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African countries. This study further expands on the current literature on the
relationship between financial development and economic growth by examining how the
mediating effect of the two variables (institutional quality and ICT diffusion) will directly
and indirectly relate to financial development to grow the economy. Panel data from 2004
to 2022 show that there exists an obvious positive relationship between financial
development and economic growth, especially if' a country has an acceptable amount of
ICT usage and an acceptable level of institutional quality. The evidence underscores that
expanding ICT diftusion and strengthening institutional frameworks are major driving

forces of the progression of the financial sector and, consequently, economic growth in
North African countries, shaping modernization, competitiveness, and sustainable
development across diverse national contexts. Therefore, to obtain significant
improvements to the financial system, a multi-faceted strategy with a high degree of
technological capability and strong institutional capacity is necessary. As such, it is
recommended that each government in North Africa implement broad reforms that
promote technological innovation and institutional reform. These include implementing
anti-corruption laws, promoting the rule of law, and reducing bureaucracy.

Contribution/ Originality: In our study, we demonstrated the positive effects of the combination of technological
diffusion and institutional quality on the link between finance and growth in the North African region, an aspect
studied with very few details in previous research. The findings indicate that financial development could have

stimulated economic growth when governments use new technology and improve the level of institutional quality.

1. INTRODUCTION

In both theoretical and empirical contexts, researchers have thoroughly examined the finance-growth
relationship since Levine's seminal contribution in the early 1990s 1, 27. As shown by many theoretical studies, the
interaction between the development of the financial sector and economic growth is not always linear or mechanical;
it depends on several country-specific factors that determine the ability of the economy to efficiently use financial
resources. The research will seek to add to the existing literature on the issue of financial development and economic
growth. It goes beyond the traditional correlation between the two to look at the mediating effect of two important
variables: institutional quality and the spread of information and communication technology. This discussion aims to

explicate the indirect effect of these two variables on the development of finance and promote economic growth.
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Endogenous variables typically affect financial intermediation, including actions of borrowers, government
intervention, and corruption; most traditional financial development models, however, fail to explain such variables
[37. In most developing nations, large firms receive credit opportunities at the expense of smaller enterprises, which
restricts the total contribution of fiscal growth to overall growth [47]. Results suggest that there is a dire need to
design financial policies that are context-sensitive, align with the institutional and economic peculiarities of a
particular country, and promote the use of advanced analytical models involving the mentioned conditional variables
[5]. Different results arise from varying levels of institutional quality, the structure of a financial system,
technological progress, and developmental phases. Khan, et al. [67] argue that institutional quality is a significant
threshold at which financial development should start playing an important and long-lasting role in economic growth.
Nevertheless, in the low-income group, financial development has proven to enhance economic growth with better
access to finance and stimulate entrepreneurship.

The spread of Information and Communications Technology (ICT) to financial institutions is important for their
development and modernization as it relates to the delivery of financial products via the Internet (online banking),
mobile devices (mobile banking), and other technological innovations specific to the financial industry [77]. ICT
diffusion enhances the effectiveness of providing financial services processes and reduces the cost of doing business
through developing connectivity and improving data management processes.

Diftusion of ICT has led to the improvement of the efficiency of financial intermediation, which is accomplished
by real-time data processing, predictive analytics, and risk management systems, and has led to increased efficiency
and coverage of financial institutions [87. Furthermore, online technologies such as financial technology solutions
and digital platforms have proved effective in enhancing financial responsibility and donor engagement when
transparency is a key determinant of trust and sustainability [97. In developing countries, where conventional
financial systems lack efficiency, ICT plays a key role in mitigating disparities and democratizing access to financial
services [107].

The emergence of ICT, coupled with good institutions, is a valuable ingredient in establishing financial systems
and economic growth. The popularity of ICT enhances the effectiveness of financial institutions, may trigger
innovation in the financial sphere, and increases the accessibility of financial products as transaction costs are lowered
and barriers to financial inclusion can be dismantled [117]. Recent studies have also poorly examined the key
transmission channels that shape the nexus between finance and growth, particularly regarding the sharing of ICT
and institutional quality. We will explore the positive impacts of financial development on economic growth in two
distinct transmission channels in our study.

The diftfusion of ICT is one of the most important factors for emerging countries. Initially, these policies fostered
economic diversification by diminishing reliance on the traditional sector and encouraging the development of
innovative industries such as e-commerce, digital services, and technology-driven start-ups. Secondly, the digitization
of government operations, which results from the diffusion of ICT, enhances citizens’ access to administrative and
social services. ICT is an important tool for spreading education and training because it offers a much higher number
of people access to virtual learning systems and connects those who are learning with a global wealth of knowledge.
In addition, ICT is also a means of social and economic development by increasing interconnectivity between remote
and urban communities as well as creating new job opportunities.

Institutional quality can either increase or decrease the efficiency of the financial system. Although both are
increasingly important as intermediaries between financial development and economic growth, little empirical
research has been done regarding ICTs and institutional quality as transmission mechanisms for North African
countries. These nations offer a distinctive case due to their swift adoption of ICTs, diverse levels of institutional

development, and ambitious economic reform programs under initiatives such as innovation and technology in

282
© 2026 AESS Publications. All Rights Reserved.



Journal of Asian Scientific Research, 2026, 16(2): 281-298

Agenda 2063.! This study seeks to bridge the existing gap by examining how the diffusion of ICT's and the quality
of institutions act as transmission channels in the finance-growth nexus in North Africa. These expected findings
should provide effective and practical policy recommendations to encourage sustainable economic development in

North Africa.

2. LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT
2.1. Institutional Quality, Financial Development, and Economic Growth

Financial institutions are key to channeling savings into investments that produce productive output and help
allocate resources efficiently. However, the effect of financial institutions on the growth of economies differs
significantly between countries; thus, it is likely that there are moderating factors present. Studies suggest that one
of the most significant factors is institutional quality [127. Thus, the quality of institutions is a determinant of the
impact of a developed financial sector on economic growth, as well as the relationship between the two. To be effective,
a financial system must be able to rely on good-quality institutions to provide regulatory stability and competent law
enforcement and, therefore, sustain economic growth over time.

Bayraktar, et al. [187 and Salouka, et al. [14] found that financial development significantly contributes to
economic growth only when institutional quality is considered. According to these findings, a financial system needs
a sound institutional framework that works in harmony. The credibility of institutions influences the confidence of
individuals undertaking economic activity. A poor institutional structure aggravates the financial crisis, but strong
institutions augment the stability of the banking system and economic recovery from adversities. Dang, et al. [15]
provide empirical evidence that high institutional quality is essential in reducing economic volatility, although it may
restrict banks' profitability in the short term. Nguyen [167] demonstrates that effective governance can mitigate the
negative impact of undue concentration in the banking industry of emerging economies.

Therefore, it can be inferred that institutions with quality are a necessary condition for creating stable financial
systems and sustainable economic growth over the long run. Analysis of different countries also indicates that
institutional resilience is especially vital for developing economies. It is believed that strong institutional mechanisms,
marked by the absence of corruption and strict adherence to laws, are critical for the promotion of successful financial
development [177]. Good institutions lead to the development of clear rules, the protection of property rights, and
reductions in transaction costs, which eventually build confidence among economic actors. In turn, institutional
reforms are prerequisites for increasing investment, promoting innovation, and facilitating trade to ensure long-term
economic growth.

The findings of the research studies confirm that strong institutional structures are essential in allowing financial
development to play a positive role in economic development. Anti-corruption measures and better regulatory
efficiency are thus the goals many countries aim to achieve to improve the quality of institutions [187]. Excellent
institutional quality is regarded as a priority, especially in the developing world. Moreover, establishing the rule of
law and reducing corruption will create conditions that promote financial development [197. These institutional
foundations support investment, innovation, and trade by participants; therefore, they promote long-term economic
development. As a result, a sound financial system cannot build or sustain itself on weak institutional structures [207].

Kiigtikgolak, et al. [217] note that anti-corruption initiatives advance finance and FDI in emerging markets.
Moreover, Mili [227] claims that complexity in the context of economics does matter but will not drive financial
growth without an institutional environment that encourages innovation, supports diversification, and establishes an
environment of macroeconomic stability. In this respect, there is a tight connection between the financial system and
the institutional environment. Thus, when developing or reforming the financial sector, institutional strengthening

must accompany all these endeavors.

! Agenda 2063: Technological growth and innovation to drive Africa’s growth.
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A key condition for a stable and effective financial system is the need to implement institutional reforms that
emphasize increased transparency, supervision, and responsibility to ensure long-term sustainability. In the absence
of such improvements, financial institutions are unable to direct funds efficiently and adequately; hence, there is a
higher chance of failure at the systemic level and a rise in the level of economic inequality. The initial hypothesis of
this research is based on this conceptual premise.

Hypothesis 1: The role of financial development in supporting economic growth is influenced by the quality of institutions.

2.2. The ICT Duffusion Role in the Nexus of Finance and Growth

ICT is currently viewed as a growth engine in the financial sector based on the idea that it promotes the evolution
of new ideas and the spread of information [237. The applications of ICT also support financial and economic decision-
making by making available the required and timely information to support these decisions. The availability of ICT
equips decision-makers with the necessary information to make economic and financial decisions promptly. This
enhances the efficiency of the decision-making process by facilitating fast information delivery, lowering transaction
costs, and providing equal access to the financial system for all. It is grounded in the transaction cost theory, initially
suggested by Coase [24] and followed up by Williamson [257 and [267]. Its technological advances promote financial
inclusion and boost the efficiency of economic and organizational operations, which is achieved through promoting
interactions between economic players [27].

Awa and Abdou [287] assert that ICT infrastructure development positively impacts financial inclusion and
economic growth in WAEMU. Similarly, Endres and Steula [297 state that the widespread use of mobile and fixed-
line communication technology is essential for improving financial systems, as evidenced by increased domestic loans
to the private sector. Their results indicate that ICT infrastructure is critical in advancing financial inclusion and
redefining the banking process [307.

The recent stream of literature confirms the fact that a rise in digital infrastructure brought about by ICT's allows
countries to become more financially inclusive and, hence, is essential to the sustainable growth of economies as well
as the advancement of social justice [31, 327.

It is through the spread of ICT that growth in the financial system occurs, particularly in high-income nations.
The spread of ICT enhances access to financial services and institutional efficiency [83-357. The situation is more
complicated in developing countries because researchers believe that the lack of ICT infrastructure and digital
illiteracy can hinder its effectiveness [36-387.

According to the recent study, the positive impact of mobile and Internet penetration on economic growth is
substantial and measurable, and the association between finance and technology fields is significantly greater when
it advances to some point of penetration [397]. Using digital platforms has been identified as playing a crucial role in
promoting organizational innovation and transforming intellectual capital into a competitive advantage [407].
Financial development is possible thanks to the spread of ICT, which reduces informational asymmetry, optimizes
credit allocation, and opens an alternative to new financial platforms [41, 427]. Moreover, financial services will be
more efficient (with the help of new technology, blockchain, robo-advisors, etc.), transaction costs will decrease, and
consumers will be able to trace them better [437.

ICT contributes to the advancement of financial intermediary services by providing enhanced data analysis and
risk assessment abilities that lead to an improvement in the overall operation of the financial environment [87.
Implementation of ICT technology in financial institutions represents a significant technological development that
has led to increased operational efficiencies for financial intermediaries, as well as a greater ability to link various
economic actors and facilitate decision-making based on knowledge. There are three major mechanisms by which the
impact of ICT on development can be viewed.

e ICT can stimulate innovation and/or enhancement of productivity [44].
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e Creation of knowledge and reduction of informational asymmetries that inhibit lending or reduce the
effectiveness of credit distribution mechanisms [457].

e Enhancement of transparency and trust among economic actors regarding data collection/tracking [467].
The UNCTAD report also evaluated the Frontier Technology Readiness Index (FTRI), a country-specific metric
used to evaluate countries' preparedness to implement frontier technologies, including Al, through evaluation of
digital infrastructure, availability of data, and technological expertise, all of which are direct influences on the North
African region's preparedness to achieve these objectives. Therefore, to accomplish the goals, there must be an
emphasis placed on filling knowledge gaps and expanding access to capital in developing countries, particularly in

the North African region. This conceptual foundation forms the basis for the secondary hypothesis of this study.

Hypothests 2: The ICT diffusion augmented the effect of financial development on economic growth.

2.8. Conceptual and Theoretical Model in North Afiican Countries.

Since the onset of the 21st century, the member states of North African countries have experienced substantial
socio-economic transition, adopting modernization and innovation systems. The political objective of this strategy is
to create a diversified economy that relies less on hydrocarbons and to develop an innovative, knowledge-based
society.

The capability to embrace ICT depends on the number of government regulations and policies, world trends in
ICT, and the prevailing market state, which is influenced by the nature of economic development [477. Recently,
North African countries have gradually implemented digital transformation strategies to modernize their economies
and improve public service delivery.

Morocco has already become a leader in this area and has developed from e-government into a full-fledged digital
economy through a series of medium-term strategies and institutional reforms [487. The Digital Morocco program
focuses on innovation, cybersecurity, and digitalizing government administrative and financial services. It emphasizes
the importance of policies, law, social awareness, and institutional synergy [497].

Algeria is undergoing numerous changes that will help establish its technology sector and enable more people to
develop the skills necessary to thrive in the digital world; this is also directly influencing the education system’s
development. Like Algeria, the Smart Tunisia strategy aims at developing a collaborative environment, and it applies
to both the public sector and financial sphere, employing new technologies, including blockchain and artificial
intelligence. The government of Tunisia has also created an environment that fosters innovative entrepreneurial
actions and investments in digital education and healthcare infrastructure, aiming to promote inclusive economic and
social growth.

The Digital Egypt program has triggered large-scale investments in digital infrastructure, e-government, and
financial technologies; it has also prompted institutional changes in the financial sector to enhance transparency, add
an extra level of accountability, and improve the effectiveness of financial sector operations. Reforms strengthened
financial institutions and increased investment appeal; tech and digital banking boost inclusion, access, fintech
growth, and risk management, driving growth and competitiveness. Both digital transformation and institutional
reform require the same policy tools to ensure the sustainability and strength of the financial system. This research
developed its theoretical/conceptual framework through an extensive literature review and hypothesis testing. It
examined the impact of digital transformation on the strength of the financial system, as well as the impact of
institutional quality on the degree of financial development and the interaction effect of both on economic growth in

North Africa.
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Figure 1. Conceptual and theoretical model.

3. METHODOLOGY

This research utilizes balanced panel data spanning 19 years (2004-2022) from four countries (Algeria, Egypt,
Morocco, and Tunisia) to empirically assess the proposed theoretical framework. The selected timeframe signifies the
availability of reliable statistical data. The analysis employs the System GMM estimation technique to mitigate

endogeneity biases and improve the validity of the empirical findings.

3.1. Empirical Model

The study examines the impact of ICT proliferation and institutional quality on the finance-growth nexus. It is
conducted in a cohort of four North African nations from 2004-2022. The World Bank [507 supplies the World
Development Indicators (WDI) as the data source. Institutional indicators are derived from the Political Risk Services
(PRS) Group database, specifically the annual variables of the International Country Risk Guide (ICRG), a product
of the PRS Group. The appropriate model for achieving our research goal is an endogenous economic growth model.

Vit = BoYit-1+ P1FDie + BoXie + e + @01 + €10 (1)
Rewriting Equation 1 with growth rate as the dependent variable gives.

Growthis = Vit — Vie—1 = (Bo — DY + BiFDi + BoXip + e + @i +&ip (2)

Hi"

In Equation 2, "i" denotes the country, the subscript "t" signifies the different periods, "y" represents the real
GDP per capita growth, "FD" indicates financial development, and "X" refers to the matrix of control variables. In
this context, (i, represents a time-specific effect, ¢; is a country-specific unobserved fixed effect, and ¢; ;indicates the
error term. Equation 2 serves as the foundation for our estimation. The convergence coefficient is represented as
Bo—1).

The identification of the transmission mechanisms that clarify the nature and magnitude of the relationship
between financial development and economic growth remains ambiguous, both theoretically and empirically. Our
study is among the few that directly confront this research gap by particularly addressing the topic at hand.
Consequently, ICT spread [517] and institutional quality [527] are the principal methods by which financial
development affects economic growth. In Equation 2, we will add a new term that combines ICT diffusion and
financial development (FD x ICT) and another term that combines institutional quality and financial development
(FD x INS). This will help us explain things better than just using the standard variable in the economic growth

model.

Growth;; = (By — Dyr—1 + B1FDi¢ + Bo(FDi X ICT; ) + B3 (FDye X INS; ) + BuXie + e + @ +&ir (3)
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The eftect of financial development on economic growth is analyzed by evaluating the coefficients f, and S,
which quantify the significance of ICT diffusion and institutional quality, respectively. A positive and statistically
significant B, coefficient may indicate that an increase in ICT diffusion enhances the effect of financial development
on economic growth. If B3 is positive and statistically significant; a robust institutional framework enhances the

marginal effect of financial development on economic growth.

3.2. Methodology

In this study, the researchers aim to investigate the roles played by ICT dissemination and institutional quality
on financial development and the effects of the two factors in co-determining economic growth. It specifically
examines how financial development, along with ICT dispersal and institutional quality, interact with each other to
understand the combined effects. In this way, Equation 3 is estimated by using two-stage GMM by Arellano and
Bover [537 and Blundell and Bond [547]. We adopt this estimator for two key reasons: first, that it adjusts for country-
specific effects, and second, it addresses a simultaneity issue that may arise from the potential endogeneity of some
explanatory variables, which can be influenced by other dependent variables. To mitigate endogeneity, the research
uses a two-step system GMM estimator in a dynamic panel data estimation.

The null hypothesis may be rejected due to a lack of lag structure or improper instrument choice. All these tests
carry significant authentication to the dynamic panel data estimation scheme. The rejection of the null hypothesis,
which assumes that the instruments are valid, is significant, and the reliability of the estimation is compromised. A
second-order autocorrelation (AR(2)) test called the Arellano-Bond test is used to determine the serial correlation
between the different residuals [557. It is necessary to ensure there is no second-order serial correlation to ensure
the consistency of the GMM estimator. The null hypothesis may be rejected due to a lack of lag structure or improper

instrument choice. All these tests serve as important validation of the dynamic panel data estimation procedure.

3.3. Data and Sources
Most of the dataset comes from the WDI. Indicators of institutional quality are sourced from the Political Risk
Services (PRS) Group database, specifically from the annual variables of the International Country Risk Guide

(ICRG), a primary data source of PRS.

3.8.1. The Dependent Variable

The dependent variable is economic growth, assessed by the annual percentage growth rate of GDP per capita
at market prices, based on constant local currency. Aggregates are based on U.S. dollars at constant 2015 prices. The
World Bank Development Indicators present data gathered from 2004 to 2022. Economic advancement, as measured
through GDP growth metrics, enhances a nation's capacity to fulfill its financial obligations and cultivates an enabling

environment for the proliferation of ICT [567.

3.8.2. The Independent Variables

The initial GDP per capita serves as a proxy for the conditional convergence rate, measured as the five-year lag
of the log of real GDP per capita, in line with Barro [577] and Bernardelli, et al. [587.

ICT diftusion: The literature identifies three primary ICT indicators frequently used in empirical studies: internet
usage rate, mobile cellular subscriptions, and fixed broadband subscriptions per 100 individuals [59, 607]. The internet
usage rate indicates the percentage of people who have used the internet on different devices in the past three months.
Mobile cellular subscriptions play a critical role in developing areas, as mobile networks sometimes replace fixed
infrastructure. Fixed broadband subscriptions represent access to high-speed internet services provided by
technologies such as DSL, cable, fiber optics, or satellite. Employing Principal Component Analysis (PCA), these

indicators from the WDI were synthesized to generate a composite ICT diffusion index [617].
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3.3.8. Calculating Synthetic ICT Variable’

The following formula represents a synthetic ICT variable calculated using a standardization approach based on

standard deviation.

Where:

ICT =3, by -

X;;= Value of indicator ifor country/year t.

Xit

sd(x;) (#)

sd(x;)= Standard deviation of the indicator facross all observations.

h;= Weight assigned to the indicator i(Could be equal or based on importance).

t= Number of indicators.

The statistical values obtained from PCA are given in Table 1.

Table 1. Summary of principal component analysis.

Eigen analysis of the correlation matrix

Component Eigenvalue IDHsEIRETED D o.rtlon Cumulative
(PCy, — PCy.q) covariance

PC1 2.840 2.721 0.946 0.946

PC2 0.119 0.078 0.039 0.986

PCs 0.040 - 0.013 1.000

These values come from the eigen-decomposition of the correlation matrix of the three indicators (individuals using the Internet
(% of population), mobile cellular subscriptions (per 100 people), and fixed broadband subscriptions (per 100 people)). The
“Difference” column is the drop from PC, to PCyyq1; “Proportion” is the explained variance ratio per component;
“Cumulative” is the running total.

Figen vectors (Component loadings)

Variable PC1 PC2 PC3

Using Inter 0.585 -0.115 -0.802
Mob Cellular 0.575 -0.6388 0.511
Fix broadband 0.571 0.761 0.807

Note:  Using Inter: Individuals using the Internet (% of population); Mob Cellular: Mobile Cellular Subscriptions (Per 100 people), and Fix broadband: Fixed
broadband subscriptions (per 100 people). PC1, PC2, and PC3: principal components.
PC1 has strong, nearly equal loadings on all three indicators (= ]0.97-0.99), confirming that it captures the common ICT adoption trend.

Financial development (FD): This variable indicates how much of the GDP banks lend to the private sector [627].
According to North [637 and Robbins [64] financial environment reliability and transparency directly influence
public confidence in the financial system.

Institutional variables: The PRS Group database is the main source of institutional indicators used in preparing
ICRG measures.

Corruption (COR): Numerous empirical studies demonstrate that corruption hinders financial development and
acts as a barrier to long-term economic sustainability, especially in environments marked by fragile institutional
frameworks [217].

Law and Order (LO): This concept combines two terms. The first, “legal,” indicates the assessment of the
autonomy, efficacy, and equity of the judiciary. The second, “order,” indicates assessments of overall compliance with
laws and the prevalence of criminal behavior. A high score indicates a robust legal framework and a strong degree of

compliance with legal norms [657.

2 Normalization is essential before performing Principal Component Analysis (PCA) to make indicators comparable. Due to two reasons: 1- Different Units: very
different scales between using the Internet (%), mobile cellular subscriptions, and fixed broadband subscriptions (number per 100 inhabitants). 2- Impact on Variance:

PCA maximizes explained variance; a variable with a large amplitude dominates the components.
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Bureaucratic Quality (BQ): These variables measure the degree of rule compliance and operational efficiency
within the organization. Developing a competent bureaucracy and accountability can further enhance the positive

effects of financial development on economic growth [667].

3.8.4. Control Variables

Inflation: This variable indicates the annual rate of change in the cost of a typical basket of goods and services
utilized by the average consumer. Considering the extensively recorded detrimental impacts of elevated inflation on
economic performance [677, a negative coefficient is expected.

Trade openness: This variable indicates the extent of economic engagement with global markets. Neoclassical
growth models suggest that the relationship between trade openness and economic growth is unsubstantiated. While
openness typically fosters economic progress, it can also have adverse effects [687. Accordingly, if trade openness
contributes positively to economic growth, a positive coefficient is expected. This study adopts the most direct and
often accepted definition: the sum of exports and imports as a proportion of GDP.

Tables 2, 3, and 4, respectively, report the descriptive statistics, the correlation coefficients matrix, and the

variable measurements and data source descriptive statistics.

Table 2. Descriptive statistics.

Variables Acronym Obs Mean SD Min. Max.
Economic growth GDPGR 76 1.78 2.71 -9.76 7.06
Initial GDP per capita LAG-RGDP 76 0.07 0.06 -0.08 0.17
ICT diffusion ICT 76 42.75 28.28 2.72 99.03
Financial development FD 76 41.51 18.89 10.18 67.61
Corruption COR 76 2.20 0.44 1.50 3.00
Law and Order LO 76 3.91 0.88 2.41 5.00
Bureaucratic Quality BO 76 2.06 0.17 2.00 2.52
Trade openness TRO 76 68.97 22.10 29.85 115.82
Inflation INF 76 5.43 4.4:3 0.30 29.50

Table 3. Pairwise correlation coefficients matrix.

GDPGR | LAG-RGDP FD ACP TRO INF COR LO BQ
GDPGR 1.000
0.578%%%
LAG-RGDP (0.00) 1.000
0.003 -0.036
FD (0.74) (0.35) 1.000
-0.295%*% | _0.653%** 0.221%
ACP (0.00) (0.00) (0.09) 1000
TRO 0.065 -0.018 0.673%** | 0.0239 1.000
(0.574) (0.22) (0.00) (0.51) )
INF 0.089%* -0.066 -0.308%** | 0.246% |-0.335%** 1000
(0.018) (0.33) (0.00) (0.09) (0.00) ]
COR -0.078 -0.004 0.691%* | 0.226%* | 0.429%%* | -0.289%%* 1.000
(0.501) (0.41) (0.03) (0.06) (0.00) (0.011) )
LO 0.115 0.24:2%%* 0.809%** | -0.153 | 0.697*%* | -0.429%** | 0.686%*** 1,000
(0.817) (0.083) (0.00) (0.74) (0.00) (0.00) (0.00) )
B -0.055 -0.270% 0.070 | 0.623%** | 0.0238 0.202 0.086 |-0.115
Q (0.224) | (0.0176) | (0.543) | (0.00) | (0.836) | (0.078)% | (0458) |(0.317)| 0%

Note: The symbols *** ** and * indicated statistics of 1%, 5%, and 10%, respectively.
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Table 4. Variable measurements and data source.

Variabl Dat E ted | Th tical
arlable Variable Acronym | Measurement ata .xpec ¢ e.tore 1ea
category Sources signal basis
Ullah and Khan
d E ~ 1c P ~ ]
Depen ent conomic GDPGR GDP per capita WDI (697 and Sahoo
variable growth growth (annual %) .
and Sethi [70].
GDP per capita,
B 5 d
Independent | Initial GDP | LAG- PPP (constant arro [ 7]. o
. . . ) WDI - Bernardelli, et al.
variables per capita RGDP 2021 international C587
$) '
- Individuals using
the Internet (% of
population)
- Mobile Cellular Chien, et al. [597]
Ind dent | ICT
" .epen e o ICT Subscriptions (per | WDI + and Wen, et al.
variables diffusion
100 people) [60].
- Fixed broadband
subscriptions (per
100 people)
Domestic credit to
) . . WDI Beck, et al. [717]
Independent | Financial the private sector
. FD & + and Beck and
variables development by banks (% of IndexMundi Levi g
ndexMundi vin .
GDP) e evine [72]
Corruption .
Balguzh
Independent . This measure ICRG apuza and
. Corruption | COR . - Irani [7387] and
variables ranges from O to Datasets
6 Bayar, et al. [747].
Law and Order
Park and Shi
Independent | Law and This measure ICRG artan -
. LO . + [65] and Efayena
variables Order ranges from O to Datasets
6 and Olele [757].
Bureaucratic
i Kh .
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4. RESULTS, DISCUSSIONS, AND IMPLICATIONS

This paper presents an empirical analysis employing panel data methodologies, specifically focusing on the

System Generalized Method of Moments (GMM) estimator, utilizing a dataset from four North African countries

(Algeria, Egypt, Morocco, and Tunisia) spanning the years 2004 to 2022. Table 5 displays the results of five

regression models derived from empirical data. The first model (R1) examines the direct impact of financial

development on economic growth. Regressions R2 through R5 examine the indirect effect of financial development

on economic growth by incorporating the mediating roles of ICT diffusion and institutional quality.
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Table 5. Direct and indirect effects of financial development on economic growth.

Variables (R1) (R2) (R3) (R4) (R5)
0.155 0.038 0.066 0.057 0.07
CONSTANT (0.688) (0.82) (0.86) (0.96) (1.08)
-0.064 -0.043 -0.052 -0.061 -0.073
LAG-RGDP (-2.166)** (-2.86)** (-2.66)** (-2.246)** (-2.284)**
INF -0.013 -0.018 -0.022 -0.011 -0.019
(-2.44)" (-2.88)™ (-2.84)™ (-2.701)" (-2.848)""
TRO 0.023 0.052 0.022 0.013 0.044
(2.110)™ (2.026)™ (2.268)™" (2.218)" (2.114)
0.012
FD (2.022)™
0.064

-0.014
X
FDXCOR (-1.984)%
0.088

FD XLO (5.654)"**

0.022
FD xBQ (4.008)"
Sargan test (p-value) 0.344 0.523 0.558 0.422 0.566
AR(2) test (p-value) 0.598 0.442 0.553 0.484 0.391
Hansen J test (p-value) 0.429 0.546 0.522 0.336 0.468
Note: P-Value *, #* and *** represent significant levels of 10%, 5%, and 1%, respectively.

The first line gives the coefficients, while the following line displays the t-statistic values.
The Sargan-Hansen test results from the GMM system show that the lagged variables of the distinct endogenous variables work as valid instruments
in all regressions.

There is a significant positive relationship between finance and growth (as shown in Table 5) that can be amplified
through the inclusion of ICT diffusion and financial development in the regression model. Specifically, we identify
five distinct models. The first model (R1) demonstrates the direct influence of financial development on economic
growth. The first regression (direct effect) indicates the positive and significant impact of financial development on
economic growth. Model two (R2) shows that the ICT environment's beneficial impact on financial development leads
to higher growth rates of real GDP per capita. Models three to five (R3—R4—R5) demonstrate how better institutions
can increase the impact of financial development on economic growth. The addition of ICT diffusion indicators in the
second regression (R2) also made the effect of financial development on economic growth stronger. This improvement
is justified by increases in the coefficient values and in the statistical significance of the coefficients from 0.012 to
0.064, which indicate a positive effect.

Research indicates that the integration of ICT and financial development correlates with positive economic
growth, particularly in developing economies [787. For example, in North Africa, there has been an increased
investment in digital infrastructure by governments and businesses over the last twenty years through
telecommunication networks, Internet services, and digital solutions in both the public and private sectors [747].
Thus, ICT diffusion increases the effect of financial development on economic growth and therefore becomes a critical
element in any policy framework designed to promote sustainable development in the area [797. The inclusion of
institutional variables in the two models (R4 and R5) of the empirical analysis, along with the financial development
factor, increases the influence of the financial development factor on growth, especially in the size of coefficients and
significance.

Adding the "Law and Order" indicator changes these coefficients from 0.012 to 0.088. The value increases to
0.022 upon the inclusion of the "Bureaucratic Quality" indicator. The third regression model indicates that the
inclusion of the corruption variable, in conjunction with the financial development variable, reduces the latter's impact

on economic growth. The coeflicient estimates range from 0.012 to -0.014 for the "Corruption" indicator. Institutional
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bad practice, as such, will most likely stop or block the opportunity for the establishment of financial development.
North African corruption causes various negative effects; namely, it misallocates funds from their optimal use,
increases transaction costs for both consumers and producers, and reduces the availability of loans for businesses and
consumers. Therefore, in a corrupt country, financial development is likely to encourage opportunistic behavior and
inequality instead of promoting economic growth; as a result, it may either reduce the positive effects of financial
institutions or eliminate them. Thus, these results emphasize the necessity of institutional transformation to enhance
economic growth and financial development in North African countries.

Several institutional changes, such as structural changes, must be adopted. These changes will enhance investor
confidence, entrepreneurship, efficiency, and renew the financial system. One of the most significant issues that led to
the country's economic development is the modernization of the Moroccan legal system [507. Similarly, digital
governance technologies in Tunisia have enabled the establishment of new businesses [807. At the same time, Algeria
and Egypt have stepped up their fight against corruption to bring more transparency and integrity to their governing
institutions [81, 827]. Meanwhile, there has been an upsurge in anti-corruption movements across Algeria and Egypt
in their effort to establish more transparency and integrity within various government structures. These policy
measures can be associated with the UN SDGs because they promote inclusive growth [837. A well-developed
financial system and sustainable growth heavily depend on strong institutions and a well-developed ICT
infrastructure.

The development of ICT infrastructure facilitates the provision of digital financial services, as it enhances access
to banking, reduces transaction costs, and promotes transparency [84]. Similarly, an effective institutional structure
encourages financial innovation and confidence among investors [85]. North African countries have empirical studies
showing that the increase in ICT facilitates financial development and, therefore, multiplies the positive effects on
economic growth [867. The use of digital technologies in financial services increases the shift to a digital economy
and optimizes the financial system [507]. This increases private funding, contributes to entrepreneurship, and

stimulates sustainable and diversified development in North Africa [877.

5. CONCLUSION AND POLICY IMPLICATIONS

Since the late 1980s, there has been a developing body of research (empirical studies & theoretical frameworks)
that has shown a strong relationship between financial development and economic growth. Until now, the explanation
of the causal relations between these variables has been very limited and incomplete. The present paper aims to add
to the existing knowledge base about this subject matter, as it relates to the North African region for the period from
2004 to 2022, by using two main independent variables: quality of institutions and ICT diftusion.

Our empirical results confirmed the important role of ICT diftfusion, which has been able to improve the efficiency
of the financial sector. This improvement is achieved by enhancing access to banking services for both individuals
and organizations, as well as by increasing the operational efficiency of these organizations, leading to greater overall
economic growth. The increase in coefficient values and the significant value of coefficients, ranging between 0.012
and 0.064, indicate positive effects and support this improvement. A well-developed and established organizational
structure also plays a significant role in establishing a secure and efficient system that enables the financial sector to
thrive. The practical findings of this article also indicate that there must be a concerted attitude toward economic
growth, which is linked to the inter-relationality of I'T development and institutional change, to increase the potential
positivity of financial development.

North African nations should maintain their momentum in digitizing the banking sector. To enhance economic
growth, these countries need stricter regulations, effective anti-corruption laws, and serious law enforcement. These
findings should guide policy decisions for North African policymakers. Financial development involves the strategic
allocation of resources to a comprehensive ICT infrastructure and the establishment of a robust institutional

framework.
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This study reveals how a country has a solid institutional system and access to ICT, which is also important to
build the banking system and have a stable economy. The right use of technology is crucial in achieving operational
efficiency and increasing digital banking operations. In addition, the digitalization of the financial sector contributes
to stimulating sustainable economic growth. The study emphasizes the importance of continuing government-
provided incentives to facilitate ICT growth and spread, as well as to improve the institutional capacity of
organizations. Although research on the conjoint impact of institutional quality and ICT distribution on finance and
growth is sparse, the available evidence supports the role these play in economic transformation and improvement in
the performance of the financial sector. In our study, we have tried to overcome this limit by showing how such an
indirect relationship between the real and financial spheres is explained through the creation of a sound institutional
environment and the diffusion of ICT.

This study has some limitations that should be noted. The concepts under investigation, ICT diffusion and
institutional quality, are broad and hard to measure with absolute precision. The indicators used in transnational
databases do not always correspond to the actual complexity of digital infrastructures on the ground and the concrete
functioning of institutions in everyday economic life. Furthermore, some indicators evolve slowly or are based on
perceptions, which can reduce the robustness of the relationships observed. These limitations open prospects for
future research in several areas. A greater granularity of indicators relating to digital technologies and institutional
characteristics would make it possible to identify the most decisive factors in the transmission of the effects of finance
on growth. In addition, a comparative analysis between North Africa and other regions would provide relevant

insights.
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