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ABSTRACT

Studies on the tripartite nexuses among information and communication technology
(ICT), financial development (FD), and banking sector efficiency have largely produced
mixed findings. More importantly, how countries’ levels of ICT advancement moderate
FD-banks efficiency interlinkages need to be re-assessed. By utilizing data from 48
African countries covering 2004 to 2021 in assessing the tripartite interlinkages, the
empirical findings based on the system Generalized Method of Moments (GMM) show
that ICT goods imports significantly impact the banking sector positively in enhancing
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financial access to allocate finance efficiently: Individuals using the internet enhances
the banking sector’s efficiency. Fixed telephone subscriptions, Mobile cellular subscrip-
tions, and secured internet servers impact banking sector efficiency insignificantly.
Financial formalization and informalization significantly impact banking sector effi-
ciency positively, except in the case of ICT goods imports being added to the equation.
On the moderating role of the ICT proxies, our finding showed that how ICT moderates
the impact of FD on banking sector efficiency is conditioned on both the proxy of ICT
and FD. Further findings show an inverted U-shaped relationship between individuals
using the internet, ICT goods imports, and the banking sector efficiency nexus. The
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study discusses the implications for policy and makes key recommendations to improve (ICT); finance

ICT infrastructure and FD.

IMPACT STATEMENT

The role of financial development in banking sector efficiency cannot be overempha-
sized. At the same time, how information and communication technology (ICT) mediate
the link between financial development and banking sector efficiency is gaining traction.
This study therefore examines these tripartite relationships. Based on the findings, it is
uncovered that the integration of ICT into the banking industry can provide efficiency
gains that are not directly related to financial sector formalization or informalization.

1. Introduction

Positive shocks in technological development have a significant positive impact on economic growth,
while negative shocks have a detrimental effect. Similarly, positive shocks in financial development have
a positive influence on the economy, while negative shocks have a negative impact (Giri et al., 2023).
Furthermore, there is a positive linear relationship between the Global financial technology (FinTech)
and the sub-index of Financial Markets, particularly its components such as Financial Markets Depth and
Efficiency (Lavrinenko et al., 2023). Additionally, a positive linear relationship is observed between the
Global FinTech Index and the sub-index of Financial Institutions Depth, while a negative linear relation-
ship is found between the Global FinTech Index and the sub-index of Financial Institutions Access
(Lavrinenko et al,, 2023).
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The role of information and communication technology (ICT) cannot be over-emphasized. Globally,
ICT penetration continues to grow at disproportionate levels as the majority of countries in Africa lag
relative to those in developed economies. Indeed, the majority of African countries have experienced a
different pattern of development due to the digitization of their economies (Ejemeyovwi et al., 2021).
Based on the benefits of ICT in fostering development, policies of the Government can utilize the under-
lying penetration to achieve the Sustainable Development Goals (SDGs) in Africa. Rapidly advanced tech-
nologies such as innovation, mobile money as well as the development of E-Banking, M-banking, and
mobile interoperability are guaranteeing the conditions for financial access in Africa (Ahmad et al,
2020). In addition, the contribution of ICT in African countries is tremendous as this leads to expansion
in their economies (see Kpodar & Andrianaivo, 2011), accordingly, one such contribution is cell phone
penetration leading to more financial inclusion.

Globally, African countries are far behind in the development of their financial sectors as compared to
others (see Tchamyou & Asongu, 2017) even though, increased access to finance leads to increased oppor-
tunities for businesses and households to invest which eventually end up with a positive development
externalities impact. The instinct underlining the linkages between finance, poverty, and inequality partly
builds on the finance and growth relationship which has been documented in the economic development
literature (Kappel, 2010). FD helps reduce information costs as well as transaction costs, which end up
reducing the financing challenges of micro and macroeconomic agents (Demirgug-Kunt & Levine, 2009).
There is less theoretical and empirical literature to support the view that, FD leads to banking sector effi-
ciency and the end benéefit is a reduction in poverty and inequality as access to finance is enhanced.

Literature on African business supports the idea that financing the continent’s investment growth
needs depends on capital sourced domestically (Bartels et al., 2009; Darley, 2012; Rolfe & Woodward,
2004; Tuomi, 2011). The internal source of financing can be achieved when financial intermediaries
actively performed their basic role of transforming domestic mobilized deposits into credit (Asongu &
Nwachukwu, 2019).

It is rather surprising to note that, the internal financing needs of the African continent extremely
contradict the view of a large documented liquidity surplus with financial institutions (Asongu, 2014).
Again, the empirical literature has conceived and measured the efficiency of financial sector develop-
ment (FD) in terms of financial intermediaries’ ability to transform mobilized deposits into credit (Al-
Obaidan, 2008; Ataullah et al., 2004). The indicators of the efficiency of FD used in the literature of FD in
Africa are profit efficiency (see Hauner & Peiris, 2005); technical efficiency-DEA (see Kablan, 2009), and
cost efficiency (see Mensah et al., 2012) But this study departs from those indicators by using financial
sector formalization and informalization as indicators for FD.

According to the abundant documented empirical literature on FD, improving access to finance
through banking sector efficiency is a key ingredient in boosting investments for reducing unemploy-
ment, enhancing the welfare of households as well as improving businesses, inter alia (see Asongu et al.,
2020; Dakhlia et al.,, 2021; Tchamyou et al., 2019; Tsaurai, 2020).

Our study filled the gaps by examining how a country’s level of ICT development enhances FD and
banking sector efficiency nexus. Indeed, to the best of the researchers’ knowledge, how ICT moderates
the linkage between FD and banking sector efficiency has not been dealt with in the extant literature,
especially the use of ICT goods imports, an individual using the internet, fixed telephone subscription,
mobile cellular subscription, and secured internet servers as proxies for ICT. This study, therefore, exam-
ined the tripartite linkages among ICT, FD, and banking sector efficiency in Africa through the GMM
approach. This study again makes important contributions to the literature in different ways as follows:
theoretically and empirically, assessing the linkages between the level of ICT development and FD-bank-
ing sector efficiency nexuses impact a lot on ICT and finance theories. Also, the study models question
whether cross—country differences in ICT infrastructure explain FD and banking sector efficiency in
Africa. While most of the literature has studied the finance-access nexus in examining the direct effects
of finance, the highest level of FD moderated by ICT to the knowledge of the researchers is yet to be
studied in the African continent. Also, the contribution of this study is that the tripartite nexuses among
ICT, FD, and banking sector efficiency in Africa are conditioned on the indicators; the impact of FD on
banking sector efficiency is moderated by the level of a country’s ICT development in Africa; this study
has established the pragmatic means of disentangling the impact of financial formalization and
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informalization on banking sector efficiency and FD and lastly, this paper adds to the emerging theory
on financial formalization and informalization. Our findings further revealed that ICT goods imports and
Individuals using the internet significantly impact the banking sector positively in enhancing financial
access to allocate finance in Africa. However, fixed telephone subscriptions, Mobile cellular subscriptions,
and secured internet servers impact banking sector efficiency insignificantly. Financial sector formaliza-
tion and informalization significantly impact banking sector efficiency positively, except in the case of
ICT goods imports. On the moderating role of the ICT proxies, our finding showed that how ICT moder-
ates the impact of FD on banking sector efficiency is conditioned on both the proxy of ICT and FD.

The next sections of this paper are; a brief literature review, methodology, discussion of findings, pol-
icy implications, and conclusions.

2. Literature review: FD-banking sector efficiency-ICT nexuses

The stability of the banking industry is key to the development of an economy. One of the motivations
for the adoption of advanced technologies in the banking industry is to promote the financial perform-
ance of financial institutions through improvement in their corporate and retail financial activities. The
adoption and use of digital financial services in the banking industry have enhanced withdrawals, and
deposits, among other financial activities (Otieno & Ndede, 2020).

The theoretical perspective being the lynchpin of this paper is; imperfect information and financial
intermediation. The theory of imperfect information with Akerlof (1970) and Spence (1973); Rothschild &
Stiglitz as the early pioneers who expanded it argued that deposit-taking institutions lack adequate
information to be able to economically analyse the risk associated with credit seekers. The existing theo-
ries posit that the informal credit givers (lenders) have superior information about loan seekers than the
formal credit lenders thereby making the financial market competition unfair. Current theories of finan-
cial intermediation are built on the imperfect nature of the economy in terms of information. Financial
institutions specifically deposit-taking institutions are established to aid in decreasing information asym-
metry through transaction and information search cost reduction among those with the excess fund
(lenders) and those short of funds (borrowers) (Claus & Grimes, 2003).

Therefore, concerning this study, financial institutions in the formal and informal financial sectors
serve as the intermediaries that adopt digital financial technology to increase their network coverage to
get deposits at a cheaper cost to borrow at favourable terms.

Empirically, a recent study by Giri et al. (2023) has found a cointegrating relationship between techno-
logical development, financial development, and economic growth over the long term. The research indi-
cates that positive shocks in technological development have a significant positive impact on economic
growth, while negative shocks have a detrimental effect. Similarly, positive shocks in financial develop-
ment have a positive influence on the economy, while negative shocks have a negative impact. The study
also confirms a bi-directional causality between technological development and economic growth, as well
as bi-directional causality between economic growth and financial development. Additionally, there is a
unidirectional causality from negative economic growth to negative technological development, and
negative financial development also affects economic growth in a unidirectional manner.

Lagna & Ravishankar (2021) posit that Fintech has a significant capacity to aid the less privileged in
society to access financial services thereby aiding them to improve upon their economic situation. Based
on a review of literature on information systems (IS) and ICT4D on financial inclusion, Lagna &
Ravishankar (2021) further argued the following as the areas that highlight Fintech contribution to finan-
cial access: business plan for fintech-led financial access; digital artefacts of fintech-led financial access;
business environment impacts of fintech; micro-foundation of fintech for financial access and develop-
mental impacts of fintech.

Azumah et al. (2020) used the statistical model of probity regression to analyse data from 296 survey
respondents in Ghana on the impact of workers in the informal sector mobile banking service usage on
their banking behaviour. The findings evidenced that, despite the favourable implications of M-Banking
services on M-Banking, the banking behaviours of the clients are still challenged. The findings also
revealed that savings are significantly ineffective, despite the introduction of M-Banking Services. The
authors concluded that, despite the unfavourable outcomes, M-Banking services are still a strong
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weapon to capture all or most of the workers in the informal sector into the formal financial stream
with the appropriate adjustment to curtail the challenges associated with M-Banking Services such as
the issue of security and risks.

Asongu et al. (2019), investigated the impact of information-sharing offices on loan quantity and price
with ICT in a panel of 162 banks made up of 42 countries in Africa within the time frame 2001 to 2011
using the Generalized Method of Moments with quartile regressions. The result indicated that; the price
of loans is significantly reduced as well as the number of loans significantly appreciates when ICT is
combined with the role of public credit registries; ironically, the net impact of the linkages between
Private Credit Bureaus (PCBs) and ICT does not enhance financial access, but the marginal impact indi-
cates that ICT could support the features of PCBs to decrease the prices of the loan and increase the
amount of the loan only when certain thresholds of ICT are met. This investigation was based on the
idea of how advancement in technology can be leveraged by the financial industry in decreasing infor-
mation asymmetry with the end goal of enhancing financial access.

On the appropriateness of which E-finance service is suitable for promoting banking sector efficiency
and FD, David-West et al. (2019) carried out a literature review on the essence of ICT in financial service
accessibility. The review was to articulate the importance of mobile money in tackling financial inclusion
to address the concern of the appropriate digital financial innovation that can best promote financial
inclusion and financial system deepening. It was revealed that cell phones by their nature of portability
and ease of use proved to be a key opportunity to encourage the poor as well as those in rural areas to
use financial services. It was further argued that in the light of other innovative solutions in financial
technology (FinTech), mobile money was still superior in enhancing financial access thereby reducing
financial exclusion. Also, the adoption of new innovative ways of payment has seen the usage of
Electronic Finance (E-Finance) in Africa, which has helped reduce the inability of people living in rural
and urban areas access to financial opportunities. One such innovative technology adopted by the
Tanzanian government is the electronic transfer of money with the sole aim of enhancing financial inclu-
sion (Kihamba, 2019). Consequently, the author empirically examined the indicators for financial inclu-
sion and the problems associated with the electronic transfer of money, namely; security risks and
cybercrimes such as spies, theft, hacking, and fraudster in Tanzania. Kihamba (2019) further argued that
E-finance is one of the innovative tools to enhance financial inclusion as these benefits not only public
institutions, but private institutions as well in making financial opportunities affordable, accessible, and
relevant to households and firms.

Tchamyou (2020) findings argued that despite the kind of FD indicators, credit registries still help to
reduce financial access challenges with the end goal of achieving income equality. This argument is
based on the analysis of information-sharing tasks in facilitating the impact of access to finance on
income inequality using 48 countries in Africa for 10 years (2004 to 2014) period.

Paa et al. (2020) using panel econometric techniques, namely FMOLS, panel unit root test, and cointe-
gration test assessed traditional banks in SSA efforts to access financing via the mobile payment role
using 11 countries’ data sourced from World Development Index for 6years (2011 to 2017) period. The
result revealed that, inter alig, in the long-run mobile payment growth and the number of ATMs, owner-
ship of formal accounts and the number of new branches on the other hand have a significant and posi-
tive nexus. They further posit that, despite disruptive technologies emerging, traditional banks’ structure
still makes them competitive, thereby leading to enhanced access to finance in the sub-region (SSA)
which eventually promotes sustainable growth in the financial system.

3. Methodology
3.1. Data

Data for this study were sourced from the Global FD Indicators (GFDIs) and the World Development
Indicator (WDI) from the World Bank online databases. Annual panel data were used for the period 2004
to 2021 from 48 countries in Africa. The choice of these countries is a result of the availability of data
for the period under consideration with key attention to the variables of interest, thus, banking sector
efficiency, FD, and ICT.
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The banking sector finance allocation efficiency examines the banking institution’s ability to transform
money deposits into credit. As a result, this was measured by the banking-system efficiency, specifically,
it measures credit to deposits in the banking system (Bank credit to bank deposits (%)), (see Asongu &
Nwachukwu, 2019; Baltagi et al., 2009; Rajan & Zingales, 2000).

The proxies adopted for FD are based on financial sector competition. The competition is proxied by
the formalization and informalization of the financial system of a country. These proxies are consistent
with the extant literature (see Asongu, 2014, 2015; Asongu & Nwachukwu, 2019). While financial forma-
tion is taken as the proportion of bank deposits to broad money ratio, financial informationalization is
measured by the difference between financial deposits and bank deposits in broad money ratio.
Following the existing literature (see Asongu & Nwachukwu, 2019; Ibrahim et al., 2019), the ICT infra-
structure is proxied by five indicators, namely; (i) ICT goods imports (ii) individuals using the internet (iii)
mobile cellular subscriptions (iv) fixed telephone subscriptions and (v) secure internet servers.

Based on the extant literature (see Asongu et al,, 2019; Asongu & Nwachukwu, 2017, 2019; Huang &
Temple, 2005; Nyasha & Odhiambo, 2015; Osabuohien & Efobi, 2013; Owusu & Odhiambo, 2014), we
include control variables such as inflation — a proxy for macroeconomic instability, GDP - a measure of
economic size, trade openness — an indicator of countries’ extent of integration with the world, gross
fixed capital formation — a proxy of infrastructure stock and population growth. Table 1 below summa-
rizes the variables.

3.2. Empirical strategy

This study re-examines the role of ICT in moderating the relationship between FD and banking sector
efficiency by positing a model where banking sector efficiency is a function of its lag, ICT infrastructure,
FD and other control variables as shown in Equation (1) below:

BSE,’t = (UOBSE,'t_] + w, lCT,’t + (l)zFDjt + (U3CON,’{ + &jt (1)

where BSE;; represents banking sector efficiency with BSE;_; as its lag, which is used to measure coun-
tries’ initial conditions of banking sector efficiency; ICT; is the vector for ICT proxied by ICT goods
imports, individual using the internet, fixed telephone subscription, mobile cellular subscription, and
secured internet servers; FD; is the vector for FD proxied by financial formalization and informalization;
CONj; is the vector for the control variables namely GDP growth, gross fixed capital formation, inflation,
trade openness, and population growth while g; is the error term.

Thus, from Equation (1), the impacts of ICT and FD are respectively measured by ®; and ®,. We fur-
ther examine how ICT mediates the relationship between FD and banking sector efficiency by including
a multiplicative term of FD and ICT into the banking sector efficiency equation in (1) above. The addition
of an interactive term of ICT;; and FD;; results in the model below:

Table 1. Summary of variable definition.

Variable Name Variable Label/Definition Source
Banking sector efficiency Bank credit to bank deposits (%) Global Financial Development Indicator
(GFDI), World Bank
ICT ICT goods imports (% total goods imports) World Development Indicators (WDI), World
Individuals using the Internet (% of the population) Bank

Fixed telephone subscriptions (per 100 people)
Mobile cellular subscriptions (per 100 people)
Secure internet servers (per 1 million people)

Financial development Financial formalization is proxied by bank deposit to Asongu and Nwachukwu (2019)
broad money ratio
Financial informalization is proxied by the
difference between financial deposit and bank
deposit to broad money ratio
Control variables GDP (constant 2010 US$) World Development Indicators (WDI), World
Trade (% of GDP) Bank
Gross capital formation (% of GDP)
Inflation, consumer prices (annual %)
Population growth (annual %)
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BSEi; = woBSEjt—1 + w1ICT ;¢ + wyFDj + ‘I’((m ICT;; x (l)zFD,'t) + w3CON; + Wit (2)
Hie = Bi + ve + &ir

where f; is the unobservable country fixed effect; v; represents the associated time effects and, 1, is the
idiosyncratic random term. From Equation (2), ¥ represents the coefficient of the interactive term and
this coefficient is meant to explain in more detail how ICT influences FD and access nexus. Four conclu-
sions can be deduced from Equation (2): first, when o, > 0 and ¥ > 0, implies FD improves banking
sector efficiency in allocating finance and higher ICT development heightens the impact of FD on bank-
ing sector efficiency. Secondly, m; > 0 and ¥ < 0, suggests FD enhances banking sector efficiency and
higher ICT development dampens the banking sector efficiency impact of FD. Thirdly, when ®, < 0 and
Y > 0, suggests that, FD does not improve banking sector efficiency and higher development of the
ICT environment dampens the negative effect of FD on the efficiency of the banking sector. Finally,
when ®; < 0 and ¥ < 0, implies that FD does not improve efficiency of banking institutions to allocate
finance and higher ICT advancement enhances the efficiency of the banking sector in allocating finance.
We determine the net effect of FD given the level of ICT development by partially differentiating
Equation (2) with respect to FD and evaluating the outcome at different levels of ICT was determined in
the equation below:

OBSE};
= YICT; 3
8FD,‘{ )] + it ( )

In addition, we determine whether ICT is non-linearly related to banking sector efficiency by introduc-
ing a square term of ICT into the baseline equation.

BSE; = woBSEit_1 + 01ICT}t 4 ¢ICT;¢* + w,FDjt + w3CONe + 1 (4)
Hie = PBi 4 v + &t

It is imperative to note that, the inclusion of the lagged term of banking sector efficiency into the
above equations indicates the probability of correlation between the drivers of banking sector efficiency
and the random term. This is due to BSE;_; depending on g;_1 which also influences B;. When this hap-
pens, the specified models are likely to be affected by Nickell (1981) bias resulting from the potential
correlations (see lbrahim and Vo, 2021). Additionally, there is the possibility of endogeneity based on
the nature of the regressors. As a result, this paper controls for this possibility by employing the two-
step system generalized method of moments (GMM), which is applied relying on the lagged differences
as instruments in the level equation. In the first difference equation, the lagged levels of the independ-
ent variables (regressors) are used as instruments (see Arellano & Bover, 1995; Blundell & Bond, 1998).
However, the reliability of the GMM estimates is contingent on the validity of the instrumental variables,
which we test using the Sargan-Hansen test for instrument exogeneity. To avoid instrument prolifer-
ation, we employ the Roodman (2009) technique, which do not only collapse the number of instruments
but also incorporates issues of panel cross-sectional dependence in order to produce reliable and con-
sistent estimates.

It is imperative to note that, we apply the ‘gmmstyle’ in the estimations since the independent varia-
bles are assumed to be endogenous. In addition, the time periods (years) were assumed to be exogen-
ous and estimated as ‘iv(years, eq(diff). Following Love & Zicchino (2006), we apply the Helmet
transformations to remove any potential fixed effects.

4. Findings

This section discusses the findings of the study. We begin by presenting the summary statistics as
shown in Table 2. We find that, banking sector efficiency proxied by bank credit to bank deposit is
73.35%, suggesting that banks are largely able to transform deposits into credits.
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Table 2. Summary statistics.

Observations Mean Standard deviation Minimum Maximum
BcBd 657 73.354 26.024 18.025 164.619
ICTgoods 536 4.007 2.054 0.006 12.774
Indivinterusauge 666 12.056 13.798 0.031 61.762
SecInterServ 372 553.971 8212.294 0.00 155191.3
MobCelSub 671 57.905 41.305 1.264 175.873
Fixedtel 665 3.804 6.20 0.00 32.669
FinForm 653 1.13 3.719 0.083 53.834
Finlnform 637 —0.247 2.121 —25.665 0.952
gfCapform 625 23.991 9.931 —0.098 77.89
Trade 645 77.886 41.837 19.101 347.997
Inflation 641 6.55 6.481 —-8.975 43542
GDP 659 3.638e 410 7.776e + 10 1.379% + 08 4619 + 11
Popgrowth 672 2.352 0.965 —-2.629 4.655
Number of countries 48 48 48 48 48

Notes: ICTgoods-ICT goods imports; SecInterServ-Secure Internet servers; BcBd-Bank Credit to Bank Deposit; MobCelSub-Mobile cellular sub-
scriptions; Indivinterusauge-Individuals using the Internet; Fixedtel-Fixed telephone subscriptions; FinForm-Financial Formalization; Finlnform-
Financial Informalization; gfCapform-Gross fixed capital formation; Trade-Trade; GDP-Gross Domestic Product; Popgrowth-Population growth;.
Sourced: Authors’ compilation.

4.1. Examining the validity of the results

The validity and reliability of the two-step system GMM (Generalized Method of Moments) output was
conducted employing several diagnostic tests. The tests aim to evaluate the robustness of the regression
models and instrumental variable assumptions. With reference to the Tables 3-5 under diagnostic test,
the following are evidenced as to the validity of the results.

The first set of tests includes the F-statistics, which indicate that each regression model is significant
at 0.0000. We also examine the overidentification restriction, heteroscedasticity, autocorrelation, and
weak instrument bias. The Cragg-Donald Wald-WIR test also supports the finding that weak instrument
bias is not present in the instrumental variable regressions (see Cragg & Donald, 1993). Therefore, the
instrumental variables used in the analysis are reliable. The incremental tests which is an alternative test
to ‘difference Sargan-Hansen’ tests (see Kripfganz, 2019) also support the validity of the models, as the
p-values indicate a reasonable fit and accurate estimation of the moments using both the 2-step and 3-
step weighting matrices.

Additionally, the Arellano-Bond test suggests no existence of higher correlation in the first-differenced
residuals, indicating no autocorrelation. The use of system GMM is justified by having a greater number
of groups (48) than instruments (37), according to Roodman’s and Kripfganz's argument on the use of
the system GMM (see Kripfganz, 2019; Roodman, 2009).

The correlation matrix reveals moderate correlation between variables as the coefficients are not
above the 0.8 benchmark as shown in the Appendix A. Overall, the robustness tests prove the findings
to be valid for policy decisions.

4.2. First, effects of ICT and FD on banking sector efficiency

This section presents the results on the effects of ICT and FD on the banking sector efficiency in Africa.
We conduct two levels of analysis in Table 3. The first analysis examines the impact of ICT infrastructure
on banking sector efficiency in the presence of financial formalization while the second analysis consid-
ers the effect of ICT on banking sector efficiency controlling for financial informalization. As shown in
Table 3 (columns 1-5), it can be observed that ICT goods imports and individual internet usage positively
and significantly drive banking sector efficiency proxies by bank credit to a bank deposit. While this
holds, the impact of ICT goods imports is higher. Specifically, a unit-percentage change in ICT goods
imports and individuals using the internet increased banking sector efficiency by 0.3249% and 0.1509%
respectively. However, while fixed telephone subscriptions, mobile cellular subscriptions, and secured
internet servers negatively affected the banking sector efficiency, only the impact of fixed telephone
subscriptions is significant.

Concerning financial formalization from columns (1) to (5) showed a significant positive effect on
banking sector efficiency except for column (2). This suggests that financial formalization aids banks to
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allocate finance efficiently, while, only column (6) revealed a significant negative effect of financial
informalization on banking sector efficiency. This suggests with the existence of fixed telephone sub-
scriptions, the informal financial sector does not support banks in improving financial activity. These
findings suggest that the formal financial sector overall aid the banking sector to allocate finance effi-
ciently, while the informal financial sector significantly does not aid the banking sector in allocating
finance efficiently. These findings on financial informalization contrast with (Asongu & Nwachukwu,
2019).

From columns (1) and (6) of Table 3, under financial formalization (informalization), a percentage rise
in ICT goods imports heightens (heightens) the banking sector by 0.3249% (0.0933%) respectively. But
the heightened effects of financial informalization are insignificant. Thus, the heightened effect of ICT
goods imports suggests an increase in a country’s import of ICT goods improved financial access
through the enhancement of the banking system efficiency proxies by bank credit to bank deposits.
Concerning financial formalization (informalization), there is a positive (negative) and strong significant
effect on Bank credit to bank deposits with coefficients of 10.1442 (—0.2119). This implied a 1% increase
in financial formalization (informalization) heightens (dampens) financial access through the improve-
ment of the banking sector efficiency in allocating finance but the dampening effect from financial
informalization is not statistically significant.

Also, from columns (2) and (8), under financial formalization (informalization) respectively, a percent-
age increase in individuals using the internet heightens (heightens) the efficiency of the banking sector
with coefficients of 0.1509% (0.1672%). The heightened effects of individuals’ internet usage suggest an
increase in a country’s internet usage by individuals improves banking sector efficiency in allocation
finance hence enhancing access to finance. Concerning financial formalization (informalization) effects
on Bank credit to bank deposits, a percentage increase in financial formalization (informalization) damp-
ens (heightens) Bank credit to bank deposits by —0.0486% (0.0030%). Unfortunately, these effects are
insignificant.

For fixed telephone subscriptions under the financial formalization (informalization) from columns (3)
and (8), a percentage rise in fixed telephone subscription significantly dampens (dampens) Banking sec-
tor efficiency with coefficients of —2.9271% (—3.0236%). This dampens the effect of fixed telephone sub-
scriptions suggesting that an increase in a country’s fixed telephone subscription reduces the banking
sector’s efficiency in allocating the finance, hence, financial access becomes a challenge. Then for a
financial formalization (informalization), a percentage increase heightens (dampens) Bank credit to bank
deposits by 0.2194 (—0.0111), but the dampening effects from financial informalization are insignificant.
The heightened effects suggest that financial formalization improves banking system efficiency enhanc-
ing financial access via Bank credit to bank deposits.

Now concerning mobile cellular subscriptions from columns (4) and (9), a percentage increase damp-
ens (heightens) Bank credit to bank deposits by -0.0010% (0.0126%), but these effects are statistically
insignificant. From the same columns concerning financial formalization (informalization), a 1% rise in
financial formalization (informalization) significantly heightens (insignificantly heightens) Bank credit to
bank deposits with coefficients of 0.12905 (0.0252%).

Lastly, columns (5) and (10) of Table 3, revealed that a percentage appreciation in securing internet
servers insignificantly dampens (dampens) Banking sector efficiency with coefficients of -0.0000%
(—0.0000%). These insignificant dampening effects of secured internet servers suggest ensuring a strong
secured internet server has nothing to do with the banking sector improving access to finance effi-
ciently, but the positive and 1% significance of financial formalization effect on Bank credit to bank
deposits suggests a heightened effect between the two, with a coefficient of 29.4484%, this suggests
that financial access via Bank credit to bank deposits is enhanced when there is a 1% increase in FD via
financial formalization.

4.3. Secondly, the moderating role of ICT in banking sector efficiency and FD nexus

This paper further investigated the moderating role of ICT in the interactions between FD and banking
sector efficiency, since FD improves access to finance via the efficiency of the banking sector. The reason
was to establish whether the ICT proxies dampen or magnify the direct effect of FD on banking sector
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efficiency. The results of these assessments are shown in columns 1-10 of Table 4, under financial for-
malization and informalization, all the ICT proxies maintained their earlier coefficient signs, except
mobile cellular subscription which changed from positive to negative. It can also be observed that the
coefficients of ICT goods import and individuals using the internet have increased whiles the other ICT
proxies’ coefficients have reduced under financial formalization. Under financial informalization, ICT
goods import, fixed telephone subscription, and mobile cellular subscription coefficients have increased
(in absolute terms) while individual internet usage and secured internet servers’ coefficients have
reduced (in absolute terms).

The coefficients for financial formalization as moderated by the ICT proxies have reduced except the
coefficient of financial formalization moderated by fixed telephone subscription from column (3) that
have increased (in absolute terms). Concerning financial informalization, all the coefficients have been
reduced.

Concerning the mediating roles of the ICT proxies in financial formalization (informalization) and the
banking sector efficiency nexus, it is evidenced that, ICT goods import and secured internet servers had
a negative and significant interactive term with financial formalization, while fixed telephone subscrip-
tion had a positive and significant interactive term with financial formalization. The interactions between
individuals using the internet and mobile cellular subscription were insignificant. Therefore, while
enhanced financial formalization does aid Banks' efficiency in allocating credit, the higher a country’s
level of ICT goods imports and secured internet servers, the lower the direct improvement of FD on
banking sector efficiency in allocating finance except in the case of fixed telephone subscription that
revealed an inverse mediating effect. The insignificant nature of individuals using the internet and
mobile cellular means those proxies have nothing to do with the banking sector’s efficiency. For finan-
cial informalization interacting with the ICT proxies, it is observed that ICT goods imports, fixed tele-
phone subscriptions, and mobile cellular subscriptions negatively gave a significant interactive term,
while the interaction from secured internet servers was significantly positive. The negative interaction of
individuals using the internet was insignificant. It can be deduced from these negative results that, while
financial informalization does aid banking sector efficiency, the higher a country’s level of ICT develop-
ment, the lower the direct impact of financial informalization on the banking sector efficiency in improv-
ing financial access except in the case of secured internet servers that revealed an inverse mediating
effect.

Besides, the study evaluated the net effect, which hinges on the unconditional/direct effect, the con-
ditional/indirect effect, and the corresponding coefficient (interactive term). In doing this, the net effect
of financial formalization (informalization) is calculated by taking the derivative of private credit by
deposit money banks concerning financial formalization (informalization), and the outputs are evaluated
at the means, minimums, and maximum level of the ICT proxies. In doing this, the net effect of financial
formalization (informalization) through the ICT proxies when evaluated by the means of ICT goods
import is 2.4220% (—0.2263%) and the other ICT proxies revealed effects ranging between 0.0048%
(=1.3250%) and 24.2072% (—0.2116%) respectively. The same partial derivative when evaluated at the
minimum level of countries’ ICT proxies ranges between 0.0071% (—0.756%) and 26.3126% (0.864%).
The net effects of the ICT proxies at their maximum levels range between —563.4132% (—108.458%) and
68.7415% (0.933948%), respectively. Thus, while ICT goods import, fixed telephone subscription,
and mobile cellular subscription do not dampen the negative net effect of financial formalization
(informalization) on Banking sector efficiency when the ICT proxies are at their minimum, the dampen-
ing/heightening net effect is higher when the ICT proxies are at their maximum.

4.4. Thirdly, threshold of ICT proxies in the nexus between FD and banking sector efficiency

Excessive and unbridled ICT beyond a certain point might be unbeneficial for the Bank credit to bank
deposits. This, therefore, suggests that there could be a potential threshold level of ICT beyond which
the impact of ICT changes. In searching for these thresholds’ levels, a square term of ICT was added to
the financial access equation and the outcome is shown in columns 1-10 of Table 5. From the results,
the coefficient of the level effect of the ICT proxies maintained their positive or negative and significant
impact, confirming the earlier evidence on the ICT-banking sector efficiency nexus except for ICT goods
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imports that change from positive significance to negative insignificant; mobile cellular subscription that
changes from negative significance to positive significance; secured internet servers change its coeffi-
cient signs. Individual internet usage and fixed telephone maintained their coefficient signs but lost
significance, However, the coefficient signs of the square term of the ICT proxies are the same as their
level impact. From Table 5 based on the interpretation of Equation (4), it is observed that the difference
in the coefficient signs of the ICT proxies at the level and their square terms (threshold effect) from
Table 5 suggest the following; first, there exists an inverted U-shape relationship between ICT goods
imports and the banking sector efficiency, secondly, there exists an inverted U-shape relationship
between the individual using the internet and banking sector efficiency, thirdly, there exists a U-shape
relationship between fixed telephone and banking sector efficiency, fourthly, there exists a U-shape for
the relationship between secure internet servers and banking sector efficiency, but for mobile cellular
and banking sector nexus, there exists a U-shape under financial formalization and an inverted U-shape
under financial informalization.

The marginal impact of ICT goods imports, individuals using the internet, and fixed telephone. Based
on these marginal effects, the study further investigated the thresholds at which the ICT proxies change
the signs of the direct effect of financial formalization (informalization) on banking sector efficiency in
improving financial access via the banking sector efficiency. This again is conditioned on the fact that,
for the significance of the ICT threshold to hold, then it should lie in the range between the minimum
and maximum levels of the said variable as this is shown in the summary statistics table. Therefore, the
thresholds at which the marginal effect changes the direct/unconditional positive/negative effect of
financial formalization (informalization) from positive to negative and vice versa are; —5.4585 (—5.7160)
for ICT goods import, 36.7143 (—4.7796) for individual internet usage, —0.0034 (—1.0752) for fixed tele-
phone, —60.000 (—38.6765) for mobile cellular subscription and —6924.3684 (—251.7143) for secured
internet servers. Now comparing these thresholds to the summary statistics table suggests that only
individual using the internet and fixed telephone threshold values falls within the minimum and max-
imum range of 0.031 to 61.76 and 0 to 32.67 respectively, for financial formalization. The threshold value
of individuals using the internet fell within the minimum and maximum range of 0.031 to 61.76 for only
financial formalization.

4.5. Effects of control variables on banking efficiency

Lastly, with regard to the control variables, we find that, GDP growth negatively impacts banking sector
efficiency significantly under columns (1) and (5) of Table 3 and positively impacts banking sector effi-
ciency under (7) and (10) of the same table, but with the addition of the interactive and square terms in
the banking sector efficiency equation, the effect is significantly negative as observed from Tables 4 and
5. This implies a GDP growth does not enhance the banking sector’s efficiency in allocating finance.
Gross capital formation positively impacts banking sector efficiency significantly in enhancing financial
access, this is established under Tables 3-5. Additionally, inflation had the same impact on banking sec-
tor efficiency, this suggests that as inflation increases in Africa, the banking sector can allocate finance
efficiently. Unfortunately, trade openness significantly impacts banking sector efficiency in improving
financial activity negatively, thus as African countries open their economies to the international econ-
omy, the banking sector is unable to enhance financial activity in allocating finance efficiently, and lastly,
population growth significantly affects the banking sector efficiency negatively except under columns
2-4 of Table 3.

5. Policy implications of findings and conclusion
5.1. Policy implications of findings

Efforts targeted at encouraging access to finance in African countries have not resulted in the expected
outcomes. Empirically, aside from the political and macroeconomic reasons, studies on the drivers of
financial access have not been rigorous in assessing whether the current advancement in African
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countries’ ICT infrastructure and the development of the banking sector have any interaction in the
improvement of financial access through bank efficiencies.

The lagged banking sector efficiency coefficients being significant and positive at one percent sug-
gest conditional divergence. The implication is that the sampled countries diverge in their steady-state
financial allocation efficiency. This holds for all the model’s specifications. The findings denote that the
current levels of access to finance depend on the continent’s records on banking sector efficiency (bank
credit to bank deposit).

The findings further suggest that the impact of information and communication technology (ICT) on
the relationship between financial formalization and banking sector efficiency differs depending on the
specific aspects of ICT. The import of ICT goods and the presence of secured internet servers show nega-
tive and significant interactive terms in the nexus between financial formalization and banking sector
efficiency. On the other hand, fixed telephone subscriptions exhibit a positive and significant interactive
term. However, the interactions involving individuals using the internet and mobile cellular subscriptions
were found to be insignificant in the linkage between financial development and banking sector effi-
ciency. The implications of these findings can be understood as follows:

First, the negative and significant interaction in the relationship between financial formalization and
banking sector efficiency suggests that countries with a greater emphasis on financial formalization may
have a lower reliance on imported ICT goods and secured internet servers to achieve efficiency in their
banking sector. This may indicate a preference for domestic ICT capabilities or concerns regarding data
security, privacy, or control over critical infrastructure. Secondly, the positive and significant interaction
with financial formalization in the context of banking sector efficiency implies that countries with higher
financial formalization tend to have a greater usage of fixed telephone subscriptions in their banking
operations. This may indicate a higher reliance on formal communication channels, accessibility to reli-
able telecommunication infrastructure, or the use of fixed telephony as a means of formal and secure
communication in financial transactions. Thirdly, the insignificant interactions between individuals using
the internet and mobile cellular subscriptions in the linkage between financial development and banking
sector efficiency indicate that these forms of ICT have limited direct impact on the efficiency of the
banking sector in relation to financial formalization. This could suggest that other factors play a more
significant role in determining banking sector efficiency, or that the use of the internet and mobile cellu-
lar subscriptions in financial transactions is still not widespread or integrated enough to significantly
impact overall efficiency.

On financial development impact, the results suggest that both financial formalization and informali-
zation have a significant positive impact on banking sector efficiency. Financial formalization refers to
the process of bringing informal financial activities, such as savings groups or informal lenders, into the
formal financial system. This integration can lead to improved efficiency and effectiveness in the banking
sector. When financial activities are formalized, they become more regulated and monitored, which can
reduce risks and increase transparency. Formal financial institutions can leverage this information to allo-
cate resources more efficiently and make informed lending decisions. Additionally, formalization allows
individuals and businesses to build credit histories, which in turn enhances their access to financial serv-
ices and improves their ability to secure loans or investments. However, financial informalization refers
to the disengagement of individuals or businesses from the formal financial system and a preference for
informal financial arrangements. This could arise due to various reasons, such as mistrust in traditional
banks, limited access to formal financial services, or higher costs associated with formal financial transac-
tions. The positive impact of financial informalization on banking sector efficiency might seem counterin-
tuitive. But, informal financial arrangements can serve as a lifeline for individuals and businesses that are
excluded from the formal financial system. Informal lenders, community-based savings groups, or micro-
finance institutions can provide much-needed financial services to those who lack access to formal insti-
tutions. This can lead to increased economic activity, job creation, and poverty reduction.

However, the unique implication of this result is that the inclusion of ICT goods imports in the equa-
tion changes the relationship between financial formalization, informalization, and banking sector effi-
ciency. The impact of financial formalization and informalization on banking sector efficiency becomes
insignificant when ICT goods imports are considered. This implies that the adoption of ICT goods in the
banking sector can offset the effects of financial formalization and informalization on efficiency.
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This finding suggests that the integration of ICT into the banking industry can provide efficiency
gains that are not directly related to formalization or informalization. ICT adoption can revolutionize the
way financial services are delivered and accessed, leading to the streamlining of processes, reducing
operational costs, and improving overall efficiency. Therefore, while financial formalization and informali-
zation are still important factors, the inclusion of ICT goods imports in the equation indicates that
technological advancements play a crucial role in enhancing banking sector efficiency.

Understanding these implications can guide policymakers and industry stakeholders in designing
strategies to leverage ICT investments alongside financial formalization and informalization efforts. By
combining these factors, the banking sector can achieve higher levels of efficiency, expand financial
access, and cater to the diverse needs of individuals and businesses.

Additionally, the implication of an inverted U-shaped relationship between individuals using the inter-
net, ICT goods imports, and the banking sector efficiency nexus suggests that there is an optimal level
of internet usage and ICT goods imports that maximizes banking sector efficiency. Initially, as internet
usage and ICT goods imports increase, there is a positive impact on banking sector efficiency. However,
beyond a certain threshold, further increases in internet usage and ICT goods imports may have dimin-
ishing returns and can even have a negative effect on banking sector efficiency.

Several implications of these findings can be elucidated as follows:

First, the optimal level of internet usage: The inverted U-shaped relationship implies that while inter-
net usage can boost banking sector efficiency, there is a point at which the benefits start to diminish.
Therefore, policymakers and banking institutions need to carefully monitor and manage internet usage
to ensure it remains within the optimal range for enhancing efficiency.

Secondly, managing ICT goods imports: Similarly, the findings suggest that imports of ICT goods can
initially contribute positively to banking sector efficiency. However, beyond a certain point, excessive
reliance on imported ICT goods may lead to diminishing returns. Policies should focus on striking the
right balance between domestic production and imports, considering factors such as cost, quality, and
technological capabilities.

Thirdly, technology adoption and adaptation: The findings underscore the importance of effectively
adopting and adapting ICT-related technologies in the banking sector. Simply implementing internet
usage or importing ICT goods without proper integration and utilization may not yield significant effi-
ciency gains. Institutions need to invest in training, infrastructure, and effective usage of technology to
reap the full benéefits.

5.2. Conclusion

The study re-examines the moderating role of ICT in the nexus between financial development and
banking sector efficiency using a sample of 48 countries with a panel dataset sourced from the World
Bank online database, covering the period 2004 to 2021 due to data availability. Several robustness tests
were conducted to validate the reliability of the findings in policymaking.

The findings are that: ICT goods imports significantly impact the banking sector positively in enhanc-
ing financial access to allocate finance efficiently; Individuals using the internet enhance the banking
sector’s efficiency. Fixed telephone subscriptions, mobile cellular subscriptions, and secured internet
servers impact banking sector efficiency insignificantly; Financial formalization and informalization signifi-
cantly impact banking sector efficiency positively, except in the case of ICT goods imports being added
to the equation; On the moderating role of the ICT proxies, our findings showed that how ICT moder-
ates the impact of financial development on banking sector efficiency is conditioned on both the proxy
of ICT and financial development and Further findings show an inverted U-shaped relationship between
individuals using the internet, ICT goods imports, and the banking sector efficiency nexus.

The implication of these findings for policy formulation was discussed. Furthermore, other researchers
interested in this field can research into ICT, Fintech, and the Changing Landscape of the Banking
Sector, examine the relationship between ICT adoption and green banking practices, or analyse the
impact of ICT-driven risk management practices on banking sector efficiency and stability, using other
methodologies.
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Note

1. The following are the sample countries used in the study: Algeria, Angola, Benin, Botswana, Burundi, Burkina
Faso, Burundi, Cape Verde, Cameroon, Central African Republic, Chad, Comoros, Congo Democratic Republic,
Congo Republic, Cote D’lvoire, Djibouti, Equatorial Guinea, Eswatini, Gabon, Ghana, The Gambia, Guinea-Bissau,
Guinea, Kenya, Liberia, Libya, Lesotho, Mali, Malawi, Mauritania, Mauritius, Morocco, Madagascar, Niger, Nigeria,
Namibia, Mozambique, Rwanda, Sao Tome, and Principe, Senegal, South Africa, Sudan, Seychelles, Tanzania,
Togo, Tunisia, Uganda, Zambia, and Zimbabwe.
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Appendix A

Table A1. Correlation matrix (uniform observation: 266).
Indiv MobCel SecInter Pop GfCap
VARIABLES BcBd  ICTgoods Inter  Fixedtel  Sub Serv  FinForm Fininform  GDP Inflation growth Trade form
Financial BcBd 1.0000
Acces
ICT ICTgoods 0.4080 1.0000
Indivinter ~ 0.1238 0.3596  1.0000
Fixedtel 0.0555 0.2823 0.6625 1.0000
MobCelSub 0.0557 0.1108 0.7685 0.5876 1.0000
SecInterServ —0.1133 —0.0396 0.1904 0.1835 0.1920 1.0000
FinForm —0.0055 0.0641 0.0733 0.1649 0.0801 0.0399 1.0000
Fininform  —0.0889 0.1066 0.2459 0.1731 0.2187 0.0167 0.1542 1.0000
Control GDP 0.0977 0.3821 0.2965 0.0083 0.1884 —0.0197 —0.1530 0.1617 1.0000
Inflation —0.2223 —0.0416 —0.1479 —0.2200 —0.2600 —0.0428 —0.0497 0.0021 0.1882 1.000
Popgrowth —0.0306 —0.2766 —0.6351 —0.7226 —0.6384 —0.0956 —0.1488 0.2167 —0.075  0.1813 1.0000
Trade —0.2164 —0.2114 03393 0.5562 0.4912 0.2381 0.0787 0.1687 —0.258 —0.1633 —0.5703 1.0000
gfCapform —0.2285 —0.2552 0.1138 0.1088 0.2061 0.0629 —0.1044 0.1824 —0.111 —0.1256 —0.0388 0.4376 1.0000

Notes: ICTgoods-ICT goods imports; SecInterServ-Secure Internet servers; BcBd-Bank Credit to Bank Deposit; MobCelSub-Mobile cellular sub-
scriptions; Indivinterusauge-Individuals using the Internet; Fixedtel-Fixed telephone subscriptions; FinForm-Financial Formalization; Finlnform-
Financial Informalization; gfCapform-Gross fixed capital formation; Trade-Trade; GDP-Gross Domestic Product; Popgrowth-Population growth.

Source: Authors’ Compilation.
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