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Abstract
The information and communication technology (ICT) of trade balance is one of the 
main facilitators of any business sustainability. As ICT and financial inclusion eases 
access to knowledge and enhances significantly developing several human skills and 
competencies, its impact in industrial sectors has mainly recognized as positive. But 
digitalization as well arguable comes with some other challenges, while disruptive 
digital innovations exerted on different industries and economies. In this spirit, this 
study aims to measure the impact of financial access and the information and com-
munication technology (ICT) trade balance on the dark and bright sides of digitali-
zation. Data has been collected from 31 countries of Organisation for Economic Co-
operation and Development (OECD) for the period of 2008–2019. Technological 
growth, technological innovation, technological performance risk and ethical prox-
ies were used to examine the dark and bright sides of digitalization. The main find-
ings were consistent and confirmed by the estimated panel least squares, fixed and 
random effects, feasible generalized least squares and system generalized method 
of moments (S-GMM) estimators. Financial access has found to have a significant 
negative impact on the digitalization proxies reflecting the dark side of digitaliza-
tion in all estimators. Whereas, the ICT trade balance has found to have a significant 
positive impact on digitalization proxies reflecting the bright side of digitalization in 
most estimators. These results contribute to the policy debate on the importance of 
digital finance models and ICT exports awareness when promoting the bright side of 
digitalization. Furthermore, policy makers should monitor and update information 
that is disclosed digitally as the results of this study extended support the creative 
destruction theory which implicitly included economic innovation and the business 
cycle theories.
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1  Introduction

Information communication technology (ICT) trade balance have been commonly 
associated with digitalizing manufacturing while their importance of financial 
access in service companies and banks have received less attention in the current 
literature.  This views the main focus of the international trade on manufacturing 
industry comparing to the usage in banks/service’s companies (Balgobin & Dubus, 
2022; Francois & Hoekman, 2010; Myovella et al., 2021). Despite of this view, digi-
tal transformation have constantly affected societies and economies (Ayyagari et al., 
2011) as well institutional entrepreneurship (Tumbas et al., 2018). This transforma-
tion leads to unusual radical shifts in digital infrastructures (Cabral, 2021; Migna-
missi & Djijo, 2021; Øvrelid & Bygstad, 2019; Rodon & Eaton, 2021).

This transformational revolution of digitalization has brought great benefits at 
different levels i.e. individual, societal, and organizational whereas these meaningful 
merits possess a dark side effects which also affect negatively human well-beings 
when dealing with IS (Tarafdar et  al., 2015b). Growth and sustainability however 
have become a necessity to any business to acclimatize the new ICT conditions and 
climate. Theory of product life cycle indicates that business organizations growth 
consists of different steps to grow and sustain in the market, i.e., introduction, 
growth, maturity and decline (Lorentz et al., 2016). The maturity stage as a critical 
phase requires continuous innovation to sustain the business performance. However, 
the innovation in the financial services as called digital finance imitates more eas-
ily access for businesses to increase the growth of their economy (Calvano et  al., 
2021; Mohseni & Cao, 2020; Ozili, 2018; Waheed & Rashid, 2021). Furthermore, 
according to Silber (1983) the theory of financial innovations emphasized the idea 
that increased expansion in obtaining benefits from money-related institutions is the 
main reason for financial inclusion, and most of the fundamental ideas behind new 
innovations are the shortcomings of the money-related business sector.

In light of the prevalence of wealth inequality in society and its negative effect on 
technological growth, standard growth theory assumes that long-term income per 
capita growth mainly comes from increases in digital investments and technological 
innovations (Aghion & Howitt, 1998). According to the theory of creative destruc-
tion (Schumpeter, 1912), technological progress plays a vital role in financial and 
economic development by increasing the production function and is the main rea-
son behind any economic growth (KallalaI & Guetat, 2020; Ngo & McCann, 2019). 
Similarly, according to classical growth models (Solow, 1956), growth is determined 
by the crucial role played by technological progress, namely, its enhancement of the 
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production function, which leads to a significant increase in productivity, especially 
when different production factors are to produce high technology products.

Furthermore, the theory of creative destruction suggests that the key driving force 
behind economic growth is the replacement of existing enterprises with innovative 
organizations. Meanwhile, the endogenous growth theory asserts that technologi-
cal progress is the central stage of economic development e.g., (Aghion & Howitt, 
1992, 1998; Boikos, 2020; Romer, 1990). Recently, technology has had a prominent 
role in innovation and invention activities, especially in the financial and industrial 
sectors (Barefoot, 2020; Almudi et al., 2013) and led numerous countries to export 
and/or import various information and communication technology (ICT) goods. 
Hence, the technology sector is a crucial driver in a country’s economy through the 
technological investment opportunities available to foreign investors (Abubakar & 
Handayani, 2018). However, it can be very challenging for small and medium-sized 
enterprises (SMEs) and individuals to gain access to finance in the present climate 
of intense competition. Financial access refers to the ability of individuals and insti-
tutions to obtain financial services, including credit, deposits, insurance and risk 
management services (Diniz et al., 2012).

Financial access supports emerging companies through credit, especially in entre-
preneurial projects, while they work to utilize any opportunities for increase cred-
its and ICT investments (Kerr & Nanda, 2015; Yoshino & Morgan, 2016). Thus, 
improving financial access will improve the economy and the ICT trade balance, 
enhance competition and stimulate the employment sector (Wagner, 2019). This will 
help increase the income of individuals, especially those with a low income, as lim-
ited access to financial resources through credit can weaken the financial capacity 
of individuals and lead them to use internal financial sources. Consequently, they 
might lose many economic opportunities, and the cohesion of their social network 
may decline; this reflects the dark side of financial technology (FinTech) (Tarafdar 
et al., 2015a; Yang et al., 2020).

Although technological growth reflects the adaptation of various industrial and 
financial sectors to digital applications in order to achieve creativity of production, 
adopting digital technology can also negatively affect entrepreneurial projects due to 
technological risks from unsafe applications. Thus, technology has a dark side that 
investors are averse to the risks of the dark side of technology (Caruana, 2016; Ozili, 
2018; Helm et  al., 2019). This dark side is known among a literal community of 
information systems, and it is usually linked with another term, technostress, which 
represents the negative direct or indirect effects of technology on the body, behavior, 
attitudes or thoughts (Weil & Rosen, 1997).

Meanwhile, the increased individual workload that results from using informa-
tion systems, e.g., being permanently connected or struggling to catch up with the 
latest technology, leads to opposite behavioral and/or psychological responses for 
adopting the digitalization (Ragu-Nathan et  al., 2008). When users feel psycho-
logically exhausted or their satisfaction levels slope down (Tarafdar et  al., 2011), 
their expected behavioral response is a drastic reduction in performance (Broni, 
et al., 2016) or a cessation of the use of the technology (Harris et al., 2014). Thus, 
the increased use of information systems has dual (negative/dark and positive/
bright) effects on end users, and the negative effects may adversely influence their 
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behavioral and/or psychological responses. In this regard, as mentioned above, one 
of the dark sides of technology is stress, which is responsible for many health issues 
and may push individuals to stop using digitalization (Rizzo et al., 1970; Tarafdar 
et al., 2011).

Even though the increasing pervasiveness of digital transformation in the finan-
cial sector can lead to dual consequences, countries must operate within the digi-
tal network in order to achieve progress in the world of financial and technological 
innovation, compete on the international stage and obtain an international classifica-
tion of a product (Tedeschi et al., 2014). However, according to Fanta and Makina 
(2019), explorations of the link between financial inclusion and technology are still 
in the early stages due to several factors (Beyene Fanta & Makina, 2019). First, few 
studies have examined the relationship between technology and financial inclusion 
because the availability of time series data for both topics is limited. Second, the 
main aim of the rapid development of technologies in the financial sector is profit 
rather than financial inclusion. However, FinTech, which is recognized as a merger 
of technology and the financial sector, supports financial inclusion by allowing 
lower transaction costs while boosting poor of society.

Researchers have not yet studied the bright and dark sides of digitalization in 
much detail, especially the nexus of financial access and the ICT trade balance. Fur-
thermore, previous studies in the financial field have not examined the effects of 
both financial access and the ICT trade balance on an ethical proxy (secure inter-
net servers), a technological growth proxy (high-technology exports (% of manu-
factured exports)), a technological innovation proxy (patent applications, residents) 
and a technological performance risk proxy (individuals using the internet (% of 
population)).

To address this research gap, we aimed to answer the following important ques-
tion in the present study: Does the use of digitalization for financial access and the 
ICT trade balance increase or decrease: (1) the ethical proxy, (2) the technological 
growth proxy, (3) the technological performance risk proxy and (4) the technologi-
cal innovation proxy? To answer this question, we analyzed the dark and bright sides 
of the digitalization paradigm nexus of financial access and ICT trade balance in 31 
OECD countries during the period of 2008–2019. We investigated various financ-
ing sources of investments in technology and technological growth indicators using 
a panel data methodology to understand the dark and bright sides of digitalization 
risks and the vulnerability of digital platforms in the selected OECD countries.

In addition, in spite of the rising greatness and significance of technologi-
cal investments and ICT international trade in sectors, such as services, very lit-
tle research has investigated the indicators/factors motivating companies to invest 
in technology (Yang et  al., 2020). Hence, we aimed to provide important insights 
for researchers and practitioners regarding the digitalization in the financial sector 
and whether increasing financial access (which is expected to be followed by ICT 
exports and imports) has a positive (bright) or negative (dark) impact on the sector.

The innovation of the present study lies in its focus on the dark and bright sides 
of digitalization, which have been explored in terms of ethical, technological, inno-
vation and technological risks, as well as its examination of how digital finance 
institutions and innovators can develop and deliver products and services. The study 
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findings can help policy makers and customers understand the negative and posi-
tive aspects of digitalization and use those insights to make innovative applications 
more useful for organizations within the financial access system. In addition, digi-
talization enhances the rapid pace of the modern lifestyle. Furthermore, technologi-
cal innovation can increase the efficiency of financial inclusion and digitalization, 
thereby enhancing the diverse stages of financial expansion and reducing technol-
ogy-related risks. Moreover, the study highlights the importance of financial tech-
nology (FinTech) companies in increasing exports of technological applications and 
innovation services and keeping patent applications as indicators of innovation in 
order to increase high-technology exports.

The rest of this paper is structured as follows. Section  2 describes the litera-
ture review. Section  3 explains the econometric model and the data specification 
under the methodology. Section  4 presents the empirical results. Section  5 pre-
sents a discussion of the results. Section 6 concludes the paper and suggests policy 
implications.

2 � Literature review

The digital finance theory of change is a set hypothesis that was developed to 
explain how financial and economic changes impact the digital finance ecosystem. 
Our model focuses on financial access and ICT trade balance proxies and four core 
proxies that influence, incentivize and reflect changes in dark and bright digitaliza-
tion. These changes enable digital finance institutions and innovators to develop and 
deliver digital finance products and services.

2.1 � Financial access and the ethical proxy

Financial access or inclusion refers to access to official financial services at a rea-
sonable cost for all groups in a country regardless of their economic status but espe-
cially for low-income of society (Diniz et al., 2012). Financial access can be a vital 
part of the government’s strategies to reduce poverty and grow the economy. Fur-
thermore, innovative technology and new communication tools have changed the 
organizations within the financial system, in addition, digitalization enhanced the 
rapidity and protection shaping the modern lifestyle (Boskov & Drakulevski, 2017). 
However, customers and policy makers have fears about data safekeeping (Caruana, 
2016; Ozili, 2018), especially in terms of the security of internet servers (Gollapudi 
et al., 2019). Many studies have stated that financial inclusion can be related to the 
number of web servers that promise secure online transactions (Diniz et al., 2012; 
Caruana, 2016; Gollapudi et al., 2019; Helm et al., 2019). Accordingly, we posed 
the following research question:

RQ1: How does financial access lead to an increase in the use of internet serv-
ers that guarantee secure online transactions (ethical proxy)?
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2.2 � Financial access and the technological growth proxy

While it is widely known that technological growth related to mobile technology 
and the internet supports broader access to financial services, very few scholars 
have analyzed these associations (Abubakar & Handayani, 2018). Fanta and Makina 
(2019) reported a strong positive relationship between financial inclusion and tech-
nology (Beyene Fanta & Makina, 2019). Financial inclusion is a very critical subject 
because it can negatively or positively affect lives and provide new opportunities for 
the global evolution of civilizations (Boskov & Drakulevski, 2017) and the growth 
of small businesses (Boshkov, 2016) and technological exports (Gonzalez et  al., 
2014; Burjorjee & Scola, 2015; Helm et al., 2019; Yang et al., 2020). Since high-
technology exports are among the main technological growth indicators of ICT trade 
(Kabaklarli et al., 2017; Xing, 2014), we posed the following research question:

RQ2: How does financial access push towards an increase in high-technology 
exports (technological growth proxy)?

2.3 � Financial access and the technological innovation proxy

Financial innovation is a critical element in expanding financial inclusion (Beck 
et al., 2015). Technological inventions, such as mobile banking, can raise the finan-
cial inclusion rate when, for example, dropping transaction costs for the poor and far 
areas remotely (Yoshino & Morgan, 2016). Many studies, however, have highlighted 
the significance of internal finance sources and borrowing from banks to support 
technological innovation investments (Kerr & Nanda, 2015).

Meanwhile, patent, design and trademark applications/numbers can be important 
indicators of technological innovation (Agoba et al., 2017; Caruana, 2016; Kabak-
larli et al., 2017; Nemoto & Koreen, 2019). Although technological innovation can 
increase the efficiency of financial inclusion, understanding the relationship between 
financial inclusion and digitalization requires investigation at diverse stages of finan-
cial expansion (Agoba et al., 2017). Consequently, we posed the following research 
question:

RQ3: How does financial access push towards an increase in industrial design, 
patent and trademark applications (technological innovation proxy)?

2.4 � Financial access and the technological performance risk proxy

The most substantial driver of financial access nowadays is technology (Beyene 
Fanta & Makina, 2019). However, it is very important to manage potential risks 
associated with using mobile phones and mobile networks for electronic money 
(Sotomayor, 2012), maintaining consumers’ trust in immature high-technology 
financial systems (Beyene Fanta & Makina, 2019), competing in financial markets 
(Helm et al., 2019), ensuring consumers’ data security and preventing cyberattacks 
(Barefoot, 2020). Thus, understanding the relationship between financial inclusion 
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and technological performance risks is becoming increasingly important. The num-
ber of mobile and telephone subscriptions (Beyene Fanta & Makina, 2019; Fabling 
& Grimes, 2021) and the number of individuals using the internet and broadband 
subscriptions (OECD, 2000, 2008) can give good indications of whether financial 
access can increase technological performance risk. Accordingly, we posed the fol-
lowing research question:

RQ4: How does financial access push towards an increase in the use of the 
internet, fixed broadband subscriptions and fixed telephone subscriptions by 
individuals (technological performance risk proxy)?

2.5 � ICT trade balance and the ethical proxy

Using secure internet servers, especially for e-commerce, has been found to affect 
the relationship between the ICT trade balance and secure online transactions (Par-
ham et al., 2001; CIS, 2019). Gnanasambandam et al. (2012) found that e-commerce 
server security accounted for 48% of ICT exports for McKinsey platforms (Gnana-
sambandam et al., 2012). ICTs for business usage mainly include computers, inter-
net access and internet servers for e-commerce (Parham et al., 2001; Nguyen et al., 
2020). A sum of secure internet servers in OECD countries offers a good ratio of 
the fundamental IT infrastructure that handles e-commerce actions (Knauth, 2004; 
OECD, 2003). According to Lakka et al. (2012), Apache server imports and exports 
depend on the ICT trade balance, internal and external technological infrastructures, 
education and skill levels (Lakka et al., 2012). In a report for OCED (2008), ICT 
exports were found to focus high on computing system security. Consequently, we 
posed the following research question:

RQ5: How do ICT exports and imports, i.e., the ICT trade balance, push 
towards an increase in the use of internet servers that guarantee secure online 
transactions (ethical proxy)?

2.6 � ICT trade balance and the technological growth proxy

Yang et  al. (2020) identified a significant positive relationship between compa-
nies’ exporting and ICT investment choices. A reduction in ICT investments can 
be related to a sharp drop in ICT equipment exports and imports (Baudchon, 2002). 
Digitalization signifies the continuing consequences of ICT use, representing the 
cultural, political and socio-technical characteristics of ICT in practice (Diniz et al., 
2012). Meanwhile, nations that have industrialized progressive technology infra-
structures can attain better economic growth rates (Kabaklarli et  al., 2017). Fur-
thermore, high-technology products positively contribute to the ICT trade balance 
(Sachwald, 2006). In fact, Xing (2014) found that in 2014, 82% of China’s high-
technology exports consisted of assembled products made from imported compo-
nents. Therefore, we posed the following research question:
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RQ6: How do ICT exports and imports, i.e., the ICT trade balance, push towards 
an increase in high-technology exports (technological growth proxy)?

2.7 � ICT trade balance and the technological innovation proxy

ICTs are imperative bases of innovation in various sectors, especially the financial sec-
tor (Diniz et  al., 2012). Moreover, ICT exports inspire innovation and research and 
development (Friedewald et al., 2004; Lazonick, 2009; Yeo et al., 2014). As FinTech 
companies continue to export technological applications, innovation is expected to 
grow (Helm et al., 2019). Kabaklarli et al. (2017) provided strong evidence that pat-
ent applications are indicators of innovation and have a significant positive influence 
on high-technology exports. Cavdar and Aydin (2015) confirmed that patents and pat-
ent applications are the most regularly used indicators for judging technological growth 
(Cavdar & Aydin, 2015). Accordingly, we posed the following research question:

RQ7: How do ICT exports and imports, i.e., the ICT trade balance, push towards 
an increase in industrial design, patent and trademark applications (technological 
innovation proxy)?

2.8 � ICT trade balance and the technological performance risk proxy

Companies that export and invest in technology have meaningfully better access to 
external and internal funding sources (Yang et al., 2020). However, as firms adopt inno-
vation solutions, they also need to consider the associated risks of innovation (Helm 
et al., 2019). Many concerns and risks, such as cyberattacks and customer data secu-
rity issues, can be attributed to the wide usage of digital technologies (Caruana, 2016; 
Ozili, 2018). E-commerce server security accounted for in 2012 for almost half of all 
ICT exports of McKinsey technologies (Gnanasambandam et al., 2012). Many studies 
explained the risks of digitalization such as credit risk, operational risk, compliance 
risk (Abubakar & Handayani, 2018) and network security risks (Sotomayor, 2012). 
Many studies noted that the number of individuals using the internet, fixed broadband 
subscriptions and fixed telephone subscriptions is a main indicator of how ICT exports 
and imports lead to an increase in the technological performance risk proxy (Gnana-
sambandam et al., 2012; Asongu & Odhiambo, 2018; Asongu et al., 2019). Accord-
ingly, we posed the following research question:

RQ8: How do ICT exports and imports, i.e., the ICT trade balance, push towards 
an increase in the internet, fixed broadband subscriptions and fixed telephone 
subscriptions used by individuals (technological performance risk proxy)?

3 � Methodology

This section describes the econometric models used to examine the hypotheses in 
this study.
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3.1 � Econometric model data specification

The panel data technique was used to meet the goals of the current study. Data 
on the variables were collected from the World Development Indicators for the 
period of 2008–2019 (The World Bank, 2018). Financial access, the ICT trade 
balance and the dark and bright sides of digitalization were examined for 31 
OECD countries. All OECD countries except six were included in this study; 
Greece, Ireland, Luxembourg, the Netherlands, Slovenia and the United States 
were not included because full data was unavailable for the study period. “Appen-
dix A” lists the countries included in the study.

Two proxies were used for the independent variables; the financial access 
proxy was measured by the number of commercial bank branches (per 100,000 
adults) (LOGCBB), and the ICT trade balance proxy was measured by the differ-
ence between ICT exports (% of total exports) and ICT imports (% total imports) 
(ICTTB). Four control variables were used: GDP per capita growth (annual %) 
(GDPG); inflation, GDP deflator (annual %) (IGD); automated teller machines 
(ATMs) (LOGATM); and trademark applications, direct resident (LOGTMA).

Dark and bright digitalization was used as the dependent variable and divided 
into four proxies: the ethical proxy was measured by secure internet servers 
(LOGSIS); the technological growth proxy was measured by high-technology 
exports (% of manufactured exports) (LOGHTE); the technological innovation 
proxy was measured by patent applications, residents (LOGPA); and the techno-
logical performance risk proxy was measured by productivity through the indi-
viduals using the internet (% of population) (LOGIUI). All of the variable defini-
tions are available in “Appendix B”.

The present study’s variables were selected to create a paradigm to measure the 
dark and bright sides of digitalization and support the ongoing debate between 
dark and bright sides perspectives, which has not been sufficiently investigated. 
To overcome this gap, the study investigated the people implementing the process 
in the banking financial sector. In addition, the study analyzed the use of govern-
ance for digitization through the net trade balance of technology-related goods 
and its implications for growth rates and technological innovations while also 
measuring technology risks and strengthening the model with an ethical scale, 
which is an important indicator in adopting technology. Furthermore, the vari-
ables were chosen based on the light of the importance of diagnosing the techno-
logical sector, especially since some individuals may not benefit from the social 
impact of technology due to their inability to bear the costs or lack of knowledge 
or education about the importance of technology. In addition, the control vari-
ables, including GDP per capita growth, inflation, automated teller machines and 
trademark applications, were considered the main determinants of digitalization 
and finance access that support the robustness of the paradigm of the study.

The 12-year time period examined in this study includes the financial crisis in 
2008, which was very critical period for the OECD markets, which are focused on 
how to realize the immense promises of digital technologies for economic growth 
and financial markets.



186	 Eurasian Economic Review (2023) 13:177–209

1 3

The main justification for examining OECD countries in this study was that digi-
tal technologies play a vital role in transforming OECD economies and enhancing 
the productivity of firms. However, despite ongoing digitalization, OECD coun-
tries have registered a decline in productivity growth over the past few decades for 
multiple reasons, including the global financial crisis, which has reduced credit and 
investment and led to a decline in business dynamism. To date, aggregate produc-
tivity gains from digitalization have not been able to compensate for these head-
winds. Indeed, digital technologies have strong complementarity in terms of firms’ 
capabilities and assets as well as policies that enhance competition and efficient 
resource reallocation in the economy. Shortfalls in these complementary factors in 
OECD countries have slowed the expansion of digital technologies and reduced pro-
ductivity benefits. Hence, digitalization has spread unequally across firms. The find-
ings highlight OECD trends and opportunities as well as challenges based on the 
dark and bright sides of digital economies. They also explain the effects of financial 
access and the ICT trade balance on digitalization, and these insights can be used to 
meet public policy objectives. The variables were selected based on their role and 
importance in the growth of the OECD economies.

The main model was formulated as follows based on the study variables:

where Depi,t refers to LOGIUIit, LOGSISit, LOGHTEit and LOGPAit as the dark and 
bright sides of the digitalization proxy of country I at time t; these variables are the 
dependent variables. The Indepdent.Vari,t are the proxies of the financial access and 
ICT trade balance indicators. The controlvariablesi,t include four variables: GDPG, 
IGD, LOGATM and LOGTMA.

To make the study more robust, a number of estimators, including descriptive 
statistics for all variables as well as figures to the direction based on the mean of 
the variables, a correlation matrix and augmented Im–Pesaran–Shin (IPS) and 
Levin–Lin–Chu (LLC) unit root tests, were used. Panel least squares (PLS) was 
used as the basic regression, followed by fixed effect (FE), random effect (RE) and 
regression with Driscoll–Kraay standard errors for FE. The feasible general least 
squares (FGLS) and dynamic panel data estimators of the two-step system general-
ized method of moments (S-GMM) estimator were also used. Additional diagnostic 
tests, including the Wooldridge test for autocorrelation and the modified Wald test 
for groupwise heteroskedasticity, were used, and cross-sectional independence was 
examined using the Pesaran CD test and the Breusch–Pagan (B–P) Lagrangian mul-
tiplier (LM) test of independence. The Hausman test was used to show whether FE 
or RE was the appropriate model for this study. In the S-GMM estimator used the 
Arellano–Bond test for second-order serial correlation and the Hansen test.

Time series and cross-sectional panel data were used to minimize the multicollinear-
ity problem (De Hoyos & Sarafidis, 2006). This issue was solved using parameters, and 
the endogeneity problem was solved using dynamic intertemporality, the individuality 
of the entities and the degree of freedom (Hsiao, 2007). Additionally, the panel man-
aged heterogeneity (the microunit) (Baltagi, 2012) based on time and country observa-
tions. As a pre-estimator, the stationary properties of the variables were checked using 

Depi,t = �0 + �0Independent.Vari,t + �0control variablesi,t + �i,t
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unit root tests, including the IPS (1997, 2003) test. This test combines cross-sectional 
and time series data as the IPS supposes a linear trend for each cross-sectional unit (N), 
assuming that siS(I = 1…,2…, N) denotes the t-statistics for testing unit roots and lets 
E(siS) = µ and v(siS) = �2.

To increase robustness, the LLC unit root test was used as the main model explained 
∆uit = wiqi,t−1 + 

∑Zi

I=1
φ,i,l ∆yi,t−l + αiyit + εit, where yit are the deterministic components, 

wi = 0 explains that there is a unit root for individual I on u process, wi < 0 refers to the 
deterministic component as a stationarity process, and zi indicates that the results were 
identical and negative First, PLS was applied to examine the hypotheses. This estimator 
ignores the group structure possibility and supposes that the different periods are in the 
same trend. Then, FE and RE, were applied as known panel data. These estimators suf-
fer from two main issues: heterogeneity and endogeneity (Wooldridge, 2010). There-
fore, we applied the Hausman test to determine whether to use FE or RE (Johnston & 
Dinardo, 1997).

FE explained each group as non-random and of a specific fixed quantity. FE refers 
to coefficients as one time-invariant intercept for each subject in the regression mod-
els and supposes that the independent variables are correlated with individual specific 
effects. RE refers to inferences about the distribution of values that are explained as 
predictor variables. It shows the variance of the values at different levels to control 
unobserved heterogeneity when the heterogeneity issue is constant during the time 
period and uncorrelated with independent variables. Hoechle (2007) suggested using 
regression with Driscoll-Kraay standard errors for FE if the Pesaran test shows cross-
sectional dependence on the residuals of the study (Hoechle, 2007). There was PLS 
estimator bias in most models and some heteroskedasticity and autocorrelation prob-
lems in the models used. The FGLS estimator was used to overcome these problems. 
FGLS assumes that α is consistent and available by α̂ ; we changed Ω to Ω = Ω ( ̂α̂ ) to 
use FGLS and supposed that α and Ω were known by using a finite set of parameters 
to refer to Ω. Panel data sometimes poses a problem between the error term and the 
explanatory variable(s) or reverse causality between study variables as per the equa-
tion E (ε|X) ≠ 0 (Baltagi, 2012). This situation indicates an endogeneity problem and a 
failure of PLS due to bias (Baltagi, 2012). The panel data used instruments correlated 
with explanatory variables to mitigate the endogeneity problem as per E(Q|Y) ≠ 0 and 
E(�|Q) = 0 conditions, where Y is the explanatory variable, and Q shows the instru-
mental variable. To meet this requirement, the S-GMM estimator was used (Arellano 
& Bover, 1995; Blundell & Bond, 1998). Since the S-GMM estimator creates internal 
instrument proliferation and lags for endogenous variables, it was used to deal with a 
zero level of error when adding lags to dependent variables (Blundell & Bond, 1998). 
The S-GMM estimator conducts sufficient orthogonality on instrumenting lags, allow-
ing for a more consistent parameter related to endogeneity and unobserved individual 
country effects (Arellano & Bover, 1995).

4 � Results

This section is divided into nine subsections that explains how the study hypotheses 
were tested.
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4.1 � Descriptive statistics

Preliminary analysis was used to show the descriptive statistics, correlations and 
unit root tests of all variables. Table 1 presents the variables for 372 observations 
of 31 countries over the period of 2008–2019 and shows the standard deviation, 
mean, median, skewness, kurtosis and Jarque–Bera data.

4.2 � Average annual growth of variables from: 2008 to 2019

The average of the four dependent variables and the two independent variables 
over the period of 2008–2019 for 31 OECD countries are presented in Fig.  1. 
LOGIUI, LOGCBB and LOGHTE are in constant lines; LOGIUI is above 
LOGCBB and LOGHTE, and LOGCBB is above LOGHTE. LOGPA is high and 
more than the other variables and also had constant growth. LOGSIS increased 
throughout the study period, achieving its highest value in 2019. In contrast, 
ICTTB declined throughout the study period, achieving its lowest value in 2016. 
Figure 2 depicts the four control variables. LOGTMA is the highest line, and it 
was constant over the study period, and LOGATM is below LOGTMA, and it was 
also constant. GDPG declined from 2008 to 2009 due to the financial crisis of 
2008, then it increased until 2017 when it started to decline.

4.3 � Correlation matrix

Table  2 shows the correlation coefficients for all regressors and the significant 
variables. There were positive relationships between ICTTB and LOGHTE 
(0.284042) and between LOGCBB and LOGIUI, LOGSIS and LOGHTE 
(−0.029864, −0.058615 and −0.120354) and positive relationships between 
ICTTB and LOGIUI, LOGPA and LOGHTE (0.011634, 0.138299 and 0.284042) 
and between LOGCBB and LOGPA (0.105067). The results are consistent with 
financial, economic and technological theories. The values were significant 
because the strength of the coefficients of most of the variables was less than 
40%; this pre-test indicated that there was no multicollinearity between predictor 
and response as two variables (Evans, 1996).

4.4 � Unit root tests

Table 3 shows the IPS and LLC unit root test results. These tests were conducted 
to check the stationarity of the variables. These tests were run at the level and in 
the first difference order. Most of the variables were integrated at the order I(0), 
while all variables were integrated at the order I(1). Based on these results, all 
variables were considered stationary at the first difference.
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4.5 � Panel least squares (PLS)

The PLS results for all eight models are presented in Table 4. Models 2, 4, 6 and 8 
showed a significant negative relationship between LOGCBB and LOGIUI. This 
indicates that financial access had a negative relationship with the bright and dark 
sides of digitalization. A 1% increase in LOGCBB led to −0.062, −0.794, −0.273 
and −0.543 decreases in LOGIUI, LOGSIS, LOGHTE and LOGPA, respectively. 
There were also significant negative relationships between ICTTB and LOGIUI 
(Model 1) and between ICTTB and LOGSIS (Model 3). A 1% increase in ICTTB 
led to −0.002 and −0.039 decreases in LOGIUI and LOGSIS, respectively. 
Meanwhile, there were significant positive relationships between ICTTB and 
LOGHTE (Model 5) and between ICTTB and LOGPA (Model 7). A 1% increase 
in ICTTB led to 0.015 and 0.034 increases in LOGHTE and LOGPA, respec-
tively. The probability of the F-value was significant in all eight models, implying 
that all models were appropriate and fit. The control variables were significant in 
all models except Models 5, 6 and 7 in which GDPG (LOGHTE and LOGCBB), 
(LOGHTE and ICTTB) and (LOGPA and ICTTB) were insignificant. Regarding 
the control variables, LOGATM showed positive significance in all models, while 

-3
-2
-1
0
1
2
3
4
5
6

08 09 10 11 12 13 14 15 16 17 18 19

Mean LOGHTE Mean LOGIUI
Mean LOGPA Mean LOGSIS
Mean ICTTB Mean LOGCBB

Fig. 1   Dependent and independent variables of OECD countries
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Mean GDPG Mean LOGATM

Mean LOGTMA Mean IGD

Fig. 2   Control variables of OECD countries



191

1 3

Eurasian Economic Review (2023) 13:177–209	

Ta
bl

e 
2  

C
or

re
la

tio
n 

m
at

rix

Th
e 

ta
bl

e 
pr

es
en

te
d 

th
e 

co
effi

ci
en

ts
 a

nd
 P

- v
al

ue
s o

f t
he

 st
ud

y 
va

ria
bl

es

Va
ria

bl
es

IC
TT

B
LO

G
C

B
B

G
D

PG
IG

D
LO

G
A

TM
LO

G
IU

I
LO

G
PA

LO
G

SI
S

LO
G

H
TE

LO
G

TM
A

IC
TT

B
1.

00
00

00
–

LO
G

C
B

B
−

0.
07

46
92

1.
00

00
00

0.
15

05
–

G
D

PG
−

0.
02

81
54

−
0.

20
98

33
1.

00
00

00
0.

58
83

0.
00

00
–

IG
D

−
0.

09
80

27
−

0.
20

00
29

0.
24

28
94

1.
00

00
00

0.
05

89
0.

00
01

0.
00

00
–

LO
G

A
TM

0.
16

78
06

0.
36

89
64

−
0.

05
94

95
−

0.
19

35
71

1.
00

00
00

0.
00

12
0.

00
00

0.
25

24
0.

00
02

–
LO

G
IU

I
0.

01
16

34
−

0.
02

98
64

0.
00

56
96

−
0.

30
39

47
0.

21
27

87
1.

00
00

00
0.

82
30

0.
56

58
0.

91
28

0.
00

00
0.

00
00

–
LO

G
PA

0.
13

82
99

0.
10

50
67

−
0.

05
87

33
−

0.
20

42
56

0.
50

64
43

0.
13

54
48

1.
00

00
00

0.
00

76
0.

04
28

0.
25

85
0.

00
01

0.
00

00
0.

00
89

–
LO

G
SI

S
−

0.
13

45
17

−
0.

05
86

15
0.

15
42

57
−

0.
20

52
90

0.
29

45
35

0.
48

06
28

0.
51

65
45

1.
00

00
00

0.
00

94
0.

25
95

0.
00

29
0.

00
01

0.
00

00
0.

00
00

0.
00

00
–

LO
G

H
TE

0.
28

40
42

−
0.

12
03

54
−

0.
07

41
95

−
0.

26
83

20
0.

18
34

06
0.

49
96

81
0.

19
29

42
0.

17
96

71
1.

00
00

00
0.

00
00

0.
02

02
0.

15
32

0.
00

00
0.

00
04

0.
00

00
0.

00
02

0.
00

05
–

LO
G

TM
A

−
0.

06
21

45
0.

16
97

05
0.

04
22

74
−

0.
00

39
46

0.
42

01
12

−
0.

23
17

26
0.

78
17

36
0.

42
29

56
−

0.
09

15
43

1.
00

00
00

0.
23

18
0.

00
10

0.
41

62
0.

93
95

0.
00

00
0.

00
00

0.
00

00
0.

00
00

0.
07

78
–



192	 Eurasian Economic Review (2023) 13:177–209

1 3

Ta
bl

e 
3  

P
an

el
 u

ni
t r

oo
t I

PS
 te

st 
an

d 
LL

C
 te

st

Th
e 

si
gn

ifi
ca

nc
e 

le
ve

ls
 re

fe
r t

o 
p <

 0.
01

 (*
**

), 
p <

 0.
05

 (*
*)

 a
nd

 p
 <

 0.
1 

(*
)

IC
TT

B
LO

G
C

B
B

G
D

PG
IG

D
LO

G
A

TM
LO

G
IU

I
LO

G
PA

LO
G

SI
S

LO
G

H
TE

LO
G

TM
A

IP
S 

(le
ve

l)
−

5.
30

9*
**

5.
88

5
−

18
.9

27
**

*
−

10
.3

87
**

*
1.

89
2

−
2.

92
3*

**
−

1.
21

1
8.

78
7

−
3.

82
1*

**
2.

42
2

IP
S 

(1
st 

di
ffe

re
nc

e)
−

12
.2

2*
**

−
5.

34
8*

**
−

24
.9

44
**

*
−

18
.6

16
**

*
−

3.
59

3*
**

−
8.

79
6*

**
−

11
.3

7*
**

−
14

.7
9*

**
−

9.
73

0*
**

−
3.

50
9*

**
LL

C
 te

st 
t (

le
ve

l)
−

11
.0

3*
**

2.
13

4
−

28
.9

59
**

*
−

14
.9

91
**

*
−

3.
72

5*
**

−
9.

05
7*

**
−

4.
05

7*
**

4.
69

9
−

8.
07

6*
**

−
3.

66
2*

**
LL

C
 te

st 
(1

st 
di

ffe
re

nc
e)

−
17

.4
9*

**
−

6.
19

6*
**

−
33

.7
97

**
*

−
28

.5
45

**
*

−
6.

69
8*

**
−

13
.4

8*
**

−
17

.0
9*

**
−

18
.4

7*
**

−
14

.3
6*

**
−

6.
60

5*
**



193

1 3

Eurasian Economic Review (2023) 13:177–209	

Ta
bl

e 
4  

P
an

el
 le

as
t s

qu
ar

es

Th
e 

si
gn

ifi
ca

nc
e 

le
ve

ls
 re

fe
r t

o 
p <

 0.
01

 (*
**

), 
p <

 0.
05

 (*
*)

 a
nd

 p
 <

 0.
1 

(*
)

Va
ria

bl
es

M
od

el
 (1

)
M

od
el

 (2
)

M
od

el
 (3

)
M

od
el

 (4
)

M
od

el
 (5

)
M

od
el

 (6
)

M
od

el
 (7

)
M

od
el

 (8
)

LO
G

IU
I

LO
G

IU
I

LO
G

SI
S

LO
G

SI
S

LO
G

H
TE

LO
G

H
TE

LO
G

PA
LO

G
PA

IC
TT

B
−

0.
00

2*
*

−
0.

03
9*

**
0.

01
5*

**
0.

03
4*

**
(0

.0
01

)
(0

.0
11

)
(0

.0
03

)
(0

.0
07

)
LO

G
C

B
B

−
0.

06
2*

**
−

0.
79

4*
**

−
0.

27
3*

**
−

0.
54

3*
**

(0
.0

21
)

(0
.1

90
)

(0
.0

54
)

(0
.1

18
)

G
D

PG
0.

00
3*

*
0.

00
2*

0.
06

6*
**

0.
05

4*
**

4.
05

E−
05

−
0.

00
3

−
0.

01
2

−
0.

01
9*

**
(0

.0
01

)
(0

.0
01

)
(0

.0
14

)
(0

.0
15

)
(0

.0
04

)
(0

.0
04

)
(0

.0
09

)
(0

.0
09

)
IG

D
−

0.
01

1*
**

−
0.

01
1*

**
−

0.
08

9*
**

−
0.

09
2*

**
−

0.
02

0*
**

−
0.

02
4*

**
−

0.
05

1*
**

−
0.

05
9*

**
(0

.0
01

)
(0

.0
01

)
(0

.0
17

)
(0

.0
17

)
(0

.0
04

)
(0

.0
04

)
(0

.0
10

)
(0

.0
10

)
LO

G
A

TM
0.

15
2*

**
0.

16
3*

**
0.

56
7*

**
0.

69
0*

**
0.

17
6*

**
0.

32
0*

*8
0.

54
2*

**
0.

84
1*

**
(0

.0
23

)
(0

.0
23

)
(0

.2
04

)
(0

.2
08

)
(0

.0
58

)
(0

.0
59

)
(0

.1
24

)
(0

.1
28

)
LO

G
TM

A
−

0.
06

2*
**

−
0.

05
9*

**
0.

50
6*

**
0.

55
3*

**
−

0.
05

7*
**

−
0.

06
7*

*8
1.

00
8*

**
0.

98
6*

**
(0

.0
08

)
(0

.0
08

)
(0

.0
72

)
(0

.0
71

)
(0

.0
20

)
(0

.0
20

)
(0

.0
44

)
(0

.0
44

)
C

on
st

an
t

1.
85

1*
**

1.
91

0*
**

1.
17

2*
**

1.
95

7*
**

1.
10

6*
**

1.
22

4*
**

−
1.

71
4*

**
−

1.
50

3*
**

(0
.0

43
)

(0
.0

45
)

(0
.3

83
)

(0
.4

00
)

(0
.1

09
)

(0
.1

15
)

(0
.2

34
)

(0
.2

47
)

O
bs

er
va

tio
ns

37
2

37
2

37
2

37
2

37
2

37
2

37
2

37
2

R-
sq

ua
re

d
0.

24
6

0.
25

4
0.

28
8

0.
29

9
0.

16
5

0.
17

3
0.

69
7

0.
69

5
F-

va
lu

e
23

.8
9

24
.9

90
29

.7
1

31
.2

5
14

.5
4

15
.3

64
16

8.
69

16
7.

08
Pr

ob
. F

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

C
ro

ss
-s

ec
tio

ns
31

31
31

31
31

31
31

31



194	 Eurasian Economic Review (2023) 13:177–209

1 3

Ta
bl

e 
5  

F
ix

ed
 e

ffe
ct

 a
nd

 ra
nd

om
 e

ffe
ct

s r
eg

re
ss

io
n 

w
ith

 D
ris

co
ll–

K
ra

ay
 st

an
da

rd
 e

rr
or

s

Va
ria

bl
es

M
od

el
 (1

)
M

od
el

 (2
)

M
od

el
 (3

)
M

od
el

 (4
)

M
od

el
 (5

)
M

od
el

 (6
)

M
od

el
 (7

)
M

od
el

 (8
)

Fi
xe

d 
eff

ec
t r

eg
re

ss
io

n 
w

ith
 D

ris
co

ll–
K

ra
ay

 st
an

da
rd

 
er

ro
rs

Fi
xe

d 
eff

ec
t a

nd
 ra

nd
om

 e
ffe

ct
s r

eg
re

ss
io

n 
w

ith
 D

ris
co

ll–
K

ra
ay

 st
an

da
rd

 e
rr

or
s

Fi
xe

d 
eff

ec
t

FE
-L

O
G

IU
I

FE
-L

O
G

IU
I

FE
-L

O
G

SI
S

FE
-L

O
G

SI
S

R
E-

LO
G

H
TE

FE
-L

O
G

H
TE

FE
-L

O
G

PA
FE

-L
O

G
PA

IC
TT

B
−

0.
00

9*
**

−
0.

12
8*

**
0.

01
7*

*
−

0.
00

2
0.

00
2

(0
.0

46
)

0.
00

6
(0

.0
01

)
LO

G
C

B
B

−
0.

24
1*

**
−

4.
88

**
*

−
0.

05
2

0.
14

2*
*

(0
.0

52
)

(0
.7

51
)

(0
.0

62
)

(0
.0

62
)

G
D

PG
0.

00
3*

**
0.

00
1

0.
06

**
0.

01
4

0.
00

2
0.

00
05

−
0.

00
8*

**
−

0.
00

7*
**

(0
.0

01
)

(0
.0

01
)

(0
.0

28
 )

(0
.0

16
)

0.
00

2
(0

.0
01

)
(0

.0
02

)
(0

.0
02

)
IG

D
−

0.
00

2
−

0.
00

04
−

0.
04

0
−

0.
00

7
−

0.
00

1
−

0.
00

02
0.

00
01

−
0.

00
09

(0
.0

03
)

(0
.0

02
)

(0
.0

44
 )

(0
.0

28
 )

0.
00

2
(0

.0
02

)
(0

.0
01

)
(0

.0
02

)
LO

G
A

TM
0.

10
5

0.
25

1*
−

0.
73

0
2.

07
*

0.
19

0
0.

18
1

0.
37

5*
*

0.
30

8*
**

(0
.0

78
)

(0
.1

16
)

(0
.6

86
)

(0
.9

47
 )

0.
13

0
(0

.1
12

)
(0

.1
63

)
(0

.0
83

)
LO

G
TM

A
0.

30
3*

**
0.

31
0*

**
2.

81
**

2.
84

**
*

−
0.

00
9

0.
01

3
0.

37
8*

*
0.

38
8*

**
(0

.0
55

)
(0

.0
48

)
(1

.0
1 

)
(0

.7
92

)
0.

03
7

(0
.0

32
)

(0
.1

66
)

(0
.0

81
)

C
on

st
an

t
0.

40
7*

0.
45

5*
−

6.
08

−
4.

53
*

0.
83

8*
**

0.
79

5*
**

0.
96

3
0.

86
4*

*
(0

.2
04

)
(0

.2
02

)
(3

.7
09

)
(2

.1
4 

)
(0

.2
31

)
(0

.1
34

)
(0

.7
95

)
(0

.3
60

)
O

bs
er

va
tio

ns
R-

sq
ua

re
d

0.
23

2
0.

32
0

0.
19

5
0.

46
0

0.
10

6
0.

02
1

0.
15

8
0.

17
0

F-
va

lu
e

49
.7

2
59

.6
8

9.
44

28
.0

8
–

6.
85

28
.6

7
13

.8
0

Pr
ob

. F
0.

00
0

0.
00

0
0.

00
0

0.
00

0
–

0.
00

3
0.

00
0

0.
00

0
W

al
d 

ch
i2

(5
)

28
.4

0
Pr

ob
 >

 ch
i2

0.
00

0
C

ro
ss

-s
ec

tio
ns

31
31

31
31

31
31

31
31

B
re

us
ch

–P
ag

an
 L

M
 te

st 
of

 in
de

pe
nd

en
ce

: c
hi

2(
3)

14
53

.7
4

Pr
ob

.
0.

00
0



195

1 3

Eurasian Economic Review (2023) 13:177–209	

Ta
bl

e 
5  

(c
on

tin
ue

d)

Va
ria

bl
es

M
od

el
 (1

)
M

od
el

 (2
)

M
od

el
 (3

)
M

od
el

 (4
)

M
od

el
 (5

)
M

od
el

 (6
)

M
od

el
 (7

)
M

od
el

 (8
)

Fi
xe

d 
eff

ec
t r

eg
re

ss
io

n 
w

ith
 D

ris
co

ll–
K

ra
ay

 st
an

da
rd

 
er

ro
rs

Fi
xe

d 
eff

ec
t a

nd
 ra

nd
om

 e
ffe

ct
s r

eg
re

ss
io

n 
w

ith
 D

ris
co

ll–
K

ra
ay

 st
an

da
rd

 e
rr

or
s

Fi
xe

d 
eff

ec
t

FE
-L

O
G

IU
I

FE
-L

O
G

IU
I

FE
-L

O
G

SI
S

FE
-L

O
G

SI
S

R
E-

LO
G

H
TE

FE
-L

O
G

H
TE

FE
-L

O
G

PA
FE

-L
O

G
PA

Pe
sa

ra
n’

s t
es

t o
f c

ro
ss

-s
ec

tio
na

l i
nd

ep
en

de
nc

e
26

.5
8

18
.8

53
51

.8
76

32
.4

06
10

.1
2

4.
67

9
1.

98
6

0.
25

1
Pr

ob
.

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
04

70
0.

80
16

M
od

ifi
ed

 W
al

d 
te

st 
fo

r g
ro

up
w

is
e 

he
te

ro
sk

ed
as

tic
ity

-
ch

i2
 (3

1)
10

,8
04

.4
11

,8
54

.5
3

70
0.

86
18

07
.4

0
–

13
,2

22
.2

4
36

28
.1

2
51

60
.4

1

Pr
ob

.
0.

00
0

0.
00

0
0.

00
0

0.
00

0
–

0.
00

0
0.

00
0

0.
00

0
W

oo
ld

rid
ge

 te
st 

fo
r a

ut
oc

or
re

la
tio

n—
pr

ob
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

00
1

0.
00

1
H

au
sm

an
 te

st
0.

00
0

0.
00

0
0.

00
0

0.
00

0
0.

40
4

0.
00

0
0.

00
0

0.
00

0

Th
e 

si
gn

ifi
ca

nc
e 

le
ve

ls
 re

fe
r t

o 
p <

 0.
01

 (*
**

), 
p <

 0.
05

 (*
*)

 a
nd

 p
 <

 0.
1 

(*
)



196	 Eurasian Economic Review (2023) 13:177–209

1 3

IGD showed negative significance in all models. The other two control variables 
showed mixed signals depending on the model used.

4.6 � Fixed effect (FE) and random effect (RE) regression with Driscoll–Kraay 
standard errors

As shown in Table 5, FE and RE were applied to overcome the heterogeneity issue, 
and the Hausman test was run to determine whether FE or RE was the appropriate 
model for this study. All of the models depended on FE except Model 5 (ICTTB_
LOGHTE), which depended on RE. Next, the Pesaran test was run and revealed that 
cross-sectional dependence was present in all models; FE and RE regression with 
Driscoll-Kraay standard errors was used to correct this issue. Model 8 (LOGCBB_
LOGPA) remained as FE only. Diagnostic test explanations are presented in 
Sect. 4.8.

The FE results confirmed the significance and signals of the coefficients of the 
PLS results for all models except Model 8 (LOGCBB_LOGPA), which was posi-
tive and significant, and Model 7 (LOGPA_ICTTB), which was positive and insig-
nificant. This indicates that financial access had a negative relationship with the 
bright and dark sides of digitalization. A 1% increase in LOGCBB led to −0.241, 
−4.88 and −0.052 decreases in LOGIUI, LOGSIS and LOGHTE, respectively. 
There were significant negative relationships between ICTTB and LOGIUI (Model 
1) and between ICTTB and LOGSIS (Model 3). A 1% increase in ICTTB led to 
−0.009 and −0.128 decreases in LOGIUI and LOGSIS, respectively. Meanwhile, 
there was a significant positive relationship between ICTTB and LOGHTE (Model 
5). A 1% increase in ICTTB led to a −0.017 increase in LOGHTE. The probability 
of the F-value was significant in all eight models, implying that all models were 
appropriate and fit. The control variables were significant in all models except Mod-
els 5, 6 and 7 in which GDPG (LOGHTE and LOGCBB), (LOGHTE and ICTTB) 
and (LOGPA and ICTTB) were insignificant. The control variables that were most 
affected by ICTTB were GDPG and LOGTMA, while control variables that were 
most affected LOGCBB were LOGTMA and LOGATM.

4.7 � Feasible generalized least squares (FGLS) estimator

The FGLS estimator was applied to overcome the issues of heteroskedasticity and 
serial correlation in the models. This estimator confirmed the PLS, FE and RE 
results in all models. As shown in Table 6, there was a significant negative relation-
ship between LOGCBB and LOGIUI in Models 2, 4, 6 and 8. There were also sig-
nificant negative relationships between ICTTB and LOGIUI (Model 1) and between 
ICTTB and LOGSIS (Model 3). Meanwhile, there were significant positive relation-
ships between ICTTB and LOGHTE (Model 5) and between ICTTB and LOGPA 
(Model 7). The probability of Wald chi2(5) was significant in all eight models, 
implying that all models were appropriate and fit.
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4.8 � Dynamic panel‑data estimation, two‑step system GMM (S‑GMM) estimator

The S-GMM estimator was used to overcome the endogeneity issue. As shown in 
Table 7, the financial access results confirmed the PLS, FR, RE and FGLS results. 
There were significant negative relationships in Models 2, 4, 6 and 8. A 1% increase 
in LOGCBB led to −0.579, −0.391, −0.148 and −0.926 decreases in LOGIUI, 
LOGSIS, LOGHTE and LOGPA, respectively. There were also significant nega-
tive relationships between ICTTB and LOGIUI (Model 1) and between ICTTB and 
LOGSIS (Model 3). A 1% increase in ICTTB led to −0.036 and −0.030 decreases 
in LOGIUI and LOGSIS, respectively. Meanwhile, there were significant positive 
relationships between ICTTB and LOGHTE (Model 5) and between ICTTB and 
LOGPA (Model 7). A 1% increase in ICTTB led to 0.010 and 0.008 increases in 
LOGHTE and LOGPA, respectively. All the models confirmed the robustness. The 
control variables that were most affected by ICTTB were LOGATM, LOGTMA 
and GDPG, while the control variables that were most affected by LOGCBB were 
GDPG and LOGTMA.

Table 7   Dynamic panel-data estimation, two-step system GMM

The significance levels refer to p < 0.01 (***), p < 0.05 (**) and p < 0.1 (*)

Variables Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7) Model (8)
LOGIUI LOGIUI LOGSIS LOGSIS LOGHTE LOGHTE LOGPA LOGPA

ICTTB 0.036*** 0.030*** 0.010 0.008
(0.006) (0.010) (0.006) (0.012)

LOGCBB −0.579** −0.391** −0.148** −0.926**
(0.255) (0.197) (0.072) (0.388)

GDPG 0.001 −0.004* −0.015*** −0.020*** 0.005 −0.015* −0.009*** −0.017***
(0.001) (0.002) (0.003) (0.004) (0.001) (0.008) (0.001) (0.003)

IGD −0.000 0.000 0.002 0.008 −0.000 0.000 −0.000 0.002
(0.001) (0.000) (0.006) (0.005) (0.001) (0.005) (0.002) (0.003)

LOGATM 0.120*** 0.223* −0.050 0.332 0.666 0.008 0.104 0.523**
(0.035) (0.109) (0.141) (0.350) (0.304) (0.038) (0.095) (0.238)

LOGTMA −0.022 0.104** −0.359 −0.254 0.586 0.079 0.343** 1.34**
(0.045) (0.049) (0.248) (0.249) (0.415) (0.056) (0.156) (0.539)

Observa-
tions

372 372 372 372 372 372 372 372

Number of 
ID

31 31 31 31 31 31 31 31

Robust Yes Yes Yes Yes Yes Yes Yes Yes
AR 2 0.760 0.781 0.165 0.161 0.486 0.638 0.770 0.068
Hansen 

test
0.605 0.408 0.593 0.627 0.151 0.133 0.432 0.762
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4.9 � Diagnostic tests

Many diagnostic tests were applied in this study to increase the robustness and show 
that all estimators were appropriate, fit the models and were consistent and unbiased. 
As shown in Table 3, the stationarity of all variables was confirmed using unit root 
tests; most of the variables were at order I(0), and all variables were at I(I). Table 5 
shows the results of the Hausman test, which was conducted to determine whether 
FE or RE was the best fit for the models; based on the results, we selected FE for 
seven models because the p-value was below 0.05, and we selected RE for Model 
5. Table 5 presents the results of the Pesaran cross-sectional dependence (CD) test, 
which was conducted to show the cross-sectional dependence of the models and 
whether the residuals were correlated across entities; the findings showed that all of 
the models had cross-sectional dependence (contemporaneous correlation). There-
fore, we used the adjustment estimator of FE suggested by Hoechle (2007) to con-
duct a regression with Driscoll–Kraay standard errors for FE.

The B–P LM test for RE was also used; the null hypothesis in the LM test men-
tions that variances across entities are zero. The findings showed that RE was appro-
priate because the p-value was less than 0.05. The results of the modified Wald test 
for groupwise heteroskedasticity and the Wooldridge test for autocorrelation shown 
in Table 5 indicate the presence of heteroskedasticity and serial correlation in the 
data. To address the problems identified in these pre-tests, the FGLS estimator 
was used to remove the heteroskedasticity and serial correlation in the models; the 
results shown in Table 6 indicate that the panels were homoscedastic and that there 
was no autocorrelation in all eight study models. The S-GMM estimator was applied 
to solve the endogeneity issue; the Hansen-J test statistics shown in Table 7 indicate 
that the instruments were exogenous and not over-identified. Furthermore, the esti-
mator showed no autocorrelation among the residuals based on the Arellano–Bond 
test for AR (2).

5 � Discussion

5.1 � Financial access and the dark sides of digitalization

As shown in Tables 4, 5, 6 and 7, financial access had a significant negative impact 
on digitalization proxies and reflected the bright digital side in all estimators. Pol-
icy makers should find methods to establish trust by providing clear, accurate and 
unbiased information about existing regulations and systems in order to support and 
protect individuals and inform them of the potential benefits of digital products and 
services.

The results can be explained by a lack of trust and awareness among customers 
regarding digital financial services that led to a decrease in efforts to access finan-
cial resources. These results are consistent with Ozili (2018) and Caruana’s (2016) 
finding that customers and policy makers both have fears about data safekeeping. 
The new opportunities for the global evolution of civilizations lead to doubts about 
digitalization (Boskov & Drakulevski, 2017). According to Agoba et al. (2017), the 
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relationship between technological innovation and financial expansion still needs 
more investigation. Tarafdar et al., (2015a, 2015b) noted that information technol-
ogy risk has a potentially negative effect on the well-being of individuals. Helm 
et al. (2019) suggested that if the innovation has a high risk, this influences nega-
tively on digitalization.

The high manufacturing activities in the market have a high risk in the opera-
tional systems and reflected negatively for adopting the customers (Carayon, 1993; 
Corbett, 1987). According to Kling (1996), the negative consequences of digitaliza-
tion include loss of privacy, intellectual piracy, identity theft and software-related 
accidents (Kling, 1996). However, Markus and Mentzer (2014) confirmed that sys-
tem designers and users should not expect all of these negative consequences. The 
dark side of digitalization comes from negative outcomes related to individuals, 
organizations, industry and society such as the adverse workplace and task-related 
(Gupta et al., 2013; Selander & Henfridsson, 2012) problems of IT use-related e.g., 
(D’Arcy et al., 2014; Turel et al., 2011) conflicts of work life (Chen & Karahanna, 
2014; Turel et al., 2011) and reduced employee commitment, turnover of employ-
ees and security breaches (Tarafdar et al., 2015a). Meanwhile, super-fast, automated 
trading algorithms that trading firms use on a high-speed IT network to determine 
caused problems in financial services operations by paying an additional exchange 
fee (Markus & Mentzer, 2014).

5.2 � ICT trade balance and the bright side of digitalization

As shown in Tables 4, 5, 6 and 7, the ICT trade balance had a significant positive 
impact on digitalization proxies and reflected the bright side of digitalization in all 
estimators. This can be explained by the idea that spending a huge amount on high-
technology exports leads to a high level of awareness about digitalization.

The current findings of this study, consistent and confirmed by using secure 
internet servers for all commercial operations, reflected a positive effect on the 
growth of digitalization (Parham et al., 2001; Gnanasambandam et al., 2012; CIS, 
2019). According to Yang et  al. (2020), companies’ ICT exports have a positive 
effect on ICT investment choices. Pradhan et al., (2018b, 2020) found that foreign 
direct investment and financial development are important for expanding the use of 
mobile phones, innovation diffusion and ICT diffusion in the long run. Pradhan et al. 
(2016b) supported the short-term relationship between financial depth and economic 
growth.

Additionally, ICT investments can be related to a sharp drop in ICT equipment 
exports and imports (Baudchon, 2002). Pradhan and Sahoo (2021) found short- and 
long-term relationships between financial inclusion and economic growth in mobile 
phone market. These results support those of Pradhan et al. (2017a) , who found a 
long-run equilibrium relationship between broadband penetration, financial devel-
opment and economic growth. Pradhan et  al., (2016a, 2018a) identified Granger 
causality among economic growth, telecommunications infrastructure and financial 
development, as information technology policy formulation plays an important role 
in ICT infrastructure development. Sachwald (2006) and Xing (2014) found that 
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high-technology products positively contribute to the ICT trade balance. The finan-
cial access is positively related to ICT innovation (Friedewald et al., 2004; Lazonick, 
2009; Diniz et  al., 2012; Yeo et  al., 2014). In addition, patent applications bring 
the trust of customers, then enhance the positive growth of high-technology exports 
(Cavdar & Aydin, 2015; Kabaklarli et al., 2017) as well as the digital applications 
exported by FinTech companies. In fact, ICT infrastructure development is a main 
factor in achieving sustainable economic development (Pradhan et  al., 2021), and 
created technological and economic policies are important for ICT penetration, 
financial sector development and economic growth (Pradhan et  al., 2017b). The 
findings of many studies are in line with our results related to risk performance and 
how ICT exports and imports push towards an increase in the technological perfor-
mance risk proxy (Gnanasambandam et al., 2012; Caruana, 2016; Asongu & Odhia-
mbo, 2018; Ozili, 2018).

6 � Conclusion and policy implications

Financial access has been gaining attention in emerging and developing economies 
around the world. The main topic of concern involves individuals and firms who have 
access to financial products. Another issue is that some groups may be excluded from 
accessing financial services because of a lack of sufficient income or because of high-
risk financial conditions that are unattractive to banks and other financial institutions. 
Meanwhile, all countries seek to increase their technological exports to create a positive 
ICT trade balance that reflects the extent of their technological progress.

The present study aimed to show the impact of financial access and ICT trade 
balance on digitalization in 31 OECD countries over the period of 2008–2019. Since 
digitalization has a dark side and a bright side, it is necessary to examine indicators 
to determine country-level digitalization trends. The main findings were consistent 
and confirmed by PLS, FE, RE, FGLS and S-GMM estimators. Financial access had 
a significant negative impact on digitalization proxies and reflected the dark side 
of digitalization in all estimators. This indicates that a lack of trust in the financial 
services systems among consumers hinders financial inclusion efforts, reducing the 
positive impact on digitalization indicators and reflecting the dark side of digitaliza-
tion. However, trust functions as a strong tool for reducing uncertainty in complex 
environments. Therefore, policy makers must make significant efforts to establish 
safety regulations and awareness of the different types of financial products and ser-
vices delivered through digital business. Furthermore, consumers should know their 
rights and obligations in the digital world.

The findings also showed that the ICT trade balance had a significant posi-
tive impact on digitalization proxies and reflected the bright side of digitaliza-
tion in most estimators. These results indicate that a large amount of spending 
on technology-intensive equipment requires adequate knowledge of rights and 
full awareness about the digitalization for adopting the bright side of digitaliza-
tion and rising the user’s trust. Managing digitalization in a secure manner pre-
vents unauthorized access to personal information and reduces risks related to 
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behaviors involved in digital commerce, which contributes to the creation of an 
appropriate environment for adopting digitalization.

The study findings can help policy makers assess the implications of the dark 
and bright sides of new technologies and identify the merits and risks related to 
their use in finance in OECD countries. Significant growth in the development 
of digital financial and service products and the global nature of many electronic 
financial applications have led to the promotion of consistent procedures and pol-
icy responses to prevent regulatory control and address emerging risks. Moreover, 
the COVID-19 pandemic has accelerated the digitalization of public administra-
tion and financial systems in OECD countries, which ensures mean their sustain-
able internal and external competitiveness. This has encouraged increased coor-
dination of global programs. Furthermore, the adoption of digitalization has great 
implications for government attention to the efficient implementation of financial 
access via innovative technologies (FinTech).

The negative implications of digitization include the inability of individuals to 
access finances due to the high costs of technology. In other words, the exclusion of 
vulnerable population groups has created a gap between technological progress and 
social impact. This situation has made it difficult to build social and political systems 
capable of appropriately directing digitization to serve society. In addition, most dis-
putes between countries have centered on digital patents, weakening negotiations 
between countries between countries. Moreover, the merits of digitalization are con-
strained by structural factors, such as limits on access to data and information manage-
ment, use and speed process, social inequalities and low competitiveness.

Policy makers should encourage digital financial transactions within a secure 
framework and with easy terms and ensure awareness of the importance and 
accuracy of financial transactions and the speed of their implementation in a low-
risk framework. They should also work to clarify the best method for mitigating 
potential risks in credit through digital programs, while continuously monitoring 
the use of digital credit. Policy makers have played a role in enabling efficient 
digital transformation in OECD countries by ensuring that the necessary com-
plementary factors are achieved. Specifically, policy makers should promote the 
following actions to support digitalization for successful digital transformation: 
(1) upgrade skills by enhancing education and training systems’ provision of the 
cognitive, technical and managerial skills that are crucial for digital economies; 
(2) promote efficient labor and capital reallocation; (3) deal better with new com-
petition challenges; (4) minimize the financial constraints that hinder digitaliza-
tion; and (5) support more digital government services as well as the tax system 
related to digitalization. Six OECD countries were excluded from the present 
study due to unavailable data, which is considered a limitation. Future studies 
should consider environmental, income index and socioeconomic indicators, such 
as internet crime, identity theft and related issues, cyberattacks and loss of pri-
vacy, as factors determining the dark and bright sides of digitalization.
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Appendix A: Definitions of the variables

Variable and abbreviation Definition

Independent variables
Financial access (LOGCBB) This refers to ability of individuals and enterprises 

to obtain unlimited access without hindrance to 
all financial services, such as credit, deposits and 
electronic payments, which are covered by all 
risks

ICT trade balance (ICTTB) This refers to the difference between exports and 
imports in the trade balance for electronic goods, 
such as computers

Dependent variables
Ethical proxy measured by secure internet servers 

(LOGSIS)
This includes the protection of all online transac-

tions through secure encryption
Technological growth proxy measured by high-

technology exports (% of manufactured exports) 
(LOGHTE)

This refers to products that require a high expendi-
ture of research and development, such as phar-
maceutical transactions, aerospace and computers 
and other electronic equipment

Technological innovation proxy measured by pat-
ent applications, residents (LOGPA)

This represents protection for the owner of the 
invention and the patent for a certain period 
within a particular country

Technological performance risk proxy measured 
by productivity through individuals using the 
internet (% of population) (LOGIUI)

This refers to the number of internet service users 
in the world

Control variables
GDP per capita growth (annual %) (GDPG) This is the gross domestic product divided by the 

purchase prices of the total added value of all 
productive sectors in the economy in addition to 
the product taxes

Inflation, GDP deflator (annual %) (IGD) This includes the annual growth in the prices for 
goods and services and reflects price changes 
at the level of the economy as a whole. In other 
words, it includes the current domestic prices in 
relation to the gross domestic product, which is 
evaluated at the constant domestic price

Trademark applications, direct resident 
(LOGTMA)

This includes applications that are registered as a 
trademark at the local and regional levels to estab-
lish their intellectual property rights

Automated teller machines (ATMs) (LOGATM) This measures the extent of individuals’ ability to 
carry out financial operations through an elec-
tronic teller machine without the need for a teller 
employee or a visit to a bank

Source: World Development Indicators (2019)
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Appendix B

The OECD’s 37 members are: Austria, Australia, Belgium, Canada, Chile, Colom-
bia, Czech Republic, Denmark, Estonia, Finland, France, Germany, Greece, Hun-
gary, Iceland, Ireland, Israel, Italy, Japan, Korea, Latvia, Lithuania, Luxembourg, 
Mexico, The Netherlands, New Zealand, Norway, Poland, Portugal, Slovak Repub-
lic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the 
United States.
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