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Abstract
This study aims to analyze the effects of entrepreneurship and Information and
Communication Technologies (ICT) on economic growth in 18 selected OECD
countries over the period 2006—2022. Mobile cellular subscriptions are used as a
proxy for ICT, while human capital and physical capital are included in the model
as control variables. The relationships among the variables are examined using the
Mean Group (MG) and Common Correlated Effects Mean Group (CCEMG)
estimators. The findings obtained from the MG estimator indicate that
entrepreneurship, ICT, human capital, and physical capital have positive and
statistically significant effects on economic growth. However, since cross-
sectional dependence persists in the MG estimation, the results obtained from the
CCEMG estimator, which accounts for cross-sectional dependence, are taken as
the primary findings. According to the CCEMG results, among the main
independent variables, entrepreneurship has a positive and statistically significant
effect on economic growth, whereas the effect of ICT is positive but statistically
insignificant. Regarding the control variables, physical capital has a positive and
statistically significant effect on economic growth, while the effect of human
capital is negative and statistically insignificant. The findings show that
entrepreneurship supports economic growth, whereas ICT has no statistically
significant effect.
Oz

Bu c¢alismanin amaci, se¢ili 18 OECD iilkesinde 2006-2022 dénemi igin
girisimcilik ve Bilgi ve Iletisim Teknolojilerinin (BIT) ekonomik biiyiime
tizerindeki etkilerini analiz etmektir. Calismada BIT'i temsilen mobil telefon
abonelikleri kullanilirken, beseri sermaye ve fiziksel sermaye kontrol degiskenleri
olarak modele dahil edilmistir. Degiskenler arasindaki iligskiler Mean Group (MG)
ve Common Correlated Effects Mean Group (CCEMG) tahmincileri kullanilarak
incelenmistir. MG tahmincisinden elde edilen bulgular, girisimcilik, BIT, beseri
sermaye ve fiziksel sermayenin ekonomik biiyiime tizerindeki etkilerinin pozitif ve
istatistiksel olarak anlamli oldugunu gostermektedir. Bununla birlikte, MG
tahmininde yatay kesit bagimliliginin devam etmesi nedeniyle, yatay kesit
bagimliligim1 dikkate alan CCEMG tahmincisinden elde edilen sonuglar esas
almmisttr. CCEMG  bulgularina goére, temel bagimsiz degiskenlerden
girisimciligin ekonomik biiyiime tizerindeki etkisi pozitif ve istatistiksel olarak
anlamli iken, BIT'in etkisi pozitif ancak istatistiksel olarak anlamsizdir. Kontrol
degiskenlerinden fiziksel sermayenin ekonomik biiylime tizerindeki etkisi pozitif
ve istatistiksel olarak anlamli, beseri sermayenin etkisi ise negatif ve istatistiksel
olarak anlamsizdir. Bulgular, girisimciligin ekonomik biiyiimeyi destekledigini,
BIT’in ise istatistiksel olarak anlamli bir etkisinin olmadigim gdstermektedir.
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1. Introduction

Entrepreneurship is a multifaceted concept referring to individuals who seize opportunities,
take risks, and create value through innovative activities within the economic system. Although
defined differently in the literature, entrepreneurship is generally considered a process involving
innovation and risk-taking behaviors (Smith and Chimucheka, 2014). Over time, entrepreneurship
has ceased to be merely an individual activity and has become a crucial element of economic
growth strategies (Audretsch, 2018). In this context, entrepreneurship has also become an
important component of countries’ economic development and value creation processes
(Fernandez-Guadafio and Martin-Lopez, 2023). The relationship between entrepreneurship and
economic growth is explained particularly through innovation and increased productivity.
Schumpeter (1934) defines the entrepreneur as the fundamental driving force of economic growth
and explains this relationship through the process of "creative destruction". According to
Schumpeter, innovative entrepreneurs replace existing production structures by developing new
products and technologies, and eliminate inefficient firms from the market. This process
accelerates economic growth by directing resources to more efficient areas. The contribution of
entrepreneurship to economic growth manifests itself through the creation of employment
opportunities, improved welfare, and innovation (Acs et al., 2018). Entrepreneurs increase
competition by developing new business opportunities and innovations, and are considered one
of the important drivers of economic growth (Stoica et al., 2020). Therefore, entrepreneurship is
considered an important determinant of sustainable economic growth thanks to the positive
economic and social effects it creates (Meyer and Meyer, 2017).

Mobile communication technologies, as one of the most important components of
Information and Communication Technologies (ICT), have shown rapid development in recent
years. In particular, mobile cellular subscriptions stand out as a key indicator facilitating
individuals' communication, access to information, and participation in economic activities. The
rapid transformation in technology, along with the widespread use of mobile cellulars and internet
networks, has increased interaction between individuals and businesses, contributing to a more
dynamic economic structure (Myovella et al., 2020). The relationship between mobile cellular
subscriptions and economic growth is explained particularly through information flow and
financial inclusion. Mobile technologies facilitate access to financial services, increasing the
integration of individuals into the economic system and reducing transaction costs. This increases
productivity at both individual and corporate levels and allows for more efficient conduct of
economic activities. Furthermore, mobile communication reduces time and distance constraints,
expanding market access and accelerating economic interactions (Abu Alfoul et al., 2024). Within
this framework, mobile cellular subscriptions are considered a significant factor supporting
economic growth. Accordingly, this study uses mobile cellular subscriptions as a proxy for ICT.

Human capital refers to the knowledge, skills, education, and competencies that enhance
individuals’ productive capacity and contribute to overall economic performance (Serrat, 2017).
Education plays a central role in human capital formation by improving individuals’ knowledge
and skills (Widarni and Bawono, 2021), while higher levels of education may also encourage
entrepreneurial activity (Chaganti and Greene, 2002). Within endogenous growth theory, human
capital is regarded as a fundamental determinant of economic growth through its effects on
productivity and knowledge accumulation. Barro and Sala-i-Martin (1999) emphasize its role in
sustaining long-term growth, while Barro and Lee (1996) provide empirical evidence of its
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positive effect on economic growth. Accordingly, human capital is widely recognized as an
important determinant of long-term economic performance (Jones and Schneider, 2006).

Recent studies on the determinants of economic growth have shown that not only
traditional factors of production but also entrepreneurship, human capital, and digitalization play
a significant role in the growth process. In particular, technological advances, the widespread use
of mobile communication technologies, and improvements in human capital have increased the
complexity of economic growth dynamics in OECD countries. In this context, examining
entrepreneurship and ICT, while also considering human capital and physical capital, provides a
broader framework for understanding the determinants of economic growth. However, studies
that jointly examine entrepreneurship and ICT within a common empirical framework remain
relatively limited. This constitutes the main motivation of the present study. Accordingly, the
main research question is stated as follows: How do entrepreneurship and ICT affect economic
growth in selected OECD countries when human capital and physical capital are controlled for?

The aim of this study is to analyze the effects of entrepreneurship and ICT on economic
growth in 18 selected OECD countries (Mexico, Belgium, Czechia, Denmark, Estonia, Finland,
Germany, Hungary, Iceland, Italy, Norway, Poland, Portugal, Slovak Republic, Slovenia, Spain,
Sweden, Tirkiye) over the period 2006-2022. Mobile cellular subscriptions are used as a proxy
for ICT, while human capital and physical capital are included in the model as control variables.
Accordingly, the study employs panel data methods that account for cross-sectional dependence
and heterogeneity across countries. Particular attention is given to the role of entrepreneurship
and ICT.

This study contributes to the literature in several ways. First, it jointly examines the effects
of entrepreneurship and ICT on economic growth within a common empirical framework, while
human capital and physical capital are included as control variables. Second, the use of the Mean
Group (MG) and Common Correlated Effects Mean Group (CCEMG) estimators allows the
analysis to account for heterogeneity across countries and, particularly through the CCEMG
estimator, cross-sectional dependence arising from common shocks and unobserved common
factors. Third, the use of mobile cellular subscriptions as a proxy for ICT provides an additional
perspective on the role of ICT in economic growth. Overall, the study provides empirical evidence
on the determinants of economic growth in selected OECD countries by employing an
econometric framework that considers cross-country interactions.

This study is structured as follows: The second section examines the literature on the
relationship between entrepreneurship, ICT, and economic growth, particularly within the
framework of empirical studies. The third section presents the dataset, variable definitions, and
the methodology used. The fourth section discusses the empirical findings. The final section
presents the conclusions and policy implications of the study.

2. Literature Review

Within the scope of the literature review, the relationships between entrepreneurship and
ICT, the main independent variables of this study, and economic growth are examined within the
framework of the existing empirical literature. To enable a more systematic and analytical
evaluation of the relevant literature, the studies have been classified according to the
methodologies they employ, the country groups they cover, and the thematic axes on which they
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focus. Drawing on previous empirical findings, the main gaps in the literature have been
identified; in light of these gaps, the original contribution of this study has been defined and the
research hypotheses to be tested have been developed.

2.1. Entrepreneurship and Economic Growth

Although the relationship between entrepreneurship and economic growth has been
extensively studied across different country groups, periods, and methodological approaches, the
findings have not yet reached a consensus. Empirical studies in this area generally cluster around
three main axes: studies focusing on developing economies, regional comparative analyses, and
integrated approaches that consider entrepreneurship together with complementary variables such
as innovation and institutional structure.

In studies focusing on developing economies, the impact of entrepreneurship on growth is
mostly found to be positive, but the magnitude and direction of this effect vary significantly
depending on the context. Nurmalia et al. (2020), using the fixed effects method in Indonesia
during the 2008-2013 period, found that entrepreneurial productivity significantly affected
regional growth; however, this contribution varied by sector. Peprah and Adekoya (2020),
covering ten African countries during the 20062016 period, showed that entrepreneurship has a
positive and significant effect on growth using pooled OLS and PCSE methods. Zouita (2021)
confirmed this positive relationship in a system GMM analysis covering 95 developing economies
during the 2006-2018 period. He found that the effect was more pronounced in low-income
countries, with Asia leading the way among other regions.

Regional comparative studies indicate that the picture is more complex in developed
economies. Meyer and Meyer (2017), using panel cointegration analysis in BRICS countries for
the period 2001-2015, found that entrepreneurial activity and entrepreneurial capacity were
significant determinants of long-term growth; however, established business ownership did not
have a significant effect. Doran et al. (2018), covering 55 countries for the period 2004-2011
using principal component analysis to reduce entrepreneurship indicators, showed that
entrepreneurial attitudes positively affected growth in high-income countries; however,
entrepreneurial activity unexpectedly had a negative effect in middle- and low-income economies.
Stoica et al. (2020), in a panel data analysis covering 22 European countries for the period 2002—
2018, revealed that all three different types of entrepreneurship had a positive effect on growth,
but there were significant differences in the magnitude of their contributions. Munyo and Veiga
(2024), using VECM-EKK analysis covering eight South American countries during the 1992—
2018 period, found that while independent entrepreneurial activities did not have a significant
impact on growth, intrapreneurship made a positive and significant contribution.

In integrated approaches that consider entrepreneurship together with complementary
variables, it is seen that the contribution of entrepreneurship to growth largely depends on the
accompanying conditions. Acs et al. (2018), covering 46 countries during the 2002—2011 period,
evaluated individual entrepreneurship and corporate structure as an integrated system through the
Global Entrepreneurship Index (GEI); and confirmed that the entrepreneurial ecosystem has a
positive and significant effect on economic growth. Pradhan et al. (2020), covering 19 Eurozone
countries during the 2001-2016 period, found that both entrepreneurship and innovation
positively affected growth in the long term using VECM and Granger causality tests; In the short
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term, it has been shown that the causal aspects differ depending on the indicator used. Recent
studies further expand this perspective. Noah and David (2025) found that in 29 African countries
during the 2006-2020 period, ICT acted as a moderator strengthening the growth effect of
entrepreneurship; and Chowdhury et al. (2025) confirmed the positive impact of entrepreneurship
and technological innovation on growth together using the SYS-GMM method in seven South
Asian countries during the 2010-2022 period.

When the studies examined are considered as a whole, it is seen that the relationship
between entrepreneurship and economic growth is not universal and uniform; this relationship is
shaped by the income level, institutional quality, and technological infrastructure of the countries.
The significant differences in the entrepreneurship indicators and methodologies used among the
studies limit the comparability of the findings and leave room for continued debate regarding the
causal aspect. These gaps highlight the need for further empirical research across heterogeneous
country groups, including OECD economies, using empirical approaches that account for cross-
sectional dependence and country-specific heterogeneity.

2.2. ICT and Economic Growth

Although the growth effects of ICT have attracted increasing attention, particularly with
the rapid diffusion of mobile telephony, the empirical evidence on the relationship between
mobile cellular subscriptions and economic growth remains mixed. Existing studies can be
grouped along three main axes: panel studies on developing and emerging economies,
comparative analyses across country groups with different levels of development, and country-
specific or heterogeneity-oriented approaches that account for time horizons, nonlinearities, and
distributional differences.

In panel studies on developing and emerging economies, mobile cellular subscriptions are
generally found to have a positive effect on growth, although this effect is not homogeneous
across countries. Sharma et al. (2020), covering ten emerging and developing Asian countries
during the 2000-2017 period, found a bidirectional causality between mobile subscriptions and
economic growth using the Dumitrescu—Hurlin panel causality test. The FMOLS and DOLS
estimates showed that a 1% increase in mobile subscriptions raises GDP by approximately 0.72%
and 0.75%, respectively. However, the country-specific AMG estimates revealed that this effect
was positive and significant in India, Indonesia, Malaysia, and Thailand, negative and significant
in Bangladesh and Cambodia, and insignificant in China, Nepal, the Philippines, and Sri Lanka.
Hussain et al. (2021), including four South Asian countries for the 1995-2016 period, confirmed
a positive and significant long-run effect of mobile subscriptions on real per capita income using
panel FMOLS and panel VECM methods. Recent studies further support this finding. Behera et
al. (2024), covering 13 emerging economies during the 2000—2020 period, showed through PCSE
and Driscoll-Kraay estimators that a 1% increase in mobile subscriptions raises real GDP per
capita by 0.38% on average, while the nonlinear effect of mobile subscriptions was insignificant.

Comparative studies across country groups indicate that the growth effect of mobile
telephony depends considerably on the level of development and the estimation method
employed. Habibi and Zabardast (2020), focusing on 10 Middle Eastern and 24 OECD countries
for the 2000-2017 period, found that mobile subscriptions positively and significantly affected
per capita GDP growth in both groups under the OLS and fixed effects models; however, this
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effect became insignificant in both groups when the dynamic GMM estimator was applied.
Similarly, Myovella et al. (2020), covering 41 Sub-Saharan African (SSA) and 33 OECD
countries during the 2006-2016 period, showed that mobile subscriptions positively affected
growth in both groups under the static models, whereas the system GMM estimates revealed a
positive and significant effect only in SSA countries, with the effect turning negative and
insignificant in OECD countries. Gomes et al. (2022), focusing on 36 OECD countries for the
2000-2019 period using panel GMM with fixed cross-section effects, found that mobile
subscriptions positively and significantly affected per capita GDP in the full sample and in
innovation-driven countries, but not in transition countries. Kurniawati (2022), covering 25 Asian
countries during the 20002018 period, reported that the positive effect of mobile subscriptions
on per capita GDP was larger in middle-income countries (0.566%) than in high-income countries
(0.253%) according to FMOLS estimates, and this positive effect was confirmed by the CCEMG
estimator, which accounts for cross-sectional dependence.

Country-specific and heterogeneity-oriented approaches show that the direction and
magnitude of the effect may vary with the time horizon and the position in the growth distribution.
Usman et al. (2021, in a country-level ARDL analysis of four South Asian economies during the
1990-2018 period, found that mobile subscriptions had a positive short-run effect on per capita
GDP in Bangladesh and India, whereas the positive and significant long-run effect was observed
only in India, where a 1% increase in mobile subscriptions raised per capita GDP by 0.039%.
Using the ARDL bounds testing approach on Pakistan covering the 1990-2015 period, Liu et al.
(2021) showed that mobile subscriptions positively and significantly affected real per capita GDP
in the long run, while the short-run effect was negative and significant. Adeleye et al. (2022),
testing the leapfrogging hypothesis in eight SAARC countries for the 2000-2020 period with the
method of moments quantile regression (MM-QR), found that the squared term of mobile
subscriptions had a positive and significant effect on real per capita GDP, and that this effect
increased toward the upper quantiles of the growth distribution.

When the studies examined are considered as a whole, it is seen that the relationship
between mobile telephony and economic growth is not uniform; rather, it is shaped by the
development level of countries, the time horizon considered, and the estimation strategy adopted.
The loss of significance in dynamic models, the differences between short- and long-run effects,
and the considerable cross-country heterogeneity observed within the same regional samples limit
the generalizability of the findings. Moreover, the variety of ICT indicators and econometric
techniques used across studies makes it difficult to compare results and leaves the question of the
causal direction open to debate. These gaps highlight the need for further empirical studies across
heterogeneous country groups, including OECD economies, that explicitly account for cross-
sectional dependence and country-specific heterogeneity.

2.3. Research Gap and Hypotheses

Although the effects of entrepreneurship and ICT on economic growth have been
extensively examined in the literature, the empirical findings remain heterogeneous and
inconclusive. Studies on entrepreneurship show that its impact on economic growth varies across
country groups, income levels, institutional structures, and the indicators used to measure
entrepreneurial activity. While entrepreneurship is generally found to promote economic growth,
particularly in developing economies, evidence from developed countries presents a more
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complex picture. Moreover, the growth effect of entrepreneurship may differ according to the
type of entrepreneurial activity and the economic and institutional environment in which it takes
place. Similarly, the ICT literature predominantly reports a positive relationship between mobile
cellular subscriptions and economic growth. However, the magnitude, direction, and statistical
significance of this relationship vary according to the development level of countries, the time
horizon considered, and the estimation strategy adopted. The insignificant coefficients obtained
under dynamic specifications in some studies, together with the differences reported between
short- and long-run effects, suggest that the diffusion of mobile telephony does not automatically
translate into economic growth and that its contribution may depend on complementary economic
and institutional conditions.

Despite the extensive literature on these relationships, relatively limited attention has been
paid to examining entrepreneurship and ICT jointly within a common empirical framework for
OECD countries. Moreover, cross-country interactions arising from common economic shocks
and unobserved common factors may affect the reliability of conventional panel estimates.
Therefore, accounting for cross-sectional dependence and slope heterogeneity is particularly
important when analyzing economically integrated OECD countries. In this context, the present
study contributes to the literature by jointly examining the effects of entrepreneurship and mobile
cellular subscriptions on economic growth in 18 selected OECD countries over the period 2006
2022, while including human capital and physical capital as control variables. Methodologically,
the study employs the MG and CCEMG estimators, thereby allowing the empirical analysis to
account for heterogeneity and, particularly through the CCEMG estimator, cross-sectional
dependence arising from common shocks and unobserved common factors.

Based on the theoretical arguments and the predominant empirical evidence in the
literature, the following hypotheses are proposed: Hi: Entrepreneurship positively affects
economic growth. Hz: Mobile cellular subscriptions positively affect economic growth.

3. Model, Data Set, and Methodology
3.1. Data Set

This study analyzes the impact of entrepreneurship and mobile cellular subscriptions as a
proxy for ICT on economic growth for 18 selected OECD countries (Mexico, Belgium, Czechia,
Denmark, Estonia, Finland, Germany, Hungary, Iceland, Italy, Norway, Poland, Portugal, Slovak
Republic, Slovenia, Spain, Sweden, Tiirkiye) over the period 2006-2022. The use of mobile
cellular subscriptions as a proxy for ICT is consistent with a large body of empirical growth
studies that rely on this indicator to capture the diffusion of digital technologies (Habibi and
Zabardast, 2020; Myovella et al., 2020; Sharma et al., 2020; Usman et al., 2021; Gomes et al.,
2022; Kurniawati, 2022; Behera et al., 2024). Entrepreneurship and ICT are considered the
primary independent variables in the model, while human capital and physical capital are included
as control variables in line with the conventional growth framework, in which human and physical
capital are regarded as fundamental determinants of economic growth (Baumol, 1986; Barro,
1991). The study selected OECD countries as a sample due to data availability, which constitutes
one of its main limitations. Descriptive information regarding the variables included in the model
is presented in Table 1.
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Table 1. Descriptions of Variables

Variable Abbreviation  Description Data Source
Economic Growth 0 World Bank

(Growth) GDP GDP growth (annual %). (2026) (WDI)

. New business density (new

Entrepreneurship . . World Bank

(Business) NBD rlesg!ngr)atlons per 1,000 people ages (2026) (WDI)
Mobile Cellular IcT Mobile cellular subscriptions (per World Bank

Subscriptions (Mobile) 100 people). (2026) (WDI)
. School enrollment, secondary (% World Bank

Human capital (School) EDU gross). (2026) (WDI)
. . . Gross fixed capital formation (% of World Bank

Physical Capital (Capital) CAP GDP). (2026) (WDI)

Note: World Development Indicators (WDI). List of countries: Mexico, Belgium, Czechia, Denmark,
Estonia, Finland, Germany, Hungary, Iceland, Italy, Norway, Poland, Portugal, Slovak Republic,
Slovenia, Spain, Sweden, Tiirkiye

The variables included in the model were used in their original forms. The empirical model
constructed using the variables presented in Table 1 is specified in Equation (1).

GDPy; = ajt + B1¢NBD;t + B2t ICTt + B3t EDUjr + B4t CAPy + €54 1)
i=(1....18) and t=(2006....2022) are represented.

Table 2. Descriptive Statistics for the Variables

Variables Obs Mean Std. Dev. Min. Max.

Growth 306 1.967 3.664 -14.630 11.811
Capital 306 22.533 3.659 13.909 36.794
School 306 112.087 17.256 80.190 164.079
Business 306 5.014 4.441 0.330 29.416
Mobile 306 117.443 17.418 51.649 172.147

Table 2 presents the descriptive statistics for the series used in the study. For each variable,
the number of observations, minimum, maximum, standard deviation, and mean values have been
calculated. An examination of the variables reveals wide ranges between minimum and maximum
values, indicating significant disparities among the countries regarding economic growth, capital,
education, entrepreneurship, and mobile communication usage. The standard deviation values
demonstrate that the variables are dispersed to varying degrees around their respective means.
These findings point to distinct differences among the countries in the sample regarding the
variables under study. Table 3 presents the results of the correlation matrix showing the
correlations between the variables.

Table 3. Correlation Matrix

Growth Capital School Business Mobile
Growth 1.000
Capital 0.281 1.000
School -0.064 -0.037 1.000
Business 0.053 0.247 0.172 1.000
Mobile -0.127 -0.187 0.098 0.305 1.000
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The low levels of the correlation coefficients in Table 3 indicate the absence of a high linear
relationship among the explanatory variables. Consequently, it is concluded that the possibility
of a potential multicollinearity among the explanatory variables is relatively lower.

3.2. Methods and Results
3.2.1. Cross-Sectional Dependence

This study employs a stepwise econometric approach to examine the effects of
entrepreneurship and ICT on economic growth, while controlling for human capital and physical
capital, in selected OECD countries. In panel data analysis, it is first necessary to determine
whether cross-sectional dependence exists. ldentifying cross-sectional dependence allows for the
selection of appropriate estimators and enables more robust analyses.

Cross-sectional dependence testing is considered a leading test in panel data analysis for
determining whether to proceed with first-generation and second-generation tests in cases of unit
root and cointegration relationships (Unal and Atasel, 2021).

Another cross-sectional dependence test used in the study is the Pesaran (2004) CD It is
used when both T and N dimensions are large. The equations of the tests are as follows (Pesaran,
2004).

2T -
0= \/N(N—l) i 21 @)

Cross-sectional dependence is crucial in panel data analysis. Otherwise, the analyses and
chosen methods may lead to erroneous results (Chudik and Pesaran, 2013). Results regarding
cross-sectional dependence, based on variables and models, are presented in Table 4.

Table 4. Cross-Sectional Dependence Results

Growth Capital School Business Mobile
CD-test 37.23™ 12,50 17.33™ 14.01™ 14.43™
Note: *** 1% significance level

According to the findings presented in Table 4, the presence of cross-sectional dependence
in the panel indicates mutual interaction among the countries and suggests that macroeconomic
shocks originating in one country can affect others. The study employed the CD test, introduced
to the literature by Pesaran (2004), to test for cross-sectional dependence. The null hypothesis—
stating that there is no cross-sectional dependence—was rejected at the 1% significance level. In
other words, all variables within the general model exhibit significant cross-sectional dependence;
the resulting statistics were high, indicating strong interaction among the panel units and
demonstrating the necessity of using second-generation panel data methods in the analysis.

3.2.2. Unit Root Test

Examining the stationarity of variables constitutes the first stage of panel data analysis.
According to the results of unit root tests, the presence of a unit root in the variables indicates that
the series is not stationary, which directly affects the significance of the research model. In panel

e
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data analysis, the stationarity of series can be tested using different unit root tests found in the
literature. In this study, the CIPS test, one of the second-generation unit root tests developed by
Pesaran (2007), was used to test the stationarity of the variables. The CIPS unit root test is known
as a preferred unit root test in cases where both cross-sectional dependence and slope coefficients
are heterogeneous. The null hypothesis of this test is "Ho: A unit root exists" and the alternative
hypothesis is "Hi: A unit root does not exist" The functional representation of the CIPS unit root
test is calculated in Equation (3) (Pesaran, 2007). Table 5 shows the unit root test results.

CIPS = N~1¥N  CADF, (3)
Table 5. Unit Root Test Results
CIPS ACIPS
Growth -1.342 -9.176™
Capital -2.055™ -
School 2.343 -2.630"
Business 0.910 -4.725™
Mobile -3.728™ -

Notes: A signifies the first difference. CIPS is a zt-bar test by Pesaran (2007). Tests are estimated with
a lag and trend. Significance at the 1%, and 5% levels denoted by “*** and **, respectively”.

According to Table 5, the unit root analysis results indicate that the variables for economic
growth, human capital, and entrepreneurship exhibit I(1) characteristics, whereas the variables for
physical capital and mobile phone subscriptions exhibit 1(0) characteristics. Although some of the
variables are integrated of order one, I(1), the subsequent MG and CCEMG estimations are
conducted using the variables in levels. Mean group-type estimators can be used to estimate long-
run parameters in level relationships involving non-stationary variables, provided that the
resulting relationship is cointegrating and the residuals are stationary (Chudik et al., 2011;
Kapetanios et al., 2011; Pesaran and Tosetti, 2011; Sadorsky, 2014; Topcu and Payne, 2018).
Accordingly, the validity of the level specifications estimated in this study is assessed through the
stationarity of the residuals obtained from the MG and CCEMG models.

3.2.3. MG and CCEMG Estimator Results

In the empirical analysis, the MG and CCEMG estimators are employed to examine the
effects of physical capital, human capital, entrepreneurship, and mobile cellular subscriptions on
economic growth. These estimators are suitable for panel data structures where slope coefficients
may vary across countries. Furthermore, the CCEMG estimator explicitly accounts for cross-
sectional dependence arising from unobserved common factors and common shocks. The MG
estimator proposed by Pesaran and Smith (1995) estimates a separate regression model for each
country and obtains panel-level coefficients by taking the arithmetic mean of the country-specific
estimates. In this study, the country-specific model can be expressed as follows:

GDP;; = a; + fq;Capital;; + 5;School;, + B3;Businessi; + [yiMobile; + € (4)

Here, GDP represents economic growth in country i at time t; Capital represents physical
capital; School represents human capital; Business represents entrepreneurship; and Mobile
represents mobile cellular subscriptions. The intercept term «; and the slope coefficients B1;, S2i,
Bs;, and B,; are allowed to vary across countries. The MG estimator is calculated in Equation (5).

1082



Journal of Research in Economics, Politics & Finance, 2026, 11(3): 1073-1090

The Mean Group (MG) estimator proposed by Pesaran and Smith (1995) allows slope
coefficients to vary across cross-sectional units and therefore accounts for parameter
heterogeneity across countries. The MG estimator estimates separate regressions for each country
and then obtains the panel-level coefficient by averaging the corresponding country-specific
coefficient estimates. However, the MG estimator does not explicitly account for cross-sectional
dependence arising from common shocks and unobserved common factors. The MG estimator
can be expressed as follows:

Buc = % 1B ®)

where B; denotes the country-specific coefficient estimate and 8, . represents the average of these
individual estimates. Thus, the MG estimator allows the slope coefficients to differ across
countries while summarizing the heterogeneous country-specific estimates through their
arithmetic mean (Pesaran and Smith, 1995). To account for cross-sectional dependence, this study
also employs the CCEMG estimator developed by Pesaran (2006). The CCEMG estimator
extends the MG framework by augmenting each country-specific regression with cross-sectional
averages of the dependent and explanatory variables. These cross-sectional averages serve as
proxies for unobserved common factors that may simultaneously affect the countries in the panel.
Following Pesaran (2006), the CCEMG specification can be expressed as:

GDPyy = a; + Bi'Xie + vi'Z¢ + & (6)

where GDP;, denotes economic growth, X;; is the vector of explanatory variables consisting of
physical capital, human capital, entrepreneurship, and mobile cellular subscriptions, and Z;
contains the cross-sectional averages of the dependent and explanatory variables. The coefficients
B; are allowed to vary across countries, while y; captures the effects associated with the cross-
sectional averages. The CCEMG estimator is then obtained by averaging the country-specific
coefficient estimates:

1
'BCCEMG = N §V=1 :Bi (7)

By incorporating cross-sectional averages into the country-specific regressions, the
CCEMG estimator accounts for cross-sectional dependence associated with unobserved common
factors while maintaining slope heterogeneity across countries (Pesaran, 2006). Table 6 presents
the findings obtained from the MG and CCEMG estimators.

Table 6. Panel MG and CCEMG Estimator Findings

MG CCEMG
Capital 0.397 (0.167)" 0.460 (0.184)™
School 0.191 (0.086)"™ -0.087 (0.097)
Business 1.716 (0.818)" 0.900 (0.349)™
Mobile 0.010 (0.004)™ 0.001 (0.041)
RMSE 2.796 0.959
Wald 16.57" 13.67™
CD test 3147 -1.87
CIPS test -2.791 -9.002™

Notes: Parameter estimates are calculated as sample averages. Wald is the chi-square test for all slope
coefficients equal to zero. CIPS-test is a test for a unit root while the CD-test is for cross- sectional
dependence. The models include a time trend. CIPS test is implemented with a lag and trend.
Significance at the 1%, and 5% levels denoted by “*** and **, respectively”.
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Based on the MG estimator results presented in Table 6, the effects of physical capital,
human capital, entrepreneurship, and mobile cellular subscriptions on economic growth were
found to be positive and statistically significant. However, the CD test result for the MG
estimation indicates the persistence of cross-sectional dependence, necessitating the consideration
of common shocks and unobserved common factors. Moreover, the lower RMSE of the CCEMG
specification also indicates a better in-sample fit relative to the MG specification. Therefore, it is
deemed more appropriate to rely on the findings obtained from the CCEMG estimator, which
accounts for cross-sectional dependence.

According to the CCEMG estimator results, among the main independent variables,
entrepreneurship has a positive and statistically significant effect on economic growth, with an
estimated coefficient of 0.900, whereas ICT, proxied by mobile cellular subscriptions, has a
positive but statistically insignificant effect. Regarding the control variables, physical capital has
a positive and statistically significant effect on economic growth, with an estimated coefficient of
0.460, while human capital has a negative but statistically insignificant effect.

The residual diagnostics reported in Table 6 support the validity of the estimated level
relationships. The residual-based CIPS statistics are negative and statistically significant at the
1% level for both the MG (—2.791) and the CCEMG (—9.002) specifications, indicating that the
estimated residuals are stationary. The stationarity of the residuals supports the validity of
estimating the relationship among the variables in levels despite their mixed orders of integration
and provides evidence consistent with a stable long-run relationship (Topcu and Payne, 2018).
Furthermore, the absence of residual cross-sectional dependence in the CCEMG specification
supports the use of the CCEMG estimates as the primary results of the study.

4. Discussion

The findings of this study provide important evidence regarding the effects of
entrepreneurship and ICT on economic growth in selected OECD countries. Given the presence
of cross-sectional dependence, the discussion primarily focuses on the CCEMG estimates.
According to these results, entrepreneurship has a positive and statistically significant effect on
economic growth, whereas ICT, proxied by mobile cellular subscriptions, has a positive but
statistically insignificant effect.

The distinction between estimators that account for cross-sectional dependence and those
that do not is particularly important in cross-country growth analyses. Economies are
simultaneously exposed to common shocks, global financial conditions, technological changes,
trade linkages, and other unobserved common factors that may generate substantial co-movement
across countries. If such dependence is ignored, part of these common influences may be
incorrectly attributed to country-specific explanatory variables, leading to distorted coefficient
estimates and potentially misleading inferences about the determinants of economic growth. More
importantly, growth projections and policy assessments based on models that fail to account
adequately for these common factors may also be biased or systematically distorted. Therefore,
explicitly modelling cross-sectional dependence is not merely a technical refinement, but an
important requirement for obtaining more reliable growth estimates, projections, and policy
implications in economically integrated country panels.

1084



Journal of Research in Economics, Politics & Finance, 2026, 11(3): 1073-1090

The positive and significant effect of entrepreneurship is consistent with a substantial part
of the existing empirical literature. Previous studies have generally shown that entrepreneurship
contributes to economic growth by promoting business formation, innovation, competition, and
productive activity, although the magnitude of this contribution varies across countries and
institutional settings. Peprah and Adekoya (2020) reported a positive and significant effect of
entrepreneurship on economic growth in African countries, while Zouita (2021) obtained similar
evidence for a broad sample of developing economies. For European countries, Stoica et al.
(2020) also found that different forms of entrepreneurship positively contribute to economic
growth. Similarly, Acs et al. (2018) demonstrated that a stronger entrepreneurial ecosystem
supports economic growth, while Pradhan et al. (2020) identified a positive relationship between
entrepreneurship, innovation, and long-run growth in Eurozone countries. More recent studies by
Noah and David (2025) and Chowdhury et al. (2025) further emphasize the growth-enhancing
role of entrepreneurship when it is accompanied by technological and innovative capacity. At the
same time, the literature indicates that the entrepreneurship—growth relationship is not uniform
across countries. Doran et al. (2018), for example, found that entrepreneurial attitudes positively
affected growth in high-income countries, whereas the effect of entrepreneurial activity differed
in middle- and low-income economies. Munyo and Veiga (2024) similarly showed that the growth
effect depends on the type of entrepreneurial activity. These differences suggest that the economic
contribution of entrepreneurship may depend on income level, institutional quality, technological
infrastructure, and the characteristics of entrepreneurial activity. In this respect, the positive
finding obtained for the selected OECD countries is broadly consistent with the literature
emphasizing the importance of the economic and institutional environment in determining the
growth effects of entrepreneurship.

In contrast, ICT, proxied by mobile cellular subscriptions, has a positive but statistically
insignificant effect on economic growth. This finding is consistent with the mixed evidence
reported in the ICT—growth literature. Sharma et al. (2020), Hussain et al. (2021), and Behera et
al. (2024) reported positive growth effects of mobile cellular subscriptions in emerging and
developing economies. However, evidence for developed economies is less uniform. Habibi and
Zabardast (2020) found that mobile subscriptions positively and significantly affected economic
growth in OECD countries under OLS and fixed effects estimations, whereas the effect became
statistically insignificant when the dynamic GMM estimator was applied. Similarly, Myovella et
al. (2020) reported that mobile subscriptions positively affected growth under static models, while
the system GMM estimates showed a negative and statistically insignificant effect in OECD
countries. Gomes et al. (2022) also found that the growth effect of mobile subscriptions varied
across groups of OECD countries. Therefore, the statistically insignificant ICT coefficient
obtained in the present study is consistent with evidence suggesting that the growth effect of
mobile telephony in developed economies is not uniform and may become weaker or statistically
insignificant depending on the estimation method and country characteristics.

The insignificant ICT coefficient may reflect the relatively high level of mobile penetration
in OECD economies, where additional subscriptions may provide limited marginal economic
benefits once widespread access has already been achieved. Moreover, mobile cellular
subscriptions primarily capture the diffusion of mobile access rather than the quality, intensity, or
productive use of digital technologies. Consequently, the economic contribution of ICT may
increasingly depend on factors such as broadband access, internet usage, digital skills, and the
integration of digital technologies into production processes. The considerable heterogeneity
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reported in previous studies also indicates that the growth effects of mobile technologies may
depend on countries' development levels, the time horizon considered, and the estimation strategy
adopted. Accordingly, the present finding should not be interpreted as evidence that ICT has no
role in economic growth; rather, it indicates that mobile cellular subscriptions do not exhibit a
statistically significant association with economic growth in the selected OECD countries after
cross-sectional dependence and country heterogeneity are taken into account.

5. Conclusion and Policy Implications

This study examines the effects of entrepreneurship and ICT on economic growth in 18
selected OECD countries over the period 2006-2022. Mobile cellular subscriptions are used as a
proxy for ICT, while human capital and physical capital are included as control variables. In line
with the main research question, the study investigates how entrepreneurship and ICT affect
economic growth in the selected OECD countries. To address this question, the relationships
among the variables are estimated using the MG and CCEMG estimators. Although the MG
results indicate positive and statistically significant coefficients for the explanatory variables, the
persistence of cross-sectional dependence in the MG model limits the reliability of these
estimates. Therefore, the CCEMG results, which account for common shocks and unobserved
common factors across countries, are taken as the primary findings of the study.

The CCEMG results provide different evidence for the two main variables of interest.
Entrepreneurship has a positive and statistically significant effect on economic growth, providing
empirical support for Hi. This finding indicates that greater entrepreneurial activity is associated
with higher economic growth in the selected OECD countries and highlights the role of
entrepreneurship in supporting economic performance. In contrast, ICT, proxied by mobile
cellular subscriptions, has a positive but statistically insignificant effect on economic growth.
Therefore, H; is not supported by the empirical findings. This result indicates that increases in
mobile cellular subscriptions alone are not associated with a statistically significant increase in
economic growth in the selected OECD countries. However, this finding should not be interpreted
as evidence that ICT is unimportant for economic growth. Rather, it suggests that the number of
mobile subscriptions may not adequately capture the quality, intensity, and productive use of
digital technologies, particularly in OECD economies where mobile penetration is already
relatively high. This interpretation is also consistent with the heterogeneous findings reported in
the ICT—growth literature.

The findings have several policy implications. First, the positive and statistically significant
effect of entrepreneurship suggests that policies aimed at strengthening the entrepreneurial
ecosystem may contribute to economic growth. Facilitating access to finance, reducing barriers
to new business formation, supporting innovative and technology-oriented enterprises, and
improving the institutional environment for entrepreneurship may help strengthen the
contribution of entrepreneurial activity to economic performance. Second, the statistically
insignificant effect of mobile cellular subscriptions suggests that ICT policies in relatively
advanced OECD economies should extend beyond increasing the number of mobile subscriptions.
Greater emphasis may be placed on the quality and productive use of digital infrastructure,
broadband connectivity, digital skills, and the integration of digital technologies into firms and
production processes. In this respect, policies that strengthen the interaction between
entrepreneurship and digital technologies may also help create an environment in which
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technological capabilities can be translated more effectively into productive and innovative
economic activities.

Overall, the findings show that entrepreneurship is positively and significantly associated
with economic growth, whereas ICT, as measured by mobile cellular subscriptions, does not
exhibit a statistically significant association with growth in the selected OECD countries after
cross-sectional dependence and country heterogeneity are taken into account. These results
underline the importance of distinguishing between the diffusion of digital access and the
productive utilization of digital technologies when evaluating the role of ICT in economic growth.

In future studies, conducting analyses disaggregated by different country groups or levels
of development could increase the generalizability of the findings. Furthermore, using more
comprehensive ICT indicators (such as internet usage and broadband access) instead of just
mobile cellular subscriptions would contribute to a more detailed examination of the impact of
digitalization on growth. Finally, examining the interaction between entrepreneurship and ICT
could provide further insights into whether digital technologies strengthen the growth-enhancing
effects of entrepreneurial activity.
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