

disparities necessitate a more detailed spatial 

analysis to uncover the potential spillover effects 

from the economic activities of neighboring 

regencies and cities within Central Java. 

Understanding these spillover dynamics is 

essential for designing policies that promote 

equitable development across the region, 

leveraging localized economic potential to 

address disparities and foster balanced growth. 

Spatial analysis offers a powerful tool to 

examine the interconnectedness of economic 

activities across regencies and cities, emphasizing 

the importance of spatial dependence, where 

economic advancements in one area might 

stimulate or hinder growth in adjacent regions 

(Paas et al., 2011). Spillover effects, which 

highlight the influence of economic activities in 

one region on its neighbors, underscore the 

necessity of incorporating geographic 

dimensions in regional economic analyses 

(Janikas & Rey, 2008). Furthermore, applying 

spatial econometric models—such as spatial 

Durbin, spatial lag, or spatial error models—

provides robust insights into the dynamics of 

regional interdependence, offering a 

comprehensive understanding of regional 

disparities and potential policy pathways to 

achieve balanced growth (Anselin, 1988). 

Capello (2009) classified spillover effects 

into three key types: knowledge spillovers, 

industry spillovers, and growth spillovers, each 

crucial in fostering regional economic 

development. The Marshall-Arrow-Romer 

theory provides a deeper understanding of 

knowledge spillovers, describing them as the 

dissemination of knowledge among workers 
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across firms within a region. A higher 

concentration of workers in an industry creates 

greater opportunities for exchanging ideas, 

leading to innovation and economic growth. This 

concept is supported by studies such as those by 

Saputra (2017) and Ding et al. (2022), which 

highlight knowledge spillovers' positive and 

significant impact on economic growth, with 

human capital as a vital contributor to this 

process. 

Additionally, the concept of 

agglomeration explains how the clustering of 

industries within a region facilitates positive 

externalities. As more industries establish 

themselves in a given area, industry spillovers, 

which generate added value and enhance the 

economy, become more prevalent. Research by 

Atikah et al. (2021) and  Laksono et al. (2018) 

further supports this, showing that industry 

spillovers significantly impact economic growth, 

aligning with theories such as the sector of 

growth, polarization, linkage effect, and 

industrial effect.  

However, despite the established 

importance of knowledge and industry spillovers, 

a noticeable gap exists in the literature regarding 

exploring private investment and government 

expenditure spillovers, particularly within a 

spatial framework. While existing studies have 

primarily focused on knowledge and industry 

spillovers, the role of private investment and 

government expenditure in regional economic 

growth, particularly in Central Java, remains 

underexplored. These elements are crucial for 

fostering regional development, especially in 

areas where public and private investments are 

pivotal in shaping economic progress. 

Furthermore, while spatial econometrics offers a 

powerful tool for capturing regional 

heterogeneity and interdependence, it remains 

underutilized in examining spillover effects, 

particularly in the context of Central Java. 

Additionally, most existing studies have 

analyzed spillover effects generally, without 

distinguishing between direct and indirect 

spillovers. While spillovers are often 

acknowledged in the regional development 

literature, the differentiation between direct 

spillovers (immediate and local effects) and 

indirect spillovers (effects through broader spatial 

dynamics) has rarely been explored. This gap is 

especially relevant for understanding regional 

economies, as the mechanisms driving direct and 

indirect spillovers can significantly differ. For 

example, direct spillovers are often tied to 

immediate neighboring regions, while indirect 

spillovers are driven by broader, less direct spatial 

interconnections, such as knowledge exchange, 

technology transfer, or private investment flows. 

This research seeks to explicitly address this gap 

by distinguishing between these two types of 

spillover effects, offering a more nuanced 

understanding of how regional economies 

interact and grow. 

This study aims to bridge these gaps by 

conducting a comprehensive spatial analysis of 

spillover effects in Central Java. Specifically, it 

investigates the influence of knowledge spillover, 

industry spillover, private investment spillover, 

and government expenditure spillover on the 

economic growth of regencies and cities from 

2019 to 2023. By employing spatial panel data 

modeling, the study aims to uncover the extent 

and nature of these spillover effects, offering a 

more nuanced understanding of regional 

economic dynamics. The findings are expected to 

provide valuable insights for policymakers in 

crafting targeted strategies to promote equitable 

growth and address regional disparities in 

Central Java. 

 
RESEARCH METHODS 

This study employs spatial econometrics 

using a panel data model to evaluate the spatial 

effects between the investigated variables. Spatial 

regression models differ significantly from 

conventional linear regression models, 

particularly in incorporating predictor variables 

that capture spatial dependencies. Three types of 

predictor variables used to assess spatial 

dependence include spatial lag error variables 

(Wu), spatial lag independent variables (WX), 

and spatial lag dependent variables (WY) 

(Elhorst, 2010). Based on these three types of 
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spatial interactions, the spatial panel data models 

used in this research are as follows: 

The Spatial Durbin Model (SDM) is a 

spatial regression model that suggests the 

dependent variable in one region is influenced by 

both the independent variables within that region 

and by the changes in the dependent and 

independent variables in surrounding regions. 

The panel data Spatial Durbin Model is 

formulated as follows (1): 

𝑌𝑖𝑡 = λ ∑ 𝑊𝑖𝑗
𝑛
𝑗=1 𝑌𝑗𝑡+ α + 𝑋𝑖𝑡𝛽 + ∑ 𝑊𝑖𝑗

𝑛
𝑗=1 𝑋𝑖𝑗𝑡 θ + 

𝜇𝑖+𝜀𝑖𝑡 𝜇𝑖  ........................................... (1) 

Where Y is Dependent variable; X is Independent 

variable; Wis Spatial weight matrix; Λ is 

Coefficient for dependent variables in neighboring 

regions; Α is Vector of fixed parameters in the 

model; 𝛽 is the regression measurement 

coefficients; Θ is coefficient for independent 

variables in neighboring regions; 𝜇𝑖is spatial-

specific effects; and 𝜀𝑖𝑡 is error term. 

In this equation, 𝑊𝑌 represents the 

spatial weight matrix for the dependent variable, 

while 𝑊𝑋 refers to the spatial weight matrix for 

the independent variables. The spatial 

autoregressive model (SAR), or the spatial lag 

model, is a spatial regression model that 

recognizes that local factors and the dependent 

variables in surrounding areas influence the 

dependent variable in a given location. The SAR 

model is expressed as follows: 

𝑌𝑖𝑡 = λ ∑ 𝑊𝑖𝑗
𝑛
𝑗=1 𝑌𝑗𝑡+ α + 𝑋1𝑡𝛽1 + 𝑋2𝑡𝛽2 + 𝑋3𝑡𝛽3 + 

𝑋4𝑡𝛽4+ 𝜇𝑖+ 𝜀𝑖𝑡  ................................... (2) 

Where Y is Dependent variable; X si Independent 

variables W is Spatial weight matrix; λ is 

Coefficient for dependent variables in neighboring 

regions; Α is Vector of fixed parameters in the 

model; 𝛽 is Regression measurement coefficients; 

𝜇𝑖 is Spatial-specific effects; 𝜀𝑖𝑡 is measurement 

error.  

 In this equation, λ represents the spatial 

autoregressive coefficient, 𝑊𝑌 refers to the spatial 

weight matrix for the dependent variable, and β 

represents the regression coefficients for the 

independent variables. 

 The Spatial Error Model is a regression 

model that reveals the impact of spatial 

interactions on residual errors. The model is 

formulated as follows (3): 

𝑌𝑖𝑡 = ρ ∑ 𝑊𝑖𝑗
𝑛
𝑗=1 𝑢𝑗𝑡+ α + 𝑋1𝑡𝛽1 + 𝑋2𝑡𝛽2 + 𝑋3𝑡𝛽3 + 

𝑋4𝑡𝛽4 + 𝜇𝑖+𝜀𝑖𝑡 ................................... (3) 

Where Y is Dependent variable; X si Independent 

variables W is Spatial weight matrix; λ is 

Coefficient for dependent variables in neighboring 

regions; ρ is Coefficient for the lag error, 

measuring spatial effects on residual errors; β is 

Regression measurement coefficients; 𝜇𝑖 is Spatial-

specific effects; 𝜀𝑖𝑡 is error term. 

 In this equation, 𝜌 represents the error lag 

coefficient that measures spatial influence on 

residual errors, and 𝑊 is the spatial weight matrix. 

The 𝛽 represents the regression coefficients for the 

independent variables. 

The adoption of the Spatial Durbin Model 

(SDM), Spatial Autoregressive Model (SAR), 

and Spatial Error Model (SEM) in this study is 

theoretically grounded and methodologically 

justified, as each model captures distinct forms of 

spatial dependence and spillover mechanisms. 

Recognizing the inherently spatial nature of 

regional economic phenomena, especially in 

inter-district and inter-city dynamics, necessitates 

using robust spatial econometric techniques. 

These models offer complementary perspectives 

that, when employed in tandem, provide a more 

comprehensive analytical framework for 

understanding how regional interactions shape 

economic outcomes.  

The Spatial Durbin Model (SDM) is 

chosen because it accounts for spatial 

dependence in both the dependent and 

independent variables, providing a 

comprehensive analysis of both direct and 

indirect spillover effects across regions (Elhorst, 

2010). This model avoids the bias and 

inconsistency issues that arise when spatial 

dependence in explanatory variables is ignored, 

which can occur in simpler models such as SAR 

and SEM (LeSage, 2008). The Spatial 

Autoregressive Model (SAR) focuses on spatial 

autocorrelation in the dependent variable, which 

is critical for understanding how economic 

outcomes in one region are influenced by those 

in neighboring regions (Anselin, 1988). SAR is 



  

Febriyana. I. & Badriah. L. S. / Economics Development Analysis Journal Vol. 14 No (1) (2025) 

 

129 

 

particularly useful in modeling scenarios where 

the dependent variable exhibits strong spatial lag 

effects, such as regional economic growth driven 

by neighboring areas' performance. The Spatial 

Error Model (SEM) effectively captures spatial 

autocorrelation in the error terms, which may 

result from omitted variables or unobserved 

spatial heterogeneity (Bivand et al., 2013). SEM 

ensures that spatial dependencies in the residuals 

do not bias the estimates, making it suitable for 

robust analysis of regional spillovers.  

The application of SDM, SAR, and SEM 

reflects a rigorous methodological approach to 

analyzing spatial dynamics in regional economic 

growth. While SDM enables the decomposition 

of spatial effects into direct and indirect impacts, 

SAR elucidates the endogenous spatial 

propagation of economic outcomes, and SEM 

corrects for spatially structured disturbances that 

could otherwise distort inference. By employing 

this triad of models, the analysis acknowledges 

the multifaceted nature of spatial 

interdependence and ensures empirical validity 

in the presence of observed and unobserved 

spatial influences. This comprehensive modeling 

strategy ultimately strengthens the study's 

empirical foundation and enhances its findings' 

relevance for spatially informed policy 

interventions. 

 

RESULTS AND DISCUSSION 

The data exploration phase involved 

categorizing regencies and cities in Central Java 

into five distinct groups based on their economic 

growth rates. A color-coding scheme was 

employed, where darker shades represented 

higher growth rates, while lighter shades 

indicated lower growth rates. 

 

 

Figure 3. Distribution of Economic Growth in Regencies/Cities in Central Java Province in 2019 

Source: Processed secondary data using Geoda, 2025

In 2019, economic growth disparities 

persisted across the region, as depicted in Figure 

4. High-growth areas included Banyumas 

Regency, Semarang City, Jepara, Salatiga City, 

Boyolali, Sragen, and Sukoharjo. Meanwhile, 

Temanggung, Magelang, and Kudus remained 

among the regions with the lowest growth rates 
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Figure 4. Distribution of Economic Growth in Regencies/Cities in Central Java Province in 2021 

Source: Processed secondary data using Geoda, 2025

Figure 5 presents data for 2021, indicating 

that regencies like Banyumas, Pemalang, Batang, 

Semarang City, Jepara, and Boyolali experienced 

high economic growth rates. Conversely, 

Purbalingga, Semarang City, and Kudus 

recorded lower growth rates. 

 

 

Figure 5. Distribution of Economic Growth in Regencies/Cities in Central Java Province in 2022 

Source: Processed secondary data using Geoda, 2025 

 

In 2022, Figure 6 reveals that regencies 

such as Batang, Klaten, Boyolali, Jepara, and 

Grobogan stood out for their significant 

economic growth. On the other hand, Tegal, 

Pemalang, Pekalongan, Wonosobo, Semarang 

City, and Kudus regencies exhibited lower 

growth rates. 
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Figure 6. Distribution of Economic Growth in Regencies/Cities in Central Java Province in 2023 

Source: Processed secondary data using Geoda 

By 2023, economic growth remained 

varied, as shown in Figure 7. High-growth areas 

included Kebumen, Kendal, Semarang City, 

Boyolali, and Klaten regencies. Meanwhile, 

Brebes, Purbalingga, Pemalang, Wonosobo, 

Semarang City, and Kudus exhibited slower 

economic growth. 

To analyze spatial relationships among 

regions in Central Java, this study utilized the 

queen contiguity matrix, a widely adopted spatial 

weights matrix in spatial econometrics. The 

queen contiguity approach defines spatial 

relationships based on shared borders or vertices, 

meaning that two regions are considered 

neighbors if they touch at any point, whether 

along an edge or a corner. This method provides 

a more inclusive measure of spatial adjacency 

compared to the rook contiguity approach, which 

considers only shared boundaries. Consequently, 

the queen contiguity matrix allows for a broader 

identification of spatial interactions, capturing 

direct and indirect geographical proximity 

among administrative units. 

 

 

Table 1. Queen Contiguity Matrix   
Matrix Description  

Dimension 35 x 35 

Link 
 

  
Total 149 

 Min 1  
Average 4.257143  

Max 8 
 Observation 

with 1 30, 32 
 Connectivity 

 Observation 
with 8 9, 22 

 Connectivity 

Source: Data Processed, 2025 

The matrix employed in this study is a 35 

x 35 matrix, reflecting the total number of 

regencies and cities in Central Java. As presented 

in Table 1, the matrix reveals 149 total links or 

spatial connections among the regions, 

suggesting a moderately interconnected regional 

structure. The number of neighbors per 

observation varies significantly, ranging from a 

minimum of 1 connection to a maximum of 8. 

Specifically, observations such as Regions 30 and 

32 demonstrate the lowest degree of connectivity, 

indicating a relatively isolated spatial position, 

while others, such as Regions 9 and 22, exhibit 
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the highest level of connectivity, potentially 

serving as spatial hubs within the province. The 

average number of neighbors per region is 

approximately 4.26, which suggests that each 

region is, on average, spatially linked to four 

other regions. 

This distribution of spatial connections is 

essential for accurately modeling spatial spillover 

effects, as it directly influences how shocks or 

policy interventions in one region may propagate 

across its neighbors. Row normalization was 

applied to ensure the matrix could be effectively 

integrated into spatial econometric models. This 

step transforms the raw connectivity values into 

standardized spatial weights, ensuring that each 

row sums to one. The row-normalized queen 

contiguity matrix thus serves as a foundational 

tool for estimating spatial lag and error 

components in the subsequent econometric 

analysis, enabling the assessment of direct and 

indirect regional interactions. Applying the 

queen contiguity matrix enhances the precision 

of spatial dependency estimation and strengthens 

the empirical robustness of the study’s findings 

on regional spillover dynamics. 

Building upon the established spatial 

structure derived from the queen contiguity 

matrix, the next analytical step involved testing 

for the existence of spatial dependence among the 

35 regencies and cities in Central Java. 

Understanding whether spatial interdependence 

exists is a critical prerequisite for applying spatial 

econometric models, as it validates the inclusion 

of spatial lag or spatial error components. While 

Moran’s I index is traditionally employed to 

detect spatial autocorrelation in cross-sectional 

data, it cannot account for temporal dynamics. 

Therefore, given the panel nature of the dataset 

used in this study, Pesaran’s cross-sectional 

dependence test was deemed more appropriate 

for evaluating spatial relationships over time. 

Table 2. Results of Pesaran’s Test 

Pesaran's test of cross-sectional 

independence 

0.0000 

Average absolute value of the off-

diagonal elements 

0.540 

Source: Data Processed, 2025 

 

As shown in Table 2, Pesaran’s test 

yielded a probabilistic value of 0.0000. This value 

is well below the conventional significance 

threshold of 0.05, leading to the rejection of H_0 

and acceptance of H_1, which posits the 

existence of spatial correlation among units, is 

accepted. This finding confirms that spatial 

dependence is indeed present within the dataset, 

validating the application of spatial econometric 

techniques in the subsequent stages of analysis. 

The average absolute value of the off-

diagonal elements in the residual correlation 

matrix was 0.540. This relatively high value 

provides further evidence of substantial 

interconnectivity among regions. It indicates that 

the economic behaviors or outcomes in one 

region or city are statistically related to those in 

others, reinforcing the need for models to capture 

these spatial spillover effects. The detection of 

such interdependence not only enhances the 

empirical rigor of the analysis but also provides 

theoretical justification for exploring how spatial 

proximity influences regional development 

trajectories in Central Java. 

Before conducting the spatial regression 

analysis, a series of diagnostic tests were 

performed to ensure the robustness and validity 

of the model specification. One of the 

fundamental diagnostics conducted was the 

multicollinearity test, which evaluates the extent 

to which independent variables in the regression 

model are linearly correlated. According to 

(Gujarati & Porter, 2009), high multicollinearity 

can inflate standard errors, obscure the proper 

relationship between variables, and ultimately 

undermine the reliability of the model’s 

coefficient estimates. 

Table 3. Results of Multicollinearity Test 

Variable VIF 1/VIF 

KSP 1.46 0.687275 

ISP 1.25 0.797656 

PISP 1.24 0.804028 

GESP 1.05 0.949133 

Source: Data Processed, 2025 

Table 3 presents the results of the 

Variance Inflation Factor (VIF) test for each 

explanatory variable used in the model: 

Knowledge Spillover (KSP), Industrial Spillover 
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(ISP), Private Investment Spillover (PISP), and 

Government Expenditure Spillover (GESP). The 

VIF values range from 1.05 to 1.46, all falling well 

below the commonly accepted threshold of 10. 

This indicates that multicollinearity is not a 

concern in the dataset, as no independent variable 

shows a problematic degree of linear association 

with the others. Furthermore, the inverse of the 

VIF (1/VIF) values, which serve as a measure of 

tolerance, are also comfortably above the critical 

level of 0.1, providing additional assurance of the 

model’s stability. 

The acceptance of 𝐻0This, which states 

that there is no multicollinearity among the 

independent variables, confirms that the model is 

statistically sound. As a result, the estimated 

coefficients in the subsequent regression analysis 

can be interpreted with confidence, knowing that 

inter-variable dependencies do not distort them. 

This diagnostic outcome strengthens the 

analytical framework's overall credibility and 

supports using the selected independent variables 

to investigate spatial spillover effects on regional 

economic growth in Central Java. 

In addition to examining 

multicollinearity, the study also addressed the 

issue of heteroskedasticity, a condition in which 

the variance of the error terms varies across 

observations. Heteroskedasticity, if present, can 

lead to inefficient parameter estimates and invalid 

inference due to biased standard errors 

(Wooldridge, 2016). To formally test for this 

condition, the Breusch-Pagan test was employed, 

which assesses whether the variance of the 

residuals from a regression is dependent on the 

values of the independent variables. 

Table 4. Results of Heteroskedasticity Test 

chi2(1) 90.17 

Prob > chi2 0.0000 

Source: Data Processed, 2025 

As reported in Table 4, the Breusch-Pagan 

test yields a chi-square statistic 90.17 with an 

associated p-value of 0.0000. This p-value falls 

well below the conventional significance level of 

0.05, leading to the rejection of the null hypothesis 

(𝐻0) that assumes homoskedasticity. The result 

therefore confirms the presence of 

heteroskedasticity in the residuals of the initial 

regression model, suggesting that the assumption 

of constant variance is violated. 

Nonetheless, it is important to note that 

the primary analytical approach employed in this 

study involves spatial panel regression models—

namely, the Spatial Autoregressive Model (SAR), 

Spatial Error Model (SEM), and Spatial Durbin 

Model (SDM). These spatial econometric 

frameworks are designed to accommodate 

various forms of spatial dependence, including 

spatial heterogeneity and spatially correlated 

disturbances (Anselin, 1988; Elhorst et al., 2014; 

LeSage, 2008). As such, these models adjust for 

heteroskedasticity and spatial autocorrelation 

within the data structure. Consequently, it is 

unnecessary to apply additional corrective 

measures, such as heteroskedasticity-robust 

standard errors, since the spatial models offer a 

more comprehensive and efficient approach for 

handling these econometric challenges. 

The subsequent analysis focuses on the 

spatial panel regression results using the Spatial 

Durbin Model (SDM), Spatial Autoregressive 

Model (SAR), and Spatial Error Model (SEM). 

These models estimate the relationships between 

economic growth and selected explanatory 

variables while considering spatial dependence 

across regions. 

Table 5. Results of Spatial Panel Model 

Estimation 

Variable SDM SAR SEM 

KSP 22,944*** 26,950*** 28,849*** 

ISP -5,126 7,467 9,950 

PISP 0,322** 0,341** 0,364*** 

GESP 0,001*** 0,001** 0,001** 

_cons 2,000*** 2,000***   

θ KSP 14,320     

θ ISP 123,194     

θ PISP -0,059     

θ GESP 0,000     

ρ 0,145 0,316***   

λ     0,312* 

Legend: * p<0.05; ** p<0.01; *** p<0.001 

Source: Data Processed, 2025 
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Table 5 displays the estimation results 

across the three models. Across all specifications, 

Knowledge Spillover (KSP) emerged as a 

consistently significant and positive contributor 

to regional economic growth, with coefficients 

ranging from 22.944 to 28.849 and significance at 

the 1% level. This finding reinforces the 

hypothesis that knowledge externalities—such as 

innovation diffusion or information exchange—

are key drivers of regional economic 

performance. These results align with the 

Marshall-Arrow-Romer (MAR) theory, which 

emphasizes the role of localized knowledge 

exchange in fostering innovation and 

productivity. Moreover, they are consistent with 

empirical findings by Firmansyah (2019) and 

Saputra (2017), both of whom confirmed the 

positive influence of knowledge spillover on 

regional growth dynamics. 

Conversely, Industry Spillover (ISP) did 

not show a statistically significant effect in any of 

the models, suggesting that industrial clustering 

alone may not generate measurable regional 

growth spillovers within the current sample and 

period. This result appears to contradict the 

agglomeration theory, which posits that spatial 

concentration of industries can foster 

productivity gains through shared resources, 

knowledge, and infrastructure. However, recent 

empirical findings provide support for these 

results. For example, Imantria (2024) reported 

that the manufacturing industry agglomeration in 

Central Java had an insignificant effect on 

regional economic growth. Furthermore, studies 

by Tulus et al. (2020)and Karim et al. (2017) 

emphasized that although the manufacturing 

sector and infrastructure investments have 

expanded, their spillover effects across 

neighboring regions remain limited. These 

findings suggest that within Central Java, 

manufacturing industries may still operate in 

isolated clusters without generating substantial 

interregional externalities, possibly due to 

fragmented supply chains, limited labor mobility, 

or infrastructural disparities. 

Private Investment Spillover (PISP) 

demonstrated a statistically significant but 

modest positive effect, with coefficients ranging 

from 0.322 to 0.364. This suggests increased 

private sector investment in one region can 

generate beneficial impacts beyond its immediate 

boundaries. This finding aligns with the 

principles of the growth center theory and the 

growth pole theory, which offer deeper insights 

into the role of private investment in regional 

economic development. The growth center 

theory emphasizes the importance of economic 

hubs as key drivers of regional progress, while the 

growth pole theory explains how private 

investment can catalyze economic growth in 

these central areas. Both theories underscore the 

significant role of private investment in 

stimulating regional economic growth, with 

higher levels of private investment increasing the 

potential for economic advancement and 

creating positive spillover effects to neighboring 

regions. 

Similarly, Government Expenditure 

Spillover (GESP) exhibited consistently 

significant and positive effects, albeit with 

smaller coefficients, indicating that public 

spending contributes to regional economic 

improvement and may facilitate spatial spillover 

through infrastructure development and service 

delivery. These results are consistent with 

polarization theory, linkage effect theory, and 

industrial effect theory, all of which provide a 

foundation for understanding the impact of 

government spending policies on regional 

economic growth. Polarization theory highlights 

how government expenditure can influence 

economic polarization in a region, while the 

linkage and industrial effect theories emphasize 

the relationships between economic sectors and 

the effects of their interactions on overall regional 

growth. As government expenditure increases, so 

does the potential for economic ripple effects, 

influencing both the economy and interregional 

interactions. 

Spillover effects in this study describe how 

changes in one region can influence neighboring 

regions through spatial interactions, either 

directly or indirectly. According to Ojede et al. 

(2018), direct spillovers refer to immediate 

impacts on adjacent areas due to geographic 

proximity, such as knowledge transfer or labor 
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mobility. Indirect spillovers reflect broader effects 

transmitted through economic networks or 

policy channels that extend beyond immediate 

neighbors. This study assessed direct effects using 

the Spatial Durbin Model (SDM), with the 

spillover coefficients (θ) capturing the magnitude 

of influence from one region to its neighbors. 

Meanwhile, indirect effects were evaluated 

through the Spatial Autoregressive Model (SAR) 

and the Spatial Error Model (SEM), which 

account for spatial dependence in the outcome 

variable or the error term. However, the direct 

spillover effects, represented by the θ for these 

indicators, were generally insignificant. This 

indicates that the interregional influence of these 

variables was weak within the data used. 

One key reason for the lack of significance 

in the direct spillover effects could be the limited 

mobility of resources across regions, such as 

labor and capital. In many cases, the economic 

integration of neighboring areas is constrained by 

several factors. For instance, labor mobility may 

be restricted due to skill mismatches between 

regions, geographic barriers, or cultural 

differences. Similarly, capital may not flow freely 

between regions due to risk perception, local 

regulations, or the uneven development of 

financial markets. According to Hanson & 

Rohlin (2013), competition among neighboring 

regions for scarce resources, such as skilled labor 

or private investment, can further limit the 

capacity of direct spillovers. As regions compete 

for the same pool of investments and workforce, 

the potential for immediate and substantial 

economic interdependence is diminished, 

leading to weak or negligible direct spillover 

effects. 

Another significant factor contributing to 

the insignificance of direct spillover effects is the 

varying capacity of regions to absorb and utilize 

the incoming investments, knowledge, and 

resources. Regions differ greatly in infrastructure, 

institutional frameworks, and overall economic 

development, influencing their ability to exploit 

spillover opportunities. Regions with more 

robust infrastructure, better access to technology, 

and stronger institutions are better positioned to 

absorb and leverage knowledge and investment 

from neighboring areas. On the other hand, areas 

with weaker institutional frameworks or 

underdeveloped infrastructure may face 

challenges in capitalizing on such opportunities. 

Couture et al. (2021) highlighted that regions 

with inadequate infrastructure—such as poor 

transportation networks, limited access to digital 

resources, or inadequate public services—are less 

likely to benefit from external investments or 

knowledge transfer. As a result, the spillover 

effects in these regions are muted or delayed, 

contributing to the lack of significant direct 

spillover effects observed in this study. 

The temporal aspect of spillover effects 

also plays a crucial role in their manifestation. 

Spillover effects, especially those related to 

investments or knowledge transfer, may take 

time to materialize, as they are often tied to long-

term commitments and gradual shifts in 

economic behavior. Abadie et al. (2010) suggest 

that some spillover effects may require extended 

periods to manifest, particularly those dependent 

on infrastructure development, education, or 

industrial transformations. For instance, private 

investments in new industries or research and 

development programs may not show immediate 

results, and the benefits may take years to be felt 

in neighboring regions. Similarly, shifts in 

behavior, such as changes in consumer 

preferences or the adoption of new technologies, 

can take time to spread from one region to 

another. Therefore, the lack of immediate 

significance in direct spillover effects in this study 

could reflect the longer time horizon required for 

these effects to materialize fully. 

Finally, measurement issues and model 

limitations may have affected the observed 

insignificance of direct spillover effects. Spatial 

econometrics models, while powerful, rely on the 

accuracy and granularity of the data used. If the 

data does not fully capture the nuances of spatial 

dependencies, such as subtle interactions 

between neighboring regions, the model may 

underestimate the significance of direct 

spillovers. López-Tamayo et al. (2022) discuss 

how measurement errors, such as inaccuracies in 

the spatial data or the aggregation of regional-

level data, can affect the reliability of model 
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results. In this study, the spatial panel regression 

models may not have fully captured the 

complexity of interregional relationships, leading 

to a potential underestimation of the significance 

of direct spillover effects. Including additional 

variables or a more refined model specification 

might be necessary to capture these interactions 

better and improve the understanding of how 

direct spillovers operate across regions. 

In contrast, the spatial parameter ρ in the 

SAR and λ in the SEM exhibited significant 

results, with values of 0.316 (p<0.001) and 0.312 

(p<0.05), respectively. These results suggest the 

presence of spatial dependence between regions, 

where the conditions influence the economic 

conditions of one region in neighboring regions. 

This study highlights that spillover effects are 

more indirect, occurring through global spatial 

dynamics rather than direct interactions between 

neighboring regions. This finding is crucial for 

regional development policies, suggesting that 

regional synergies should strengthen economic 

ties across regions, rather than relying on direct 

effects between neighboring areas.  

Given the statistically significant findings 

for indirect spillover effects, it is evident that 

interregional economic interactions are 

predominantly facilitated through broader 

mechanisms—such as information 

dissemination, technology transfer, and 

interregional investment flows—rather than 

direct physical or geographical proximity. This 

suggests that economic growth in one region can 

influence others not through mere adjacency, but 

through a complex web of social, economic, and 

technological networks. Consequently, the role 

of government becomes pivotal in crafting 

enabling environments where such indirect 

channels can thrive. Policymakers must 

proactively design and implement policies that 

strengthen interregional collaboration, mitigate 

development disparities, and promote 

sustainable economic development (Liu et al., 

2022; Ma et al., 2023). 

One of the most impactful policy measures 

to enhance indirect spillovers is investment in 

digital infrastructure. Expanding high-speed 

internet access and implementing smart city 

technologies can drastically improve the quality 

of interregional communication and digital 

service delivery. These tools enable efficient e-

commerce and service provision across regions 

and empower individuals and firms to access 

wider markets and knowledge networks. Willem 

(2006) states that bridging the digital divide 

between developed and less developed regions 

fosters a more integrated and inclusive economic 

landscape. Digital infrastructure is the backbone 

for knowledge diffusion, financial transactions, 

and the dissemination of innovation—all critical 

drivers of regional convergence. 

 In addition to digital infrastructure, 

creating interregional innovation hubs presents a 

strategic approach to encouraging cross-border 

collaboration. These hubs serve as platforms 

where local businesses, research institutions, and 

governmental agencies can jointly work on 

technology development, knowledge transfer, 

and skills training. By focusing on emerging 

sectors such as green energy, digital 

transformation, or health-tech, these hubs would 

stimulate localized innovation and foster 

spillovers that extend beyond regional borders. 

Abor (2010) highlights that such collaborative 

ecosystems are essential for long-term, inclusive 

economic growth, particularly in ensuring that 

less developed regions are actively included in the 

innovation cycle. 

A further recommendation to strengthen 

indirect spillovers is establishing a cross-regional 

investment fund. This fund could provide 

financial incentives such as tax holidays, 

subsidized credit, or matching grants to 

businesses that invest in lagging regions. These 

targeted supports would attract private capital 

into underdeveloped areas, stimulate job 

creation, and reduce economic concentration in 

metropolitan centers. Such investment strategies 

have the potential to break the cycle of uneven 

development and help balance regional growth 

trajectories. Significantly, the success of such a 

fund would depend on transparent governance, 

clear evaluation metrics, and strong partnerships 

between central and local governments. 

Strengthening labor mobility is another 

essential element in enabling productive spillover 
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effects. Facilitating the movement of skilled 

workers across regions through relocation grants, 

housing support, or interregional job matching 

platforms can help address skill shortages while 

optimizing the allocation of human capital. 

According to Hanson & Rohlin (2013), easing 

barriers to mobility enhances regional 

productivity and supports smoother economic 

adjustments. Furthermore, inclusive human 

capital development programs are critical. 

Vocational training tailored to high-demand 

sectors, such as information technology, 

renewable energy, or logistics, can equip workers 

from marginalized areas with the skills needed to 

participate in and benefit from regional economic 

integration. 

To ensure long-term impact, fostering 

equitable regional development requires ensuring 

all societal groups can access the opportunities 

created by spillover effects. Special attention 

must be given to marginalized populations, 

including women, rural communities, and 

minority groups, through targeted upskilling 

programs and inclusive entrepreneurship 

support. By prioritizing equity within the 

development agenda, policymakers promote 

social justice and unlock untapped economic 

potential that can further amplify spillover 

benefits. Equitable access to resources, training, 

and employment opportunities ensures that the 

benefits of regional growth are shared widely, 

supporting social cohesion and long-term 

national prosperity 

 

CONCLUSION 

This study reveals that regional spillover 

effects, including Knowledge Spillover (KSP), 

Private Investment Spillover (PISP), and 

Government Expenditure Spillover (GESP), 

significantly influence economic growth in 

Central Java’s regencies and cities. At the same 

time, Industry Spillover (ISP) did not show a 

statistically significant effect across all model 

specifications. Despite these significant findings, 

their direct spillover effects were not statistically 

significant. Instead, the presence of spatial 

dependencies, as indicated by the significant 

spatial parameters in SAR and SEM models, 

suggests that economic interactions occur more 

through indirect mechanisms rather than direct 

influences between neighboring regions. Among 

the tested models, the SEM model demonstrated 

the highest explanatory power, reinforcing that 

spillover effects primarily operate through 

broader spatial dynamics. 

Despite these insights, this study has 

several limitations. The insignificance of direct 

spillover effects suggests that additional factors, 

such as institutional quality and labor mobility, 

may shape regional economic interactions. One 

key limitation of this research is its broad focus 

on Central Java, which may overlook the specific 

dynamics within particular regions or clusters. 

Future research should narrow its scope to focus 

on specific regions or economic zones, such as 

industrial hubs or rural-urban interfaces, to 

explore how spillover effects manifest differently 

across various local contexts. This more localized 

approach could help identify region-specific 

factors, such as infrastructure quality, policy 

interventions, and sectoral differences, which are 

crucial in shaping economic interactions. 

Additionally, further studies could refine the 

methodological approach by focusing on time-

series analysis to capture better the evolving 

nature of spillover effects and their implications 

for long-term development. 

By addressing these limitations and 

incorporating these recommendations, future 

research can provide a deeper understanding of 

the spatial interdependencies that drive 

sustainable economic growth across Central 

Java, potentially offering actionable insights for 

policymakers to design more tailored and 

effective regional development strategies. 

 
REFERENCES 

Abadie, A., Diamond, A., & Hainmueller, A. J. (2010). 

Synthetic control methods for comparative case 

studies: Estimating the effect of California’s 

Tobacco control program. Journal of the American 

Statistical Association, 105(490), 493–505. 

https://doi.org/10.1198/jasa.2009.ap08746 

Abor, J. (2010). Foreign direct investment and firm 

productivity : evidence from firm-level data. 12(4), 

267–285. 

Anselin, L. (1988). Spatial econometrics: Methods and 



  

Febriyana. I. & Badriah. L. S. / Economics Development Analysis Journal Vol. 14 No (1) (2025) 

 

138 

 

models. Kluwer Academic Publishers. 

Atikah, N., Rahardjo, S., Afifah, D. L., & Kholifia, N. 

(2021). Modelling Spatial Spillovers of regional 

economic growth in East Java: An empirical 

analysis based on Spatial Durbin Model. In 

Journal of Physics: Conference Series, 1872(1), 012–

029. 

Badan Pusat Statistik. (2023a). Laju Pertumbuhan PDRB 

Atas Dasar Harga Konstan 2010 Menurut 

Kabupaten/Kota di Provinsi Jawa Tengah (Persen), 

2010-2022. 

https://jateng.bps.go.id/indicator/157/1743/1

/-seri-2010-laju-pertumbuhanpdrb-atas-dasar-

harga-konstan-2010-menurut-kabupaten-kota-di-

provinsi-jawa-tengah.html 

Badan Pusat Statistik. (2023b). Laju Pertumbuhan 

Produk Domestik Regional Bruto Atas Dasar Harga 

Konstan 2010 Menurut Provinsi (Persen) 2010-2022. 

Badan Pusat Statistik. 

https://www.bps.go.id/indicator/52/291/1/-

seri-2010-laju-pertumbuhan-produk-domestik-

regional-bruto-atas-dasar-harga-konstan-2010-

menurut-provinsi.html 

Bivand, R. S., Pebesma, E., & Gómez-Rubio, V. 

(2013). Applied Spatial Data Analysis with R: 

Second Edition. In Applied Spatial Data Analysis 

with R: Second Edition. 

https://doi.org/10.1007/978-1-4614-7618-4 

Capello, R. (2009). Spatial Spillovers And Regional 

Growth: A Cognitive Approach. European 

European Planning Studies, 17(5), 639–658. 

https://doi.org/10.1080/09654310902778045 

Couture, V., Dingel, J. I., Green, A., Handbury, J., & 

Williams, K. R. (2021). Measuring Movement and 

Social Contact with Smartphone Data: A Real-time 

Application to COVID-19. 202. 

https://doi.org/https://dx.doi.org/10.2139/ssr

n.3775742 

Ding, R., Shi, F., & Hao, S. (2022). Digital Inclusive 

Finance, Environmental Regulation, and 

Regional Economic Growth: An Empirical 

Study Based on Spatial Spillover Effect and 

Panel Threshold Effect. Sustainability 

(Switzerland), 14(7). 

https://doi.org/10.3390/su14074340 

Elhorst, J. P. (2010). Handbook of Applied Spatial 

Analysis. Handbook of Applied Spatial Analysis, 

377–378. https://doi.org/10.1007/978-3-642-

03647-7 

Elhorst, J. P., Devillers, R., Group, F., Del, D., 

Internacional, T., & José, M. (2014). SPRINGER 

BRIEFS IN REGIONAL SCIENCE Spatial 

Econometrics From Cross-Sectional Data to Spatial 

Panels (Vol. 16). 

Firmansyah, D. S. (2019). Efek Limpahan Tenaga 

Kerja , Investasi , dan TIK terhadap 

Pertumbuhan Ekonomi di Indonesia : 

Pendekatan Regresi Panel. Jurnal Ilmiah Populer, 

04(01), 51–60. 

Gujarati, D. N., & Porter, D. C. (2009). Basic 

Econometrics (5th ed.). McGraw-Hill Irwin. 

Hanson, A., & Rohlin, S. (2013). Do spatially targeted 

redevelopment programs spillover? Regional 

Science and Urban Economics, 43(1), 86–100. 

https://doi.org/10.1016/j.regsciurbeco.2012.05

.002 

Hirschman. (1968). The Strategy of Economic 

Development. Yale University Press. 

Imantria, B. (2024). Economic Growth In Central 

Java : Does Manufacturing Industry 

Agglomeration. Diponegoro Journal of Economics, 

13(4), 1–14. 

https://doi.org/https://doi.org/10.14710/djoe.

48051 

Janikas, M. V, & Rey, S. J. (2008). on the Relationships 

Between Spatial Clustering, Inequality, and 

Economic Growth in the United States : 1969-

2000. Région et Développement, 27–2008. 

Jhingan, M. . (2016). Ekonomi Pembangunan dan 

Perencanaan. Raja Grafindo Persada. 

Karim, A., Faturohman, A., Suhartono, S., Prastyo, D. 

D., & Manfaat, B. (2017). Regression Models for 

Spatial Data: An Example from Gross Domestic 

Regional Bruto in Province Central Java. Jurnal 

Ekonomi Pembangunan: Kajian Masalah Ekonomi 

Dan Pembangunan, 18(2), 213. 

https://doi.org/10.23917/jep.v18i2.4660 

Laksono, H., Rustiadi, E., & Siregar, H. (2018). 

Spillover Spasial Negatif Pertumbuhan Ekonomi 

Antar Kabupaten/Kota Di Provinsi Jawa Timur. 

Tataloka, 20(3), 266. 

https://doi.org/10.14710/tataloka.20.3.266-277 

LeSage, J. P. (2008). An introduction to spatial 

econometrics. Revue d’Economie Industrielle, 

123(3), 19–44. https://doi.org/10.4000/rei.3887 

Liu, C., Peng, M. Y. P., & Gong, W. (2022). Spatial 

Spillover Effects Promote the Overall 

Improvement of Urban Competitiveness: 

Evidence of SDM in Asian Cities. Frontiers in 

Environmental Science, 10(September), 1–12. 

https://doi.org/10.3389/fenvs.2022.779596 

López-Tamayo, J., Melguizo, C., & Ramos, R. (2022). 

Minimum wages, youth employment and spatial 

spillovers: New evidence for Spain. Applied 

Spatial Analysis and Policy, 15(3), 891–917. 

https://doi.org/10.1007/s12061-021-09428-w 

Ma, C., Wu, H., & Li, X. (2023). Spatial spillover of 

local general higher education expenditures on 

sustainable regional economic growth: A spatial 

econometric analysis. PLoS ONE, 18(11 



  

Febriyana. I. & Badriah. L. S. / Economics Development Analysis Journal Vol. 14 No (1) (2025) 

 

139 

 

NOVEMBER), 1–18. 

https://doi.org/10.1371/journal.pone.0292781 

Myrdal, G. (1957). Economic Theory and Underdeveloped 

Regions. University of Stockholm. 

Ojede, A., Atems, B., & Yamarik, S. (2018). The Direct 

and Indirect (Spillover) Effects of Productive 

Government Spending on State Economic 

Growth. Growth and Change, 49(1), 122–141. 

https://doi.org/10.1111/grow.12231 

Paas, T., Kuusk, A., Schlitte, F., & Võrk, A. (2011). 

Econometric Analysis of Income Convergence in 

Selected EU Countries and Their Nuts 3 Level 

Regions. SSRN Electronic Journal. 

https://doi.org/10.2139/ssrn.1078863 

Perroux, F. (1950). Economic Space : Theory and 

Applications Author ( s ): François Perroux 

Source : The Quarterly Journal of Economics , 

Vol . 64 , No . 1 ( Feb ., 1950 ), pp . 89-104 

Economic Space : Theory And Applications ’. 

The Quarterly Journal of Economics, 64(1), 89–104. 

Richardson, H. W. (1976). Growth Pole Spillovers: 

The Dynamics of Backwash and Spread. Regional 

Studies, 10(1), 1–9. 

https://doi.org/10.1080/09595237600185011 

Saputra, R. (2017). Knowledge Spillover Terhadap 

Pertumbuhan Ekonomi Di Aceh. JIM) Ekonomi 

Pembangunan Fakultas Ekonomi Dan Bisnis 

Unsyiah, 2(2), 276–284. 

Todaro, M. P., & Smith, S. C. (2011). Pembangunan 

Ekonomi. Jilid 1. Erlangga. 

Tulus, T., Ahmad, A. A., & Suharno, S. (2020). 

Pengaruh Indikator Keuangan Terhadap 

Pertumbuhan Ekonomi Sektor Industri 

Pengolahan di Provinsi Jawa Tengah. Ekonomis: 

Journal of Economics and Business, 4(2), 404. 

https://doi.org/10.33087/ekonomis.v4i2.182 

Willem, D. (2006). Foreign Direct Investment and 

Development An historical perspective. January. 

Wooldridge, J. M. (2016). Introductory Econometrics: 

A Modern Approach. In Cengage Learning. 

https://doi.org/10.1201/9781315215402-43 

1 


