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Abstract

Purpose – This paper aims to assess the impact of digital financial innovation on financial system
development in Common Market for eastern and Southern Africa (COMESA). This paper evaluates the
dynamic relationship between digital financial innovation measures and financial system development using
time series data from COMESA countries for the period 1997–2019.
Design/methodology/approach – A dynamic autoregressive distributed lag model (ARDL) was adopted
and the mean group (MG), pooled mean group (PMG) and dynamic fixed effect (DFE) of the model were
estimated to evaluate the short- and long-run impact. In addition, the dynamic generalized method of moments
(DGMM) was adopted for a robustness check. The Hausman test results show PMG to be the most consistent
and efficient estimator, while the coefficient of lagged dependent variable of different GMM is less than the
fixed effect coefficient, and, as such, suggests system GMM is the most suitable estimator. Data for the study
were sourced fromWorld Bank Development Indicator (WDI, 2020), World Governance Indicator (WGI, 2020)
and World Bank Global Financial Development Database (GFD, 2020).
Findings – The result shows that digital financial innovation significantly impacts financial system
development in the long run. As such, the evidence revealed that automated teller machines (ATMs), point
of sale (POS), mobile payments (MP) and mobile banking are significant and contribute positively to
financial system development in the long run, while mobile money (MM) and Internet banking (INB) are
insignificant but exhibit positive and inverse relationship with financial development respectively. Further
investigation revealed that institutional quality and a stable macroeconomic environment including their
interactive term are significantly imperative in predicting financial system development in the COMESA
region.
Practical implications –Researchers recommend a cohesive and conscious policy that would checkmate the
divergence in the short run and suggest a common regional innovative financial strategy that could be pursued
to incentivize technology transfer needed to promote financial system development in the long run. More so,
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plausible product and process innovations may be adapted to complement innovative institutions in the
different components of the COMESA financial system.
Social implications – Digital financial innovation services if well managed increase the inherent benefits in
financial system development.
Originality/value – To the best of the authors’ knowledge, this paper presents new background
information on digital financial innovation that may stimulate the development of the financial system,
particularly in the COMESA region. It also exposes the relevance of digital financial innovation,
institutional quality and stable macroeconomic environment as well as their interactive effect on COMESA
financial system development.

Keywords Digital financial innovation, Financial system development

Paper type Research paper

1. Introduction
There is a need for a developed and healthy financial system in developing countries, most
especially, in regions of Africa (Nguena, 2019). The major concerns of the region’s financial
development are the depth and inclusion characteristics of the financial system, explaining
significantly the little support of the economies’ supply side (Nguena and Tsafack-Nanfosso,
2014; Meisel and Mvogo, 2007; Ndebbio, 2004). According to Faure (2013), a financial system
refers to institutional arrangements that cover credit creation and borrowing of money by
non-financial institutions, firms and individuals, and financial intermediation, which eases
funds transfer andmakes funds available to the deficit units; and establishment of markets in
shares and debt securities to allocate money and price efficiently. A developed financial
system holds the capability to absorb disturbances and reduce macroeconomic inequality,
depending on the level of achievement of some of its functions, such as risk diversification,
lowering financial constraints and information asymmetries (Bernanke et al., 1999). However,
it is not clear how a developed financial system is hinged on the innovation level of the
financial system.

Technological innovation is the significant dynamism behind present-day financial
innovation (Achieng et al., 2015). Over the past two decades, financial technology has
revolutionized the financial sector as information and communication technology (ICT)
platforms have enabled the use of different digitalized financial services from automated
teller machines (ATMs), mobile payments systems, online banking and blockchain
technologies (Lashitew et al., 2019; Batiz-Lazo, 2018; Scott et al., 2017; Konheim, 2016;
Frame andWhite, 2012; Hall andKahn, 2003). There are considerablemoves in recent times to
recognize the place of financial innovation after the 2008 financial crisis (Engelen et al., 2010;
Greenwood and Scharfstein, 2013; Khraisha andArthur, 2018). Scholars have emphasized the
major cause of the 2008 financial crisis as financial innovations’ abuse and misuse including
its dark sides (Henderson and Pearson, 2011; Diaz-Rainey and Ibikunle, 2012; Boz and
Mendoza, 2014; Hausman and Johnston, 2014). However, literature has also revealed the wide
economic benefits of financial innovations with an interface between technological
innovation and financial innovation (Finnerty, 2001; Błach, 2011; Shiller, 2013).
Technological innovations such as digital finance have enhanced the payment systems’
unifications globally, then again, it has in Africa, re-defined the type of financial products and
services accessible in the financial system (Nguena, 2012, 2015, 2019; Johnson and
Upadhyaya, 2015; Ondiege, 2010; Jonathan and Camilo, 2008). Digital financial services as a
financial innovation have changed the financial system, and have principally simplified the
approaches and procedures of financial service delivery. The relationship between digital
financial services as an off-shoot of financial innovation and financial development has
witnessed different views in theory and empirical studies.

According to Ozili (2018), the importance of digital finance is drawing the consideration of
practitioners, academia and policymakers due to various concerns if addressed thatwill allow
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digital finance to serve every unit of the economy better. Financial services provided via the
Internet, personal computers, mobile phones or card-linked digital payment systems could be
termed digital finance (Manyika et al., 2016; Ozili, 2018). Although there is no one definition
for digital finance, it encompasses every service, product infrastructure and technology that
allows the various units in an economy to save, access credit facilities and make payments
without the need to visit bank branches (Gomber et al., 2017; Ozili, 2018). Three strategic
mechanisms exist for any digital financial service – a platform for digital transactions, retail
agents and customers (CGAP, 2015). Using digital financial services requires that the user of
the digital financial services owns a bank account for cash payments or to receive payments
with the help of digital platforms.

Further, the diffusion of digital networks, associated with digital financial services, has
direct and indirect effects. Digital financial services can increase efficiency and
productivity in the financial sector due to positive network externalities (Scott et al.,
2017; Hall and Kahn, 2003). Digital finance comes with benefits such as larger financial
inclusion and deeper financial development, increases economic growth, economic
stability, banking performance, aggregate government performance, and better monetary
and financial regulation (Nguena, 2019; Ozili, 2018; Scott et al., 2017; Manyika et al., 2016;
Gutierrez and Singh, 2013). Also, in improving financial inclusiveness through digital
finance (Batiz-Lazo, 2018), savings are mobilized and investments are allocated efficiently.
These could promote convergence across different Common Market for Eastern and
Southern Africa (COMESA) member countries and other emerging economies where
developing countries “leapfrog” to the desired modern economic systems through
financial development (Lashitew et al., 2019).

The COMESA is made up of 21 countries coming together as economic and trading
units for the achievement of a common goal-economic prosperity through trade barriers
resolution. The members comprise countries from the Eastern and Southern regions of
Africa. The organization was created in 1994 to enhance regional integration for the
economic prosperity of the member states, especially, to resolve each country’s trade
barriers. Within the trading units, the effort has also been channelled into improving the
financial sectors of the member countries to help them realize a common monetary area
(COMESA, 2018). Such a common monetary area will add to the economic development of
the member states. For further development of the financial sector in the economic and
trading unit, a regional payment and settlement system (REPSS) has been developed to
facilitate cross-border settlement between central banks. The vision of REPSS is to
diminish banking charges across foreign banks and therefore reduce the cost of intra-
regional trade.

Considering the above discussion, existing literature focused on a specific country in
analyzing the impact of digital financial services on financial development; there are
limited findings on regional blocks. Therefore, the growing investment in technology
based on digital financial services and financial development in emerging regional blocks
need to be examined. This article extends the existing literature on digital financial service
and financial development by analyzing the impact of digital financial innovation on
financial system development both in the short run and the long run in COMESA member
states. Considering the relevance of quality institutions and a stable macroeconomic
environment in investors’ property protection and confidence; transaction costs reduction
and guards against default in investment rules as noted byWilliamson (1985), North (1990)
and Manasseh et al. (2017) in their respective studies, additional knowledge to existing
literature was the extended investigation on the interactive effect of institutional quality
index (INQI) and digital financial innovation index; and macroeconomic environment and
digital financial innovation index on financial system development respectively which
other studies such as Lashitew et al. (2019), Nguena (2019), Ozili (2018), Scott et al. (2017)
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and Manyika et al. (2016) do not account for. To capture short- and long-run impacts, we
employ a dynamic autoregressive distributed lag model (ARDL) approach for the
estimation. In this model, we estimated the mean group (MG), pool mean group (PMG) and
dynamic fixed effect (DFE). The Hausman results suggest PMG as the most efficient and
consistent estimation technique to ascertain the long-run relationships between digital
financial services and financial development.

In addition, the estimated ARDL results were robustly checked using the dynamic
generalized method of moments (DGMM), which could help in addressing the likely
endogeneity problem inherent in panel data. The study estimated themodel with a panel data
set over 23 years (1997–2020) for 20 countries. A key finding from the study is that most
measures of digital financial innovation significantly influence financial system development
positively in the long run, with rather few not significant. The rest of the paper is structured
thus: Section two deepens the discussion of the dynamics of digital financial innovation, while
section three presents the review of the literature. Section four captures the model and data
description, and section five is for empirical findings and discussion. The conclusions of the
paper are contained in section six.

2. Dynamics of digital financial innovation
Digital finance explains the influence of novel technological development on the financial
system. This technology comprises varities of new products, applications, processes and
business techniques efficient enough to transform the traditional way of financial services
providers to enhance profits (Miller, 1986; Alvarez and Francesco, 2009). Similarly, financial
innovation is perceived as an act of inventing new financial products, services or processes
such as derivatives, private equity, securitization, hedge funds and Islamic bond or Sukuk,
which come through advances in financial instruments or tools. It also includes the creation of
financial technology, institutions and markets or payment systems (Mminele, 2008; Lerner
and Tufano, 2011). Financial technological innovation may not be new, but in recent years,
the drive to invest in new technologies has considerably increased, and the speed of
innovation in the financial system is tremendous, and its effect has been felt around the globe.
This innovation ranges from Internet banking (INB), Internet payment, mobile payment,
mobile banking and mobile money (MM) among others. The invention of digital technology
has changed the activities of the financial services industry. This change has improved
peoples’ saving, borrowing, investment and payment habits, and, as such, this has helped in
enhancing welfare, reduce the cost of capital without a proportional increase in systemic risk,
and improve access to capital and increased liquidity, among others (Mminele, 2008;
Miller, 1986).

Many economies – developing, emerging and developed – rely heavily on innovative
financial technologies to boost their businesses, customers and their economic activities
through the inherent benefits of innovative finance and technology which enhances the
ability to invent new markets, guide existing innovative ideas and set a standard for
newer techniques of running a business. Thus, many economies have transformed from
traditional and manual to digital systems to compete with the global markets, and, as
such, African economies are active players in innovative financial technologies. Hence,
this was proven by the COMESA Connect initiative that was held in Kigali in June 2018.
This initiative constitutes deliberate efforts towards taping into today’s digital
solutions, which are needed to respond to industries and the need for the markets in
the region. This is aimed at providing synergy for businesses and digital services
providers to provide solutions that will encourage the creation of a smarter, sustainable,
innovative, efficient and profitable business environment in Africa. Consequently,
COMESA Connect brought IT companies, telecommunication companies, banks and

AJEB
8,1

124



distributors together and leverage the opportunity for all to partner in a supply chain
network that provides solutions to various customer bases. This initiative benefited
COMESA member countries and contributed to their ranking in the Global
Competitiveness Index (GCI) score which is measured on a scale of 0–100. Thus,
according to the 2019 World Economic Forum, COMESA’s average GCI score was 49.0,
and six member states were ranked among the top 100 globally. These six member
countries include Mauritius (GCI 64.3; ranked 52), Seychelles (GCI 59.6, ranked 76),
Tunisia (GCI 56.4, ranked 87), Egypt (GCI 54.5, ranked 93), Kenya (GCI 54.1. Ranked 95)
and Rwanda (GCI 52.8, ranked 100). This implies that COMESA member countries on
average are highly competitive in the global frontier.

3. Literature review
In a seminal paper, King and Levine (1993), anchoring on the Schumpeterian thesis, alluded
that finance is crucial for innovation as well as economic growth and development. The
channels acknowledged by King and Levine (1993) are the roles financial intermediaries play
in accumulating savings for investment, which improves capital allocation, therefore
supporting innovation in the economy. Aside from the “finance–innovation–economic
growth/development” nexus theorized by Schumpeter, relatively little has been discussed on
how finance could gain from technological change. Reasonably, most literature emphasis on
finance as it is related to growth has been on financial sector development – savings link,
financial development-investment link and financial development-capital allocation link. It is
well known that technological changes are noteworthy in the drive behind financial
innovation observed today (Achieng et al., 2015).

Financial innovation is the creation of new versions of the components of the financial
system, vis-a-vis, financial instruments, financial institutions, financial regulations and
financial markets (Van Horne, 1985). However, the development of a financial system entails
enhancements in the core functions of the financial systems which include diversification of
risk, pooling of savings, investment monitoring, facilitation of exchange of goods and
services, and allocation of capital to investments (Levine, 2005; Bernanke et al., 1999).
The greatest benefits of innovation are not from the invention of the idea but the benefits from
widespread adoption (Kanga et al., 2022). Invariably, Rogers’s (2003) innovation diffusion
theory (IDT) has been used to study technology adoption. The theory is anchored on four
elements – innovation, time, communication channels and social systems. How an individual
adopts technology depends on his/her observations concerning comparative advantage,
complexity, compatibility, trialability and social norms. Most times, rapid diffusion in
financial innovation occurs with securities class innovation (Cavanna, 1992). Also, another
theory for the study of technological innovation especially in finance is the constraint-
induced financial innovation theory developed by Silber (1983). The theory points out that the
purpose of profit maximization of a financial institution is the key reason for financial
innovation. There are some restrictions including external handicaps, such as policy and
internal handicaps, organizational management and leadership style in the process of
pursuing profit maximization in an organization (Cherotich et al., 2015). These restrictions
and limitations not only guarantee the stability of management, but also reduce the efficiency
of a financial institution, and so financial institutions strive toward casting them off through
financial innovation (Silber, 1983).

Empirically, a study conducted by Beck et al. (2016) found that financial innovation has a
positive influence on the banking industry. Azimova andMollaahmetoglu (2017), using panel
data analysis that covered 20 countries from the period 2005 to 2014, examined the influence
of financial innovation and services on gross savings and domestic savings. The study
reveals that the level of financial access and financial innovations exert an influence on gross
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savings and total domestic savings. On their part, Amore et al. (2013) found a significant
relationship between finance and technological innovation, implying that financial
innovation determines the level of financial development. On the other hand, Allen and
Carletti (2006) discovered that financial innovations like securitization, which can transfer
credit risk, can obstruct the thorough screening of money borrowers, thus creating a fertile
ground for financial loopholes.

Duygun et al. (2013) carried out a study that investigated commercial banks in the
United Kingdom for the period covering 2001–2012. The result of their study shows that
financial innovation contributes to banks’ productivity and general efficiency if they
utilize the benefits that come from their functions. In a panel data study that captured 40
Organisation for Economic Co-operation and Development (OECD) and non-OECD
countries for the period spanning 1989–2011, Lee et al. (2020) discovered that bank
supervision and regulations, financial reforms and political governance lowers how
financial innovation influences bank growth. Aayale (2017) explored the effect of financial
innovation on the economic performance of BRICS and G6 nations using panel data with
fixed effects from 1991 to 2014. The study’s findings revealed that financial innovation has
a positive effect on the financial performance of these countries. Qamruzzaman and Wei
(2019) examined the nexus between financial inclusion and financial innovation while
incorporating financial development and remittance inflows in the case of six South Asian
countries. Findings from panel ARDL confirmed the positive association between
financial innovation and financial inclusion, which was observed both in the long run and
short run.

Wang et al. (2022) examined the impacts of financial innovation on banks’
profitability in Africa. The study employed the dynamic panel data method and GMM
estimations via a panel data regression model. They found that bank ATM cards affect
banks’ financial performances, but POS terminals and INB did not. In Kenya, Cherotich
et al. (2015) investigated how financial innovations influence the financial performance
of commercial banks. They discovered that financial innovations positively influence
financial performance. Mugane and Ondigo (2016) examined the relationship between
financial innovations and the financial performance of commercial banks in Kenya.
They found a negative relationship between product innovations and return on assets
which contradicts Cherotich et al. (2015). However, the relationship between service
innovation as well as organizational innovation and return on asset was positive and
significant. While in Kenya, Nzioka and Kamakia (2017) found a positive relationship
between financial innovation and bank’s financial performance. Tahir et al. (2018)
revealed a positive and significant impact of transactions on the Web/Internet on the
efficiency ratio. Nevertheless, ATMs, Mobile Banking (MOB) and point of sale (POS)
were non-significant.

In conclusion, evidence from the review of empirical literature has shown a body of
knowledge on the relationship between digital financial innovation and its impact on other
economic parameters such as GDP, bank profitability, financial development, savings and
others. Though the findings on the impact of financial innovation on financial system
development strongly indicate a positive relationship but are limited in scope, especially in
COMESA, however, it is pertinent to note that in the COMESA region, there are few or no
such studies on the impact of digital financial innovation on financial system development,
accounting for the influence of institutional quality and macroeconomic environment on
financial system development in the region. Many studies that attempted to explain the
relationship were country-specific studies as earlier discussed. Few cross-country studies
on financial innovation impact were particularly interested in either the banking system,
stock market and economic growth (see Wang et al., 2022; Aayale, 2017), while other
studies are on financial inclusion, financial innovation, incorporating financial
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development and remittance inflows concentrated in South Asian and European countries
(see Qamruzzaman and Wei, 2019; Beck et al., 2016).

4. Empirical model and data description
Following Pesaran et al. (1999, 2001), the panel ARDL approach which is considered as the
baseline model is adopted for the study. Evaluating the suitability of ARDL scholars like
Odhiambo (2009) and Al-Malkawi et al. (2012) perceived the ARDL technique to be more
technical and most consistent in estimating the long-run effect compared with Johansen and
Juselius (1990), Gregory and Hansen (1996), Engle and Granger (1987) and Johansen (1988).
The reliability of ARDL was also supported by Choong et al. (2005) and Rahman and
Salahuddin (2012) who adopted it in their various studies. Thus, the ARDL approach is viable
in simultaneously estimating the long-run and short-run parameters of the model, as well as
assesses the effect of changes in digital financial innovation measures on financial system
development in COMESA. As such, this study used annual time series data for the period
1997–2019 owing to its availability. Data on digital financial innovation and financial system
development measures were generated from World Development Indicator (WDI, 2020),
World Governance Indicator (WGI, 2020) and World Bank Global Financial Development
Database (GFD, 2020). Following the assumptions ofARDL,we checked if the time series data
are non-stationary and possess a unit root (see Table 1). Also, we performed the descriptive
statistics and correlation matrix to provide basic information on the variables for the study..

From Table 1, the min and max values are 7.911 and�3.841, respectively. Thus, these are
the least and the highest values of the variable’s coefficients. The Jarque–Bera probability
values are significant with no evidence of serial correlation in the series. In addition, the
correlation matrix shows the degree of association between a few measures of digital
financial innovation and financial system development. The coefficients of the variables
show a weak correlation except for a few variables whose values are larger than 0.7 such as
INB, INQI, MM and mobile banking (MB). This outcome increases the suspicion that these
variables may drift together in the long run.

4.1 Baseline model – ARDL (p, q, q, . . ., q)
Using the ARDL as a baseline approach is technical in addressing issues of a small sample
size of data, and it performs better by producing more robust results compared to other
techniques (Pesaran et al., 2001). Though ARDL may be weak in accounting for
endogeneity problems in high-frequency and panel data. Hence, the adoption of the DGMM
which in this study serves as a robustness check model tackles the endogeneity problem.
As such, as a baselinemodel, ARDL is themost efficient technique in estimating the impact
of digital financial innovation and establishing the long-run effect on financial system
development, and the output can be used for policy forecasting that could promote the
performance of the financial system in COMESA because ARDL yields consistent
estimates of the long-run coefficients that are asymptotically normal (Manasseh et al.,
2017). The baseline approach also enhances the chances to discover the correct dynamic
structure of the model which promotes efficient estimation of long-run parameters
perceived as difficult under other cointegration procedures (Pesaran et al., 2001). Thus, the
generalized ARDL (p, q, q, . . ., q) baseline model is specified as shown below.

InYi:t ¼
Xp

j¼1

γi;jInYi;t−j þ
Xq

j¼0

ϑi;jXi;t−j þ
Xq

j¼0

δi;jConti;t−j þ θi þ εi;t (1)
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where Yi:t is the dependent variable which is the financial system development measured
with financial deepening and proxied with the ratio of broad money supply (M2/GDP). Xi;t is
the K3 1 vector of independent variables (measures of digital financial innovation) that are
allowed to be purely Ið0Þ or Ið1Þ. Thus, γi;j is the coefficient of the lagged dependent variable
sometimes referred to as scalers, whileϑi;j is theK3 1coefficient of the independent variables
or coefficient vector. CONTi;t is the vector of the control variables, while δtj is the related
coefficients of the control variables. θi is the unit-specific fixed effect. i ¼ 1; . . . ;N ;
t ¼ 1; 2; . . . ;T; p:q are the optimal lag order. εi;t is the error term. In addition, all the
measures of digital financial innovation such as ATM, POS, mobile payments (MP), MM,
Mobile Banking (MB) and INB are in the natural log.

This study also controls for the influence of institutional quality by investigating the
impact of the macroeconomic volatility (MEV) on financial system development, as well
as accounts for the influence of institutional quality by examining the impact of rule of
law (ROL), regulatory quality (REQ) and government effectiveness (GEF), and εi;t is the
error term. Understanding the a-priori expectations of the parameters in eqn. 1 is
important at this stage. It is anticipated that ϑ>0 which states that an increase in digital
financial innovation leads to an improvement in financial system development, while
MEV is expected to be negatively related to financial system development. Thus,
following the re-parameterized ARDL (p, q) of Pesaran et al. (1999) and Pesaran et al.
(2001), a conditional ARDL (p, q, q, . . ., q) error correction term (ECT) is expressed as:

ΔYi:t ¼ Φi½Yi;t−1 � λiXi;t� þ
Xp−1

j¼1

βi;jΔYi;t−j þ
Xq−1

j¼0

Πi;jΔXi;t−j þ θi þ εi;t (2)

whereΦi ¼ −ð1− γiÞ, group-specific speed of adjustment coefficient (expected thatΦi < 0Þ.
λi ¼ Vector of long-run relationships. ECT ¼ ½Yi;t−1 − λiXi;t� is the error correction term.
βi;j andΠi;j are the short-run dynamic coefficients. The long-run coefficient λi is defined to be
the same across countries. If λi is significantly negative, then there exists a long-run
relationship between the dependent and independent variables while all the dynamics and
the error correction terms are free to vary (Asteriou, 2009).

The estimated MG, PMG and DFE maximum likelihood approach in the estimation,
considering both the dynamic adjustment process and the long-run equilibrium
(Demetriades and Law, 2006). On the other hand, to choose any of the three estimators
(MG, PMG and DFE) for consistency, the Hausman test is used. The first assumption for
the panel ARDL is that there are cross-sectional dependence (CSD) problems in the panel.
For the cross-sectional independence test, we use Pesaran, Frees and Friedman’s CSD
tests. We discovered that all the panels are not cross-correlated. Therefore, we used the
Levin–Lin–Chu (LLC) panel unit root test that assumes a greater number of periods than
panels without including cross-dependence means. Panel ARDL can be applied even when
variables have different orders of integration, but must not be greater than I(1). The order
of integration of the variables shows that FD, ATM, MP, MM, MB, INB, MEV, ROL, REQ
and GEF are all I(0), while POS is I(1) at a 5% level of significance. So, the data are suitable
for panel ARDL. Also, to check if the variables have a long-run relationship, we used
Pedroni’s and Kao’s test to test for the cointegration of the panels. These two tests show
that the variables have a long-run relationship. Finally, Pesaran et al. (1999) assert that the
ARDL model, especially PMG and MG, provide consistent coefficients despite the possible
presence of endogeneity since it includes lags of dependent and independent variables, p
and q, respectively.
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4.2 Robustness model – Generalized method of moments (GMM)
Re-investigating the baseline (ARDL) results, we introduced and adopted the dynamic GMM
model developed by Arellano and Bover (1995) and Blundell and Bond (1998). This model is
considered to be more robust in addressing endogeneity bias, reverse causality and the
omitted variables issues. In the baseline (ARDL) model, financial deepening proxied with the
ratio of broad money (M2=GDP) was used as a measure of financial system development.
Hence, adopting dynamic GMM as a robust model, the ratio of credit to the private sector
(CPS=GDPÞwas used as an alternative measure of financial system development. According
to Beck et al. (2000),M2to GDP (M2=GDPÞ and CPS=GDPmeasures the depth of the financial
system. The rationale for the choice of the two proxies was to ascertain if truly digital
financial innovation measures are significant predictors of financial system development in
COMESA. Given the above discussion, the study specifies a dynamic model as:

InYi;t ¼ β0 þ β1InYt−1 þ β2InXit þ ρt þ∅i þ εit (3)

where Yi;t denotes financial development proxied with the ratio of credit to the private sector
(CPS=GDP), and Yt−1 is the first-year lag of Yit. In addition, Xit is a set of digital financial
development measures which includes ATM, POS, MP, MM, MB and INB which are in their
natural log. Hence, ρt is the time specific effect, while ∅i is the unobserved country-specific
effect. εit represents the error term, while i indicates the cross-sectional index. Thus, t is the
time index.

In addition, to understand the influence of institutional quality and macroeconomic
environment as well as the indexes of digital financial innovation and institutional quality on
financial system development in COMESA, eqn.(3) is further expressed as;

InYi;t ¼ β0 þ β1InYt−1 þ β2InXit þ β3InQit þ β4InEnvi;t þ β5InMi;t þ ρt þ∅i þ εit (4)

where Qit represents institutional quality measures such as role law, regulatory quality and
GEF, while Envi;t captures the impact of macroeconomic environment looking at the effect of
MEVon financial system development in COMESA.As such,Mit captures the influence of the
indexes of digital financial innovation and institutional quality on financial system
development. Thus, the indexes were generated using the principal component analysis
(PCA). In like manner, understanding the interactive (Interacti;t) effect of institutional quality,
macroeconomic environment on digital financial innovation and their impact on financial
system development in COMESA, eqn.(4) is expressed as;

InYi;t ¼ β0 þ β1InYt−1 þ β2InXit þ β3InQit þ β4InEnvi;t þ β5InMi;t

þ β5InInteracti;t þ ρt þ∅i þ εit
(5)

5. Empirical findings and discussion
Before the ARDL (p, q) estimation, the variables were subjected to unit roots tests, and these
tests include Levin et al. (2002), Im et al. (2003), ADF-Fisher chi-square initiated by Maddala
andWu (1999), and PP-Fisher chi-square as defined by Choi (2001). The results of the unit root
test (see Table 2) depicted that none of the variables is integrated of 1∼ ð2Þ. This implies that
all the variables for the study are integrated of 1∼ ð0Þ or 1∼ ð1Þ. From the results, the null
hypothesis (H0) of unit roots is rejected. Hence, we conclude that the series is stationary and
have no unit roots. Following the outcome of the unit root tests, the choice of the ARDL
approach as a baseline model is confirmed appropriate for the estimation. In addition, the
ARDL estimated results (see Table 4) were robustly checked with the adoption of dynamic
GMM whose results are presented in Table 5.
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After ascertaining that our choice variables have no unit roots, we further investigate the
existence of cointegration among the variables by adopting Pedroni (2004) and Kao and
Chiang (1999) cointegration tests (see Table 3). This is to ensure that the assumptions of
ARDL are satisfied and also to understand if there exists a long-run relationship between
digital financial innovation and financial system development measures in the series.

Table 3 shows the presence of cointegration existing in the series. The results show that
probability values of not less than 5 out of 7 tests conducted are less than a 5% level of
significance. Thus, to confirm the results of Pedroni (2004) cointegration tests, we employed
Kao and Chiang (1999) tests for robustness checks on our earlier findings. Amidst, the ADF
statistics of the Kao tests for all the models were found to be less than a 5% level of
significance. Hence, Kao and Chiang (1999) cointegration results confirmed that sincerely
there exists a long-run relationship between digital financial innovation and financial
system development measures.

5.1 Estimated baseline ARDL results
This section presents and discusses the estimated results on the impact of digital financial
innovation on financial system development in COMESA. Evaluating the dynamic panel
ARDL techniques following Sakanko et al. (2019), estimators such asMG, PMGandDFEwere
estimated (see Table 4). Other post-estimation tests such as Breusch–Godfrey serial
correlation and heteroscedasticity tests were carried out, and the evidence shows that
variables are serially uncorrelated and homoscedastic.

We start by showing the MG, PMG and DFE results for the convergence coefficients
(ECT), and the long-run and short-run coefficients of Equations (1) and (2) are presented in
Table 4. The Hausman test to select the most consistent and efficient estimator between the
three estimators, comparing the p-value (p) with the 5% level of significance reveals that the
DFE performed better than the MG. It means that assuming common factors across sections
rather than assuming differing parameters across cross-sections is a better approach. This
could be reasonable given that the countries selected are in the same economic market.
However, the Hausman test also revealed that PMG is better than MG and DFE. The PMG
result shows that assuming differing common factors in the short run and the same common
factor in the long run is a more feasible assumption that viewing the cross-sectional
parameters as differing both in the short run and long run or common within the cross-

Variable
Levin, Lin and

Chu
Im, Pesaran and
Shin W-stat

ADF-Fisher
chi-square

PP-Fisher
chi-square

Integration
order

FD �5.665*** �7.212*** 20.79*** 80.39*** I ∼ ð0Þ
ATM �7.462*** �5.958*** 41.23*** 11.74*** I ∼ ð0Þ
POS �8.367*** �6.784*** 80.26*** 76.31*** I ∼ ð1Þ
MP �3.724*** �8.862*** 61.29*** 91.28*** I ∼ ð1Þ
MM �4.575 �9.199*** 68.95*** 49.36*** I ∼ ð1Þ
MB �5.369*** �7.109*** 90.39*** 93.83*** I ∼ ð0Þ
INB �6.663*** �6.287*** 72.86*** 113.034*** I ∼ ð0Þ
MEV �5.377*** �4.947*** 30.72*** 35.86*** I ∼ ð0Þ
ROL 0.682 �3.841*** 41.89*** 27.93*** I ∼ ð0Þ
REQ �5.916*** �8.878*** 97.39*** 75.83*** I ∼ ð1Þ
GEF �7.663*** �6.792*** 60.86*** 99.34*** I ∼ ð0Þ
INQI �6.705*** �4.439*** 20.72*** 35.87*** I ∼ ð0Þ
DFII 0.685 �3.417*** 37.90*** 31.65*** I ∼ ð1Þ
Source(s): Conceptualization. ***, ** and * significant at the 1, 5 and 10% levels, respectively

Table 2.
Estimated unit root

test results
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sections in the short and long run. This assumption is more realistic given that achieving a
particular policy framework requires a long period whereas different approaches are applied
by different countries in the short run.

ThePMGcalculationswere achieved using theNewton–Raphson algorithmwith a fixed lag
length for all variables. The assumption of common long-run coefficients has yielded a faster
speed of convergence and higher standard errors, and the assumption could not be rejected at
the usual significance level (5% significance level). The dynamic divergence in the short run is
corrected 74% of the time. The PMG result reveals among our measures of digital financial
innovation that ATM, POS, MP and MB are significant and contribute positively to financial
system development in the long run, and, as such, supported the evidence provided by Tahir
et al. (2018), Nzioka and Kamakia (2017), Wang et al. (2022), Qamruzzaman andWei (2019), Lee
et al. (2020) and Aayale (2017) who at the different time studied the relevance of various
financial innovation or technologymeasures in predicting financial systemperformance. In like
manner, further evidence from our findings suggests that a percentage increase in ATM, POS,
MP andMB results in a 52%, 43%, 55% and 50% increase in financial system development in
COMESA in the long run, respectively, which contradicted the findings of Mugane and Ondigo
(2016) which argued that financial innovation does not significantly contribute to the financial
performance of commercial banks in Kenya. Moreso, Mugane and Ondigo (2016) findings may
be consistent with our findings on the relationship between MM and INB which is
insignificantly related to financial system development in the long run. This outcome may be
attributed to increasing cybercrime in the region. However, any policy option that can ensure
efficient cyber security in COMESA, may lead to improvement in the use of MM and INB in
economic transactions. Consequently, considering the findings of this study, it is pertinent to
posit that the initiation and implementation of cohesive policies that could promote the
confidence of the users of financial innovation/technology and services are capable of
deepening the development of the COMESA financial system because it may enhance the
significant reduction in transaction cost in the region.

In addition, attention to the important section of the results, as presented in Table 4, show
the estimated results of the short-run dynamics coefficient of the lagged error correction term
(ECTt−1). Following the apriori expectation, we observed a significant negative coefficient
expected when there is an existing adjustment to equilibrium in the long run due to the short-
run shocks or dynamics. The absolute value of the coefficient of ECTt−1 (�0.741) revealed the
speed at which the variables adjust to shocks and return to equilibrium in the long annually.
Hence, these results were found to be consistent across the baseline models (MG, PMG, DFE).
However, the PMG model is considered the most consistent and efficient estimator suitable
for the study given the Hausman test results. Further investigation also revealed that digital
financial innovation measures such as ATM, POS, MP, MB and INB exhibit a significant and
positive relationshipwith financial systemdevelopment in the short run. As such, it is evident
that digital financial innovation is a significant determinant of financial system development
in COMESA both in the short and long run. Thus, this finding confirms the recent and
recorded development in the COMESA financial system.

Also, further inquiry on the interactive effect of institutional quality and digital financial
innovation indexes (INQI *DFIIÞ shows that viable institution promotes investors’
confidence, and, as such, lead to increasing demand for digital financial innovation
services, which in turn stimulate financial activities while increasing the interactive effect of
MEV and digital financial innovation (MEV *DFIIÞ result to a decline in the development of
the financial system due to the possible fall in the economic agents’ demand for digital
financial services in the region (see Table 4). This revealed the importance of able institutions
in promoting a stable environment needed to boost investors’ confidence as supported by our
results on the relationship between other measures of institutional quality and financial
system development. Thus, the results show that institutional quality measures such as
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quality REQ, ROL and GEF are important and significantly related to financial system
development both in the short and long run. As such, the inability of COMESA authorities to
ensure transparent and quality REQ, ROL and GEF in executing law and order in the region
would deter the development of the financial system. However, this finding supported
Williamson (1985), North (1990) and Manasseh et al.’s (2017) studies which established the
relevance of viable and quality institutions in promoting economic activities. Hence, the
viable institution could complement and promote the level of investors’ confidence that may
be affected by the negative and interactive influence of the volatile macroeconomic
environment (MEV), which was found to be inversely related to financial system
development (see Table 4).

5.2 Robustness check results
The evidence from the estimated baseline model (ARDL) revealed that digital financial
innovation significantly predicts financial system development in the short and long run (see
Table 4). We also observed that institutional quality and macroeconomic environment are
key determinants of financial system development in the COMESA region, ceteris paribus as
earlier pointed out by Manasseh et al. (2017) and North (1990), who reiterate the imperative
nature of the viable institution in every economy. Considering the relevance of these findings
in policy forecasting, we felt the need to robustly check the estimated dynamic ARDL model
(baseline) reported in Table 4. To perform this check, we employed the DGMM estimation
technique proposed byArellano and Bond (1991) and extended byArellano and Bover (1995),
while the initial proxy for financial system development (M2/GDP) was replaced with the
ratio of credit to the private sector (CPS). The main purpose is to ascertain if a truly long-run
and significant relationship exists between digital financial innovation and financial system
development in COMESA. In this dynamic GMM, we estimated both the difference GMMand
system GMM. The decision on the most consistent and efficient model is taken by comparing
the coefficients of one year lag of the dependent variable (CPS (�1)) of the DGMM result with
that of the fixed effect result. If the coefficient of CPS (�1) is closer or less than the fixed effect
coefficient, it is said to be downward biased. Thus, in that regard, system GMM becomes the
most suitable for the estimation (see Table 5).

The estimated DGMM results (Table 5) were found to be consistent with the ARDL results
reported earlier in Table 4. The evidence (see column 1) shows that indicators such as ATM,
POS, MB and INB is significant and positively related to the financial system development in
the long run, while MP and MM are insignificantly related to the digital financial system.
Similarly, the results presented in columns 2 and 3 also supported the evidence which
suggests that digital financial innovation (DFI) is a key determinant of financial system
development which is consistent with the estimated ARDL results. In addition, the influence
of the digital financial innovation index (DFII), generatedwith the PCAwas further examined
and the results are consistent (see Table 5, column 4) with the evidence from the impact of the
decomposedmeasures of digital financial innovation on financial system development. In like
manner, the index of institutional quality (INQI) was also generated using PCA. The result
also supported our earlier findings which revealed that institutional quality is significant and
positively related to financial system development. This truly shows the relevance of a viable
regulatory environment in promoting financial system activities in COMESA. Hence, the
relevance of the macroeconomic environment is paramount in promoting financial activities.
This is supported by our findings which show that MEV is negative and significantly related
to financial system development.

Taking into account the importance and role of institutional quality in every economy, we
further extended the inquiry by examining the interactive impact of the index of institutional
quality (INQI) and digital financial innovation (DFII) on financial system development. We
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also examined the interactive impact of the decomposedmeasures of institutional quality and
digital financial innovation on financial system development respectively. From the results
(see Table 5, column 4), we noticed that the interaction of INQI andDFII leads to a direct and
significant relationship with financial system development, indicating that the impact of
digital financial innovation would be felt when the viable institution is assured. Hence, this
finding is consistent with the evidence on the interactive impact of the decomposed measures
of institutional quality and digital financial innovation on financial system development. The
result revealed the magnitude of the effect of improved REQ, ROL and GEF in promoting
digital financial services and its impact on financial system development. Furthermore,
similar evidence was observed in the interactive effect ofMEV and DFII on financial system
development, and, as such, support the importance of a stablemacroeconomic environment in
stimulating digital financial activities in COMESA.

Given the results presented in Tables 4 and 5, respectively, we inferred that digital
financial innovation significantly promotes the development of the financial system in
COMESA. Also, to ensure sustainable development in the region’s financial system, coherent,
viable and efficient policies that can stimulate viable institutions and a stable macroeconomic
environment should be considered essential. The findings of this study could be beneficial to
policymakers, financial practitioners, investors, researchers and in particular the COMESA
government. This is because themodels for the studywere thoroughly screened following the
assumptions of the GMM model adopted in the study. As such, there was no indication of a
serial correlation problem through columns 1–4. TheAR (2) value also shows thatmodels 1–4
are free from serial correlation, while the Hansen test confirmed the validity of the
instruments employed in the study. Hence, the Wald test result also confirmed that the
explanatory variables in the model impacted jointly and significantly on financial system
development in COMESA at a 1% level of significance (see Table 5).

6. Conclusion and policy implication
This article has explored the impact of digital financial innovation on financial system
development on a panel of 20 COMESAmember countries over the period of 1997–2019. The
unique feature of this study is on the application of the panel ARDL estimation procedure
(baseline model) and the dynamic GMM (robust model), as well as the limited empirical
evidence on the subject in COMESA. In addition to the knowledge gap is our ability to
account for the impact of the decomposed measures of digital financial innovation and its
index, decomposed institutional qualitymeasures and its index, macroeconomic environment
as well as their respective interactive effect on financial system development in COMESA.
These two techniques are appropriate for panel datasets with a period large enough and
greater than or equal to the cross-section dimensions and with the analysis of identical long-
run and common speed of adjustment to the long run. Hence, the findings from the estimated
techniques show that a homogenous long-run association exists amongst most of the
COMESA countries in the short and long run. But, more is the fact that most measures of
digital financial innovations are positive and significantly related to financial system
development. This finding supports the evidence fromDuygun et al. (2013), Tahir et al. (2018),
Nzioka and Kamakia (2017), Wang et al. (2022), Qamruzzaman and Wei (2019) and Lee et al.
(2020) studies. However, some of themeasures found negative in the long run could be caused
by factors such as the lack of literacy programs inherent in developing countries that will
guarantee that people apply comprehensive financial decisions and choose financial products
which benefit their needs as well as how to use associated channels. Also, the overwhelming
influence of financial innovation in the short run may have led to the underestimation of the
risk inherent in the use in the long run. This supports the empirical findings of Allen and
Carletti (2006).

Digital
financial

innovation

137



Other factors that may have significantly affected how some of these measures of financial
innovation influence financial system development are consumer protection and confidence,
REQ, ROL and GEF andmacroeconomic environment as well as other financial infrastructures
not serving as a gateway to other financial products such as insurance. Therefore, attention
should be given to the long-run impact of some of the measures of digital financial innovation,
institutional quality measures and the macroeconomic environment by providing conscious
policies thatwill checkmate the divergence in the short run.That is, a commonpolicy on regional
innovative financial strategy should be pursued to provide incentives for technology transfer to
promote financial system development in themember states, and plausible product and process
innovations should always be in place to complement the inherent benefits of the quality
institution in the different components of the COMESA financial system.
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