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Impact of ICT diffusion on the interaction of 
growth and its volatility: Evidence from 
cross-country analysis
Thanh Phuc Nguyen1*, Thi Thu Hong Dinh2, Tho Tran Ngoc2 and Trang Duong Thi Thuy2

Abstract:  There is a large body of research investigating the impact of information and 
communication technologies (ICT) on economic growth; however, the empirical evi-
dence on growth and its volatility simultaneously driven by ICT diffusion has still 
remained scarce so far. To fill this void, system two-step generalized method of 
moments (S-GMM) estimator and a new proxy capturing the product of growth and its 
fluctuation is employed to determine the nexus between ICT penetration and the 
interaction of growth and its volatility. Using a comprehensive panel of 122 economies 
covering the period 2000–2019, we find that all proxies for the ICT revolution show 
positive impacts on the product of growth and its volatility. This means that an increase 
in ICT diffusion could lead to both higher growth and lower growth volatility. To offer 
robust and consistent results, ICT growth and its volatility nexus are confirmed through 
several econometric techniques such as panel quantile regression, the control of fixed 
effects, alternative measure for the interaction between growth and its fluctuation, 
and across countries with different national incomes. The research could give rise to 
use of this proxy for the product of growth and its volatility with inverse hyperbolic sine 
transformation in the empirically econometric model for the future studies.
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1. Introduction
The world has changed dramatically in recent decades as the ICT revolution has displayed its 
expansion into diverse levels such as organization level, sector level, and country level (Vu et al., 
2020). The tremendous impact of ICT on the volume of international financial transactions has 
been acknowledged (Dell’Ariccia et al., 1998).). Financial institutions could take advantage of ICT 
development to not only expand their financial services globally but also to supply them at 
a reasonable cost, thereby stimulating economic growth.

Given the ICT benefits, there has been a lot of research devoted to the contribution of ICT 
penetration to economic growth (Adeleye & Eboagu, 2019; Stanley et al., 2018). Vu (2011) provid-
ing a thorough analysis shows that many developing countries have been able to utilize their 
backwardness advantage to stimulate economic progress thanks to considerable progress in 
internet-based information technology. Following Vu et al. (2020), the impact of ICT on economic 
growth could be attributed to several mechanisms, such as (i) learning and technological evolu-
tion, (ii) high-quality decision making, and (iii) a decrease in cost and extension of choices driving 
the supply and demand curves.

The effect of ICT diffusion on economic growth has also been widely discussed by scholars in 
recent years because ICT penetration is one of the main prerequisites for promoting economic 
expansion. This is confirmed in much empirical research on growth-led ICT penetration such as 
Jorgenson (2001), Nasab and Aghaei (2009), Vu (2011), and among others. However, the favorable 
impact of ICT diffusion show heterogeneity among different type of countries as noted in the work 
of Niebel (2018) who shows that developing and emerging countries are not gaining more from 
investments in ICT than developed economies.1 Moreover, the author also shows that it is 
unknown whether ICT has a greater influence on economic growth in emerging and developing 
economies than in industrialized economies.2 We argue that this could be attributed to insufficient 
aspects captured in economic growth in which both growth and its volatility need to be combined. 
A well-established link between growth and its volatility for a long time in the typical work of Imbs 
(2007) who acknowledges that volatility is common to all activities and has a negative correlation 
with growth. Therefore, we propose that both growth dimensions such as the growth rate of 
economic activities and its fluctuations should be integrated into one single product of growth 
and growth fluctuations before investigating determinants of this proxy. One should note that 
among determinants of the product of growth and its volatility such as corruption (Evrensel, 2010), 
finance (Da Silva et al., 2017), and international trade openness (Kim et al., 2016), we could not 
find the role of ICT penetration on this proxy, which encourages us to conduct further investigation 
on this link and determine whether this link is heterogeneous among different types of countries 
with various levels of income.

Despite a large number of studies showing a positive association of ICT penetration with higher 
growth, productivity, and employment (Gómez-Barroso & Marbán-Flores, 2020; Vu et al., 2020), 
there is limited research on ICT-driven volatility of economic growth. Instead, several studies have 
proven the reduction in economic growth as a result of output volatility. For example, Ramey and 
Ramey (1995) indicate that production volatility and growth have a strong negative relationship 
due to “uncertainty-induced planning errors by firms”.

In addition, there is another strand of literature attempting to understand the determinants of 
output volatility (Hakura, 2009; Iseringhausen & Vierke, 2018; Kose et al., 2006; Levchenko & Di 
Giovanni, 2008; Malik & Temple, 2009). In typical empirical evidence, Balavac and Pugh (2016) 
determine several drivers of economic growth volatility such as trade openness, export diversifica-
tion, and institutions in a sample of 25 economies spanning from 1996 to 2010. Additionally, 
Iseringhausen and Vierke (2018) support demographics and fiscal policy as potential factors 
shaping output volatility.
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To the best of understanding, there are no studies directly looking at the influence of ICT on the 
interaction of growth and its volatility. As an example of related research, as one of pioneering 
research, Zimmermann (1994) shows that in most research cases, technological advancements 
could affect the business cycle in an open economy rather than in a closed one. To support this 
finding, Comin et al. (2009) suggest that technological innovation and diffusion are among key 
drivers of the business cycle. Besides, Dynan et al. (2006) consider financial innovations as 
a possible contributor to the stabilization of economic activity in the mid-1980s. In addition, the 
importance of the ICT in explaining growth volatility for a panel of 10 Asian countries was 
discussed in the work of Ko (2008), suggesting that when it comes to monetary policy shocks, 
countries with a high level of ICT development yield more output volatility but fewer output 
fluctuations in the case of fiscal policy shocks. More recently, Cavoli et al. (2020) employ 
a sample of 100 emerging and developing countries covering the period of 1995–2013, showing 
that countries with a high level of financial inclusion and lower income tend to face a considerable 
trade-off between financial inclusion and production stability. Moreover, ICT penetration is 
employed as a key indicator for financial inclusion (Bhuvana et al., 2016), thereby decreasing 
economic growth instability and reducing poverty and inequality (Mushtaq & Bruneau, 2019). In 
addition, Ferraro (2017) shows that economies with more volatile real GDP per capita growth rates 
have significantly longer time delays in ICT adoption and lower average growth.

Noting that these empirical findings limited our understanding in ICT-led growth fluctuations 
and do not directly address the impact of ICT diffusion on the interaction of growth and its 
volatility. Da Silva et al. (2017) point out the drawback of a widely used measure for growth 
volatility based on the approach of standard deviation of economic growth, showing the inability to 
compare the fluctuation among economies with different average growth levels. This gives us 
a reason to investigate whether the ICT revolution has a significant influence on both growth and 
its volatility.

The goal of this research is to look at the impact of ICT evolution on the interaction of economic 
growth and its volatility by employing a sample of 122 countries between 2000 and 2019. 
Motivated from the work of Da Silva et al. (2017), the economic volatility is constructed by the 
interaction between average GDP growth and standard deviation of GDP per capita growth in an 
inverse hyperbolic sine transformation, which is largely ignored from previous studies. We apply 
a two-step system generalized method of moments to address the issue of endogeneity and the 
dynamic property of the model. The findings suggest that the mass diffusion of ICT could make 
a profound contribution to both increase economic growth and decrease its volatility. This finding 
is consistent with a variety of sensitivity tests such as quantile panel regression, the control of 
fixed-effects, and an alternative measure for the interaction of growth and its volatility. In addi-
tion, the results also hold true when using two sub-samples divided according to country’s income 
into high-income countries and medium–low income countries. Moreover, current results could 
consolidate the attempts of many countries to stimulate economic growth and control growth 
volatility by taking advantage of the ICT revolution.

Current study could add to the literature on the nexus between ICT and economic growth 
volatility for several points. First, in addition to the use of the different proxy for the ICT in 
a separate model (for example, internet users, ICT goods import, and mobile subscriptions), we 
construct the ICT index from these components by the approach of PCA to catch a broad measure 
for ICT revolution. This could produce the consistency of findings regardless of ICT proxies included. 
Second, we calculate the interaction of average growth and its volatility by different non- 
overlapping intervals (i.e., 3-year and 5-year windows) with the inverse hyperbolic sine computa-
tion. This approach offers the appropriate comparison in a country’s growth variability with 
different average growth and produces the robustness of results regardless of the calculation 
method of non-overlapping intervals. Third, for a wider dataset covering economies including the 
emerging and developing, and developed countries, we apply the system two-step generalized 
method of moments (S-GMM) estimator and show the consistent findings through other 

Nguyen et al., Cogent Business & Management (2022), 9: 2054530                                                                                                                                  
https://doi.org/10.1080/23311975.2022.2054530                                                                                                                                                       

Page 3 of 27



estimation techniques such as fixed-effect estimation and quantile regression for the impact of ICT 
on economic growth volatility. Fourth, from the empirical evidence from a panel of comprehensive 
economies, we extend the understanding to the nexus between ICT and growth volatility by 
showing the favorable impact of ICT on obtaining high level of growth with lower growth volatility 
rather than the previous research finding focusing on the positive ICT impact on economic growth 
or output volatility separately. As a result, additional research on this topic is required and will 
contribute to ongoing debates.

From this introduction, the rest of our research is organized as follows. In Section 2, the review of 
related literature and theoretical background is provided. Data and methodologies are described in 
Section 3, followed by the empirical results and robustness test in Section 4. The final section aims 
to conclude the paper.

2. Theoretical background and literature review

2.1. Theoretical background
The rapid spread of ICT such as fixed-line telephones, mobile phones, the internet, and broadband 
has resulted in a dramatic change into an information society during the last several decades. ICT 
adoption has significantly increased the efficiency of resource allocation, considerably decreased 
production costs, and boosted demand and investment across all economic sectors (Grimes et al., 
2012; Jorgenson & Stiroh, 1999; Lee et al., 2012; Pradhan et al., 2015; Vu, 2011). Therefore, it does 
not come as a surprise when ICT-led growth has received a great deal of attention from theoretical 
and empirical perspectives (Stanley et al., 2018).

Prior theories recognize that ICT plays an increasingly important role in accelerating economic 
growth. Prominent theories, such as neo-Schumpeterian (Schumpeter & Redvers, 1934) and neo-
classical growth (Solow, 1956), have identified the implication of ICT for economic growth. 
According to these theories, ICT enters the economic supply in the form of capital and improves 
the production process by deepening capital and producing the technology and labor force with 
a high-quality advance. As a result, ICT generates added value at the business and sectoral levels, 
resulting in increased productivity and economic growth at the national level (Aghaei & 
Rezagholizadeh, 2017; Quah, 2002).

It is observed that there is an indirect impact of technologies on output fluctuations, which 
potentially creates research fundamentals for research on the driving impact of ICT diffusion on 
output volatility. King and Rebelo (1999) show that the business fluctuations could be attributed to 
technology shocks. It is worth mentioning that the differences between communication and 
information technologies have gotten more blurred. For instance, cell phones are essentially 
communication devices. However, with the introduction of wireless apps, users now have access 
to data and information via their cellular phone. The Internet is primarily a barometer of informa-
tion technology development (Baliamoune-Lutz, 2003). To some extent, the output volatility is 
correlated to ICT-related technologies.

Macroeconomists tend to analyze the causes of fluctuations and the drivers of growth sepa-
rately in recent decades. Recent theoretical and empirical work, however, has cast doubt on this 
conventional wisdom by finding that volatility might be associated with growth (Kroft & Lloyd-Ellis, 
2002). However, the theoretical relationship between economic growth and volatility is inconclu-
sive. Endogenous growth will be influenced by business cycle volatility, either negatively or 
positively, in the presence of irreversibility or diminishing returns to investment, or positively in 
the presence of prudent saving, innovative creative destruction, liquidity constraints, or if high- 
return technologies also entail high risks. Ramey and Ramey (1995) demonstrate that nations with 
highly variable GDP increase at a slower rate, particularly in a sample of OECD countries with 
a smaller size. Jovanovic (2006) demonstrates that pre-commitment to a hazardous technology 
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produces a negative time series relationship between growth and volatility, but may indicate 
a positive cross-sectional relationship.

Given these theoretical points, the missing link between ICT-related factors and both aspects of 
economic activities such as economic growth and output volatility is observed from theoretical 
perspectives. To address this link effectively, it is critical to note that the growth and its volatility 
should be integrated into a comprehensive indicator to provide sufficient aspects of economic 
activity effectiveness. In addition to the ICT diffusion–growth relationship, this research addresses 
another possible influence of ICT penetration on a growth-related subject, namely, growth vola-
tility. In other words, growth and its volatility need to be included in one single indicator to capture 
the comprehensive picture of the driving effect of ICT-related factors on the interaction between 
economic growth and its fluctuation. To the best of our knowledge, the link between ICT diffusion 
and the interaction between growth and its volatility has not been explicitly captured.

This gives rise to the research question: “Does ICT penetration have a significantly simultaneous 
impact on both aspects of economic growth, including the growth rate of gross domestic product 
and its volatility?”. Answering this critical research question could shed further light on the 
stimulating or deteriorating influence of ICT diffusion on the product of economic output and its 
fluctuations.

2.2. Related empirical research
Although literature predicts a positive relationship between ICT diffusion and economic growth, 
empirical studies have produced inconclusive findings. Well-established empirical evidence on the 
impact of ICT diffusion on economic growth shows that ICT is one of the primary factors for faster 
economic expansion. For example, ICT-achieved information can be communicated via electronic 
coding and virtual movement, influencing the development and technology of various businesses 
and thereby altering economic activity. However, there remains conflicting empirical evidence on 
the ICT–growth linkage. Some have provided positive impacts (Cheng et al., 2021; Crandall & 
Jackson, 2001; Jorgenson, 2001; Venturini, 2009; Vu, 2011; and among others), while others 
offered ambiguous or negative effects (Dewan & Kraemer, 2000; Hassan & Islam, 2005; Ishida, 
2015; Lee et al., 2005; Pohjola, 2001; Yousefi, 2011), among others.

For the first strand of the literature on the link between growth and its volatility, Hardy (1980) 
using data from 60 countries from 1968 to 1976 and Roller and Waverman (2001) using data from 
21 OECD countries from 1970 to 1990, and Madden and Savage (1998) examining a sample of 27 
Central and Eastern European countries from 1990 to 1995, among others, found a strong positive 
relationship between GDP and GDP per capita. It is observed that this research reflects the nexus 
between growth and its fluctuation, this gives rise to research capturing both aspects of growth, 
especially when considering the impact of ICT penetration on both economic growth and its 
volatility.

For the second strand of the literature on the influence of ICT on growth, ICT instruments such 
as fixed-line telephones on economic growth in industrialized countries were the focus of early 
cross-country research. Accordingly, recent research has verified that telecommunication technol-
ogies such as mobile phones, individual computers, and the usage of Internet have made 
a significant contribution to the economic growth of many countries, particularly industrialized 
ones (Gruber & Koutroumpis, 2010; Inklaar et al., 2005; Koutroumpis, 2009; Vu, 2011). Andrianaivo 
and Kpodar (2011) confirmed that ICT contributed significantly to African countries’ economic 
growth between 1988 and 2007, using a variety of ICT measures such as mobile phone and fixed 
telephone adoption rates, as well as the cost of local calls.

The third strand of the literature on causal link between ICT and economic growth. Among 
earliest studies, Roller and Waverman (2001) discovered a substantial positive causal association 
between investment in telecommunication infrastructure and subsequent economic success using 
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data from 21 OECD nations over a 20-year period (1970–1990). According to the findings of GMM 
estimation, Vu (2011) indicates that the penetration of personal computers, mobile phones, and 
internet users had a strong causal effect on economic growth. In addition, Pradhan et al. (2018) 
employing a model of vector error correction (VECM) for a sample of G-20 countries covering the 
2001–2012 period show the empirical evidence of Granger causality relationship among per capita 
economic growth, ICT infrastructure (the adoption of broadband or internet users), and other 
control variables such as inflation, labor force, and formation of gross domestic fixed capital. 
Another growing strand of the literature has pointed out the non-linear relation between ICT 
and economic growth. For example, Sassi and Goaied (2013) show that the association between 
ICT import and growth is determined by the proportion of ICT imported in the Mena area. 
Accordingly, once a threshold of Internet users is achieved, an explosive growth appears.

However, ICT–economic growth and its volatility nexus is under-explored in the prior literature. 
To the best of knowledge, we find the work of Kim et al. (2016) who examine the promoting and 
amplifying influence of trade openness on growth and growth volatility, respectively. In addition, 
Evrensel (2010) indicates that corruption control and government effectiveness have 
a considerable negative impact on the average growth rate, but increased corruption control, 
expropriation risk management, government effectiveness, and government consumption reduce 
growth volatility. More recently, Da Silva et al. (2017) investigate the role of finance on the 
interaction between growth and its volatility. However, this research differs from our study, 
which mostly focuses on the impact of ICT diffusion on both aspects of economic growth.

Due to the inexistence of a formal model, considering the various components of aggregate 
demand to understand how ICT diffusion affects output volatility might be a plausible point to 
utilize. First, from the standpoint of the labor force, apart from the increasing contributions of ICT 
services to growth, investments in the ICT sector have greatly increased labor productivity (Henry- 
Nickie et al., 2019). In addition, a higher labor directly decreases output growth rates but indirectly 
increases output growth rates by lowering its variance (Posch, 2011). To support this link, Tang 
(2002) shows that the higher degree of development, calculated by the average labor productivity, 
has a tendency to experience less volatility of output growth.

Second, from the view of firms’ investment in digital transformation, the “creative destruction” 
thesis posits that ICT leads to more innovation (Basl & Doucek, 2012), which could strongly drive 
output volatility. To some extent, technical change has the ability to constantly modify itself, 
gradually expanding out and increasing production across all areas and industries. Third, from the 
viewpoint of financial intermediation, financial infrastructure driven by ICT diffusion could enhance 
the function of financial intermediation (Shamim, 2007). One should note that in the long run, 
financial intermediation boosts growth while decreasing volatility (Beck et al., 2014).

Fourth, from the perspective of the reduction of informational asymmetry, recent advances in 
information and communication technology (ICT) have changed the financial business, allowing 
for more efficient and innovative service delivery. Digital finance innovations assist vulnerable 
communities, particularly in developing economies, to access financial resources (Al-Nawayseh, 
2020). This highlights the critical role of ICT on reducing asymmetric information for financial 
access and allocation efficiency (Asongu & Moulin, 2016), which possibly affects output volatility 
(Cavoli et al., 2020).

Finally, for the driving role of ICT on monetary policy, ICT-induced innovations could fuel the 
growth of mobile money such that it reaches levels where it could have implications for monetary 
policy (Weil et al., 2012). Ndirangu and Nyamongo (2015) suggest that the rapid progress in 
financial innovations is also associated with an unstable and volatile money velocity and the 
money multiplier. In addition, Boivin and Giannoni (2006) argue that an decrease in output 
volatility could be attributed to the monetary policy. Given these potential mechanisms, we expect 
that the ICT revolution could have a driving effect on economic growth, which extends the previous 
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literature review. Above arguments and mechanisms shape our main hypothesis: “ICT penetration 
has stimulating and eliminating effects on growth and its volatility, respectively”.

3. Data and methodology

3.1. Data
We use a comprehensive country-level sample of 122 economies covering the period of 2000– 
2019. The list of countries is reported in Table A1 of the Appendix. All variables (except inflation) 
are transformed by taking logarithmic form to eliminate heteroscedasticity (Sassi & Goaied, 2013). 
Sources for all variables are retrieved from World Indicator Development of World Bank. The 
countries with missing values of any variable are also excluded.

3.2. Measure for the interaction of growth and its volatility
Following Da Silva et al. (2017), we integrate the average value of growth and its volatility in 
a single measure (Zi) to capture two growth dimensions such as an average economic growth 
(GDPPCG—the growth rate of gross domestic product per capita) and its fluctuation instead of 
employing a conventional approach as a standard deviation of economic growth. This measure 
could facilitate the comparison between economies with the different average value of growth. For 
a given country i, we calculate

Zi ¼
Δi

σi
(1) 

where Δi ¼
∑Ti

t¼1 GDPPCGit
Ti 

for the average value of GDP per capita growth and σi ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑Ti

i¼1 GDPPCGit � Δið Þ
2

Ti � 1

r

for 
the standard deviation of GDP per capita growth. One should note that the traditional variation 
coefficients calculated as σi

Δi 
could be inappropriate due to the possible zero or negative value 

causing an undetermined value of variation coefficients.

To allow the negative or zero value of Zi, we take the inverse hyperbolic sine transformation of Zi 

to create Zi Transð Þ as measured by

Zi Transð Þ ¼ ln Zi þ Zi
2 þ 1

� �� �1=2
(2) 

The average growth and its volatility are computed based on the GDPPCG data for each country 
over a 3-year non-overlapping interval. In this approach, larger values of Zi Transð Þ for a given country 
could signal that this country reaches higher levels of growth with lesser volatility. For the purpose 
of robustness test, we provide an alternative measure of Zi Transð Þ (i.e., Z5i Transð Þ) to capture the 
5-year non-overlapping interval.

To illustrate the relevance of Zi Transð Þ, Figure 1 performs the evolution of this variable through 
time in several countries consisting of New Zealand, Tanzania, Australia, and China with the similar 
value of economic growth volatility (approximately 0.6 percent). However, their average growth 
rates differently range from 1.466 percent in New Zealand to 8.419 percent in China, resulting in 
Zi Transð Þ values of 2.786 and 5.463, respectively. It is worth noting that a high Zi Transð Þ indicates that 
the country is less susceptible to economic downturns; for example, China always enjoyed positive 
growth with relatively lower volatility during the period of 2000–2019. Therefore, this comprehen-
sive measure calculated by the interaction between average growth and its fluctuation is relevant 
to consider simultaneously both aspects of economic growth.

3.3. Measure of ICT index by principal component analysis (PCA)
Following Pradhan et al. (2014), to improve the narrow approach of previous research, we apply 
principal component analysis (PCA) to create a comprehensive measure by including mobile 
cellular subscriptions, internet users, and ICT good imports into a single ICT index. This index 
enters in a separate model to avoid collinearity and to make the comparison of findings when 
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sequentially including other ICT variables into models. In panel A of Table A2 in the Appendix, PC1 
explains about 67.21% of the variation in the original data; hence, PC1 is selected to represent the 
ICT index. To confirm the relevance of PC1 proxy, we continuously employ a scoring threshold of 
0.3 or higher as a determinant of factor score significance (Appiah-Otoo & Song, 2020). In panel B, 
all scoring significance of mobile subscriptions, internet users, and ICT goods import qualify this 
threshold, showing the appropriate use of PC1.

3.4. Baseline model
To test the impact of ICT revolution on the product of growth and its volatility, we propose a model 
as follows:

Zit Transð Þ ¼ β0 þ β1 � ICTit þ β2 � GDPPCCit þ β3 � GOVCONSit þ β4 � SECONEDUit þ β4 � TRADEit

þ β5 � CREDITit þ β6 � INF þ β7 � Zit� 1 Transð Þ þ εit (3) 

where ICT proxies consist of several components such as mobile cellular subscriptions per 100 
inhabitants (MOBILE), imported ICT goods as a proportion of total imported goods (ICTGOOD) in 
which ICT goods imports include computers and peripheral equipment, communication equipment, 
consumer electronic equipment, electronic components, and other information and technology 
goods (miscellaneous), and individuals using the internet as a share of population and for ICT 
index (INTERNET).

Following the model of Da Silva et al. (2017) capturing other control variables affecting the 
interaction of growth and its volatility, we employ GDPPCC as a constant GDP per capita; GOVCONS 
stands for general government’s consumption expenditure divided by GDP; SECONEDU is the 
duration of secondary education (years); TRADE is the sum of exports and imports for goods and 
services as a share of GDP. In addition, we utilize CREDIT as the banks’ credit to the private sector 
as a proportion of GDP as proposed by Easterly et al. (2000). Zit� 1 Transð Þ capture the lagged Zit Transð Þ

for the nature of dynamic models. This lag variable is excluded in the fixed-effects model in the 
robustness test. εit is an error term.

Figure 1. Evolution of GDP per 
capita growth for selected 
countries (New Zealand, 
Tanzania, Australia, and China). 

Nguyen et al., Cogent Business & Management (2022), 9: 2054530                                                                                                                                  
https://doi.org/10.1080/23311975.2022.2054530

Page 8 of 27



Definition of variables is reported in Table 1, while pairwise correlation matrix is illustrated in 
Table 2. For more details, all pairwise correlations among explanatory variables are lower than the 
threshold of 0.8, showing no concern of multicollinearity in the regression model. The pairwise 
correlation greater than 0.8 (for example, the value of 0.863 for association between internet and 
mobile) would enter a separate model to avoid spurious regression.

3.5. Estimation method
In this research, we first apply the two-step system generalized method of moments (S-GMM) to 
address the issue of fixed effects, the inclusion of the lagged dependent variable and heterosce-
dasticity contained in the model (Arellano & Bond, 1991). This approach is specifically appropriate 
for panels with large-N and small-T, which is widely employed in previous research on ICT 
penetration–economic growth (Appiah-Otoo & song, 2021; Cheng et al., 2021; Ghosh, 2016; Sassi 
& Goaied, 2013). In addition, S-GMM estimator is considered effective in addressing and addressing 
potential endogeneity, serial autocorrelation, and identification problems. In other words, this 

Table 1. Descriptive statistics
Variable Description Mean Std. Dev. Min Max
Z The interaction 

of growth and 
its volatility

1.457 2.363 −8.497 12.634

ICTGOOD ICT goods 
import (% of 
total goods 
import)

1.791 0.699 −5.177 3.983

MOBILE Mobile cellular 
subscriptions 
(per 100 
inhabitants)

4.033 1.255 −4.012 5.844

INTERNET Internet users 
(% of 
population)

2.964 1.541 −3.317 4.602

GDPPCC Log of GDP per 
capita (constant 
2010 US$)

8.824 1.462 5.338 11.626

GOVCONS Final 
consumption 
expenditure of 
general 
government (% 
of GDP)

2.711 0.349 −0.049 3.675

SECONEDU Duration of 
secondary 
education 
(years)

2.002 0.125 1.609 2.303

TRADE The sum of 
exports and 
imports of 
goods and 
services divided 
by GDP

4.363 0.521 2.986 6.093

CREDIT Domestic credit 
to private sector 
by banks (% of 
GDP)

3.689 0.891 −1.681 5.719

INF Growth rate of 
consumer price 
index over 
1 year

4.625 6.630 −4.478 168.62
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approach also captures the situation when independent variables are not strictly exogenous and 
might be associated with prior and current error disturbances, and where the well-known problems 
of autocorrelation, heteroskedasticity, and time fixed effects exist. For more details, S-GMM is 
employed to deal with joint endogeneity of several independent variables via a weighting matrix of 
internal instruments, which is responsible for serial association and heteroskedasticity.

To capture the potential bias attributed to reverse causality, we employed the lagged values 
(greater than 1-lag) of the estimators in the dynamic model of S-GMM as instruments. When 
analyzing changes in financial variables, the GMM method outperforms the classic OLS method 
(Cheng et al., 2021). It is worth noting that the GMM estimator technique can be employed in 
a one- or two-step approach (Arellano & Bond, 1991). When the assumptions of independence and 
homoscedasticity for the estimated parameters do not hold, a two-step estimator employs the 
residuals from the first step estimation to generate a weighted consistent variance–covariance 
matrix. We follow prior examples in the literature in which it was frequently recommended to use 
a two-step GMM estimator rather than a one-step GMM estimate (Albiman & Sulong, 2016; Bahrini 
& Qaffas, 2019; Wamboye et al., 2015).

Moreover, according to Koenker and Bassett (1978), the regression parameter should be esti-
mated for each quantile of the dependent variable. In addition, rather than evaluating the 
marginal influence of explanatory variables on the mean of the dependent variable, quantile 
regression assists in determining the marginal effect of explanatory variables across the distribu-
tion of the dependent variable. A conditional quantile regression of Y in terms of X’s at specific 
quantile φ taking the value of range (0,1) is a function Qφ Yið Þ ¼ Xi � β̂φ in which the parameter β̂φ is 
chosen to qualify the total minimum variance at a given quantile. The following formula is used to 
execute this concept:

β̂φ ¼ argmin φ ∑
yi�Xi�β̂φ

ðyi� Xi�βφ
Þ þ φ � 1ð Þ ∑

yi<Xi�β̂φ

ðyi� Xi�βφ
Þ

0

@

1

A (4) 

For the study’s robustness test for the main link between ICT and the product of growth and its 
fluctuation, we estimate specification (3) with the approach of quantile regression to investigate 
the impact of ICT revolution on the distributional value of growth volatility. We provide findings in 
selected typical quantiles at a threshold of 0.1–0.9 with an interval of 0.1.

4. Empirical results

4.1. Results of baseline model
Table 3 shows the estimation results of Eq. (3) for a sample of 122 countries in the period 2000– 
2019 with the approach of S-GMM estimator. Columns (1)–(4) use ICT good imports, mobile, 
internet, PC1, respectively, as dependent variables. All lagged variables of Zit Transð Þ are statistically 
significant, confirming the dynamic nature of models. Table 3 reports that ICT has a positive 
impact on growth volatility at 1 percent significance level, regardless of ICT proxies included. 
This indicates the favorable effect of ICT penetration on increasing growth and decreasing output 
volatility. Concerning the magnitude of coefficients, all other factors being equal, we can see that 
an increase in 1 percent of ICT goods imports could enhance 43.7 percent increase of growth 
volatility, while in the extremely low case, 1 percent increase in mobile subscriptions could 
increase 10.2 percent of growth volatility. For the ICT index, 24.2 percent increase in the interac-
tion of growth and its volatility is as a result of the 1 percent increase in ICT combined index. 
Therefore, the magnitude impact of ICT on growth volatility varies with different proxies of ICT and 
imported ICT goods might be an impactful drivers of growth volatility rather than others in our 
study sample and period.

Due to the lack of prior studies on the impact of ICT on both growth and its fluctuation, we 
provide several channels potentially explaining this link. Accordingly, these results could be 
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attributed to several possible mechanisms through which the ICT penetration could have implica-
tions for economic growth and its movements such as the productivity-enhancing impact of labor 
force, firms’ investment in digital transformation, from the perspective of “creative destruction”, 
the reduction of informational asymmetry, the well-functioning financial intermediation, and 
monetary policy, as aforementioned previously. These channels highlight the penetration of ICT 
on economic activities and its impact on both aspects of growth in a manner that a mass diffusion 
of ICT could positively drive the growth while decreasing the economic growth fluctuation. In 
addition, we contribute to classical theories on growth-led ICT proposed by Schumpeter and 
Redvers (1934) for neo-Schumpeterian and Solow (1956) for neoclassical growth by showing 
both growth aspects (i.e, economic growth and growth volatility) evidently established by different 
application-related ICT including ICT goods import, mobile cellular subscriptions, and internet 
users. Given these statistically empirical findings, we show a potential justification for the conflict-
ing results in previous research in which the positive and negative impact of ICT penetration is 
observed. That is, the proxy for growth could be insufficient to reflect its real characteristics; when 
employing the interaction of growth and its fluctuation in the current study, ICT shows a positive 
and negative influence on growth and growth volatility, respectively.

Table 3. ICT revolution and growth volatility estimated by the S-GMM technique (full sample)
(1) (2) (3) (4)

Lag. Zit Transð Þ 0.740*** 0.745*** 0.718*** 0.724***

(0.005) (0.005) (0.006) (0.006)

ICTGOOD 0.437***

(0.029)

MOBILE 0.102***

(0.019)

INTERNET 0.225***

(0.041)

PC1 0.242***

(0.030)

GDPPCC −0.425*** −0.454*** −0.662*** −0.567***

(0.048) (0.047) (0.073) (0.057)

SECONEDU 0.072 −0.569 −0.367 −0.469

(0.381) (0.362) (0.649) (0.376)

GOVCONS −0.070 −0.082 −0.107 −0.047

(0.092) (0.100) (0.130) (0.111)

TRADE 2.396*** 2.517*** 3.455*** 2.703***

(0.117) (0.114) (0.157) (0.113)

DOMCREBANK −0.472*** −0.455*** −0.545*** −0.561***

(0.042) (0.032) (0.047) (0.040)

INF −0.138*** −0.128*** −0.152*** −0.145***

(0.007) (0.007) (0.007) (0.006)

CONS −4.600*** −3.212*** −5.531*** −2.373***

(0.878) (0.936) (1.304) (0.876)

Observation 2196 2196 2196 2196

Number of 
instruments

120 120 117 120

Hansen test 0.102 0.117 0.171 0.126

Notes: The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are 
displayed in parentheses. 
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With respect to controlling variables, the initial gross domestic per capita, inflation, and banks’ 
credit to private sectors have a significantly negative impact on the product of growth and its 
volatility at 1 percent significance level. This implies that an increase in income per capita, 
inflation, and financial development through banks’ credit to the private sector could cause 
a decrease in growth and an increase in growth fluctuation. However, we observe the stimulating 
impact of trade measured by the volume of exports and imports divided by GDP in the product of 
growth and its volatility, which is not in line with Da Silva et al. (2017). This finding suggests that 
higher openness in trade could create a favorable environment for an increase in economic growth 
and a decrease in growth volatility. In sum, the country’ average income, inflation, trade, and 
financial development are one of the significant contributors to growth volatility. In addition, 
government consumption and secondary education have no statistical impact on the product of 
growth and its volatility, which is inconsistent with the work of Da Silva et al. (2017).

For the case of quantile panel regression, Table 4 shows the results of the ICT impact on the 
value distribution of growth volatility though different quantile thresholds. Panels A–D employ the 
ICT good imports, mobile subscriptions, internet users, and ICT index, respectively, as dependent 
variables. For the purpose of brevity, we do not show the control variables but would provide upon 
request. We observe that internet users, ICT goods import, and the combined index of ICT have 
a similar and critical impact on most quantiles. The medium and highest quantiles of mobile 
subscriptions offer a different story in which the favorable impact of ICT penetration is confirmed. 
Therefore, the impact of ICT on the product of growth and its volatility is not driven by the large- 
scale economy and the extreme growth volatility of a given country.

4.2. Robustness test
We display the robustness test in several ways. First, we revisit the impact of ICT penetration on 
the product of growth and its volatility by controlling panel fixed effects. The results are quite 
similar to those reported previously, regardless of any ICT proxy integrated. Accordingly, in Table 5, 
all proxies of ICT diffusion such as mobile subscriptions, internet users, ICT goods import, and ICT 
combined index significantly contribute to an increase in growth together with a decrease in 
growth fluctuation. In addition, a stronger and significant impact is found when using ICT goods 
import as a dependent variable of interest.

Second, findings of the detailed examination using the approach of quantile panel regression in 
Table 6 also appear consistently, confirming the positive impact of ICT on the interaction of growth 
and its fluctuation, irrespective of proxies of ICT revolution. It even holds true in the case of mobile 
cellular subscriptions per 100 individuals for all quantile thresholds. As a result, ICT penetration is 
indeed helpful for both increasing economic growth and decreasing growth volatility.

Third, the ICT–growth volatility link is also tested across the distribution value of Z5i Transð Þ as an 
alternative measure for Zi Transð Þ by using a different non-overlapping pattern with respect to 5-year 
intervals. Table 7 shows that the impact of ICT revolution on the economic growth fluctuation 
consistently appears in most quantiles. In other words, this positive effect is clear in low, medium, 
and high quantiles, confirming the stimulating and decreasing effect of ICT on growth and its 
volatility, respectively. To sum up, as verified across econometric approaches, ICT diffusion would 
perform the stimulating and attenuating role in growth and its volatility, respectively.

Fourth, the link between ICT diffusion and the product of growth and its fluctuation could be driven by 
the country’s heterogeneity due to the different level of resources and a degree of ICT penetration. To 
avoid this problem, we separate full sample into two sub-samples according to income classifications of 
the World Bank.3 As a result, we obtain 49 high-income countries (HICs) and 73 middle and low-income 
(MLI) countries. As reported in Tables 8–10, findings remain unchanged compared to those reported 
previously. These are confirmed by significant levels for almost quantiles of a dependent variable when 
using panel quantile regression as noted in Tables 9–11.The CPA-related ICT indexes for HIC and MLI sub- 
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Table 5. Robustness test by controlling fixed effects
(1) (2) (3) (4)

MOBILE 0.093*

(0.053)

INTERNET 0.198***

(0.061)

ICTGOOD 0.295**

(0.119)

PC1 0.192***

(0.061)

GDPPCC 1.250*** 0.847** 1.590*** 0.923***

(0.320) (0.342) (0.258) (0.332)

GOVCONS −0.705** −0.753** −0.661** −0.768**

(0.309) (0.308) (0.306) (0.308)

SECONEDU 5.790*** 5.739*** 5.962*** 5.791***

(1.394) (1.392) (1.394) (1.392)

TRADE 1.615*** 1.607*** 1.765*** 1.611***

(0.274) (0.272) (0.274) (0.272)

DOMCREBANK −0.970*** −1.029*** −0.922*** −1.013***

(0.122) (0.124) (0.120) (0.123)

INF −0.009 −0.008 −0.010 −0.009

(0.008) (0.008) (0.008) (0.008)

CONS −23.055*** −19.228*** −27.495*** −19.451***

(4.222) (4.361) (3.824) (4.371)

Observation 2440 2440 2440 2440

F-statistics 8.74*** 8.47*** 8.07*** 8.34***

R2 0.077 0.056 0.068 0.057

Notes: The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are 
displayed in parentheses. 

Table 6. Robustness test for alternative measures for growth volatility
(1) (2) (3) (4)

Lag.Z5 0.845*** 0.708*** 0.734*** 0.767***

(0.003) (0.011) (0.009) (0.007)

ICTGOOD 0.200***

(0.017)

MOBILE 0.096**

(0.040)

INTERNET 0.173***

(0.047)

PC1 0.071**

(0.028)

GDPPCC −0.249*** −0.531*** −0.358*** −0.173***

(0.023) (0.113) (0.101) (0.065)

SECONEDU −0.156 0.048 −0.600 2.185***

(0.275) (0.817) (0.825) (0.480)

(Continued)
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Table 6. (Continued) 

(1) (2) (3) (4)
GOVCONS 0.086** 0.401* −0.235 −0.628***

(0.039) (0.231) (0.204) (0.151)

TRADE 1.220*** 2.997*** 3.094*** 2.201***

(0.058) (0.253) (0.239) (0.123)

DOMCREBANK −0.221*** −0.222 −0.487*** −0.298***

(0.015) (0.157) (0.119) (0.071)

INF −0.036*** −0.052*** −0.029*** −0.064***

(0.002) (0.007) (0.005) (0.005)

CONS −2.323*** −8.572*** −6.828*** −9.045***

(0.582) (1.938) (1.838) (1.386)

Observation 2196 2196 2196 2196

Number of 
instruments

120 82 82 102

Hansen test 0.277 0.107 0.123 0.118

Notes: The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are 
displayed in parentheses. 

Table 7. Quantile regression with an alternative proxy for economic growth volatility
Panel A: Quantile regression for models with ICTGOOD as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

ICTGOOD 0.788*** 0.439*** 0.377*** 0.367*** 0.322*** 0.384*** 0.416*** 0.526*** 0.427***

(7.479) (6.016) (6.210) (5.921) (5.041) (4.867) (4.841) (7.076) (6.069)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: Quantile regression for models with MOBILE as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

MOBILE −0.059 0.098*** 0.075** 0.083** 0.108*** 0.107*** 0.136*** 0.152*** 0.068*

(−1.097) (3.007) (2.218) (2.406) (2.792) (3.277) (3.892) (2.871) (1.691)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel C: Quantile regression for models with INTERNET as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

INTERNET 0.174** 0.186*** 0.165*** 0.131*** 0.159*** 0.171*** 0.172*** 0.219*** 0.083

(2.210) (5.483) (4.719) (4.292) (4.958) (5.235) (4.232) (5.285) (1.545)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel D: Quantile regression for models with PC1 as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

PC1 0.261*** 0.197*** 0.159*** 0.119*** 0.143*** 0.166*** 0.186*** 0.251*** 0.102*

(3.195) (5.528) (3.933) (3.778) (3.986) (4.783) (5.082) (6.586) (1.803)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are 
displayed in parentheses. 
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Table 9. Quantile regression for baseline model (HIC sample)
Panel A: Quantile regression for models with ICTGOOD as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

ICTGOOD 1.745*** 1.523*** 1.205*** 0.929*** 0.811*** 0.554*** 0.415*** 0.330*** 0.373*

(7.05) (8.14) (6.48) (5.98) (6.17) (4.96) (3.56) (2.65) (1.71)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel B: Quantile regression for models with MOBILE as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

MOBILE 0.737 0.303 0.205 0.169 0.020** 0.215** 0.314** 0.344** 0.641*

(1.42) (0.95) (0.84) (0.81) (2.01) (2.03) (2.10) (1.97) (1.89)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel C: Quantile regression for models with INTERNET as independent variables

(Continued)

Table 8. ICT revolution and growth volatility estimated by the S-GMM technique (HIC sample)
(1) (2) (3) (4)

Lag. Zit Transð Þ 0.664*** 0.627*** 0.791*** 0.676***

(0.005) (0.004) (0.005) (0.004)

ICTGOOD 0.294***

(0.049)

MOBILE 0.220***

(0.056)

INTERNET 0.294***

(0.028)

PC1 0.137***

(0.025)

GDPPCC −0.009 −0.103** −0.128*** −0.044

(0.054) (0.050) (0.036) (0.051)

SECONEDU 0.408** 0.282 −0.031 0.149

(0.179) (0.178) (0.120) (0.101)

GOVCONS −0.114 −0.182** −0.125 −0.263***

(0.097) (0.075) (0.080) (0.090)

TRADE 0.008 0.070 0.052* −0.008

(0.045) (0.062) (0.029) (0.044)

DOMCREBANK −0.264*** −0.106** −0.222*** −0.251***

(0.052) (0.044) (0.042) (0.057)

INF −0.007 −0.008*** −0.019*** −0.002

(0.007) (0.002) (0.002) (0.003)

CONS 0.505 2.613*** 1.575*** 2.392***

(0.590) (0.755) (0.554) (0.775)

Observation 810 810 810 810

Number of 
instruments

39 39 39 39

Hansen test 0.118 0.135 0.131 0.155

The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are displayed 
in parentheses. 
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Table 9. (Continued) 

Panel A: Quantile regression for models with ICTGOOD as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

q10 q20 q30 q40 q50 q60 q70 q80 q90

INTERNET 0.948*** 0.416 0.530*** 0.876*** 0.680*** 0.629*** 0.575*** 0.617*** 0.835***

(2.63) (1.54) (2.65) (5.13) (4.72) (6.07) (4.50) (4.56) (3.57)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

Panel D: Quantile regression for models with PC1 as independent variables

q10 q20 q30 q40 q50 q60 q70 q80 q90

PC1 0.317* 0.168* 0.180* 0.230*** 0.242*** 0.235*** 0.240*** 0.284*** 0.383***

(1.70) (1.72) (1.79) (2.62) (3.72) (4.52) (3.96) (3.87) (3.00)

Control 
variables

Yes Yes Yes Yes Yes Yes Yes Yes Yes

The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are displayed 
in parentheses. 

Table 10. ICT revolution and growth volatility estimated by the S-GMM technique (MLI sample)
(1) (2) (3) (4)

Lag. Zit Transð Þ 0.649*** 0.540*** 0.784*** 0.690***

(0.008) (0.011) (0.008) (0.013)

ICTGOOD 0.132***

(0.044)

MOBILE 0.074**

(0.032)

INTERNET 0.029**

(0.012)

PC1 0.014*

(0.030)

GDPPCC −0.133*** −0.125** −0.161*** −0.130***

(0.045) (0.048) (0.031) (0.046)

SECONEDU 0.222 0.125 0.345* 0.349

(0.296) (0.350) (0.204) (0.289)

GOVCONS −0.660*** −0.649*** −0.318*** −0.651***

(0.084) (0.115) (0.076) (0.087)

TRADE 0.271*** 0.280*** 0.206*** 0.297***

(0.076) (0.071) (0.071) (0.055)

DOMCREBANK 0.223*** 0.330*** 0.172*** 0.192***

(0.060) (0.076) (0.039) (0.064)

INF −0.016*** −0.009*** −0.004*** −0.010***

(0.003) (0.003) (0.001) (0.002)

CONS 0.968 1.326 0.285 0.731

(0.739) (0.829) (0.566) (0.781)

Observation 1386 1386 1386 1386

Number of 
instruments

39 39 39 39

Hansen test 0.218 0.335 0.120 0.255

The symbols ***, **, and * represent statistical significance at 1%, 5%, and 10%, respectively. t-Statistics are displayed 
in parentheses. 
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samples are reported in Tables A3 and Table A4 of the Appendix, respectively. Therefore, the stimulating 
and eliminating effects of ICT penetration on growth and its volatility hold true, irrespective of country’s 
income. This means that increasing growth and decreasing growth volatility could be driven by ICT 
applications such as mobile subscriptions, internet users, and ICT goods import. For comparison, Cheng 
et al. (2021) show that the positive impact of ICT diffusion on growth is pronounced in developed 
countries; however, this impact is inconclusive in emerging and developing countries. We challenge this 
finding by indicating the favorable influence of ICT diffusion on growth-increasing and its fluctuation- 
decreasing, thereby offering consistent understanding on this link across countries with different nature.

5. Conclusion
Academic researchers and policymakers have concentrated on examining the impact of ICT on eco-
nomic growth at the industrial, national, and cross-country levels in the context of the mass penetration 
of ICT partly reshaping the globe into the information society. Therefore, it does not come as a surprise 
that there is much research on ICT-lead growth; however, findings of empirical studies on this link have 
been equivocal, as compared with the theoretical perspectives of the positive impact of ICT on economic 
growth. That is, while a number of empirical studies have found that ICT diffusion improves economic 
growth, particularly in developed countries (Inklaar et al., 2005; Koutroumpis, 2009; Roller & Waverman, 
2001), other studies have found that ICT diffusion has a negative impact on economic growth in many 
countries and regions of the world (Dewan & Kraemer, 2000; Pohjola, 2002). However, the existing 
measures for economic growth have limited the understanding of the impact of ICT on average value of 
growth. To overcome this weak point, we calculate the interaction of economic growth and its volatility 
following the approach of Da Silva et al. (2017). One should note that this approach of the combined 
economic growth and its volatility remains scarce in empirical studies, and to the best of our under-
standing, there is no research employing this measure to examine the influence of ICT penetration on 
the product of economic growth and its fluctuation so far.

Using the S-GMM estimator addressing several econometric issues such as the inclusion of 
lagged dependent variable, heterogeneity, and autocorrelation of error term, the result indicates 
that there is statistically positive influence of ICT penetration on the interaction of growth and its 
fluctuation, regardless of ICT variables included. This result is consistent with the approach of 
quantile panel regression due to the similar impact of ICT on the value distribution of the inter-
action of growth and its volatility. Moreover, the relationship between growth and its volatility is 
robust when using an alternative measure of the product of growth and its volatility or the control 
of fixed effects. Due to the lack of previous empirical research on this topic, we provide potential 
mechanisms through which ICT revolution could have implications on growth and its volatility. 
There are several channels through which ICT penetration could shape the interaction between 
growth and its fluctuation. These mechanisms are related to the favorable impact of ICT penetra-
tion on labor productivity (Henry-Nickie et al., 2019), innovation (Basl & Doucek, 2012), reduction of 
informational asymmetry through digital finance innovations (Al-Nawayseh, 2020), and mobile 
money (Weil et al., 2012), and hence potentially affecting both growth and growth volatility.

The use of telecommunications services has increased at an unparalleled rate during the last 
two decades. The deregulation of wireless technologies and telecommunications markets is 
primarily responsible for this expansion. As King (2012) argues, to greater extent, in the era of 
information revolution, mobile financial services enable enterprises to achieve wide access rights 
across several industries, including telecommunications, retail, and e-commerce, to provide bill 
payment and other financial services. This tendency will continue, fundamentally altering the 
regulations of traditional institutions and have implications for the country’s economic growth 
(Cheng et al., 2021). In this context, we observe the favorable impact of ICT diffusion on increasing 
growth and decreasing growth volatility. Therefore, policy-makers should strengthen and enhance 
ICT applications in the economy by simultaneously facilitating mobile, internet and ICT goods. In 
other words, the lack of ICT applications could make the entire economy worse for both growth 
aspects. Conducting these policy practices helps mitigate the adverse results of growth volatility 
and promote economic growth. Moreover, this action is beneficial both for high-income and low- 
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income economies as evidently confirmed by the same effect of ICT on the product of growth and 
its fluctuation across countries with different incomes.

In regard to the contribution to the existing literature, we provide new empirical evidence on the 
favorable impact of ICT penetration in both stimulating the economic growth and decreasing the 
output volatility in a broader scenario of international cross-countries. From the lights of research 
findings, we draw attention to the positive effect of ICT diffusion on lower growth volatility and 
higher growth simultaneously. Therefore, countries could benefit from ICT development when they 
could reach an increase in economic growth and a decrease in growth volatility. Based on these 
results, we could improve on prior research by considering the growth fluctuation in addition to 
economic growth as an alternatively comprehensive measure of growth volatility, giving a rise to 
utilize this measure in the future research.

This research could not avoid limitations. First, despite our attempt to include related factors 
driving the economic growth and its fluctuation, there are other determinants possibly omitted 
(i.e., country’s corruption). It may be difficult to uncover direct evidence of ICT’s influence on 
growth and its volatility due to the existence of several confounding variables (Vu et al., 2020). 
Second, our theoretical approach could not directly address the nature of the link between ICT 
revolution and other growth volatility-related factors. One should note that this issue is also 
admitted in the work of Evrensel (2010) who employs panel data from 121 countries to test the 
driving role of corruption on growth and growth volatility.

Given these weakness points, future research could add a comprehensive set of explanatory 
variables shaping the interaction between growth and its fluctuation. In addition, further research 
could exploit the measure for the product growth and growth volatility to revisit the impact of 
corruption or international trade openness on this indicator, which possibly sheds further light on 
other determinants of these newly emerging proxies for the product of growth and its fluctuation. 
One should note that when it comes to corruption as a potential determinant of the interaction of 
growth and its volatility, researchers could face the trade-off between narrowing the scale of 
sample to obtain sufficient observations at country’s level.
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Table A4. Principal component analysis for ICT index construction (MLI sample)
Panel A: Component’s cumulative explanation for variation in original data

Components Eigenvalue Proportion Cumulative
PC1 2.9363 0.6454 0.6454

PC2 0.9256 0.3085 0.9540

PC3 0.1381 0.0460 1.000

Panel B: Scoring significance values

Variables PC1 PC2 PC3

lICTGOOD 0.3228 0.9569 0.0776

lMOBILE 0.6718 −0.2529 0.6962

lINTERNET 0.6859 −0.1427 −0.7136

Table A2. Principal component analysis for ICT index construction (full sample)
Panel A: Component’s cumulative explanation for variation in original data

Components Eigenvalue Proportion Cumulative
PC1 2.01626 0.6721 0.6721

PC2 0.85561 0.2852 0.9573

PC3 0.128125 0.0427 1.000

Panel B: Scoring significance values

Variables PC1 PC2 PC3

lICTGOOD 0.3629 0.9255 0.1081

lMOBILE 0.6472 −0.3338 0.6854

lINTERNET 0.6704 −0.1788 −0.7201

Table A3. Principal component analysis for ICT index construction (HIC sample)
Panel A: Component’s cumulative explanation for variation in original data

Components Eigenvalue Proportion Cumulative
PC1 2.07578 0.5919 0.5919

PC2 0.982407 0.3275 0.9194

PC3 0.241818 0.0806 1.000

Panel B: Scoring significance values

Variables PC1 PC2 PC3

lICTGOOD 0.364 0.9839 0.0711

lMOBILE 0.6935 −0.1663 0.701

lINTERNET 0.7016 −0.0656 −0.7096
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