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Abstract 

 

This study analyzes the impact of digitalization on economic growth in developing 

countries. In the modern era, digital technology has become a key driver of global 

economic transformation. Using panel data for 50 developing countries from 2010 to 

2020, this study examines the relationship between digitalization and economic growth, 

measured by real gross domestic product (GDP) per capita growth. The indicators of 

digitalization include internet penetration, smartphone usage, and digital infrastructure, 

while education, foreign direct investment (FDI), and urbanization are included as control 

variables. The empirical analysis employs panel data regression using a Fixed Effects 

Model (FEM). The results indicate that digitalization makes a significant contribution to 

economic growth in developing countries. In particular, higher internet penetration, 

greater smartphone usage, and improved digital infrastructure are associated with 

enhanced productivity and efficiency across key economic sectors. In addition, education, 

FDI, and urbanization play important complementary roles by facilitating the adoption 

and effective use of digital technologies. These findings suggest that policymakers in 

developing countries should prioritize investment in digital infrastructure and expand 

digital access to maximize the growth benefits of digitalization. 
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1. Introduction 

Over the past decade, digitalization has emerged as a 

major driver of economic transformation worldwide [1]. 

The rapid development of information and 

communication technologies, including internet access, 

smartphone penetration, and digital infrastructure, has 

reshaped production systems, market structures, and 

patterns of economic interaction [2, 3]. As shown in 

Figure 1, according to the International 

Telecommunication Union [4], approximately 5.5 billion 

people, or around 68% of the global population, were 

connected to the internet in 2024, reflecting a substantial 

increase in the adoption of digital technologies 

worldwide. Nevertheless, this progress remains uneven 

across regions, resulting in disparities in the level of 

digitalization [5]. 

Regional differences in internet penetration rates reveal 

considerable inequality. According to the International 

Telecommunication Union [4], in advanced regions such 

as Europe and the Americas, internet usage has reached 

87% to 92% of the total population, approaching near-

universal connectivity. In contrast, the Asia-Pacific region 

exhibits moderate adoption levels, with approximately 

66% to 77% of the population connected, reflecting rapid 

but uneven digital growth. Meanwhile, Africa remains the 

least connected region, with only around 36% to 38% of 

http://www.heca-analitika.com/eje
https://doi.org/10.60084/eje.v4i1.390
http://crossmark.crossref.org/dialog/?doi=10.60084/eje.v4i1.390&domain=pdf
mailto:mirzatulkadri@usk.ac.id
mailto:wisnusatria@usk.ac.id
mailto:mirzatulkadri@usk.ac.id
https://creativecommons.org/licenses/by-nc/4.0/


Ekonomikalia Journal of Economics, Vol. 4, No. 1, 2026 

 Page | 31  
 

 

Figure 1. Number of individuals using the internet worldwide, 2005–2024. 

(Source: International Telecommunication Union [4]) 

its population using the internet. This inequality is further 

reinforced by structural differences across countries, as 

only about 27% of people in low-income nations have 

internet access, compared with more than 90% in high-

income countries. Moreover, the digital divide also 

persists within countries: while internet usage in urban 

areas reaches around 81%, it falls to only about 50% in 

rural areas. These conditions indicate that digitalization 

remains unevenly distributed and may generate 

asymmetric economic effects across regions [6, 7]. 

Despite these disparities, digitalization is widely 

recognized as one of the key drivers of economic growth. 

Theoretically, within the framework of endogenous 

growth theory, technological innovation, including digital 

technology, plays a vital role in enhancing productivity 

and promoting long-term economic growth [8, 9]. 

Empirical evidence also supports this argument, showing 

that digital technology contributes significantly to total 

factor productivity and innovation [10–13]. In developing 

countries, digitalization provides opportunities to 

accelerate economic development through leapfrogging, 

which refers to the ability to bypass traditional 

development stages through the rapid adoption of digital 

technologies [14, 15]. For example, greater internet 

access and mobile connectivity have been shown to 

reduce transaction costs, improve market efficiency, and 

expand financial inclusion [16, 17]. 

However, the relationship between digitalization and 

economic growth remains complex and continues to be 

debated in the literature. On the one hand, many studies 

find that digitalization positively affects productivity and 

economic growth. On the other hand, concerns remain 

that unequal access to digital technologies may 

exacerbate economic inequality. The persistence of the 

digital divide can widen income disparities and limit the 

benefits of digitalization, particularly in developing 

countries [18, 19]. According to United Nations 

Conference on Trade and Development [20], differences 

in digital infrastructure, affordability, and digital literacy 

remain major barriers preventing many countries from 

fully leveraging digital technologies. Furthermore, the 

effectiveness of digitalization depends heavily on 

supporting factors such as human capital quality, 

institutional strength, and investment capacity [21, 22]. 

Another limitation in the existing literature is the reliance 

on partial indicators of digitalization. Many previous 

studies use a single indicator, such as internet usage [23, 

24] or ICT investment [25, 26], which fails to capture the 

full complexity of digitalization. In reality, digitalization is 

a multidimensional phenomenon involving interactions 

among various components, such as internet 

penetration, smartphone usage, and digital 

infrastructure [27]. In addition, structural variables such 

as education, foreign direct investment (FDI), and 

urbanization play an important role in determining the 

extent to which digital technologies can be adopted and 

effectively utilized within an economy [28, 29]. This 

highlights the need for a more comprehensive analytical 

framework that integrates multiple dimensions of 

digitalization with supporting structural factors. 

Moreover, empirical evidence focusing on developing 

countries remains relatively limited and fragmented. 

Many studies focus only on specific regions or employ 

narrow samples, thereby failing to capture the diverse 

experiences of digitalization across developing 

economies [30–32]. Given the substantial differences in 

digital readiness, institutional capacity, and economic 

structures among developing countries, broader cross-

country analyses are required to understand the role of 

digitalization in driving economic growth more 

comprehensively. 
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Based on this background, this study aims to analyze the 

impact of digitalization on economic growth in 

developing countries by integrating several key 

dimensions of digitalization: internet penetration, 

smartphone usage, and digital infrastructure. The study 

employs panel data for 50 developing countries over the 

period 2010–2020 and includes control variables such as 

education, foreign direct investment (FDI), and 

urbanization to capture broader structural conditions 

affecting economic performance. 

This study contributes in three main respects. First, it 

offers a more comprehensive measure of digitalization 

by integrating multiple indicators within a single 

empirical model. Second, it provides broader empirical 

evidence through a cross-country analysis of diverse 

developing economies. Third, it highlights the interaction 

between digitalization and structural factors, thereby 

generating more comprehensive policy implications for 

developing countries seeking to harness digital 

transformation as a driver of economic growth. 

2. Literature Review 

2.1. Theoretical Review 

Economic growth is defined as a sustained increase in a 

country's productive capacity, typically measured by the 

growth of gross domestic product (GDP). Theories of 

economic growth have evolved from classical approaches 

to modern endogenous growth models that explicitly 

incorporate technology and innovation [33]. 

Classical growth theory posits that growth is driven by the 

accumulation of three main factors of production: labor, 

capital, and land, while technology is treated as an 

external element affecting productivity without being 

explicitly modeled [34, 35]. The neoclassical growth 

model developed by Solow [36] advanced this framework 

by introducing technology as a key determinant of long-

run growth. However, technological progress is assumed 

to be exogenous and therefore beyond the direct control 

of economic agents or policymakers [8]. 

Endogenous growth theory extends this perspective by 

emphasizing that technological progress and human 

capital accumulation can be shaped by economic 

incentives, policies, and institutions. Romer and Lucas 

argue that innovation, research and development (R&D), 

and human capital investment are internal to the 

economic system, generating increasing returns to scale 

through knowledge spillovers and learning effects [34]. 

Within this theoretical tradition, digitalization represents 

a contemporary form of technological innovation that 

influences economic growth through multiple channels. 

Digitalization refers to the integration of digital 

technologies into economic and social activities, including 

the internet, mobile devices, cloud computing, artificial 

intelligence (AI), big data analytics, and automation 

across sectors [27]. The diffusion of these technologies 

enhances production efficiency, reduces transaction 

costs, enables new forms of coordination, and fosters 

product and process innovation. 

The concept of the digital economy further refines this 

perspective by focusing on economic systems 

fundamentally based on digital technologies, such as e-

commerce, digital services, and online platforms that rely 

on high-speed internet, data centers, and digital 

infrastructure [27]. Investment in digital infrastructure is 

therefore a crucial prerequisite, particularly for 

developing countries seeking to keep pace with global 

technological change. 

Theoretically, digitalization promotes economic growth 

through several specific mechanisms: (1) productivity 

gains resulting from process automation and supply 

chain optimization; (2) market expansion through lower 

entry barriers; (3) greater financial inclusion via digital 

banking and mobile payment systems; and (4) reduced 

information asymmetries that enhance innovation [3]. 

However, the effectiveness of digitalization depends on 

structural conditions such as adequate digital 

infrastructure, supportive regulatory frameworks, 

human capital equipped with digital skills, and efforts to 

narrow the digital divide [20]. 

In summary, the theoretical literature identifies 

digitalization as a powerful driver of economic growth 

within both neoclassical and endogenous growth 

frameworks. However, its benefits depend on 

complementary factors such as infrastructure, human 

capital, institutional quality, and inclusive access to digital 

technologies. 

2.2. Empirical Review 

A growing body of empirical research has examined the 

relationship between digitalization and economic growth 

across different country contexts. Early studies on the 

digital divide, such as Chinn & Fairlie [37], analyze the 

determinants of computer and internet penetration in 

developing countries, identifying technological 

infrastructure and government policies as key drivers of 

digital adoption. 

Studies focusing on developed economies document 

substantial benefits from digitalization. Ku et al. [38] find 

that digital technology adoption in European 

manufacturing and service sectors is associated with 

higher efficiency and productivity, thereby supporting 
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economic growth. Similarly, Jorgenson & Vu [39] show 

that information and communication technology (ICT) 

has been a major driver of productivity growth in 

advanced economies through the contribution of ICT 

capital to output expansion. 

Evidence from developing countries is more 

heterogeneous. Nosike [40] highlights the growth 

opportunities generated by digitalization despite 

persistent constraints such as limited infrastructure, skill 

shortages, and institutional weaknesses. Nevertheless, 

greater internet penetration has been found to promote 

economic growth by improving access to information, 

expanding markets, and stimulating innovation. At the 

microeconomic and mesoeconomic levels, research on 

mobile phone diffusion further supports the growth-

enhancing role of digitalization. For example, Aker & Mbiti 

[16] demonstrate that mobile phone expansion in Africa 

improves market information flows, reduces transaction 

costs, and enables new economic activities. 

International organizations have also documented the 

macroeconomic effects of digital transformation. Their 

findings suggest that digital technologies can stimulate 

economic growth and reduce poverty, although these 

benefits depend on complementary conditions such as 

effective regulation, skills development, and institutional 

quality [3, 4, 20, 41]. 

Overall, the empirical literature indicates that 

digitalization, measured through indicators such as 

broadband access, internet usage, and mobile 

subscriptions, is positively and significantly associated 

with economic growth. However, the magnitude of these 

effects varies depending on structural conditions. 

Important gaps remain in the literature, as relatively few 

studies integrate multiple dimensions of digitalization, 

such as internet penetration, smartphone usage, and 

digital infrastructure, together with structural variables 

including education, foreign direct investment (FDI), and 

urbanization across broad samples of developing 

countries. This study addresses these gaps by employing 

panel data for 50 developing countries over the period 

2010–2020. 

3. Materials and Methods 

3.1. Data  

The study uses annual panel data covering the period 

2010–2020. This period was selected for several reasons. 

First, it captures the rapid global expansion of digital 

technologies following the global financial crisis, 

including the widespread diffusion of smartphones and 

accelerated investment in digital infrastructure. Second, 

relatively consistent and high-quality panel data are 

available from sources such as the World Bank’s World 

Development Indicators (WDI), International 

Telecommunication Union (ITU), and World Economic 

Forum. Third, the period largely precedes the disruptive 

effects of the COVID-19 pandemic, thereby avoiding 

major distortions in economic activity. Fourth, an eleven-

year period provides sufficient time-series variation for 

panel data estimation. 

3.2. Population, Sample, and Selection Criteria 

The population consists of all developing countries as 

classified by the World Bank [42]. The sample was 

selected using purposive sampling to ensure that 

countries met the following criteria: (1) classification as a 

developing country by the World Bank; (2) availability of 

adequate digitalization data for the period 2010–2020; 

and (3) sufficient variation in digitalization levels and 

economic growth indicators. 

Based on these criteria, the final sample includes 50 

developing countries from diverse regions, including 

Asia, Africa, and Latin America (see Appendix 1). The 

selection of 50 countries balances the need for a 

sufficiently large sample for robust panel estimation with 

the requirement of data completeness across all 

variables, thereby reducing bias arising from missing 

observations. 

The focus on developing countries is justified because 

they exhibit heterogeneous experiences of digitalization, 

substantial digital divides, and significant opportunities 

for technological leapfrogging. Unlike advanced 

economies, where digital saturation may limit marginal 

growth effects, developing countries provide a more 

suitable context for examining the role of digitalization in 

accelerating development under infrastructure and skill 

constraints. 

3.3. Variable 

As shown in Table 1, this study includes two main groups 

of variables: dependent and independent variables. The 

dependent variable is economic growth, measured by the 

annual growth rate of real gross domestic product (GDP) 

per capita. Real GDP is preferred to nominal GDP because 

it adjusts for price changes and inflation, thereby 

providing a more accurate measure of economic 

performance. 

The main independent variables are: (1) internet 

penetration, measured as the percentage of the 

population with internet access and representing a core 

indicator of digitalization; (2) smartphone usage, 

measured as the number of smartphone users per 100 



Ekonomikalia Journal of Economics, Vol. 4, No. 1, 2026 

 Page | 34  
 

Table 1. Variable synopsis. 

Status Name Measurements Units Source 

Dependent Economic Growth Measured by the annual growth rate of real gross 

domestic product (GDP) per capita. 

Percent WDI [43] 

Main 

Independent 

Internet Penetration Measured as the percentage of the population with 

internet access. 

Percent ITU [44] 

Smartphone Usage Measured as the number of smartphone users per 

100 people. 

Percent ITU [44] 

 Digital Infrastructure Measured using a digital infrastructure index that 

captures communication networks, internet speed, 

and telecommunications penetration. 

Scale from   

0 to 100 

ITU [44] 

Control 

Independent 

Education Level Measured by the average years of schooling. Year WDI [43] 

FDI Measured as a percentage of GDP. Percent WDI [43] 

 Urbanization Measured as the percentage of the population 

residing in urban areas. 

Percent WDI [43] 

 

 

Figure 2. Study flow analysis. 

people and serving as a proxy for access to digital 

technology; and (3) digital infrastructure, measured using 

a digital infrastructure index that captures 

communication networks, internet speed, and 

telecommunications penetration, compiled from annual 

reports of the International Telecommunication Union 

and World Economic Forum. 

The control independent variables include: (1) education 

level, measured by average years of schooling as a proxy 

for human capital; (2) foreign direct investment (FDI), 

measured as a percentage of GDP and reflecting external 

investment that may support digital infrastructure 

development; and (3) urbanization, measured as the 

percentage of the population residing in urban areas. 

3.4. Empirical Model and Estimation Method 

This study employs panel data regression models to 

analyze the relationship between digitalization and 

economic growth by utilizing both cross-sectional 

(country) and time-series dimensions. This approach 

increases statistical power and allows for the control of 

unobserved heterogeneity. 

The primary estimation method is the Fixed Effects Model 

(FEM), which assumes that country-specific effects are 

constant over time and may be correlated with the 

explanatory variables. This specification controls for 

time-invariant unobserved factors, such as geography, 

culture, or institutional characteristics, that could 

otherwise bias the estimates. As an alternative 

specification, the Random Effects Model (REM) assumes 

that country-specific effects are random and 

uncorrelated with the regressors. REM is appropriate 

when unobserved heterogeneity is not systematically 

related to the explanatory variables. 

Model selection is based on the Hausman test, which 

evaluates whether FEM provides significantly different 

and more consistent estimates than REM. A p-value 

below 0.05 indicates preference for FEM. In addition, the 

Chow test and the Lagrange Multiplier (LM) test are used 

to distinguish among the pooled ordinary least squares 

model, FEM, and REM. 

Hypothesis testing is conducted at the 5% significance 

level (α = 0.05) using t-statistics and p-values. Additional 

validity measures include the R-squared for goodness of 

fit and the F-statistic for the joint significance of 

regressors. Diagnostic tests include the Breusch–Pagan 

test for heteroskedasticity, the Durbin–Watson statistic 

for autocorrelation, and the Variance Inflation Factor (VIF) 

for the detection of multicollinearity. 

The empirical model is specified as shown in Equation 1. 

𝐺𝐷𝑃𝑖𝑡 =  𝛼 +  𝛽1𝐼𝑛𝑡𝑒𝑟𝑖𝑡 + 𝛽2𝑆𝑚𝑎𝑟𝑡𝑖𝑡 +
 𝛽3𝐼𝑛𝑓𝑟𝑎𝑖𝑡 + 𝛽4𝐸𝑑𝑢𝑐𝑖𝑡 + 𝛽5𝐹𝐷𝐼𝑖𝑡 +
 𝛽6𝑈𝑟𝑏𝑎𝑛𝑖𝑡 + 𝜀𝑖𝑡  

(1) 

 

Based on the above equation, 𝐺𝐷𝑃 represents economic 

growth, 𝐼𝑛𝑡𝑒𝑟 refers to internet penetration, 𝑆𝑚𝑎𝑟𝑡 

denotes smartphone usage, 𝐼𝑛𝑓𝑟𝑎 represents the level of 

digital infrastructure, 𝐸𝑑𝑢𝑐 indicates education level, 𝐹𝐷𝐼 

denotes foreign direct investment as a percentage of 
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Table 2. Statistical description of variables. 

Variable (Units) Min. Max. Mean Median Std. Dev. 

Economic Growth (GDP) (%) -2.50 10.50 3.21 3.10 2.45 

Internet Penetration (%) 5.10 89.40 45.32 40.20 23.65 

Smartphone Users (%) 4.80 88.20 37.89 33.50 22.78 

Digital Infrastructure (Scale 0-100) 10.00 80.40 42.11 40.23 18.47 

Education Level (Year) 3.00 11.50 7.30 6.50 2.20 

FDI (%) 0.50 10.40 3.85 3.45 2.16 

Urbanization (%) 20.00 90.00 51.48 50.20 18.45 

 

Table 3. Results of panel data regression model selection tests. 

Test Indicator Stat. df Prob. Conclusion 

Chow Test Cross-section Chi-square 243.5178*** 49 0.0000 FEM 

Hausman Test Chi-square statistic 15.2700** 6 0.0180 FEM 

LM Test Breusch-Pagan 28.9642*** 1 0.0000 REM 

Note: *** and ** indicate significance at the 1% and 5% levels, respectively. 

GDP, 𝑈𝑟𝑏𝑎𝑛 captures the level of urbanization, 𝑖 indicates 

country, 𝑡 indicate the study period, 𝛼 represents the 

constant term, 𝛽 denotes the estimated coefficients, and 

𝜀 is the error term. 

3.5. Study Flow Analysis 

Figure 2 illustrates the sequential analytical framework 

employed in this study, consisting of eight interconnected 

stages. The process begins with variable identification, in 

which the dependent, independent, and control variables 

are determined based on theoretical foundations and 

prior empirical studies, followed by data selection, where 

relevant panel data sources are collected and screened. 

The third stage, descriptive statistics, provides an initial 

overview of the data characteristics. Subsequently, the 

model selection test is conducted to identify the most 

appropriate econometric specification. Next, panel data 

regression is applied to estimate the relationships among 

the variables, while the classical assumption test is 

performed to ensure the validity and robustness of the 

estimated model. The empirical findings are then 

interpreted in the discussion stage by relating the results 

to theoretical expectations and previous literature. 

Finally, the study concludes with conclusions and 

recommendations, which summarize the main findings, 

highlight policy implications, and suggest directions for 

future research. 

4. Results and Discussion 

4.1. Descriptive Statistics 

This study uses panel data from 50 developing countries 

over the period 2010 to 2020. The data analyzed include 

variables for economic growth (real GDP per capita 

growth), internet penetration, smartphone usage, digital 

infrastructure, education level, foreign direct investment 

(FDI), and urbanization. Table 1 presents the descriptive 

statistics of the variables used in this study. 

Table 2 reports the descriptive statistics for all variables 

across 50 developing countries from 2010 to 2020. 

Economic growth, measured by GDP per capita growth, 

has a mean of 3.21% with moderate variation (SD = 

2.45%), ranging from economic contraction (-2.50%) to 

strong expansion (10.50%), reflecting the diverse growth 

experiences of developing economies. Internet 

penetration exhibits substantial heterogeneity, with a 

mean of 45.32% and a standard deviation of 23.65%. 

While some countries have achieved near-universal 

access (89.40%), others remain below 10%, highlighting 

the persistence of the digital divide. 

Smartphone usage follows a similar pattern, with a mean 

of 37.89 users per 100 people and a standard deviation 

of 22.78, indicating considerable differences in mobile 

technology adoption, which is essential for digital service 

delivery. The digital infrastructure index, with a mean of 

42.11 and a standard deviation of 18.47, reveals 

significant disparities in infrastructure readiness 

required to support digital economic development. 

The control variables also display sufficient variation. 

Education level averages 7.30 years of schooling (SD = 

2.20), foreign direct investment averages 3.85% of GDP 

(SD = 2.16), and urbanization averages 51.48% (SD = 

18.45). These variations suggest that the variables are 

suitable for capturing the moderating and supporting 

roles of structural factors in the relationship between 

digitalization and economic growth across the panel 

sample. 

4.2. Model Selection 

In panel data analysis, selecting the appropriate 

estimation model among the Common Effects Model 



Ekonomikalia Journal of Economics, Vol. 4, No. 1, 2026 

 Page | 36  
 

Table 4. Results of panel data regression using the fixed effects model. 

Variable Coef. Std. Er. t-Stat. Prob. 

Internet Penetration 0.045*** 0.012 3.75 0.000 

Smartphone Usage 0.038*** 0.009 4.22 0.001 

Digital Infrastructure 0.029*** 0.011 2.64 0.009 

Education Level 0.020** 0.008 2.50 0.012 

FDI 0.055*** 0.017 3.24 0.002 

Urbanization 0.031** 0.014 2.21 0.028 

C -0.215** 0.083 -2.59 0.010 

R2 = 0.72     

F-Stat. = 8.45     

F-Stat. Prob. = 0.00     

Note: *** and ** indicate significance at the 1% and 5% levels, respectively. 

Table 5. Results of panel data regression using the random effects model. 

Variable Coef. Std. Er. t-Stat. Prob. 

Internet Penetration 0.039*** 0.014 2.79 0.005 

Smartphone Usage 0.033*** 0.011 3.00 0.003 

Digital Infrastructure 0.025** 0.010 2.50 0.013 

Education Level 0.017* 0.009 1.89 0.059 

FDI 0.047** 0.019 2.47 0.014 

Urbanization 0.028** 0.013 2.15 0.031 

C -0.180** 0.091 -1.98 0.048 

R2 = 0.68     

F-Stat. = 7.93     

F-Stat. Prob. = 0.00     

Note: ***, ** and * indicate significance at the 1%, 5% and 10% levels, respectively. 

(CEM), Fixed Effects Model (FEM), and Random Effects 

Model (REM) is essential to ensure the validity and 

efficiency of parameter estimates. The Chow test 

compares CEM and FEM to examine the presence of fixed 

effects across cross-sectional units. The Hausman test is 

used to choose between FEM and REM by testing whether 

the error terms are orthogonal to the explanatory 

variables. Meanwhile, the Lagrange Multiplier (LM) test 

compares CEM and REM to detect the presence of 

random effects (Wooldridge, 2020). 

These three tests complement one another within the 

model selection hierarchy. A significant Chow test 

indicates that FEM or REM is preferred to CEM, while the 

Hausman test determines the final choice between FEM 

and REM. This procedure ensures that the selected model 

is consistent with the characteristics of the panel data. 

Based on the panel testing hierarchy and the test results 

in Table 3, the significant Chow test rejects the CEM. This 

is followed by a significant Hausman test, which supports 

the selection of FEM as the most appropriate model 

relative to both REM and CEM. 

4.3. Regression Results Analysis  

The results of the Fixed Effects Model (FEM) presented in 

Table 4 indicate that all main independent variables exert 

a statistically significant influence on economic growth. 

Internet penetration, smartphone usage, and digital 

infrastructure each display positive and significant 

coefficients, suggesting that higher levels of digitalization 

are associated with stronger economic growth. 

Specifically, the estimated coefficient of internet 

penetration is 0.045 (p = 0.000), implying that a 1% 

increase in internet access is associated with a 0.045% 

increase in real GDP per capita growth. Smartphone 

usage records a coefficient of 0.038 (p = 0.001), indicating 

that wider mobile technology adoption contributes 

positively to economic performance. Digital 

infrastructure also exerts a positive effect, with a 

coefficient of 0.029 (p = 0.009), confirming that stronger 

telecommunications networks and digital systems 

support higher productivity and growth. These findings 

imply that improvements in digital connectivity and 

technological readiness contribute positively to economic 

performance across developing countries. 

The control variables also demonstrate statistically 

significant positive effects. Education level, measured by 

average years of schooling, has a coefficient of 0.020 (p = 

0.012), indicating that human capital supports economic 

growth. Foreign direct investment (FDI) records a 

coefficient of 0.055 (p = 0.002), suggesting that external 

capital inflows contribute positively to growth. 

Urbanization also shows a positive coefficient of 0.031    
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Table 6. Results of Breusch-Pagan-Godfrey heteroscedasticity test. 

F-Stat. Prob. Obs × R2 Prob. Chi-Square Scaled explained SS Prob. Chi-Square 

1.2846 0.2604 7.6128 0.2679 6.9851 0.3215 

Note: A Chi-Square probability value above 0.05 indicates the absence of heteroskedasticity. 

Table 7. Results of variance inflation factors (VIF) for multicollinearity test. 

Variable VIF 1/VIF 

Internet Penetration 1.92 0.5208 

Smartphone Usage 1.78 0.5618 

Digital Infrastructure 1.84 0.5435 

Education Level 1.42 0.7042 

FDI 1.61 0.6211 

Urbanization 1.51 0.6623 

Mean VIF 1.68  

Note: VIF values below 10 indicate the absence of multicollinearity. 

Table 8. Results of Durbin-Watson autocorrelation test. 

Test Stat. 

Durbin-Watson 1.9847 

Note: The Durbin–Watson bounds for autocorrelation are 

𝑑𝐿=1.72 and 𝑑𝑈=1.82 at the 5% significance level; a 

Durbin–Watson statistic above these bounds indicates 

the absence of autocorrelation. 

(p = 0.028), implying that urban development is 

associated with stronger economic performance. 

Although the model selection tests confirm FEM as the 

most appropriate specification, this study also presents 

the Random Effects Model (REM) results for comparison 

purposes and to assess the consistency of the findings. 

As shown in Table 5, the REM estimates closely mirror the 

FEM results, indicating that digitalization also has a 

positive and statistically significant effect on economic 

growth under the alternative specification. The 

coefficients for internet penetration, smartphone usage, 

and digital infrastructure remain positive and significant. 

The consistency of the estimated signs and significance 

levels across both FEM and REM provides additional 

evidence for the robustness of the positive relationship 

between digitalization and economic growth. 

4.4. Classical Assumption test 

To ensure that the parameter estimates of the panel 

regression satisfy the Gauss–Markov assumptions, 

several diagnostic tests are conducted, including tests for 

multicollinearity, heteroskedasticity, and autocorrelation. 

These tests are important because the model assumes 

homoscedastic and uncorrelated error terms across 

observations, thereby ensuring that the coefficient 

estimates are unbiased, consistent, and efficient. 

The results of the Breusch–Pagan–Godfrey 

heteroskedasticity test in Table 6 show a Prob. Chi-

Square (6) value of 0.2679, which is greater than the 5% 

significance level. Therefore, the null hypothesis of 

homoscedasticity cannot be rejected. This indicates that 

the Fixed Effects Model is free from heteroskedasticity 

problems, as the variance of the error term remains 

constant across observations. Satisfying this assumption 

supports the efficiency of the regression estimates. 

The Variance Inflation Factor (VIF) test results in Table 7 

show that all explanatory variables have VIF values below 

the conventional threshold of 10, namely: internet 

penetration (1.92), smartphone usage (1.78), digital 

infrastructure (1.84), education (1.42), foreign direct 

investment (FDI) (1.61), and urbanization (1.51), with a 

mean VIF of 1.68. These results indicate the absence of 

serious multicollinearity among the independent 

variables, suggesting that the estimated coefficients can 

be interpreted reliably without distortion caused by high 

correlations among regressors. 

The Durbin–Watson test results in Table 8 yield a statistic 

of 1.9847, which is close to 2.0, with a lower bound (dL = 

1.72) and an upper bound (dU = 1.82) at the 5% 

significance level. This result indicates the absence of 

first-order autocorrelation in the residuals of the Fixed 

Effects Model. Accordingly, the null hypothesis of no 

autocorrelation cannot be rejected. Meeting this 

assumption implies that the error terms are independent 

across time periods in the panel dataset. 

Overall, the classical assumption tests confirm that the 

Fixed Effects Model satisfies the key conditions required 

for reliable estimation. The Breusch–Pagan test (p = 

0.2679 > 0.05) indicates homoscedastic residuals, all VIF 

values below 10 suggest no multicollinearity, and the 

Durbin–Watson statistic of 1.9847 confirms the absence 

of autocorrelation. These findings support the validity 

and efficiency of the model estimates for analyzing the 

impact of digitalization on economic growth across 50 

developing countries over the period 2010–2020. 
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4.5. Discussion 

The results of the Fixed Effects Model (FEM) indicate that 

digitalization exerts a positive and statistically significant 

impact on economic growth across 50 developing 

countries over the period 2010–2020. The Random 

Effects Model (REM) produces similar results and 

confirms this relationship. The R-squared value of 0.72 

suggests a strong overall model fit. This finding is 

consistent with endogenous growth theory, which argues 

that technological innovation enhances productivity and 

supports long-term economic growth. 

Beginning with internet penetration, the estimated 

coefficient implies a positive impact, indicating that an 

increase in internet access is associated with an increase 

in real GDP per capita growth. This result is consistent 

with Arvin & Pradhan [2], who identify a positive 

relationship between broadband diffusion and economic 

growth through improvements in market efficiency. It 

also supports the World Bank [3] view that internet 

expansion reduces transaction costs and broadens 

market participation in developing economies. Although 

Chinn & Fairlie [37] document persistently low internet 

penetration in low-income countries due to 

infrastructure constraints, the present findings suggest 

that the rapid diffusion of digital technologies after 2010 

has strengthened the growth contribution of internet 

connectivity. These results imply that policies aimed at 

expanding rural broadband access may facilitate 

economic leapfrogging. 

This foundation of connectivity extends to smartphone 

usage, which is also found to have a positive impact. The 

result suggests that wider mobile technology adoption 

promotes business efficiency, access to information, and 

financial inclusion. This finding corroborates Aker & Mbiti 

[16], who show that mobile phone expansion in Africa 

reduced information costs and enabled new economic 

activities. It is further supported by the International 

Telecommunication Union [4], which highlights the role 

of smartphones in advancing digital finance and inclusion 

across emerging markets. From a policy perspective, 

improving the affordability of smartphones and mobile 

services, particularly for small and medium-sized 

enterprises (SMEs), may enhance productivity in both 

formal and informal sectors. 

Digital infrastructure also exerts a positive effect, 

confirming that stronger telecommunications networks 

and digital systems contribute to higher productivity and 

growth. This finding is consistent with Jorgenson & Vu 

[39], who emphasize the contribution of ICT capital to 

output growth, and with Bukht & Heeks [27], who stress 

the multidimensional nature of digitalization. Although 

Oloyede et al. [18] warn that infrastructure disparities 

may intensify inequality, the present cross-country 

evidence indicates that the net economic effect remains 

positive. This underscores the importance of sustained 

investment in broadband networks, data systems, and 

telecommunications infrastructure. 

The effectiveness of these digital drivers, however, 

depends on supporting structural factors. Education 

level, measured by average years of schooling, is found 

to have a positive impact, indicating that human capital 

facilitates the adoption and productive use of digital 

technologies. This is consistent with studies emphasizing 

the central role of education in growth and innovation, as 

well as the World Bank [3] recommendation to 

strengthen digital literacy. These findings suggest that 

integrating digital competencies into national education 

systems is essential for maximizing the returns to 

digitalization. 

Foreign direct investment (FDI) also demonstrates a 

positive and significant impact, indicating that external 

capital inflows support economic growth, partly through 

technology transfer and infrastructure development. This 

result is aligned with the broader FDI-growth literature 

and with the United Nations Conference on Trade and 

Development [20], which notes the importance of 

investment flows for digital transformation in developing 

economies. Therefore, policies designed to attract 

technology-oriented FDI may accelerate modernization 

and economic expansion. 

Urbanization, with a positive coefficient, also contributes 

positively to economic growth. This suggests that urban 

concentration may generate productivity gains through 

agglomeration economies, better infrastructure, and 

easier access to digital services. The result is consistent 

with studies linking urban development to technological 

diffusion [45, 46] and with the International 

Telecommunication Union [4], which highlights 

persistent urban-rural disparities in digital access. These 

findings imply that inclusive urban planning and smart 

city strategies should be accompanied by policies that 

narrow regional inequalities. 

Overall, the findings indicate that internet penetration 

and smartphone usage directly strengthen connectivity 

and inclusion, supported by digital infrastructure. At the 

same time, education, FDI, and urbanization amplify 

these benefits through human capital formation, 

technology transfer, and agglomeration effects. 

Collectively, the evidence positions multidimensional 

digitalization as a powerful driver of economic growth in 

developing countries while also emphasizing the 

importance of complementary structural conditions. 
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5. Conclusions and Recommendations 

The empirical analysis using the Fixed Effects Model 

(FEM) with panel data from 50 developing countries over 

the period 2010–2020 confirms that digitalization, 

proxied by internet penetration, smartphone usage, and 

digital infrastructure, exerts a positive and statistically 

significant impact on real GDP per capita growth. 

Structural enablers further strengthen these effects, as 

education facilitates technology absorption, foreign 

direct investment (FDI) supports infrastructure financing, 

and urbanization benefits from stronger digital access in 

urban areas. These findings support endogenous growth 

theory in the context of developing economies and 

highlight the leapfrogging potential of digitalization, 

although persistent digital divides may constrain gains in 

low-access regions. 

Based on these findings, policymakers in developing 

countries should prioritize several strategic measures. 

First, governments should expand rural internet access 

through public-private partnerships to reduce 

connectivity gaps in underserved areas. Second, policies 

that improve smartphone affordability, such as targeted 

tax incentives or reduced import duties on entry-level 

devices, may broaden digital participation among small 

businesses and low-income households. Third, sustained 

investment in digital infrastructure, including broadband 

networks and telecommunications systems, should be 

encouraged alongside incentives to attract technology-

oriented FDI. Fourth, education systems should integrate 

digital literacy and ICT competencies at multiple levels to 

strengthen human capital and improve the productive 

use of technology. Fifth, urban development strategies 

should promote smart city initiatives while 

simultaneously extending digital connectivity to peri-

urban and rural areas in order to prevent widening 

spatial inequality. Collectively, these measures can help 

ensure that digitalization becomes a more inclusive and 

sustainable driver of long-term economic growth. 

Despite the robustness of the model diagnostics, this 

study has several limitations that also provide directions 

for future research. First, data availability restricts the 

analysis to the 2010–2020 period and does not capture 

the accelerated digital transformation observed after the 

COVID-19 pandemic. Future studies should therefore 

incorporate post-2020 data to assess its long-term 

economic effects. Second, although digitalization is 

measured through multiple dimensions, broader 

information and communication technology (ICT) 

indicators remain outside the scope of the analysis, 

suggesting the need for more comprehensive measures. 

Third, while country fixed effects control for time-

invariant heterogeneity, they may not fully address 

potential endogeneity arising from reverse causality, 

whereby higher economic growth may itself attract 

greater digital investment. Dynamic panel techniques 

such as the generalized method of moments (GMM) may 

therefore provide a more suitable approach. In addition, 

future research may examine sector-specific effects 

across agriculture, manufacturing, and services, apply 

nonlinear models to test threshold effects or diminishing 

returns, and use micro-level evidence on firms and 

households to complement the present macroeconomic 

findings. 

Author Contributions: Conceptualization, M.K. and W.S.; 

methodology, W.S.; software, W.S.; validation, M.K. and W.S.; 

formal analysis, M.K.; investigation, W.S.; resources, M.K.; data 

curation, W.S.; writing—original draft preparation, M.K.; 

writing—review and editing, M.K. and W.S.; visualization, M.K. 

and W.S.; supervision, M.K.; project administration, M.K. All 

authors have read and agreed to the published version of the 

manuscript. 

Funding: This study does not receive external funding. 

Data Availability Statement: The data of this study are 

available from the corresponding author upon reasonable 

request. 

Acknowledgments: The authors express their gratitude to 

Universitas Syiah Kuala. 

Conflicts of Interest: All the authors declare that there are no 

conflicts of interest. 

References 

1. Asma, H., Batool, S., and Rehman, B. (2024). Impact of 

Digitalization on Economic Growth in Developing Countries: A 

Panel ARDL Analysis, Qlantic Journal of Social Sciences, Vol. 5, 

No. 3, 11–23. doi:10.55737/qjss.559137478. 

2. Arvin, B. M., and Pradhan, R. P. (2014). Broadband Penetration 

and Economic Growth Nexus: Evidence from Cross-Country 

Panel Data, Applied Economics, Vol. 46, No. 35, 4360–4369. 

doi:10.1080/00036846.2014.957444. 

3. World Bank. (2016). World Development Report 2016: Digital 

Dividends, Washington, DC. 

4. International Telecommunication Union. (2024). Facts and 

Figures 2024, from https://www.itu.int/itu-

d/reports/statistics/facts-figures-2024.  

5. Fu, H., Guan, J., Wang, R., Kong, L., and Dai, Q. (2024). How Does 

Digitalization Affect the Urban-Rural Disparity at Different 

Disparity Levels: A Bayesian Quantile Regression Approach, 

Technology in Society, Vol. 78, 102633. 

doi:10.1016/j.techsoc.2024.102633. 

6. Billon, M., Lera-Lopez, F., and Marco, R. (2010). Differences in 

Digitalization Levels: A Multivariate Analysis Studying the Global 

Digital Divide, Review of World Economics, Vol. 146, No. 1, 39–

73. doi:10.1007/s10290-009-0045-y. 

7. Shaban, A. (2024). Digitalization and Exclusion—Digital Divides 

and Development, Digital Geographies—Theory, Space, and 

Communities, Springer Nature Singapore, Singapore, 255–496. 

doi:10.1007/978-981-97-4734-4_4. 

8. Jones, C. I. (2019). Paul Romer: Ideas, Nonrivalry, and 

Endogenous Growth, The Scandinavian Journal of Economics, 

Vol. 121, No. 3, 859–883. doi:10.1111/sjoe.12370. 

https://doi.org/10.55737/qjss.559137478
https://doi.org/10.1080/00036846.2014.957444
https://www.worldbank.org/en/publication/wdr2016
https://www.worldbank.org/en/publication/wdr2016
https://www.itu.int/itu-d/reports/statistics/facts-figures-2024
https://www.itu.int/itu-d/reports/statistics/facts-figures-2024
https://doi.org/10.1016/j.techsoc.2024.102633
https://doi.org/10.1007/s10290-009-0045-y
https://doi.org/10.1007/978-981-97-4734-4_4
https://doi.org/10.1111/sjoe.12370


Ekonomikalia Journal of Economics, Vol. 4, No. 1, 2026 

 Page | 40  
 

9. Hardi, I., Majid, M. S. A., Farlian, T., Saleh, M., Suriansyah, A., 

Syazalisma, C., and Mose, N. (2025). Governance Quality and 

Innovation Capability: Insights from Indonesia, Grimsa Journal 

of Business and Economics Studies, Vol. 3, No. 1, 14–30. 

doi:10.61975/gjbes.v3i1.103. 

10. David, L. K., Wang, J., Brooks, W., and Angel, V. (2025). Digital 

Transformation and Socio-Economic Development in Emerging 

Economies: A Multinational Analysis, Technology in Society, Vol. 

81, 102834. doi:10.1016/j.techsoc.2025.102834. 

11. Jin, C., Xu, A., Zhu, Y., and Li, J. (2023). Technology Growth in the 

Digital Age: Evidence from China, Technological Forecasting and 

Social Change, Vol. 187, 122221. 

doi:10.1016/j.techfore.2022.122221. 

12. Pan, W., Xie, T., Wang, Z., and Ma, L. (2022). Digital Economy: An 

Innovation Driver for Total Factor Productivity, Journal of 

Business Research, Vol. 139, 303–311. 

doi:10.1016/j.jbusres.2021.09.061. 

13. Fazli, Q. S., Hardi, I., Hilal, I. S., and Idroes, G. M. (2026). System-

Level Integration of Hydrogen Economy and Circular Economy: 

A Bibliometric Analysis of Techno-Economic and Infrastructure-

Oriented Research, Hydrogen Economy & Engineering, 100003. 

doi:10.1016/j.hee.2026.100003. 

14. Basnayake, D., Naranpanawa, A., Selvanathan, S., and Bandara, 

J. S. (2024). Financial Inclusion through Digitalization and 

Economic Growth in Asia-Pacific Countries, International Review 

of Financial Analysis, Vol. 96, 103596. 

doi:10.1016/j.irfa.2024.103596. 

15. Sinha, M., Roy, S., and Tirtosuharto, D. (2025). Digitalization and 

Economic Development: Lessons from Globalized Developing 

Countries, Studies in Economics and Finance, Vol. 42, No. 2, 

289–305. doi:10.1108/SEF-12-2023-0701. 

16. Aker, J. C., and Mbiti, I. M. (2010). Mobile Phones and Economic 

Development in Africa, Journal of Economic Perspectives, Vol. 

24, No. 3, 207–232. doi:10.1257/jep.24.3.207. 

17. Nguyen, C. P., Doytch, N., Schinckus, C., and Su, T. D. (2024). 

Mobile and Internet Usage, Institutions and the Trade Balance: 

Evidence from African Countries, International Journal of 

Finance & Economics, Vol. 29, No. 2, 2230–2264. 

doi:10.1002/ijfe.2782. 

18. Oloyede, A. A., Faruk, N., Noma, N., Tebepah, E., and Nwaulune, 

A. K. (2023). Measuring the Impact of the Digital Economy in 

Developing Countries: A Systematic Review and Meta- Analysis, 

Heliyon, Vol. 9, No. 7, e17654. 

doi:10.1016/j.heliyon.2023.e17654. 

19. Hardi, I., Mose, N., Tanchev, S., Siregar, M. I., and Bozkaya, S. 

(2025). Freedom and Prosperity: The Impact of Political Rights 

and Civil Liberties on Economic Complexity, Ekonomikalia 

Journal of Economics, Vol. 3, No. 2, 78–92. 

doi:10.60084/eje.v3i2.329. 

20. UNCTAD. (2021). Digital Economy Report 2021. Cross-Border 

Data Flows and Development: For Whom the Data Flow, New 

York, United Nations Publications. 

21. Ahmed, E. M., Elfaki, K. E., and Bashir, M. S. (2026). The Impacts 

of Globalization, Institutional Quality, and Digital Technology 

Innovation on OECD Countries Sustainable Digital Economic 

Growth, Social Sciences & Humanities Open, Vol. 13, 102560. 

doi:10.1016/j.ssaho.2026.102560. 

22. Dah, D., Zahonogo, P., and Kaboré, P. F. (2025). Effects of the 

Digital Economy on Economic Growth in Africa: The Role of 

Human Capital, Cogent Economics & Finance, Vol. 13, No. 1. 

doi:10.1080/23322039.2025.2525485. 

23. Wang, J., Wang, W., Ran, Q., Irfan, M., Ren, S., Yang, X., Wu, H., 

and Ahmad, M. (2022). Analysis of the Mechanism of the Impact 

of Internet Development on Green Economic Growth: Evidence 

from 269 Prefecture Cities in China, Environmental Science and 

Pollution Research, Vol. 29, No. 7, 9990–10004. 

doi:10.1007/s11356-021-16381-1. 

24. Edquist, H., Goodridge, P., and Haskel, J. (2021). The Internet of 

Things and Economic Growth in a Panel of Countries, Economics 

of Innovation and New Technology, Vol. 30, No. 3, 262–283. 

doi:10.1080/10438599.2019.1695941. 

25. Sawng, Y., Kim, P., and Park, J. (2021). Ict Investment and GDP 

Growth: Causality Analysis for the Case of Korea, 

Telecommunications Policy, Vol. 45, No. 7, 102157. 

doi:10.1016/j.telpol.2021.102157. 

26. Erumban, A. A., and Das, D. K. (2020). ICT Investment and 

Economic Growth in India: An Industry Perspective, 

Digitalisation and Development, Springer Singapore, Singapore, 

89–117. doi:10.1007/978-981-13-9996-1_3. 

27. Bukht, R., and Heeks, R. (2018). Defining, Conceptualising and 

Measuring the Digital Economy, International Organisations 

Research Journal, Vol. 13, No. 2, 143–172. doi:10.17323/1996-

7845-2018-02-07. 

28. Kumara, U., Wijerathna, D., and Jayathilaka, R. (2025). 

Digitalisation Dynamics: Developing a Global Index for Digital 

Pioneers, Adapters, and Followers, Journal of Open Innovation: 

Technology, Market, and Complexity, Vol. 11, No. 2, 100540. 

doi:10.1016/j.joitmc.2025.100540. 

29. Nadeem, M., Ali, Y., Rehman, O. ur, and Saarinen, L. T. (2024). 

Barriers and Strategies for Digitalisation of Economy in 

Developing Countries: Pakistan, a Case in Point, Journal of the 

Knowledge Economy, Vol. 15, No. 1, 4730–4749. 

doi:10.1007/s13132-023-01158-3. 

30. Suranto, B., Kovač, N., Haryono, K., Abdul Rahman, S. F., Mohd 

Shukri, A. F., Suder, M., Kusa, R., and Žugić, D. (2025). State of 

Digitalization in the Southeast Asia Region – Bibliometric 

Analysis, Quality & Quantity, Vol. 60, No. 1, 1053–1080. 

doi:10.1007/s11135-025-02296-3. 

31. Matthess, M., and Kunkel, S. (2020). Structural Change and 

Digitalization in Developing Countries: Conceptually Linking the 

Two Transformations, Technology in Society, Vol. 63, 101428. 

doi:10.1016/j.techsoc.2020.101428. 

32. Mishakov, V. Y., Daitov, V. V., and Gordienko, M. S. (2021). Impact 

of Digitalization on Economic Sustainability in Developed and 

Developing Countries, 265–274. doi:10.1007/978-3-030-70194-

9_26. 

33. Acs, Z., and Sanders, M. (2021). Endogenous Growth Theory and 

Regional Extensions, Handbook of Regional Science, Springer 

Berlin Heidelberg, Berlin, Heidelberg, 615–634. 

doi:10.1007/978-3-662-60723-7_13. 

34. Sredojević, D., Cvetanović, S., and Bošković, G. (2016). 

Technological Changes in Economic Growth Theory: 

Neoclassical, Endogenous, and Evolutionary-Institutional 

Approach, Economic Themes, Vol. 54, No. 2, 177–194. 

doi:10.1515/ethemes-2016-0009. 

35. Hardi, I., Afjal, M., Aburizaiza, S. O., Saeed, M. A., Idroes, G. M., 

and Noviandy, T. R. (2026). Redefining Economic Trajectories: 

Examining the U-Shaped Dynamics between Renewable Energy 

and Economic Leading Indicators, Humanities and Social 

Sciences Communications, Vol. 13, No. 1, 137. 

doi:10.1057/s41599-025-06442-y. 

36. Solow, R. M. (1956). A Contribution to the Theory of Economic 

Growth, The Quartely Journal of Economics, Vol. 70, No. 1, 65–

94. doi:10.2307/1884513. 

37. Chinn, M. D., and Fairlie, R. W. (2010). ICT Use in the Developing 

World: An Analysis of Differences in Computer and Internet 

Penetration, Review of International Economics, Vol. 18, No. 1, 

153–167. doi:10.1111/j.1467-9396.2009.00861.x. 

38. Ku, M., Gil-Garcia, J. R., and Zhang, J. (2016). The Emergence and 

Evolution of Cross-Boundary Research Collaborations: An 

Explanatory Study of Social Dynamics in a Digital Government 

Working Group, Government Information Quarterly, Vol. 33, No. 

4, 796–806. doi:10.1016/j.giq.2016.07.005. 

https://doi.org/10.61975/gjbes.v3i1.103
https://doi.org/10.1016/j.techsoc.2025.102834
https://doi.org/10.1016/j.techfore.2022.122221
https://doi.org/10.1016/j.jbusres.2021.09.061
https://doi.org/10.1016/j.hee.2026.100003
https://doi.org/10.1016/j.irfa.2024.103596
https://doi.org/10.1108/SEF-12-2023-0701
https://doi.org/10.1257/jep.24.3.207
https://doi.org/10.1002/ijfe.2782
https://doi.org/10.1016/j.heliyon.2023.e17654
https://doi.org/10.60084/eje.v3i2.329
https://digitallibrary.un.org/record/3942554?v=pdf
https://digitallibrary.un.org/record/3942554?v=pdf
https://digitallibrary.un.org/record/3942554?v=pdf
https://doi.org/10.1016/j.ssaho.2026.102560
https://doi.org/10.1080/23322039.2025.2525485
https://doi.org/10.1007/s11356-021-16381-1
https://doi.org/10.1080/10438599.2019.1695941
https://doi.org/10.1016/j.telpol.2021.102157
https://doi.org/10.1007/978-981-13-9996-1_3
https://doi.org/10.17323/1996-7845-2018-02-07
https://doi.org/10.17323/1996-7845-2018-02-07
https://doi.org/10.1016/j.joitmc.2025.100540
https://doi.org/10.1007/s13132-023-01158-3
https://doi.org/10.1007/s11135-025-02296-3
https://doi.org/10.1016/j.techsoc.2020.101428
https://doi.org/10.1007/978-3-030-70194-9_26
https://doi.org/10.1007/978-3-030-70194-9_26
https://doi.org/10.1007/978-3-662-60723-7_13
https://doi.org/10.1515/ethemes-2016-0009
https://doi.org/10.1057/s41599-025-06442-y
https://doi.org/10.2307/1884513
https://doi.org/10.1111/j.1467-9396.2009.00861.x
https://doi.org/10.1016/j.giq.2016.07.005


Ekonomikalia Journal of Economics, Vol. 4, No. 1, 2026 

 Page | 41  
 

39. Jorgenson, D. W., and Vu, K. (2005). Information Technology and 

the World Economy, The Scandinavian Journal of Economics, 

Vol. 107, No. 4, 631–650. doi:10.1111/j.1467-9442.2005.00430.x. 

40. Nosike, C. J. (2024). Digitalization in Developing Countries: 

Opportunities and Challenges, Nigerian Journal of Arts and 

Humanities, Vol. 4, No. 1. 

41. World Economic Forum. (2020). The Global Competitiveness 

Report: How Countries Are Performing on the Road to Recovery, 

The World Economic Forum. 

42. World Bank. (2024). Country, from 

https://data.worldbank.org/country.  

43. World Bank. (2021). World Development Indicators, from 

https://databank.worldbank.org/source/world-development-

indicators.  

44. International Telecommunication Union. (2021). DataHub, from 

https://datahub.itu.int.  

45. McCann, P., and Ortega-Argilés, R. (2026). Technological 

Change, Knowledge Diffusion and the Growth of Cities and 

Regions: Analytical, Empirical and Policy-Making Challenges, 

Spatial Economic Analysis, Vol. 21, No. 1, 80–94. 

doi:10.1080/17421772.2026.2619183. 

46. Hardi, I., Idroes, G. M., Márquez-Ramos, L., Noviandy, T. R., and 

Idroes, R. (2025). Inclusive Innovation and Green Growth in 

Advanced Economies, Sustainable Futures, Vol. 9, 100540. 

doi:10.1016/j.sftr.2025.100540. 

 

Appendix. 

Appendix 1 – Sample countries. 

No. Country Region No. Country Region No. Country Region 

1 Armenia Asia 18 Thailand Asia 35 South Africa Africa 

2 Azerbaijan Asia 19 Uzbekistan Asia 36 Tanzania Africa 

3 Bangladesh Asia 20 Vietnam Asia 37 Tunisia Africa 

4 Cambodia Asia 21 Algeria Africa 38 Uganda Africa 

5 India Asia 22 Botswana Africa 39 Zambia Africa 

6 Indonesia Asia 23 Cameroon Africa 40 Zimbabwe Africa 

7 Kazakhstan Asia 24 Egypt Africa 41 Bolivia Latin America 

8 Kyrgyzstan Asia 25 Ethiopia Africa 42 Brazil Latin America 

9 Laos Asia 26 Ghana Africa 43 Colombia Latin America 

10 Malaysia Asia 27 Ivory Coast Africa 44 Ecuador Latin America 

11 Mongolia Asia 28 Kenya Africa 45 El Salvador Latin America 

12 Myanmar Asia 29 Morocco Africa 46 Guatemala Latin America 

13 Nepal Asia 30 Mozambique Africa 47 Honduras Latin America 

14 Pakistan Asia 31 Namibia Africa 48 Mexico Latin America 

15 Philippines Asia 32 Nigeria Africa 49 Paraguay Latin America 

16 Sri Lanka Asia 33 Rwanda Africa 50 Peru Latin America 

17 Tajikistan Asia 34 Senegal Africa    
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