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U-shaped impacts of institutional quality and ICT
penetration on economic growth: Evidence from
selected emerging countries

Thanh Phuc Nguyen'*, Thi Thu Hong Dinh?, Ngoc Tho Tran? and Trang Duong Thi Thuy?

Abstract: This research aims to consider determinants of economic growth, such as
financial development, institutional quality, and information and communication
technology (ICT) penetration, which have been explored separately in previous
studies and have produced mixed findings in different regions. Using the two-step
system generalized method of moments (GMM) estimator for a dynamic panel
dataset of 35 selected emerging countries, several research findings could be drawn
as the following. First, both ICT penetration and institutional quality have signifi-
cantly positive effects on economic growth. On the contrary, economic development
could be hampered by financial development. Second, there are the U-shape and
inverted U-shape relations for the cases of institutional quality and ICT penetration
on economic growth, respectively. Third, the interaction effect of ICT penetration
and financial development could enhance economic growth while the negative
impact of financial development on economic development is amplified by the high
level of institutional quality. These findings are robust to the global financial crisis
control and the use of an alternative ICT proxy when setting up the approach of
principal component analysis. Given these findings from emerging countries, some
policy challenges that policy-makers should address by simultaneously considering
each growth driver, such as financial development, ICT evolution, and institutional
quality and interactions between them, as well as the non-monotonic effect of ICT
penetration and institutional quality to facilitate economic growth.

Subjects: Development Studies; Economics and Development; Econometrics; Finance

Keywords: Economic growth; financial development; institutional quality; ICT penetration;
emerging countries

PUBLIC INTEREST STATEMENT

This research aims to test the growth determinants and the joint effect of financial development and
ICT penetration, as well as that of financial development and institutional quality on economic growth.
Moreover, the non-linear linkage of ICT diffusion-growth and institutional quality-growth is also inves-
tigated. We provide several findings, which give a more intensive understanding of the factors driving
the growth. While financial development has a detrimental effect on growth, ICT diffusion and institu-
tional quality can stimulate economic growth. However, these effects are evidently non-monotonic in
which inverted U-shaped and U-shaped patterns for the growth effect of ICT penetration and institu-
tional quality are found respectively. The interaction effect of increased ICT penetration and financial
development may boost economic growth. Nevertheless, the high degree of institutional quality may
amplify the adverse effects of increased financial development on economic development.
Understanding these effects may facilitate determining the appropriate policy towards sustainable
economic growth.

© 2022 The Author(s). This open access article is distributed under a Creative Commons
Attribution (CC-BY) 4.0 license.
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1. Introduction

Since economic growth (hereafter, EG) has been of great interest to academicians and practi-
tioners across the globe, it does not come as a surprise that a great deal of attention has been
focused on the diverse determinants of growth. Despite the endeavor to determine the factors
influencing economic growth, the existing driving forces of growth are inconclusive and the other
factors such as ICT diffusion and institutional quality are under-researched. This is due to the
varying features of the country, the use of disparate techniques, the fluctuation of data periods,
and a failure to determine the appropriate variables (Rahman & Alam, 2021).

When it comes to sources driving economic growth, there are conflicting debates considering
the benefits and drawbacks of financial development, ICT diffusion, and institutional quality.
Accordingly, financial development, institutional quality, and ICT diffusion have a positive or
negative impact on EG, which has been highlighted in previous research. With respect to the
determining role of financial development, the economic system could work effectively (Cheng
et al, 2021), leading to enhanced economic activities. More precisely, increased resource effi-
ciency, rapid technological upgrades, and material and human capital accumulation characterized
by financial development could spur growth (Levine, 2005). However, financial development is
usually detrimental to economic growth, but the negative impact could be amplified in high-
income nations (Cheng et al., 2021).

In terms of ICT evolution, the development of technology could have a significant impact on
both high-income and low and middle-income countries in such a manner that economic growth
could be enhanced thanks to the ICT expansion (Appiah-Otoo & Song, 2021). Moreover, one could
observe that the rapid enhancement of ICT diffusion could be associated with considerable
development in the banking and financial sectors (Del Gaudio et al,, 2021). ICT has significantly
decreased transaction costs in financial services (Hasbi & Dubus, 2020). On the contrary, Beck et al.
(2016) illustrate that financial innovation has a negative impact on the banking business in terms
of both performance and risk, resulting in the decreased growth of the economy.

With the Internet at its heart, the penetration of ICT has triggered a fundamental change of the
globe into an information society (Vu, 2011). In general, there is a growing trend in the develop-
ment of ICT in terms of the internet for emerging economies in the study sample (see Figure 1),
which highlights the evolution of ICT in the era of innovation and breakthroughs. Taking Vietnam—
a typical emerging country, for example, there has been an exponential increase pattern covering
two decades, from 0.254 in 2000 to 68.7 in 2019, in terms of the number of individuals using the
Internet as a share of the population. Therefore, technological progress has experienced consider-
able growth over the last decades (Stanley et al., 2018).

Regarding institutional quality, Rodrik (2000) argues that institutions not only have a direct
impact on economic growth but they also have an impact on other drivers of growth such as
physical and human capital, investment, and technological advances, all of which contribute to an
increase in an economy’s growth. Two of the most significant institutional qualities of countries—
the rule of law and the practice of democracy—affect economic growth differently, particularly in
developing countries (Butkiewicz & Yanikkaya, 2006). It appears to agree that maintaining the rule
of law is crucial for economic growth (Knack & Keefer, 1995), but democracy has no significant
influence on growth after adjusting for other relevant growth drivers (Dollar & Kraay, 2000).

The motivations driving us to do this current research are as follows: First, ICT penetration has
picked up speed in recent years, and numerous studies have looked into how it affects economic
growth. ICT-achieved information can be communicated via electronic coding and virtual move-
ment, which affects the technological advancement of various industries and, as a result, navi-
gates economic operations. ICT plays a crucial role in global change and has a direct impact on
every sector of the economy. None of these ICT products and services are exclusive to developing
or emerging economies. However, ICT frequently makes services available in these economies that
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Figure 1. Evolution of indivi-
duals using the Internet as
a proportion of population.
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were previously unavailable in either the digital or non-digital sectors (Niebel, 2018). The important
role played by ICT should be revisited in emerging countries, which can benefit the most. Second,
previous empirical research has not adequately investigated the driving effect of institutional
quality on economic growth. When researching the influence of ICT on emerging countries, not
only economic but also political factors should be considered. Third, previous studies have shown
that financial development, ICT penetration, and institutional quality can have a positive or
negative impact on economic growth separately. This study brings all these factors together into
the same model to more fully consider the dynamics of economic growth. Finally, previous studies
have mainly addressed the linear influence of ICT penetration and institutional quality on growth.
The author expects that positive and negative effects can occur when considering the role of non-
linear models, so this study attempts to test whether nonlinearity exists in the impact of ICT
penetration and institutional quality on economic growth.

The main added value of this study to the prevailing literature is as follows: First, this research is
among the first attempts to detect the impact of ICT diffusion and institutional quality and their
interactions with financial development in driving economic growth in the case of emerging
countries. Despite the fact that development of ICT in emerging countries might share some
similarities with the ICT progress encountered in India, South Asia, Latin America, Eastern
Europe, and Sub-Saharan Africa, there is an urgent need to examine whether ICT penetration in
emerging economies has begun to produce stronger growth. In addition, institutional backgrounds
do not have the same influence on economic growth across countries. Accordingly, institutions
with comparable qualities can yield different outcomes among groups, regions, and economies
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(Nawaz et al,, 2014). Therefore, this research might provide a comprehensive background of 35
emerging countries covering the period of 2000-2019, which highlights the focus on emerging
economies with a more recent database.

Second, although several studies have documented that economic growth is determined by ICT
penetration or institutional quality, the non-linear relationship for ICT diffusion—growth and
institutional—growth nexuses still remain scarce in previous studies. To this end, we address the
U-shaped curve relationship using squared terms of ICT penetration and institutional quality
measures in order to capture the existence of a threshold at which ICT diffusion and institutional
quality could have differential impacts on growth. In addition, for the case of ICT proxies, we
employ both measures, such as ICT individual variables reflecting the changes in the Internet,
mobile, telephone and ICT import and ICT index using principal component analysis. This approach
could offer a way to avoid the problem of multicollinearity among measures defining the main
construct, which is used for robustness tests in our study.

Third, some research has discussed the impact of interaction terms among ICT diffusion and
financial development on EG. However, the joint effect of institutional quality and financial devel-
opment on EG has been under-explored in literature. To have a deeper understanding, we provide
evidence for the moderating effect of institutional quality and ICT penetration on the growth-
financial development nexus for the case of emerging markets. Empirical findings show that the
increase in ICT diffusion could spur the positive impact of financial development on growth while
being cautious of the amplifying effect of institutional quality on growth-decreasing financial
development.

Addressing these contributions in an economic growth model, we apply a two-step system GMM
for a sample of 35 emerging countries to capture the dynamic nature of economic growth and
avoid the potential issue of endogeneity. Several findings could be provided as follows. First, a high
level of ICT diffusion and institutional quality stimulate economic growth, while there is an
unfavorable impact of financial development on growth. Second, ICT penetration and institutional
quality have a U-shape relationship with economic growth by using the approach of quadratic
terms, suggesting that there is a threshold at which the impact of ICT diffusion and institutional
quality could change the direction of impact on economic growth. More specifically, inverted
U-shape and U-shaped forms are evidence of the impact of ICT diffusion and institutional quality,
respectively. Third, the union effect captured by the interaction terms of ICT diffusion-financial
development and institutional quality-financial development on growth is statistically significant.

The rest of the paper is formatted as follows: The review of the literature is presented in
Section 2. Section 3 describes the data and methods. Section 4 discusses the empirical results
and shows the robustness test with an alternative proxy for ICT diffusion, while Section 5 presents
the conclusion and policy implications.

2. Literature review and hypotheses development

2.1. Theoretical framework

From economic theory, such as that of Cobb and Douglas (1928), the total production function
captures the production function elements, such as labor, capital, and technology, as well as the
effect of these indicators on economic growth. Similarly, the Solow-Swan neoclassical growth
model highlights three factors that drive an economy’s output: technological advancement,
labor, and capital (Solow, 1956; Swan, 1956). Among these variables, financial development
might be regarded as an indicator of capital, while ICT indicates technological advancement. The
theoretical foundation of this literature can be traced back to the works of Schumpeter (1981) and
Gurley and Shaw (1960), who argued that the development of financial intermediaries, such as
banks, can increase the efficiency of resource distribution and promote technological innovation in
production, thereby fostering further economic growth. In addition, the financial sector may collect
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savings, allocate resources to the most profitable investments, reduce information and transaction
costs, and facilitate inter-industry trade. This results in increased resource allocation efficiency,
rapid technological upgrades, and the buildup of material and human capital (Bencivenga & Smith,
1991; Greenwood & Jovanovic, 1990).

However, country-specific growth varies due to diverse effective structures, such as organiza-
tions that oversee the implementation of policies and programs. Numerous modifications have
been made to this growth hypothesis, and D. North (1990) was the first to examine institutions as
a driver of economic growth; since then, an abundance of data has demonstrated their effective-
ness. Furthermore, despite the fact that the theoretical literature emphasizes the favorable
benefits of financial development and ICT proliferation on economic growth, empirical research
on this topic remains insufficient (Sassi & Goaied, 2013). Based on the theoretical perspective of
concepts relating to institutional quality, financial development, and ICT diffusion, we present
empirical evidence to give more understanding of the nexus among them.

2.2. The impact of financial development on growth

The nexus between financial development and EG has received great attention in prior studies. The
literature’s theoretical foundation may be traced back to the work of Schumpeter (1981), who
demonstrated that the establishment of financial intermediaries (i.e., banks) may improve
resource allocation efficiency and enhance technical innovation in manufacturing, thereby boost-
ing EG. Many empirical studies have found a favorable impact of financial development on
economic growth (Hassan et al.,, 2011; Uddin et al.,, 2013). For more details, Levine and Zervos
(1998) examined 48 countries covering the period of 1976-1993, finding a substantial and statis-
tically significant link between stock market development and subsequent economic growth.
Hondroyiannis et al. (2005) used the VAR model to analyze the influence of the stock market
and discovered that financial development contributed to long-term economic growth in Greece
and Belgium, respectively.

However, there is the negative impact of financial development on EG. This is due to a surge in
financial crises, the existence of non-linear correlations or because a stock market does not have
enough listings to encourage economic development (Rousseau & Wachtel, 2000; Samargandi
et al,, 2015). Samargandi et al. (2015) use a threshold model to examine the non-linear impact in
middle-income countries for 1980-2008, suggesting that excessive finance has a negative impact
on economic growth in the long run due to the existence of an inverted U-shaped relationship
between finance and growth. Based on a data sample of 26 EU countries covering the period of
1990-2016, Asteriou and Spanos (2019) use exponential dummies to examine how the 2008
global financial crisis affected the influence of financial development on economic growth. Their
findings reveal that the effect was favorable prior to the financial crisis but negative afterward.

2.3. Growth effect of ICT diffusion and institutional quality

There are three channels through which ICT penetration might impact EG (Vu, 2011), such as
promoting technological diffusion and innovation, improving the quality of business and household
decision-making; and raising demand and lowering production costs, which together enhance the
output level. Similarly, Pradhan et al. (2014) also demonstrate the channels through which ICT
diffusion could drive economic growth, such as (i) an increase in the quality of life; (ii) an
improvement in the competitiveness of conducting business; (iii) economic diversification; and
(iv) business retention. Following Abdelbary and Benhin (2019), the fast expansion of ICT has
resulted in the creation of new employment, the promotion of e-commerce, the development of
human capital, the dissemination of knowledge, and network externalities.

Scholars have also extensively debated the impact of ICT diffusion on economic development in
recent years, as ICT is one of the primary prerequisites for rapid economic expansion. Despite the
prediction of favorable relationships between ICT spread and economic growth from the theore-
tical literature, there are mixed results offered from empirical perspectives. On the one hand,
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a large number of empirical studies show the beneficial effect of ICT diffusion on growth. Using
a sample of 36 countries from 1985 to 1993, Dewan and Kraemer (2000) discovered evidence of
a favorable link between ICT and growth only in developed countries. Based on a yearly data set of
39 economies from 1980 to 1995, Pohjola (2000) shows a relevant and positive influence of ICT on
growth only for a smaller sample of 23 OECD countries. Vu (2011) investigates the impact of ICT
penetration on economic development using a panel set of 102 nations from 1996 to 2005 with
the approach of the System Generalized Method of Moment (GMM). The results show that ICT plays
a significant role as a source of growth and that internet penetration has a greater marginal effect
than other mobile phones and personal computers.

On the other hand, some new empirical literature suggests that ICT penetration has an unclear
influence on economic development. According to Steinmueller (1996), ICT penetration might have
a detrimental influence on employment and the labor market in developing countries. According to
the research, the rapid accumulation of ICT would eliminate unskilled employees and poor people
since they are not adequately equipped and qualified, thus increasing poverty and economic
inequality. Furthermore, ICT will offer industrialized nations with additional advantages in compet-
ing emerging countries in their own markets. Using the autoregressive distributed lag boundary
test, Ishida (2015) discovers that ICT investment does not boost GDP in Japan.

Inspired by the research of D. C. North (1991), the growth effect of institutions has remained
a debated topic of study and rather limited. It is of paramount importance to integrate political
variables in order to assess the economic process and determine the amount and direction to
which a government’s political determinants impact the economic performance (Radu, 2015). In
this regard, Abdelbary and Benhin (2019) examine the influence of governance on economic
growth and human capital using data from Arab nations from 1995 to 2014. According to their
findings, governance has a favorable impact on human capital and economic growth. C. P. Nguyen
et al. (2018) employ the data of 29 emerging economies for the period of 2002-2015 and the
S-GMM technique to show the favorable influence of institutional quality on EG. In addition, on the
basis of the theoretical framework and empirical evidence in a sample of developed and develop-
ing Asian countries, Nawaz et al. (2014) posit that institutions do have a role in determining long-
term economic progress.

Helgason (2010) uses a pooled regression model and a fixed-effects model to examine the
impact of institutional quality on economic growth in developed and developing economies.
According to the findings, institutional quality has a strong and positive association with growth
in both types of countries. Glawe and Wagner (2019) investigate the impact of institutional quality
and human capital on economic growth in 35 European economies covering the period of 1996-
2014. The results of system GMM estimation indicate that institutional quality has a stimulating
effect on the growth of per capita income in Europe. The study also considers a disaggregated
analysis of the effects of the institutional quality indices, showing that political stability, rule of law,
regulatory quality, and corruption control can appear to be especially important, whereas voice
and accountability, as well as government effectiveness, show less importance. Hayat (2016)
examines the influence of institutional quality on economic growth using 104 economies and
the GMM estimators. According to the study, both FDI inflows and institutional quality are posi-
tively associated with economic growth.

However, institutions are primarily concerned with redistribution rather than production, with
monopolies rather than competitive conditions, and with restricting rather than developing oppor-
tunities, rarely resulting in investments that boost productivity (Yildirm & Gokalp, 2016). Employing
annual time series data from 2001 to 2019, Utile et al. (2021) investigate the impact of institu-
tional quality on the development of the Nigerian economy. The Auto-Regressive Distributed Lag
(ARDL) estimation reveals that institutional quality has a considerable negative influence on
economic growth.
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2.4. Non-linear U-shaped link for ICT penetration—growth and institutional quality—growth
Several studies have offered a profound understanding of the non-monotonic nexus between ICT
diffusion and economic growth. For example, according to Grace et al. (2004), the value of
a telephone line increases exponentially with the number of people connected to the system.
Furthermore, since a certain number of users is achieved, an exponential increase is observed. This
explains why it was assumed that only rich economies could gain benefits from ICT development.
Sassi and Goaied (2013) use quadratic terms to capture the potential non-monotonic link between
ICT and growth and find the existence of U-shaped forms for the ICT diffusion-growth nexus.

Similar to the ICT penetration-growth nexus, it is unrealistic to demonstrate that the impact of
institutional quality and economic growth remain unchanged. We assume that when the quality of
institutions is low, the government can not accelerate the economic incentives for economic
agents in the economy. On the other hand, the high level of institutional quality could create
a favorable environment in which economic agents could perform effectively, driving economic
growth to a greater extent. These arguments are motivated by the work of Acheampong et al.
(2021) who suggest that globalization’s economic, social, and political dimensions follow an
inverted U-shaped relationship with economic growth when employing a dataset of 23 emerging
economies from 1970 to 2015. In addition, Law et al. (2013) may be relevant to our research topic,
showing the impact of financial development on EG conditional on the level of institutional quality.
Accordingly, financial development has a beneficial and meaningful influence on growth only once
a certain degree of institutional development has been reached. To the best of our understanding,
we are among the first to address the U-shaped relationship between institutional quality and
economic growth with the approach of quadratic term inclusion.

2.5. Joint effects of ICT diffusion—financial development and institutional quality—
financial development on growth

The relationship between financial development and economic growth could be driven by the
impact of ICT penetration and institutional quality, which have been ignored in previous research.
There is also a body of empirical research relating to the important joint impact of ICT diffusion
and financial development. Shamim (2007) is among the first to present empirical evidence that
a component of the financial sector generated through improved communications infrastructure is
favorably related to long-run economic growth. The Generalized Method of Moment (GMM) was
used to perform empirical research on dynamic panel data from 61 economies covering the period
of 1990-2002. The finding shows that a rise in mobile phone subscribers and internet users has
a favorable impact on financial depth, which is the backbone of any country’s ability to expand.
Sassi and Goaied (2013) incorporate the union impacts of ICT diffusion and financial development
into the economic growth model and discover the positive joint effect of ICT diffusion and financial
development on growth in a sample of 17 MENA countries using the GMM method. By constructing
an economic growth framework and using the GMM technique, Das et al. (2018) found that the
interaction impact of ICT and financial development can boost economic growth in low-income
nations but not in lower-middle-income countries from 2000 to 2014. Since ICT penetration can
fuel the rise of financial technology, which is changing the current structure of the financial system
and increasing competitors, ICT developments can hamper the development of traditional finan-
cial institutions. These new FinTech companies offer the same services as banks, possibly more
efficiently due to technological advances, but in a different and unbundled manner. As a result, ICT
applications in financial markets have increased rapidly, yet the impact of ICT diffusion on financial
development is still unclear (Navaretti et al., 2018). Furthermore, ICT diffusion could cause differ-
ent effects on financial development in lower and higher stages of ICT diffusion (Asongu & Acha-
Anyi, 2017; Asongu & Odhiambo, 2019). This may pose an ambiguous union effect of ICT penetra-
tion and financial development on economic growth, which needs to be clarified.

In terms of the joint effect of institutional quality and financial development on EG, empirical
evidence still remains scarce. When the financial sector is entrenched inside a solid institutional

framework, it has a greater impact on economic growth (Demetriades & Hook Law, 2006). Law et al.
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(2013) argue that due to the unfavorable practices of the banking sector or political intervention that
may redirect credit to inefficient or even useless enterprises, a gain in financial development as
measured by traditional financial development indicators might not result in higher growth. The
influence of institutions on economic growth varies among Asian countries and is dependent on the
development level of the economy (Nawaz et al., 2014). Dluhopolskyi et al. (2019) assert that the
country’s government could organize suitable drivers to improve environmental performance, leading
to economic growth. Moreover, an effective business environment is aided by institutional quality,
which could lower transaction costs and ensure stability and clarity via the protection of property
rights and the rule of law (Abubakar, 2020), which is highly favorable for economic growth.

Law et al. (2018) demonstrate that institutions moderate the favorable relationship between financial
development and economic growth. Using data from 87 countries from 1984 to 2014 and the dynamic
panel GMM estimators, findings show that when institutions are weak, the finance measured by private
sector credit, liquid liabilities, and domestic credit reduces overall growth. Thus, institutions play a vital
role in the relationship between financial development and economic growth, with economies whose
institutions are of higher quality benefiting greatly from banking sector expansion. Ferndndez and
Tamayo (2017) highlight two primary areas in which institutions play a crucial role in encouraging
financial development: the definition and enforcement of property rights in financial contracts and the
formulation and execution of macroeconomic and financial policy. Then, financial development boosts
economic growth primarily through reducing financial limitations, enhancing risk-sharing, and ensuring
enough liquidity, thereby allowing for greater rates of capital accumulation and more effective resource
allocation. Institutional quality and financial development are critical cornerstones of long-term eco-
nomic success. However, their interaction remains scarce in prior studies. Therefore, we expect the
moderating effect of institutional quality on the financial development—growth nexus.

3. Data and methodology

3.1. Data

Our data covers a sample of 35 selected emerging countries and the period of 2000-2019. The
emerging countries included in the sample are listed in Appendix A, with data extending to 2019.
The dataset for all variables is retrieved from the World Development Indicators of the World
Bank, except for institutional quality, which is collected from Worldwide Governance Indicators.
Given the availability of data, we collected 35 emerging countries based on the dataset of World
Indicator Development. Several reasons for using this sample are as follows. First, emerging
markets are undergoing fast expansion and modernization (Herrera-Echeverri et al,, 2014),
which gives a fertile context for a favorable environment to investigate ICT developments.
Second, the impact of ICT penetration and institutional quality on financial growth is not always
the same for all national groups (Sassi & Goaied, 2013). Hence, to avoid heterogeneity between
countries, we only limit our analysis to the case of emerging countries. Third, Steinmueller (2001)
notes that ICT penetration has the potential to support the development strategy of “leapfrog-
ging”; that is, possible skip some of the processes of accumulation of human capabilities and
fixed investment in order to close the gap between industrialized and developing countries in
terms of productivity and output. The success of this approach is contingent upon the absorptive
capacity (the competence and considerable efforts of employees and management to employ
new technologies) of emerging economies (Keller, 1996). The existence of the “leapfrogging”
phenomenon drives us to test the role of ICT diffusion, which may be the most beneficial for
emerging countries. Fourth, institutional quality plays a critical role in a certain economy (Khan
et al,, 2020). However, only a few studies have explored this in emerging economies. This gives
rise to testing the effect of institutional quality on growth in both aspects of the non-linear and
linear nexus to provide a more intensive understanding of the salience of institutional quality.
For these reasons, we strongly believe that a sample of emerging countries is a favorable
laboratory to test the concept of ICT penetration, institutional quality, and relationships
among them.
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3.2. Model

On the basic of the model of Sassi and Goaied (2013) and Cheng et al. (2021), we develop the
empirical model with slight modifications in which institutional quality is included in order to
account for the impact of institutional quality on economic growth. The baseline model adopts
the following forms:

GDPGjt = o + p1GDPGjt_1 + f,1IC;t + f3CPSit + BICTit + BsIQie + feXit + it (1)

where, subscript i and t denote country and year, respectively. The dependent variable, GDPG,
stands for the growth rate of GDP per capita. GDPG;.; is the lagged form of dependent variable,
which captures the dynamic nature of the economic growth model. IIC; refers to initial income per
capita (GDP converted to international dollars), which primarily displays the convergence effect.
One should note that IIC is introduced as an independent variable to address the convergence
effects (Barro, 1996). CPS;; represents financial development. ICT;; is an indicator to define the
growth of information and communication technology, which includes three proxies such as
internet, mobile, telephone, and ICT imports. A vector of ICT indicators is combined in the ICT
index employed by the approach of principal component analysis (CPA), which opts for the
robustness test with more detailed descriptions. IQ; is institutional quality, which is averaged
from 06 sub-items such as voice and accountability, rule of law, regulatory quality, political
stability and absence of violence or terrorism, government effectiveness, and control of corruption.
Xit is a vector of control variables including government final consumption expenditure over GDP
(GCyy), total amount of exports and imports over GDP (TRADE;;) and inflation (INF). & is the error
term. With the exception of inflation, all variables are converted to logarithmic form.

Greater capital expenditures are connected with more robust economic development, but higher
current expenditures are associated with less favorable economic performance, according to one
theory concerning the importance of government spending (Gupta et al., 2005). Another viewpoint
holds that a higher government size is detrimental to economic progress and efficiency (Ram,
1986). Despite different opinions regarding the relationship between government expenditures
and economic development, the current analysis anticipates a positive relationship between
government consumption expenditures and economic growth.

The variables trade openess and inflation are employed on the basis of the work of Cheng et al.
(2021), who capture these variables as controlling other drivers of economic growth. The results
statistically show that trade openess has a positive effect on economic growth, implying that
greater competitiveness in trade can enhance economic growth. For instance, trade openness has
been highlighted as a factor that influences economic growth. Malefane and Odhiambo (2021)
state that there is a robust positive relationship between trade openness and economic growth.
Exposure to international trade can serve as a growth engine that might have a positive impact on
an economy if greater trade openness is achieved.

The inclusion of the inflation rate in this study is due to the fact that a high inflation rate is
indicative of macroeconomic instabilities that are likely to result in a fall in economic growth (Eris &
Ulasan, 2013). In both fast- and slow-developing of Sub-Saharan African economies, high inflation
rates have a detrimental impact on economic growth (Bittencourt et al., 2015). Inflation is
anticipated to have a negative relationship with economic growth in this aspect.

All variables are reported in Table 1. In addition, Table B1 of Appendix B reports the summary
statistics, showing clearly that there is no concern of multicollinearity among independent vari-
ables for our data, which is evidenced by the value of correlations less than the threshold of 0.8.
For the pairs of dependent variables with correlation values greater than 0.8, we do not enter into
the same specification to avoid the spurious regression.
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Table 1. Variable definitions and descriptive statistics

Unit of Std.
Variables Definition measurement | Mean | Median | Dev. | Min Max | Obs
GDPG The growth rate of % 1380 | 1.503 | 0.663 | -2.112 2.676 | 643
GDP per capita
I11C Initial per capita dollars 9.490 9.507 | 0.738 | 7.595| 11.538 | 700
income (GDP is
expressed in
international dollars)
CPS Domestic credit to % GDP 3.899 | 3.851 | 0.679 | -1.681 5.470 | 614
private sector as
a share of GDP
TELEPHONE | Fixed telephone lines per 100 people | 2.847 3.040 | 0.835| 0.128 4.137 | 694
MOBILE Mobile cellular per 100 people | 4.215 | 4.608 | 1.026  -1.536 5.665 | 695
subscriptions
INTERNET | Individuals using the | % of population | 3.325 | 3.727 | 1.142 | -2.171 4.566 | 681
Internet as a share of
total population
ICT ICT goods imports as % total goods | 2.188 2130 | 0.753 | 0.020 3.983 | 680
a share of total good imports
imports
IQ Institutional quality % 3.937 | 3.966 | 0409 | 2.721 4501 | 665
GC The ratio of % GDP 2656 | 2731 | 0320 1.698 3.199 | 694
government final
consumption
expenditure to GDP
TRADE Total amounts of % GDP 4464 | 4440 | 0611 | 3.096 6.093 | 700
exports and imports
as a share of GDP
INF Growth rate of % 5317 | 3.555 | 9.696 | —-4.298 | 168.620 @ 694
consumer price index
within 1-year period

To capture the threshold at which the impact of institutional quality and ICT diffusion on
economic growth could change, we integrate the squared terms of independent variables, denoted
by ICT%; and IQ?, in order to test whether the U-shaped forms are present for both main
independent variables of interest. The following specifications with quadratic terms are as follows:

GDPGjt = o + p1GDPGjt_1 + f,1IC;t + f3CPSit + B ICTy + ﬁSICTZ,-t + BelQit + P7Xit + €it (2)

GDPGjt = By + p1GDPGjt_1 + BoIIC; + B3CPS;t + B ICTyt + psIQie + ﬁsIQZit + By Xit + €it (3)

Specification (2) and (3) use the same variables to specification (1), which is described in details of
Table 1.

To test whether the union effect of financial development-ICT diffusion and financial develop-
ment-institutional quality on economic growth, we include the interaction term for both cases,
denoted by CPS; « ICT; and CPS;; = IQ;; respectively. The regression function with interactive terms
is as follows:

GDPGjt = By + 1GDPGjt_1 + BoIIC;t + B3CPS;t + B ICTi + PsCPSie + ICTy + BCPS;t * IQj + 7 Xit

+ €it (4)
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Similarly, specification (4) uses the same variables as specification (1), which is reported in Table 1. One
should note that the 2008-2009 global financial crisis exerts negative consequences on financial
institutions, which may waste resources, reduce savings, increase speculation, reduce investment, and
create misallocation of scarce resources (Cheng et al., 2021). Because the global financial crisis may have
a detrimental impact on the drivers of economic growth (Wahidin et al., 2021), the dummy variable for
crisis should be employed to control the structural break, which takes the value of 1 in the case of the
period 2008-2009 and 0 otherwise. Therefore, for all cases of regression estimation, we test the main
relationship with and without a dummy variable accounting for the global financial crisis. This is another
innovation to capture the impact of the global financial crisis on growth in all specifications and test the
change in regression results with and without the inclusion of this dummy.

3.3. Econometric estimation method

For our study, we used the two-step system generalized method of moments (S-GMM) model,
which is widely employed by previous studies (Cheng et al., 2021; Das et al., 2018; H. H. Nguyen
et al., 2022a; Nguyen & Dinh, 2022; T. P. Nguyen et al.,, 2022b; Sassi & Goaied, 2013). When
analyzing changes in financial variables, the GMM technique outperforms the standard OLS
method (Huan, 2021). This model solves the issues of endogeneity, omitted variables, and hetero-
scedasticity. To obtain valid instruments, lagged endogenous variables and weakly exogenous
variables must be free of autocorrelation in the fundamental model (Blundell & Bond, 1998). This
means that disturbances in the difference model have considerable first-order correlation but
minimal second-order autocorrelation. The Arellano-Bond tests for first- and second-order serial
correlation in first-differenced residuals are employed for this purpose (Arellano & Bond, 1991).
Furthermore, we employed the lagged values (two and above) of the regressors in the GMM
dynamic technique as the estimated instrument to eliminate any bias owing to reverse causality.

4. Results

For econometric evaluations before discussing the empirical findings, at the bottom of each table
for regression results, we observe that there is the existence of first-order and no second-order
correlation with the error terms, which is evidenced by the significant value of AR(1) and insignif-
icant value of AR(2), respectively. Furthermore, the Hansen test shows no significance, indicating
the validity of instruments employed in the S-GMM estimator. In addition, the dynamic character-
istics of economic growth is evidenced by the significantly positive values of the lagged GDP per
capita. Taken together, the correctness of our estimating model is confirmed, showing the appro-
priate inference from these regression results.

4.1. The determinants of economic growth

Table 2 reports the findings of specification (1) for the annual data of 35 emerging countries
covering the period 2000-2019. In all regression models of Table 2, the coefficient on financial
development (CPS) is significantly negative at least 10% significance level, suggesting that finan-
cial development could hamper economic growth. This is in line with Ram (1999), Sassi and Goaied
(2013), and Cheng et al. (2021) who show the unfavorable effect of financial development on
growth. This could be explained by several points. According to Yong et al. (2009), increased usage
of interest-rate derivative financial instruments results in higher long-term risks. Banking hazards,
according to Nijskens and Wagner (2011), could result in increased long-term risks due to exces-
sive bank lending and reduced capital reserves. Furthermore, due to excessive liquidity in the stock
market, investors seek an extraordinary return for short-term investments, ignoring to monitor
a company’s business performance and hampering economic growth.

The findings also support that ICT diffusion, defined through the internet, mobile, telephone, and
ICT imports, stimulate growth, which is evidenced by the significant value of coefficients on ICT
proxies. This is consistent with Hassan (2005) indicating that ICT is critical to growth since it is
required to expand a country’s productive capacity in all areas of the economy, connects a country
to the global economy, and assures competitiveness. Through electronic coding and virtual motion
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Table 6. ICT index from previous studies

Single variable/aggregate
Research Proxies for ICT diffusion PCA
Cheng et al. (2021) Mobile users, the percentage of Single variable

Internet users, and secure Internet
servers per 1 million people.

Chien et al. (2020) Internet users, fixed telephone Single variable
subscriptions, and mobile cellular
subscriptions.

Jahanger et al. (2022) number of mobile telephone Single variable
subscribers per 100 people, the
number of internet users per 100
people, the number of fixed
telephone subscribers per 100
people.

Alimi and Adediran (2020) mobile cellular subscription per Aggregate PCA
100 people, fixed telephone
subscription per 100 people, and
secure Internet server per
1,000,000 people.

Owoeye et al. (2022) Mobile cellular subscription per 100 | Aggregate PCA
people, fixed telephone
subscription per 100 people, fixed
broadband subscription per 100
people, Internet users (% of
population; Pradhan et al., 2017)
and ICT imports (% total imports).

Ofori and Asongu (2021) Fixed telephone subscription, fixed | Aggregate PCA
broadband subscription, and
secondary
school education gender parity.

Appiah-Otoo and Song (2021) Internet users (% of population), Aggregate PCA
Mobile cellular subscriptions per
100 people, fixed broadband
subscriptions per 100 people.

transmission, ICT may strengthen a country’s connection to the global economic system and
stimulate more active economic activity (Cheng et al., 2021). It is worth noting that the coefficients
of the internet are significantly greater than those of other measures for ICT diffusion, such as
mobile, telephone, and ICT goods imports. This implies that the internet speeds up the transmis-
sion of information and improves the efficiency of information distribution, resulting in increased
economic growth in the study of emerging markets. The finding also indicates the positive effect
institutional quality could have on growth, suggesting that institution quality is critical in creating
an enabling environment for economic development. This is in line with previous research (Iheonu
et al,, 2017; Parks et al,, 2017).

In terms of other controlling variables, trade openness, inflation, and government consumption
all have a considerable and predictable influence on growth. High government consumption and
macroeconomic variations, as measured by high levels of inflation, depress economic growth in
emerging countries, but trade openness has a positive influence on growth, demonstrating that
lowering trade barriers promotes growth. The negative impact of GC on growth might be attributed
to its preference for non-tradable commodities. Furthermore, there is evidence of growth conver-
gence, implying that economies with greater initial income are being surpassed by those that are
rising at a quicker pace. The global financial crisis in Models (2), (4), (6), and (8) in Table 2 has
a negative impact on growth, supporting the unfavorable effect of the 2008-2009 financial crisis
on economic growth.
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Figure 2. Scree plot eigenvalues
after running principal compo-
nent analysis.

Table 7. Each component is capturing four proxies for ICT diffusion with eigenvalue and

proportion

Component Eigenvalue Difference Proportion Cumulative
Comp1 2.16771 1.17347 0.5419 0.5419
Comp2 0.994245 0.289337 0.2486 0.7905
Comp3 0.704908 0.571774 0.1762 0.9667
Comp4 0.133134 . 0.0333 1

Scree plot of eigenvalues after pca

Eigenvalues

Number

4.2. The U-shaped relation for ICT diffusion-EG and institutional quality-EG

Inspired by the arguments that the ICT diffusion—growth and institutional quality—growth lin-
kages could follow the U-shaped forms, empirical results to confirm these U-shaped relations are
reported in Table 3 and Table 4. The coefficient on the quadratic term, ICT?, is negative and
significant in almost all models, except model (5) and (6) for the internet indicator. This finding
reveals that the relationship between ICT penetration and growth follows an inverted U-shaped
form, suggesting the existence of a threshold at which the impact of ICT diffusion on economic
growth could vary. If the ICT value is below this threshold, economic growth is positively affected
by ICT development. However, the negative impact of ICT diffusion on growth could be evidenced if
the value of ICT is above this threshold. This finding is contrary to the work of Sassi and Goaied
(2013) who find the U-shaped relation for ICT penetration-growth in the MENA region. Observing
the case of the coefficient on 1Q?, the significantly positive signs show the U-shaped forms for the
impact of institutional quality on economic growth, with no exception for any case of ICT diffusion.
The quality of the institutional environment could positively affect growth when the values of
institutional quality are greater than a given threshold. This means that in the case of the value of
institutional quality being less than this threshold, the nexus between institutional quality and
growth turns negative.

In addition to the stimulating effect of institutional quality on economic growth, we also provide
a more intensive understanding than prior studies have; that is, we shed further light on the
U-shaped impact of institutional quality on economic growth. There is a certain threshold at which
this nexus changes from a positive to a negative pattern. Relevant research shows that political
dimensions follow an inverted U-shaped relationship with economic growth (Acheampong et al,,
2021). However, this research shows the impact of political globalization on economic growth
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Table 8. Determinants of growth with an alternative proxy for ICT diffusion

Coefficients t-statistics Coefficients t-statistics

Lag.GDPG 0.315*** [9.66] 0.386*** [13.74]
GDPPC —0.589*** [-7.01] -0.706*** [-7.73]
CPS —0.272*** [-3.21] —0.271*** [-2.89]
ICTpca 0.135%** [5.19] 0.178*** [6.60]
IQ 0.475%** [7.39] 0.508*** [7.37]
GC —0.348*** [-5.08] —0.328*** [-3.85]
TRADE 0.202*** [5.40] 0.245% [6.96]
INF -0.0151** [-4.02] —0.0115*** [-3.38]
CRISIS —0.498*** [-9.17]
CONS 5.803*** [11.05] 6.456*** [11.46]
Countries 35 35

Instruments 31 32

AR(1) 0.003 0.002

AR(2) 0.114 0.964

Hansen Test 0.301 0.272

Note: ICTpca is generated from 04 sub-items of ICT diffusion by employing the principal component analysis.

displays an inverted U-shaped pattern. One should note that political globalization in this research
is primarily based on the definition that this term is the diffusion of government policies and
includes international non-government organizations, embassies, and United Nations peacekeep-
ing missions (Gygli et al., 2019). This definition is not our focus in the current research and hence,
we are the first to explore the U-shaped pattern for institutional quality-growth nexus for a case of
emerging countries.

4.3. The joint effects of financial development—ICT diffusion and financial development—
institutional quality on EG

Regression results in Table 5 are employed to capture the related hypothesis of whether the
impact of financial development is necessary to promote growth through the driving role of
institutional quality and ICT diffusion. The coefficient on the interaction term, CPS*ICT, is positive
and significant at 5% level, suggesting that although financial development has a negative
influence on growth, ICT penetration could exert a positive impact on financial development,
and the interaction effect could boost economic growth even more. In reality, the usage of
telecommunications services has increased at an unexpected rate during the last two decades.
The expansion of wireless technologies and telecommunications industries is primarily driving this
nexus. According to King (2012), mobile financial services enable firms to recognize a wide access
rights, including telecommunications, retail, and e-commerce, in order to provide bill payment and
other financial services. This tendency will continue, fundamentally altering the rules of the game
for conventional banks.

Regarding the impact of ICT investments on the economic progress of emerging economies, empirical
data has been very limited and equivocal. The paucity of high-quality micro- and macro-level data sets on
ICT for developing countries may be primarily responsible for the lack of strong empirical evidence on the
effects of ICT in these economies (Niebel, 2018). Given our empirical evidence, we show the positive
impact of ICT diffusion on growth. Moreover, we provide an empirical result of the combined effect of
financial development and ICT penetration on economic growth, showing the stimulating role of ICT
diffusion in changing the negative effect of financial development on growth. These results confirm the
work of Sassi and Goaied (2013) and Das et al. (2018) who show the favorable impact of ICT on the
financial development-growth nexus. This may imply that without a critical enhancement in ICT

Page 23 of 33



‘ymoub uo Aypnb jpuoiniiasur Jo 390dwi djuojoUOW-UoU 3y} $34n3dod ‘,DI ‘S1qOUDA J13DJpOND By YIMmoib
uo uoisnyIp 101 40 1dw) djuojouow-uou dy} sainydpd ¢,¥24] )] ‘91qouUDA d1301poNb 3y] sisAjoup Jusuodwod pdipund 3y buikojdwa Aq uoisnyp 1] JO SW-QNS 40 Woiy pa3psaudb s| ¥24) 7] 210N

Page 24 of 33

o
.

&

Nguyen et al., Cogent Economics & Finance (2022), 10: 2139887

cogent - economics & finance

/10.1080/23322039.2022.2139887

//doi.org

https:

6¢€0 SEE0 [%C0 6170 1S9 USSUDH

0820 €CrTo 9.0 0ttT0 (Qdv

#7000 #7000 €000 €000 (1)av

1€ 0¢ ¢ e Sjuswiniisug

13 13 Q¢ 13 Saluno)

[z9€] »x0L'6T [ov€] G181 [gz8] xxx[88Y [91'6] »x8LSY SNOD

VAWAS »x0C7°0- [0£76-] 27170 SISTdD

[£679-] »x0€C0°0— [86'/-] £2+C0€0°0— [vee-] +xxC0T0°0— [19'9-] »xG8T10°0— 4ANI

[osd +x60C°0 [69°7] +x002°0 [£44] +8L1°0 [29€] +x8€1°0 AdvdL

[o€%-] »x(ES0- [o%%-] +#x615°0— [G9¢-] £2269C°0— [19¢-] x2+99C°0— Bl

[o%'2-] *«+LTT0°0- 2L z-] *xSCT0°0— 274101

[08'T] +C0L°0 [98°1T] 9290 ol

[29%] xxx(SE0 [18°€] %22l L0 [o1dd 98200 [61°1] 0e€%70°0 V)01

[€9'1-] 688%— [€L1-] +68L7— [£879] £xx88%7°0 [Gz9] »xE8E°0 0I

[6¥¢-] +xx(95°0— [zae-] £xx055°0— [z8'1-] +L660°0— [Gve-] +x8CT°0— Sdd

[06'5-] »xG18°0- [e8%-] £959°0— [97°9-] £x0859°0— [66'G-] +£+89%°0— Jddds®

[z8] »xELE0 [96°T1] £+£0E°0 [7.6] %22l CE0 [9€'8] +xx86C°0 9dao1bo
S$213513D35-) SUETRITTE ) S$213513D35-) SJUBIDIY}R0) S$213513D35-} SJUBIDIY0) S$213513D35-) SUETRITTE

suo1p}al H3—AHpnb |puOIIN}ISUI puD—UuoISNYIP 1DI Y3 40} wioy padbys-n 6 31qPL




Nguyen et al., Cogent Economics & Finance (2022), 10: 2139887
https://doi.org/10.1080/23322039.2022.2139887

< cogent -~ economics & finance

Table 10. The impact of ICT diffusion and institutional quality on financial development—

growth nexus

Coefficients t-statistics Coefficients t-statistics

Lag.IGDPG 0.252%** [8.51] 0.275*** [8.21]
GDPPC —0.515*** [4.48] -0.646*** [-5.25]
ICTpca —1.035*** [-5.85] -0.578** [-2.14]
1Q 4,736 [6.81] 3.135*** [4.12]
CPS 4,312%* [6.10] 2.626*** [3.26]
CPS* ICTpca 0.278*** [5.87] 0.171** [2.54]
CPS * 1Q =1.145%** [-6.21] —-0.694*** [-3.22]
GC -0.264* [-2.01] —-0.259** [-2.66]
TRADE 0.311* [3.96] 0.268*** [3.77]
INF —0.00833** [-2.10] -0.00168 [-0.54]
CRISIS —0.470*** [-6.29]
CONS =12.57*** [-4.36] =5.241 [-1.58]
Countries 35 35

Instruments 34 35

AR(1) 0.004 0.003

AR(2) 0.144 0.838

Hansen Test 0.232 0.242

Note: ICTpca is generated from 04 sub-items of ICT diffusion by employing the principal component analysis.

penetration, financial development will not be likely to gain the benefits of the interaction effect and
promote economic growth (Das et al., 2018).

On the contrary, the interaction term, CPS*IQ, has a negative sign of its coefficients at a 1%
significance level, indicating that the negative impact of financial development on growth could be
amplified by the high level of institutional quality. This finding could be explained by the fact that
the emerging countries have not yet attained a high level of economic development (Daniela-
Neonila & Roxana-Manuela, 2014) and the institutional quality measured by voice of accountability
negatively affects financial development (Khan et al., 2020). Both aspects could imply the negative
impact of financial development on EG is pronounced in emerging countries despite having a high
level of institutional quality.

With respect to the joint effect of institutional quality and financial development on economic
growth, Effiong (2015) indicates that there are positive but insignificant coefficients on the inter-
action impact of both financial development and institutions on growth. This research suggests
that the existence of institutions has not improved the link between finance and growth in Sub-
Saharan Africa. Sohag et al. (2019) evaluate the importance of institutional quality in the finance-
growth nexus in Indonesia and Malaysia from 1984 to 2017. In Malaysia, a positive improvement
in institutional quality was shown to have a significantly bigger effect on growth than serving as
a mediator. More interestingly, institutional quality was shown to hamper economic growth in
Indonesia, but to have a positive and important mediating effect on the link between finance and
growth. Given these conflicting findings in previous studies, we hold the view that, in the case of 35
emerging countries, the negative effect of institutional quality on growth is exacerbated under
a high level of institutional quality.

4.4. Robustness test

To address the problem of multicollinearity in the dataset and reflect the generalized impact of ICT
penetration development, we use principal component analysis (PCA) to build an ICT index using
the comprehensive data of mobile, internet, telephone, and ICT goods imports. This approach is
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widely used by Gries et al. (2009) and Cheng et al. (2021). Specifically, to avoid a narrow sense of
each indicator of ICT diffusion, we apply principal component analysis (PCA) to establish
a combined index of ICT penetration, including fixed telephone lines (per 100 people), mobile
cellular subscriptions (per 100 people), individuals using the Internet as a share of the total
population (% of the total population), and ICT goods imports as a share of total goods imports
(% of total goods imports), so as to capture a more comprehensive picture of ICT diffusion; hence,
this approach can provide a generalized impact, not a narrow impact, of ICT on growth. In
addition, PCA is a statistical approach used to create fewer variables or an index that describes
the majority of the original variables’ variability (Achia et al., 2010; Olofin, 2012). Accordingly, this
approach could combine sub-items of ICT indicators to establish a single index, providing the
generalized impact of ICT diffusion. We use this combined approach of ICT diffusion to revisit the
linkages among financial development, ICT diffusion, institutional quality, and economic growth.

One should note that PCA is an analytical process whose primary objective is to reduce the size
of a data set containing a large number of linked variables by reducing the original set of variables
into smaller sets consisting of linearly uncorrelated variables, known as principle components
(Owoeye et al.,, 2022). Main result from PCA approach is a composite index which shows the
most explanatory feature of original data variations. To test the suitability of the PCA index,
a scoring coefficient is normally employed in which it is satisfactory if the composite index is
greater than the threshold figure of 0.3 (Appiah-Otoo & Song, 2021). The component with a high
percentage and an eigenvalue larger than one is the most appropriate to obtain, which resonably
represents one single composite index for regression treatment (Phan et al., 2021).

Table 6 displays a summary of the research methods employed in previous studies to calculate
aggregate CPA from sub-items of ICT diffusion or one-by-one ICT proxy. Based on the widely used
PCA in prior research, we apply this method to compute a composite index for ICT penetration.

In Table 7, among components of ICT diffusion, we observe that the eigenvalue of component 1
is greater than 1. This could be illustrated by the scree plot chart in Figure 2, showing that
component 1 has an eigenvalue over the balance line (eigenvalue = 1). Phan et al. (2021) propose
that since it includes enough information from the original data, the component with a large
percentage and an eigenvalue greater than one should be chosen. Furthermore, component 1
could more appropriately explain the overall variance of the sample than the other components.
The result is that the ICT diffusion index proxy may be expressed by the preference of the first
component over the three remaining proxies.

The Hansen test and the values of AR(1) and AR(2) at the bottom of each table support the
correctness of the dynamic model using the approach of S-GMM, which could enable us to make
inference from these regression results. Tables 8-10 show the re-estimation of the specifications
(1)-(4) to provide the consistent and robust results aforementioned in which the ICT sub-items are
replaced with a single index of ICT diffusion from the PCA technique and other variables remain.

Table 8 displays the regression results for the determinants of economic growth with the
alternative proxy for ICT diffusion, which is combined from four sub-items via the approach of
principal component analysis. The findings for the main variables of interest and control variables
are similar to those reported in Table 2, highlighting the stimulating role of ICT penetration and
institutional quality on growth. These results are robust when accounting for the influence of the
global financial crisis. Table 9 shows the empirical U-shaped forms for the impact of ICT diffusion
and institutional quality on growth, respectively. The findings are qualitatively consistent with
those revealed in the previous section, indicating the quadratic linkages between ICT penetration
—growth and institutional quality—growth. Table 10 reports the joint effect of ICT diffusion—and
institutional quality—financial development on economic growth. The positive coefficient on the
union effect of ICT diffusion and financial development suggests the fact that because of the
expansion of the financial sector, the influence of ICT penetration development on economic
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growth in emerging countries is positively found. On the contrary, institutional quality could
amplify the negative impact of financial development on economic growth for the case study of
emerging markets. These results again consistently confirm those reported previously.

5. Conclusion

It is widely discussed that financial development, ICT diffusion, and institutional quality could play
a critical role in shaping economic activities (Cheng et al., 2021; Khan et al., 2020; Sassi & Goaied,
2013). For each of above determinants, the findings provide a mixed conclusion in previous studies.
In addition, the U-shaped non-linear relationship and the interaction terms for ICT penetration—
and institutional quality—growth linkage have been under-explored, especially in emerging econo-
mies. To bridge these research gaps, we not only investigate jointly the impact of financial
development—institutional quality and financial development—ICT diffusion on economic growth,
but also conduct an experiment with quadratic terms to capture the non-linear U-shaped forms for
the impact of institutional quality and ICT diffusion on growth, employing the case study of 35
emerging countries from 2000 to 2019.

The results provided from the approach of a two-step system generalized method of moment
(S-GMM) estimator could suggest the following: (i) Regardless of which ICT proxies are included, the
impact of ICT diffusion on growth is statistically positive, while financial development negatively affects
economic growth. In addition, institutional quality could create a favorable environment to spur
economic growth; (i) There are threshold values of institutional quality and ICT diffusion at which the
impact of these variables on growth could change. This implies the U-shaped relation for the nexus
between the economic growth and institutional quality and the inverted U-shaped form of ICT diffusion
—growth relation; and (jii) The negative impacts of financial development on economic growth could be
mitigated by ICT penetration while the negative relation between financial development and economic
growth could be amplified under a high level of institutional quality. These results are qualitatively
consistent when using a composite index of ICT diffusion through the approach of principal component
analysis and remain robust to the inclusion of a time event such as the global financial crisis.

Our research cannot avoid limitations. First, one might argue that the effect of ICT penetration
on economic growth in emerging and developing economies may be greater than that of devel-
oped economies. Accordingly, ICT could facilitate a “leapfrog” process in emerging countries where
conventional approaches to raising production are dominant. However, the emerging markets are
our main focus and, therefore, we do not make the comparison between a group of countries with
different national incomes. Second, the current research poses an emphasis on the use of squared
terms to test the non-linear institutional quality-growth and ICT diffusion-growth relationships. In
econometric models, there are other non-linear testing approaches such as panel smooth transi-
tion regression (PSTR), which may be used to test the robustness of the results in this study.

This research may identify several further opportunities for future research. First, it is possible
that emerging economies have limited absorptive capabilities, such as an adequate amount of
human capital or other complementary variables such as R&D expenditures. These factors could
be significant drivers of growth, which is excluded in this research due to the issue of an unavail-
able dataset. Future research can integrate these potential factors to capture a more compre-
hensive picture of economic growth. Second, based on the theoretical model of economic growth,
Pradhan et al. (2016) investigate the causal relationships between ICT infrastructure, FD, and
economic growth in Asian countries. The existence of causal links between ICT and FD is not
a focus of this research. From this idea, future research could consider this causality to give more
understanding relating to determinants of growth and causality among them. Third, the scope of
current research is limited to three proxies of ICT diffusion and a composite ICT index from the
PCA approach. Due to data availability, we could not use other ICT indicators such as cloud
computing, Internet of Things (IoT), fintech, artificial intelligence (AI), social media, 5G, and
e-commerce suggested by the work of Vu et al. (2020). This may be a good point to start the
next research in the near future.
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In terms of policy recommendations, in addition to the emphasis on financial development, which has
a negative impact on growth, the findings suggest that authorities in emerging countries should increase
investments in ICT infrastructure in order to benefit from the joint effect of financial development and ICT
diffusion on stimulating economic growth. Hence, strengthening and enhancing ICT applications in the
financial sector can help reduce the negative effects of financial development on an economy, which is
particularly beneficial for emerging economies. However, there is a weak point that needs to be
addressed by policy-makers: there is hardly a favorable effect of ICT penetration on growth because of
a certain threshold at which over-developed ICT diffusion may exert a negative influence on growth. In
addition, the direct influence of institutional quality on growth indicates that emerging countries must
strengthen their institutions. However, the indirect influence of institutional quality on growth through
the interaction with financial development is significantly negative, necessitating a cautious growth
strategy that accounts for the interaction between financial development and institutional quality. This
might be because, under a certain threshold level of institutional quality, economic growth is hampered
and the negative effect of financial development may be amplified due to this level of institutional
quality. This study might be crucial to the government’s formulation of its financial sector, with a greater

emphasis on ICT penetration and institutional quality to support its economic growth objective.
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Appendix A: Countries list.

Table A1l. List of 35 emerging countries

Albania China India Pakistan Singapore
Belarus Colombia Indonesia Paraguay Slovak Republic
Bolivia Croatia Korea, Rep. Peru Slovenia

Bosnia and Czech Republic Latvia Philippines Thailand
Herzegovina

Brazil Estonia Lithuania Poland Ukraine
Bulgaria Hong Kong SAR, Malaysia Romania Uruguay

China
Chile Hungary Mexico Serbia Vietnam
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