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ABSTRACT:

The Bosmarimai afflcinalin var. prostraics and Raimarim afficimalis are smpontant medicinal plant that has boen
med in Folk medicine fo treat mamry discases, all its paris contain sctive ingredienl bt this stedy loceses on (ke
phenolic conlent, the anti-oxidant sctivity, snd the chemical componition of the cusential oil in The Rosmarinm
v afficimaiis beaves | in kallamoon region, Syria) This study showed
that the phenolic comtent in the othanalss oxtrsct of Foofficmalss ] 65356pmg/| g of dned powder, wiile the
phenodic content i extract of Flofficinalis var. proserates bl | 799)mp/ 1 g dried powdier and the Dietermanation of
Camnostc sced, 0-12-methylcamonic scad, Rosmarisic scid and Ginquasin by HPLC, has shown ibai the
concentration of Carnosk acid, rosmasinis ackd and ginpeamin in the extract of Roolficinalis var. prostraies is
kigher than R.offcisabs, Addibosally the antiouidant capacity value of B officisalis ver, prostmics bs ligher
than B officimalin in kzaf extrsct, while the sstoxidant capacity value of B officins] is oi is higher tham that of
R ifficiamlis var. prostrabes using POL sy, The GC- The GO-MS analysis revealod that the major compenents
in Rosmarisn officinals var. prosreiss esseetial il were | E-Cineole (42,1 8%), s-Piesens | 1 138%), Camphens
(5307 ), a-Humulone [5.61%), p-Cymene (4.95% ) Meanwhile the major components m Resmarines afficimalis
were | E-Cineole (39, 19%), s-Penene (9.15%), Comphene (4.65%), f-Caryophyllens (447%), p-Cymen-S-ol

afficinale var, p s and M

(41855 ), [-Pincne {1.16%)
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SUMMARY

Introduction: Caffeine is the most commonly used psychoactive substance throughout the world, It is
found in coffee, tea, and chocolate, as it is produced lly in the beans and leaves of the plants used
to manufacture these products. Caffeine is often used for its benefits, which include increased vigilance.
It does have side-effects, however, such as palpitations and withdrawal symptoms that include head-
ache. Objective: This study aimed to d the freqs v of caffeine ion and its effect on
academic performance among students of the University of Kalamoon (UOK). Methedology: The study
was conducted 350 undergraduate students from ficst to final vear. Results: About 51.6% were fenales,
84.2% of the students scored less than 3 Grade Point Average (GPA). Majority of the students ($8.9%)
consume caffeine in any form such as an international Coffee’s trademark (72.9%), tea and coffee, About
64.4% of the students consume caffeine at moming. About 51.3% of the students reported sleeplessness
as a side effect and 32.9% of them reported headache as a withdrawal symptom. High proportions of
the students were found to be consuming caffeine due to the misconception that caffeine (73.5%) in-
crease their academic performance. Conclusions: This study found no significant assodation between
academic performance and caffeine consumption.

Keywords: Academic performance; caffeine; grade point average (GPA); University of Kalamoon
(UOK]).

RESUMEN

Efecto del consumo de cafeina en el rendimiento académico de los estudiantes de la Universidad de
Kalamoon (UDK)

Introducclén: La cafeina es la sustancia psicoactiva mas consumida en todo el mundo. Se encuentra en
el café, el té y el chocolate, va que se produce de forma natural en los granos v hojas de las plantas
utilizadas para elaborar estos productos, La cafeina se utiliza a menudo por sus beneficios, que incluyen
una mayor lucidez mental. Sin embargo, presenta efectos darios, como palpitaci v s

de abstinencia, como dolor de cabeza. Objetivo: Este estudio tuve come objetivo determinar la frecuen-
cia del de cafeina v su ef ¢l rendimi d de los estudiantes de la Universidad
de Kalamoon (UOK). Metodologia: El estudio se realizé con 550 estudiantes de pregrado, desde el pri-
mero hasta el ultimo afio. Resultados: E1 51,6 % eran mujeres v el 54,2 % de los estudiantes obtuvo un
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ABSTHACT:

Vildaghipten is & dipoptidhy] peptidase-d inhabiter used W bwsl dishoies meltus, Quality costral of
phamaceuticsl products is a esential sperstion beesuse 0 affevts on the hunsn healts. Evalastion (f
Vikdaghipton local Syrisn brand companing with the reforonce drug Galvus® (Movaris Pharma). Many plysicasl
med chemical quality conteol tests weee applicd o Vildaglipein wblens includmg weight varistion, frisbilay,
hardnces tewts i mbdion e disimcgration, discletion aml dieg comlow wung medifled censtiuticnal
elnmatography imsthad. The muiils of plivecal sad cheimcal kst dhowed that the abloh withan scceplabls
lemita, which allows the wie of the tablets of local companics aafely. The s of weight varaton, fhabslity,
hardaos tosdes were betworn 1825127 o 234, Teng, .03 io 0.27% and 702004 kg'cm® so K4%:0.4 Tk o’
roapectively, Al ket datriegrasad withan 202 min So 706 mia m dstilled water. The diag release (%) w 0,00
HCL and phosphase-bulfforod salime (PBS) (ph 6.5) aflor 40 min wore botweon 95.52% m 985 T%. Rowl seay
wiimg HPLC showgil thal drug comtend (%) mnge Botwoen 81,20 e 97.24%. The rosult validation of the
wmalytheal method was verilied, s the vabee of e covlTaciont of determemstson B wis squal so 0097, which
imicates the limemraty ol this meibod wighin the mage of concentrations (8- 1 200, Gmit of detection | LOD) is
L1 3%ug'ml
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ARTICLE INFO ABSTRACT

JEL: As financial globalization continues to evolve, it has played a pivotal role in the development of financial sectors
G21 in developing countries, enhancing efficiency and fostering competition. However, this trend has also raised
016

concerns regarding its socio-economic impacts, particularly in relation to poverty and inequality. In this context,
the emergence of financial technology (Fintech) and targeted financial inclusion initiatives has marked a sig-
nificant turning point in addressing these challenges. This comprehensive study investigates the intricate dy-
namics between foreign bank entry, Fintech innovations, and financial inclusion, assessing their combined effects
on poverty and inequality across 108 developing countries. Utilizing an advanced panel regression model backed
by Panel-Corrected Standard Errors (PCSE) and Feasible Generalized Least Squares (FGLS) estimation techniques,
we reveal that the relationship between foreign bank entry and socio-economic outcomes is multifaceted and
influenced by the moderating roles of Fintech and financial inclusion initiatives. Our findings indicate that while
the initial introduction of foreign banks may initially exacerbate poverty levels, their interaction with robust
financial inclusion strategies and advanced Fintech solutions can significantly alleviate poverty and inequality.
The study results indicate that, for every 1% increase in the interaction of Fintech with foreign banks, poverty has
decreased by approximately 0.017%. Interestingly, the presence of Automated Teller Machines (ATMs) dem-
onstrates a countervailing effect, mitigating the adverse impacts of foreign bank operations on income inequality.
Moreover, we show that the effectiveness of Fintech in reducing inequality is closely linked to the extent of
foreign bank penetration, highlighting a duality of effects where the advantages and disadvantages of foreign
bank presence become increasingly pronounced in the era of Fintech. These insights underscore the imperative
for policymakers to create an environment that not only promotes financial inclusion but also leverages Fintech
innovations to optimize the opportunities presented by foreign bank entry in combating poverty and inequality.
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Fintech

Financial inclusion
Poverty
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Introduction

Reforming the financial sector is crucial for economic development
because it makes financial services more accessible, encourages invest-
ment, and supports sustainable economic growth (Sassi & Goaied, 2013;
Al Samman & Azmeh, 2016; Azmeh et al., 2017; Guru & Yadav, 2019;
Ustarz & Fanta, 2021; H. M. Nguyen et al., 2022; Abbas et al., 2022;
Asante et al., 2023; Dhingra, 2023; Azmeh & Al-Raeei, 2025). In the
context of globalization, these important changes directly contribute to
the reduction of poverty and inequality by increasing the effectiveness
and inclusivity of financial institutions in a competitive global market,
allowing underprivileged people to engage in the economy and accu-
mulate wealth (Park & Mercado, 2018; Neaime & Gaysset, 2018; Zhang

E-mail address: c.azmeh@iust.edu.sy.
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Chowdhury, 2023). Moreover, as globalization intensifies, the emer-
gence of financial technology, or fintech, has significantly transformed
the landscape of financial services, especially in developing countries.
By enabling digital financial services via mobile devices and the
internet, fintech fosters a more inclusive financial environment, thereby
facilitating globalization by connecting disparate markets and de-
mographics (Dabla-Norris et al., 2015; Sodokin et al., 2023). As a result
of this dismantling of traditional financial barriers, digital financial in-
clusion (DFI) has amplified service accessibility, promoted savings and
investments, driven economic development, and moderated poverty and
inequality through globally integrated systems (Sassi & Goaied, 2013;
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Senou et al., 2019; Tchamyou et al., 2019; Yu & Wang, 2021; Yao & Ma,
2022; Kouladoum et al., 2022; Azmeh & Al-Raeei, 2024; Azmeh, 2025).

The World Bank aims to end extreme poverty by 2030 and improve
shared prosperity for the poorest 40 % of the population (Cardoso &
Teixeira, 2020). However, globalization has exacerbated existing issues
of poverty and income inequality in developing countries. Persistent
issues, including excessive income inequality and unequal financial
stability, continue to challenge globalization’s intended economic ben-
efits (Enowbi Batuo & Asongu, 2015; Neaime & Gaysset, 2018). The way
globalization reshapes the financial landscape has led to a central
question in today’s financial discourse: how does foreign bank pene-
tration facilitate or hinder these issues in developing countries? Critical
considerations about foreign bank penetration’s complex role in influ-
encing financial systems—and by extension, social consequences—are
raised against the backdrop of income inequality and poverty reduction
(Azmeh, 2018; Delis et al., 2020; Iddrisu, 2024; Ullah et al., 2024).
Proponents argue that foreign banks contribute to financial develop-
ment by introducing advanced banking technologies, increasing
competition, and widening access to global capital (Wu et al., 2010;
Boamah et al., 2022). However, this optimistic viewpoint often conflicts
with the concerns of “cherry-picking,” where foreign banks prefer
larger, established companies over small and medium-sized enterprises
(SMEs) and vulnerable communities, effectively sidelining those who
may need assistance the most (Saleh, 2015; Azmeh, 2018; Beck et al.,
2018; Nanivazo et al., 2021).

This discussion takes on added significance in the context of glob-
alization when compounded by the dynamic interplay of fintech,
financial inclusion, and the presence of foreign banks. Previous research
highlights contradictory results; while some studies confirm that foreign
banks might promote greater access to financial services in a globalized
context, others proclaim that their existence can unintentionally exac-
erbate financial exclusion (Ox§uca, 2019; Kebede et al., 2021). The
convergence of fintech developments may actively contribute to miti-
gating some of the adverse effects of foreign bank presence, providing
opportunities for developing countries to fully benefit from the positive
effects of globalization on financial sector development. For example,
fintech platforms have the potential to close the gap between under-
served communities and traditional financial institutions, creating an
environment conducive to equitable access to finance in a globalized
world (Iddrisu et al., 2022).

Given the significant presence of foreign banks in the financial sec-
tors of developing countries—where their assets make up over 45 % of
total bank assets—their role in driving financial sector reform within a
globalized context requires careful examination. As fintech innovations
grow and policymakers focus on financial inclusion, this study explores
how the entry of foreign banks interacts with these trends to affect
poverty and inequality on a global scale. Utilizing panel data from 108
low-, lower-middle-, and upper-middle-income countries across four
time periods (2011, 2014, 2017, 2021), we apply Panel-Corrected
Standard Errors (PCSE) and Feasible Generalized Least Squares (FGLS)
methods to analyze the complex relationships between foreign bank
penetration, fintech adoption, financial inclusion, and socio-economic
outcomes. This approach not only fills a crucial gap in the existing
literature but also offers policymakers practical strategies to align
financial globalization with inclusive development objectives, ensuring
that the entry of foreign banks and technological progress work together
to reduce poverty and inequality in an increasingly interconnected
world.

To this end, the objectives of this study are twofold: first, to inves-
tigate the direct effects of financial globalization, proxied by foreign
bank presence, on multiple dimensions of socio-economic outcomes,
specifically poverty and inequality, while analyzing the moderating
roles of Fintech and financial inclusion. Second, to develop a theoretical
framework that elucidates the mechanisms through which foreign bank
presence influences poverty and inequality, ultimately advancing our
understanding of the interplay between foreign banking practices,

Research in Globalization 10 (2025) 100277
fintech, and financial inclusion in the realm of globalization.
Literature Review
Foreign bank penetration and Socio-Economic outcomes

The influence of foreign banks on the financial systems and socio-
economic conditions in developing countries has sparked considerable
discussion. Supporters claim that foreign banks improve the efficiency of
the financial sector by bringing in advanced technologies, promoting
competition, and increasing access to international capital (Wu et al.,
2010; Bonin & Louie, 2017; Azmeh, 2018; Yin, 2021). For example,
Boamah et al. (2022) show that foreign banks enhance operational ef-
ficiency in local banking sectors, leading to reduced costs and increased
profitability. This is echoed by Nguyen (2022), who points out their role
in boosting competitiveness in a globalized context. Likewise, Hartwell
(2018) connects their presence to greater competitiveness and lower
transaction costs in the economies they enter. On the other hand, critics
point out the dangers of “cherry-picking,” where foreign banks tend to
favor established corporations over small and medium-sized enterprises
(SMEs) and low-income households, which worsens financial exclusion
(Saleh, 2015; Azmeh et al., 2017; Beck et al., 2018). This issue is
particularly alarming in developing nations, where marginalized groups
often struggle to access credit (Kleymenova et al., 2016; Nanivazo et al.,
2021), a situation made worse by global economic inequalities
(Detragiache et al., 2008; Claessens & Van Horn, 2014).

The evidence regarding the impact of foreign banks on socio-
economic outcomes is quite mixed. For instance, Ozs;uca (2019) sug-
gests that foreign banks enhance access to essential banking services in
transition economies, yet they do not seem to improve per capita
borrowing. On the other hand, Iddrisu et al. (2022) indicate that while
foreign banks in Africa may increase financial exclusion, they also
strengthen the connection between fintech and financial inclusion. The
effects on inequality are similarly unclear: Delis et al. (2020) link foreign
bank presence to higher Gini coefficients, whereas Koudalo and Wu
(2022) contend that financial liberalization worsens income inequality
by benefiting wealthier clients. These conflicting results highlight the
importance of examining contextual factors, such as institutional quality
(Kebede et al., 2021) and the adoption of fintech, to better understand
these varying outcomes.

Hypothesis 1 (H1): The entry of foreign banks into developing
countries is positively associated with a decrease in poverty levels,
particularly when fintech innovations and enhanced financial in-
clusion measures are present.

The role of financial inclusion in mitigating exclusionary practices

Financial inclusion, indicated by access to formal accounts, ATMs,
and bank branches, has become an essential safeguard against the
negative impacts of financial globalization. Research emphasizes its
importance in empowering marginalized groups, promoting savings,
and supporting entrepreneurship (Park & Mercado, 2018; Senou et al.,
2019; Tchamyou et al., 2019). For instance, Leon and Zins (2020)
illustrate how Pan-African banks enhance credit access for small and
medium-sized enterprises (SMEs), while Gopalan and Rajan (2018)
connect foreign banks to inclusive finance in emerging markets. How-
ever, the effectiveness of financial inclusion is contingent upon the
strength of institutional frameworks. Kebede et al. (2021) reveal that
high levels of foreign bank penetration can hinder inclusion in Africa
unless there is robust institutional quality to balance it out. Moreover,
financial inclusion is influenced by the strategies of foreign banks.
Although these banks might overlook low-income segments, initiatives
aimed at inclusion, such as increasing the number of ATMs and bank
branches, can help mitigate this exclusion (Ozs,uca, 2019; Polloni-Silva
et al, 2021). A notable example is mobile money services like
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M-—Pesa, which have allowed unbanked individuals to engage with
formal financial systems, thereby alleviating poverty (Wachira & Nju-
guna, 2023). Nonetheless, there are still gaps in our understanding of
how these mechanisms interact with foreign bank operations to affect
inequality, especially in areas where financial intermediation is incon-
sistent (Yin, 2021; Boamah et al., 2022).

Hypothesis 2 (H2): Enhanced financial inclusion, indicated by a
greater number of formal accounts and improved ATM access, acts as
a protective factor against the negative consequences of foreign bank
entry on both poverty and inequality.

Fintech innovations as a Catalyst for inclusive financial systems

Fintech, which includes digital payments, mobile banking, and peer-
to-peer lending, has significantly changed the financial landscape in
developing countries. By circumventing traditional banking systems,
fintech helps improve access, especially for rural and low-income com-
munities (Dabla-Norris et al., 2015; Sodokin et al., 2023; Allen et al.,
2021). For instance, mobile accounts and digital payment solutions
lower transaction costs and facilitate immediate financial interactions,
encouraging savings and investments (Yao & Ma, 2022; Kouladoum
et al., 2022). Cumming et al. (2023) point out the importance of
crowdfunding in supporting small and medium-sized enterprises
(SMEs), while Najaf et al. (2022) highlight the adaptability of peer-to-
peer lending for underserved borrowers, a trend that is further
enhanced by platforms like M—Pesa in areas with limited banking ser-
vices (Oyebola Etudaiye-Muhtar et al., 2024). Fintech also influences the
socio-economic effects of foreign banks. Iddrisu et al. (2022) demon-
strate that fintech strengthens the connection between foreign banks and
financial inclusion in Africa, helping to reduce exclusionary practices.
Likewise, digital platforms help combat inequality by making credit and
insurance more accessible (Yanez-Valdés & Guerrero, 2024). However,
the mixed effects of fintech are clear: while it empowers marginalized
communities, its advantages depend on regulatory environments and
digital literacy (Oyebola Etudaiye-Muhtar et al., 2024), highlighting the
necessity for comprehensive policy integration.

Hypothesis 3 (H3): The growth of fintech services, including mobile
accounts and digital payment systems, lessens the adverse effects of
foreign bank entry on income inequality in developing nations,
fostering more equitable economic results.

The dual Nature of Globalization: Opportunities and challenges

The relationship between globalization and financial systems pre-
sents a complex paradox. On one hand, the integration of foreign banks
and fintech can enhance market connectivity and efficiency; on the
other hand, it may exacerbate existing inequalities. Ashenafi and Dong
(2024) suggest that financial openness based on outcomes tends to
reduce inequality, while principle-based approaches can worsen it. This
tension is reflected in the varying impacts of foreign bank strategies
(Detragiache et al., 2008; Claessens & Van Horn, 2014). Ullah et al.
(2024) show that foreign bank ownership in BRICS countries increases
inequality, although capital account liberalization can help mitigate this
effect. Likewise, Iddrisu (2024) points out that there is a threshold
beyond which foreign bank penetration can negate income gains in
Africa, depending on the level of economic freedom. These dynamics
highlight the necessity for policies that strike a balance between the
advantages of globalization and the need for inclusive protections. For
example, Ratnawati (2020) underscores the importance of targeted
financial inclusion in harmonizing globalization with poverty allevia-
tion, while Azmeh and Al-Raeei (2024) emphasize the potential of fin-
tech to address exclusionary trends. However, many existing studies
often consider foreign banks, fintech, and inclusion as separate entities,
overlooking their potential for synergy (Nanivazo et al., 2021; Beck
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et al., 2018).

Hypothesis 4 (H4): The impact of globalization on local financial
markets presents a dual effect, where the entry of foreign banks increases
economic competitiveness but also intensifies income inequality and
poverty, unless accompanied by strong fintech solutions and inclusive
financial policies.

This study aims to bridge critical research gaps in understanding the dual
role of foreign banks in driving financial development while simultaneously
exacerbating exclusion, particularly in relation to fintech and financial in-
clusion, a relationship that remains insufficiently explored in existing litera-
ture. By examining the moderating effects of fintech and financial inclusion
on the socio-economic impacts of foreign banks across 108 developing
countries, this research employs advanced methodologies, including panel
data analysis with PCSE and FGLS, to elucidate the complex interplay be-
tween globalization, fintech, financial inclusion, and socio-economic out-
comes. Furthermore, it highlights the synergistic potential of these factors in
shaping poverty and inequality, thereby offering valuable insights and policy
pathways for fostering equitable economic development.

Materials and methods
Data

The main objective of this study is to investigate how financial
globalization, proxied by foreign bank entry, affect poverty and
inequality in developing countries, while also looking at the moderating
role of fintech and financial inclusion. An analysis is carried out on data
covering 108 low, lower-middle, and upper-middle income countries,
throughout the years 2011, 2014, 2017, and 2021, using a panel
regression model with Panel-Corrected Standard Errors (PCSE) and
Feasible Generalized Least Square Methods (FGLS). The dataset in-
corporates key variables including foreign bank entry, Fintech, financial
inclusion (access and usage), and other determinants of poverty and
inequality. Foreign bank entry is proxied by the percentage of foreign
bank assets among total bank assets.' Fintech is measured in two ways:
the percentage of people over 15 who have made or received digital
payments and the percentage of people who have mobile accounts. The
number of formal commercial bank accounts per 1,000 persons (Use)
and the density of ATMs and commercial bank branches per 100,000
adults (access), are used to evaluate financial inclusion. The Poverty
headcount ratio, which calculates poverty as a proportion of the entire
population at $2.15 per day, is used to quantify poverty levels, while the
Gini index is used to evaluate inequality. Additional determinants such
as credit to private sector, GDP growth, government expenditure, in-
vestment, inflation, trade, school enrollment, and population growth are
sourced from the World Bank database (WDI). Data related to foreign
bank entry, Fintech, and financial inclusion is drawn from the Global
Findex Database. For further statistical details, please refer to Table 1.

To assess multicollinearity, a correlation matrix was built by exam-
ining the degree of correlation between the variables. The results, which
are shown in Table 2, provide a comprehensive examination of the
correlations between all variables.

Upon assessing the multicollinearity between the variables in
Table 2, no noteworthy concerns were identified. The correlation co-
efficients demonstrated a modest degree of intercorrelation between the
variables, often falling below 0.70. However, there was a significant
correlation between: MoRDig*Gini, Accounts*CreTPriv, GovEx*GDPG,
MoRDig*GovEx, and MoRDig*Accounts, which has a value above the
0.7 threshold. A Variance Inflation Factor (VIF) test was performed in
order to look into the possibility of multicollinearity further. The results
showed that the mean VIF value for all independent variables was 3.86,

1 A foreign bank is a bank where 50 percent or more of its shares are owned
by foreigners.
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Table 1
Descriptive Statistics.
Variable Abbreviation  Definition Mean Std. Min Max
Dev
Poverty Pov Headcount ratio at $2.15 a day as a percentage of the total population 9.292  14.585 0 65.7
Inequality Gini Gini index 38.81 7.769 24 63
Domestic credit to private sector ~ CreTPriv Domestic credit to private sector by banks refers to financial resources 36.389  30.737 0.005 177.267
provided to the private sector by other depository corporations (deposit taking
corporations except central banks)
GDP growth (annual %) GDPG Annual percentage growth rate of GDP at market prices based on constant local 4.746 8.958 —50.339  153.493
currency. Aggregates are based on constant 2015 prices, expressed in U.S.
dollars.
General government final GovEx Includes all government current expenditures for purchases of goods and 14.602 5.908 2.36 43.702
consumption expenditure (% services (including compensation of employees)
of GDP)
Gross capital formation (% of Invest Consists of outlays on additions to the fixed assets of the economy plus net 24.953 9.216 —15.917  69.603
GDP) changes in the level of inventories
Inflation, GDP deflator (annual Inflation Inflation as measured by the annual growth rate of the GDP implicit deflator 8.99 16.752 —26.7 235.515
%) shows the rate of price change in the economy as a whole.
Trade (% of GDP) Trade Trade is the sum of exports and imports of goods and services measured as a 74.18 35.216 4.128 305.968
share of gross domestic product.
School enrollment, secondary School Ratio of total enrollment, regardless of age, to the population of the age group ~ 70.95 27.305 5.46 141.203
(% gross) that officially corresponds to the level of education
Population growth (annual %) PopG Annual population growth rate for year t is the exponential rate of growth of 1.647 1.455 —6.852 11.794
midyear population from year/t to t, expressed as a percentage
Foreign banks Assets FAss Percentage of the total banking assets that are held by foreign banks. 45.343  31.363 0.4 100
No. of ATMs ATM Number of Automated teller machines (ATMs) (per 100,000 adults) 28.24 26.393 0.32 117.93
No. of Branches Branches Number of Commercial bank branches (per 100,000 adults) 11.845 11.7 0.31 72.07
No. of Accounts Accounts Account ownership at a financial institution or with a mobile-money-service 41.664  23.267 0.4 98.46
provider (% of population ages 15 + )
Made or received a digital MoRDig The percentage of respondents who report using mobile money, a debit or 37.133  21.135 4.17 97.41
payment credit card, or a mobile phone to make or receive a payment from an account
Mobile Accouts MobAcc The percentage of people who have mobile accounts 15.024 16.216 0 72.93

which is much below the generally recognized threshold of 10. Table 3
contains the comprehensive results of the VIF test.

Methodology

To efficiently handle autocorrelation in the dataset, the present study
employs the panel corrected standard error (PCSE) approach, which
provide objective parameter estimations and precise standard errors.
Dynamic heterogeneous panel data with individual variation and tem-
poral correlations are especially well suited for this approach. The PCSE
approach effectively accounts for unobserved heterogeneity and time-
varying influences on variable associations by incorporating panel-
specific and time-specific fixed effects. This strengthens the validity
and reliability of the model results. The feasible generalized least
squares (FGLS) approach, which tackles heteroscedasticity and cross-
sectional dependency and improves the accuracy of parameter estima-
tions, is also included in the research as a robustness check (Bailey &
Katz, 2011; Adeleye et al., 2023).

Numerous empirical studies have specified that a robust quantitative
model incorporating variables such as foreign bank entry, Fintech,
financial inclusion, and economic and socital indicators can provide
valuable insights into analyzing poverty and inequality. To explore the
specific influence of foreign bank entry, Fintech, and financial inclusion
on these aspects, a mathematical framework is developed to compre-
hensively capture their impact.

The accurate model takes the following form:

Plit=1+¥FBEit+y FTit+ ¢ Flit + [ Zit + v it, (1).

In this framework of analysis, the relevant variables are P-I, repre-
senting poverty and inequality; FBE denoting foreign bank entry, FT
reflecting Fintech, FI refers to financial inclusion, and Z includes a set of
all control variables. Furthermore, v represents the error term and A
stands for the intercept term. ¥ y, ¢ represents foreign bank entry,
Fintech, and financial inclusion coefficients respectively, and | includes
a vector of coefficients related to all control variables. The subscripts (i)
and (t) denote the particular country being studied and the corre-
sponding time frame, respectively.

As a result, the model assumes the forms that follow:

Poverty it = a + f FAss it + y Fintech it + ¥ Fin Inclusion + ¢ Investit + y
Trade it + ¢ GovEx it + A PopG it + [ Inflation it + & school it + y GDPG it +
Y CreTPriv it + u it (2).

Inequality it a + f FAss it + y Fintech it + ¥ Fin Inclusion + ¢ Investit + y
Trade it + ¢ GovEx it + A PopG it + [ Inflation it + & school it + y GDPG it +
Y CreTPriv it + p it (3).

The incorporation of foreign bank entry, Fintech, and financial in-
clusion enhances our study paradigm and allows us to investigate their
intricate link with poverty and inequality in more detail. We quantify
this dynamic interplay by include interaction terms as independent
variables in our regression analysis. We are able to assess its impact on
our study findings statistically by looking at the interaction coefficient.

We use the panel corrected standard error (PCSE) and feasible
generalized least square (FGLS) methodologies to analyze how foreign
bank entry affect poverty and inequality, while taking into consideration
the moderating role of Fintech and financial inclusion. We examine the
effects of several factors on our dependent variables, poverty and
inequality, over twelve iterations—six PCSE and six FGLS approaches.
The study starts with estimating the impact of foreign bank entry and all
control variables and moves on to Fintech and financial inclusion vari-
ables. In the present study, our main focus relies on the five interaction
terms between foreign bank entry, Fintech, and financial inclusion. The
results of these studies are presented in Tables 4 and 5.

Results and discussion

Foreign bank entry and poverty: Moderating role of Fintech and financial
inclusion

Analyzing Table 4's results using yearly data that concentrates on our
dependent variable (poverty) is the first step in evaluating the model
estimations in the context of globalization. The study utilized Panel-
Adjusted Standard Errors (PCSE) and Feasible Generalized Least
Squares (FGLS) techniques for robustness checks. The findings indicate a
significant relationship between foreign bank entry and poverty,
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Table 2

Matrix of correlations.

) 3) @ 5) (6) ) (8) [©)] (10) an 12) as) a4 15) 16)

@

Variables

1.000
0.627
0.293
0.146
0.116
0.031
—0.203
—0.164
-0.147

(1) Pov
(2) Gini

1.000
0.275
—0.083

1.000
—0.292

(3) CreTPriv
(4) GDPG

1.000
—0.705

1.000
—0.348

0.593
—0.199
—0.166

0.401
—0.462

(5) GovEx

1.000
—0.464

0.363
—0.643

(6) Invest

1.000
—0.516

0.271

0.137
—0.454

(7) Inflation
(8) Trade

1.000
—0.059
—0.024

0.150 0.021 0.222
—0.401

—0.492

0.475

1.000
—0.510
—0.085

0.461
—0.198

—0.098

0.442
—0.063
—0.082

0.560
—0.243
—0.092

0.328
0.229
—0.289

(9) School
(10) PopG
(11) FAss
(12) ATM

1.000
—0.490
—0.474
—0.029
—0.009

0.437
—0.151
—0.256
—0.392
—0.350
—0.410

0.243
—0.260
—0.486

0.459

-0.220
—0.149

1.000
—0.112
—0.313
—0.429
—0.317
—0.037

0.106
0.049
—0.070

1.000
0.003

0.734
—0.137

0.153
0.011

0.519
-0.172

0.689
—-0.132

0.172
0.142
0.507
0.782

1.000
—0.066
—0.120
—0.282

0.277
—0.384
—0.429
—0.032

0.000
0.158
0.422

(13) Branches

1.000
0.843
0.249

0.689
0.509
-0.162

0.064 0.617

—0.297

0.268
0.310

0.639
—0.246

0.705
0.511

(14) Accounts

1.000
0.502

0.108
0.405

0.475
—0.120

0.720

(15) MoRDig

1.000

0.165

0.001

0.420

0.502 0.422

0.782

(16) MobAcc
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Table 3

Variance Inflation Factor (VIF).
Variable VIF 1/VIF
MoRDig 8.53 0.117264
Accounts 8.11 0.123304
GDPG 4.26 0.234692
PopG 3.99 0.250829
CreTPriv 3.74 0.267135
ATM 3.53 0.283523
GovEx 2.93 0.340954
Invest 2.84 0.351836
Inflation 2.61 0.382809
School 2.47 0.405221
FAss 2.41 0.414611
Trade 2.40 0.416793
Branches 2.37 0.422732
Mean VIF 3.86

underscoring that the entry of foreign banks can initially exacerbate
poverty levels in developing countries, particularly in the early stages of
globalization (regressions (1) and (7)). However, once we incorporate
Fintech and financial inclusion metrics, this relationship reverses,
entering a phase where we observe a substantial reduction in poverty
through the positive influence of these innovations (regressions (4),
(10), and (11)).

The consistent integration of Fintech and financial inclusion vari-
ables indicates not only a positive influence on poverty reduction but
also hints at the rise of complementary systems interlinked with glob-
alization, including improved access to mobile banking and digital
payments that allow underserved communities greater economic
participation. The results further confirm the importance of ATMs and
formal accounts as mechanisms that significantly alleviate poverty
levels, thereby indicating that foreign bank entry, when coupled with
enhanced financial inclusion and innovative fintech solutions, can yield
positive socioeconomic outcomes.

Moreover, our exploration of interaction terms sheds light on the
interplay between foreign bank entry and financial inclusion initiatives,
suggesting that greater ATM accessibility and a rise in digital payment
solutions effectively moderate the adverse impacts associated with
foreign bank presence. For instance, our estimation results indicate that,
for every 1 % increase in the interaction of fintech with foreign bank
entry, poverty has decreased by approximately 0.0035 % (F*MoRDig)
and by 0.017 % (F*MobAcc). This interaction highlights the necessity of
fostering environments conducive to fintech innovations to maximize
their potential benefits in the face of globalization pressures.

Foreign bank entry and Inequality: Moderating role of Fintech and
financial inclusion

Turning to Table 5, we investigate the impact of foreign bank entry
on inequality, presenting an overarching view of how globalization
steers disparities among populations in developing nations. Initially,
foreign bank entry appears to correlate positively with inequality
without the inclusion of fintech and financial inclusion variables (re-
gressions (1) and (7)). However, the dynamics shift marginally once we
introduce relevant fintech measures, showcasing that foreign banks can
indeed have a more pronounced negative impact on inequality when
guided by an appropriately regulated fintech environment.

The statistical significance of ATMs, digital payments, and mobile
accounts further corroborates the moderating role of fintech and
financial inclusion initiatives in reshaping inequality dynamics as
influenced by foreign banks. The interaction effect between foreign bank
penetration and the proliferation of automated teller machines (ATMs)
exerts a statistically significant mitigating influence on income
inequality, with each 1 % increase in the combined interaction term
associated with a 0.004 % reduction in inequality levels. Enhanced ac-
cess to ATMs enables wider participation in the financial ecosystem,
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contrasting positively with the presence of foreign banks. Additionally,
the interactions among foreign bank entry and Fintech variables
(MoRDig and MobAcc), suggest that the influence of these financial
technologies on inequality is affected by the presence of foreign banks.
Where Fintech are becoming more and more important, the benefits and
drawbacks of having foreign banks become more apparent. For instance,
our estimation results indicate that, for every 1 % increase in the
interaction of fintech with foreign bank entry, Inequality has increased
by approximately 0.0028 % (F*MoRDig) and by 0.043 % (F*MobAcc).

Thus, the overarching narrative suggests that fostering inclusive
fintech solutions is critical to leveling the playing field, particularly in
the context of globalization. By enhancing access to technology-enabled
financial resources, developing countries can better navigate the com-
plexities brought about by foreign bank presence and income inequality,
ultimately resulting in more holistic financial outcomes.

The study’s conclusions carry significant policy recommendations
for policymakers in developing countries, particularly in the context of
globalization and its effects on financial sector reforms and socioeco-
nomic challenges like inequality and poverty. The research underscores
the importance of strategically integrating Fintech and financial inclu-
sion initiatives into national financial policies, highlighting that the
influx of foreign banks—an outcome of globalization—can adversely
impact poverty levels. However, it also emphasizes the positive
moderating role of financial technology solutions. Specifically, the
expansion of Fintech through mobile accounts and digital payment
systems can offer developing countries a pathway to alleviate income
inequality exacerbated by global financial flows. Therefore, to harness
the benefits of foreign bank entry while addressing issues of inequality
and poverty, policymakers should focus on fostering an environment
conducive to Fintech development and enhancing financial inclusion
initiatives, such as increasing the number of official accounts and pro-
moting digital payment networks. This approach not only aligns with
the realities of globalization but also aims to empower local economies
and improve financial access for underserved populations.

Conclusion

In this study, we have examined the impact of foreign bank entry,
Fintech, and financial inclusion on Inequality and Poverty in developing
countries using a panel regression model with PCSE and FGLS estimation
techniques. Our analysis covered 108 developing countries over the
years 2011, 2014, 2017, and 2021. Key variables such as foreign bank
entry level, Fintech, indicators of financial inclusion, poverty, and
inequality were considered, with Fintech measured by digital payments
and number of mobile accounts, and financial inclusion assessed
through access indicators and formal account ownership. Poverty levels
were examined using the Poverty headcount ratio, while inequality was
measured using the Gini index. Various economic and social de-
terminants were also included in our analysis.

The study results gave evidence of an important moderating role of
Fintech and financial inclusion in the relationship between foreign bank
entry and the level of poverty and inequality in developing countries.
The complementarity observed between the number of official accounts,
ATMs, and Fintech innovations confirm that the mutual impact of
foreign bank entry and Fintech and financial inclusion on poverty
reduction, outweighs the contributions of each factor alone. Conversely,
foreign bank entry, number of branches, and number of mobile accounts
have a detrimental influence on poverty when analyzed separately;
however, their combined effect ultimately lowers poverty levels. In the
process of modernizing and reforming the financial sector, policy-
makers in developing countries should prioritize improving financial
inclusion and make greater use of financial technology (Fintech). This
strategy is necessary to guarantee the best possible benefit of the foreign
bank entry as a means of eradicating poverty. In terms of inequality, the
study findings indicate a significant positive (detrimental) impact of
foreign bank entry, ATMs, digital payments, and mobile accounts of the
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level of inequality. Specifically, the interaction between the number of
ATMs and foreign bank entry reveals a negative impact, implying that
increased ATMs mitigate the adverse effects of foreign bank presence on
inequality. Additionally, the interactions among foreign bank entry and
Fintech variables (MoRDig and MobAcc), suggest that the influence of
these financial technologies on inequality is affected by the presence of
foreign banks. Where Fintech are becoming more and more important,
the benefits and drawbacks of having foreign banks become more
apparent. Hence, in order to maximize the benefits of foreign bank entry
on inequality and poverty in developing countries, policymakers should
concentrate on creating an atmosphere that supports the development of
Fintech solutions and strengthening initiatives for financial inclusion.

Policy Implications

The findings of this study underline the significant moderating roles
of fintech and financial inclusion initiatives within the broader context
of globalization. Policymakers should take the following actions:

e Prioritize Global Financial Inclusion: Given the increasing global
interconnectedness, it is imperative for policymakers to enact pol-
icies that boost the number of formal financial accounts and broaden
access to various financial services, including ATMs and digital
payment systems that connect local communities to a global finan-
cial network.

Leverage Global Fintech Innovations: Encourage the development of
fintech solutions tailored to the specific needs of underserved pop-
ulations to ensure equitable access to financial resources. Strategies
that integrate local fintech innovations with global financial trends
can significantly enhance inclusion.

Monitor Foreign Bank Dynamics in a Globalized Context: Establish
mechanisms to monitor the effects of foreign bank entry on local
economies within the context of globalization, allowing for timely
interventions that appropriately address adverse impacts on poverty
and inequality.

By implementing these targeted strategies, informed by our findings,
policymakers in developing countries can effectively harness the bene-
fits of foreign bank entry while minimizing potential drawbacks in a
globally interconnected financial landscape, fostering improved eco-
nomic outcomes for marginalized communities.

Future insights

Future research could give critical importance of accounting for
clustering of standard errors by both country and time in panel data
analyses. This methodological enhancement will not only improve the
robustness of results but also provide clearer insights into the temporal
dynamics of the interplay between foreign bank entry, fintech in-
novations, and socio-economic outcomes in developing countries.
Moreover, future research could investigate the causal mechanisms
through which foreign bank presence and fintech innovations interact in
different regional settings. Moreover, the longitudinal design might
allow for an exploration of how these relationships may change over
time, thereby providing more detailed insights into the transformative
potential of fintech to change the financial landscape of developing
countries.
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1. Introduction

Poverty and income inequality continue to pose significant challenges in developing
nations, creating major barriers to economic growth and social cohesion. The World
Bank reports that around 689 million individuals survive on less than $1.90 per day,
with a goal to eradicate extreme poverty by 2030 while fostering shared prosperity for
the bottom 40% of the population (Cardoso and Teixeira 2020). These issues are inten-
sified by systemic factors such as pronounced income inequality and unstable financial
systems that impede economic advancement (Enowbi Batuo and Asongu 2015;
Neaime and Gaysset 2018). The United Nations Sustainable Development Goals
(SDGs) are particularly relevant, as they offer a global framework for tackling these
issues. Specifically, Goal 1 targets the eradication of poverty in all its forms, and Goal
10 focuses on reducing inequality both within and among countries. For example, data
indicates that over 1.7 billion adults in developing nations remain unbanked, lacking
access to essential financial services, in addition to 760,000 who have access but do
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not utilize it (Demirgiig-Kunt et al. 2022). This highlights not only the severity of the
poverty and inequality crisis but also the obstacles that marginalized groups face in enga-
ging in economic activities.

To combat these challenges, financial inclusion has emerged as a viable solution. It
seeks to expand access to necessary financial services, empowering underrepresented
groups to save, invest, and enhance their economic conditions (Anarfo, Abor, and osei
2020). The World Bank defines financial inclusion as the condition in which ‘individuals
and businesses have access to useful and affordable financial products and services that
meet their needs - transactions, payments, savings, credit and insurance - delivered in a
responsible and sustainable way’ (The World Bank 2024). Researchers have identified
financial inclusion as a crucial policy instrument for achieving macroeconomic goals
such as capital mobility, investment opportunities, and sustainable economic growth
(Beck, Demirgii¢-Kunt, and Levine 2007; Ofori, Osei, and Alagidede 2022; Wang et al.
2023; Azmeh and Al-Raeei 2024). Evidence suggests that enhancing access to financial
services can reduce poverty and income inequality, thus fostering social equity
(Klapper, El-Zoghbi, and Hess 2016; Fouejieu et al. 2020).

In recent years, the advent of financial technology (fintech) has further propelled
efforts to improve financial inclusion in developing countries. Fintech refers to innova-
tive digital solutions that leverage mobile devices, computers, and the internet to provide
financial services (Dabla-Norris et al. 2015). The Financial Stability Board defines fintech
as ‘technologically enabled innovation in financial services that could result in new
business models, applications, processes or products with an associated material effect
on financial markets and institutions and the provision of financial services’ (The Finan-
cial Stability Board 2021). In low - and middle-income countries (LMICs), initiatives
like mobile banking and peer-to-peer lending platforms have successfully broadened
access to financial resources, promoting savings, investments, and enhanced financial
stability (Sodokin et al. 2023). Digital financial inclusion (DFI) leverages these technol-
ogies to overcome traditional financial system barriers, thereby mitigating inequalities
(Tchamyou, Erreygers, and Cassimon 2019; Kouladoum, Wirajing, and Nchofoung
2022).

Despite the promising potential of fintech and financial inclusion to alleviate poverty
and reduce inequality, there remains a considerable gap in the literature regarding their
reciprocal relationship. Most research has focused on their individual impacts on econ-
omic development without thoroughly examining whether fintech and financial
inclusion serve as complements or substitutes in addressing poverty and inequality.
This study aims to bridge this gap by exploring the interactions between fintech,
financial inclusion, and their collective effects on poverty and inequality in developing
nations. Through this investigation, the research will enhance our understanding of
how these variables can collaborate to improve socioeconomic outcomes.

Utilizing panel data from 108 low, lower-middle-income, and upper-middle-income
countries across four time periods (2011, 2014, 2017, and 2021), the study employs
Panel-Corrected Standard Errors (PCSE) and Feasible Generalized Least Squares
(FGLS) methodologies for analysis. The results are expected to provide vital insights
for policymakers, clarifying the relationship between fintech, financial inclusion, and
socioeconomic development. By comprehending how these variables interact, policy-
makers can design effective strategies to combat poverty and inequality, ensuring that
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financial inclusion and innovation work synergistically to achieve broader developmental
objectives. The subsequent sections are organized as follows: Section 2 reviews the exist-
ing literature on fintech, financial inclusion, poverty, and inequality. Section 3 presents
the dataset and methodology employed in the analysis. Section 4 discusses the findings
of the study, and Section 5 concludes with discussions and final remarks.

2. Literature review
2.1. Financial inclusion, poverty, and inequality

The growing focus on financial inclusion and its potential effects is largely due to its
expected impact on poverty and inequality in developing nations. Numerous research-
ers have investigated the positive effects of financial inclusion on various socio-econ-
omic metrics. For example, Bruhn and Love (2014) studied its effects in Mexico,
while Koomson, Villano, and Hadley (2020) examined the situation in Ghana. Like-
wise, Neaime and Gaysset (2018) assessed the implications for countries in the
Middle East and North Africa (MENA). Financial inclusion is vital for mitigating
extreme poverty by granting lower-income populations access to financial services
such as savings, loans, and investments, thereby enhancing their financial agency
(Klapper, El-Zoghbi, and Hess 2016; Omar and Inaba 2020; von Fintel and Orthofer
2020).

A growing body of empirical evidence suggests that financial inclusion is linked to
lower levels of income inequality. Mookerjee and Kalipioni (2010) identified a negative
relationship between the number of bank branches per capita and income inequality
across both developed and developing nations. Park and Mercado (2018) concluded
that an increase in the number of automated teller machines and bank branches per
100,000 adults, as well as a higher count of borrowers and depositors per 1,000 adults,
can help close the income gap between wealthier and poorer individuals. Additionally,
Aslan et al. (2017) noted that a greater share of the population utilizing financial services
correlates with reduced income inequality. Supporting this, Turegano and Herrero
(2018) found that countries with more inclusive financial systems generally exhibit less
unequal income distributions. Lacalle-Calderon et al. (2019) explored the role of microfi-
nance programmes in diminishing income inequality in developing countries, indicating
a positive link between increased participation in these programmes and lower income
inequality levels. More recently, Omar and Inaba (2020) analyzed the effects of
financial inclusion on poverty reduction and income inequality in developing nations,
demonstrating that financial inclusion is instrumental in lowering poverty rates and
reducing income disparity. Similarly, Fouejieu et al. (2020) investigated the connection
between access to financial services and economic inequality, employing a novel
dataset to assess the impact of financial inclusion on inequality while considering non-
linear relationships in light of macroeconomic and financial contexts. Ouechtati
(2020) used a dynamic panel data estimator to evaluate the influence of financial
inclusion on poverty and income inequality across 53 developing countries from 2004
to 2017, concluding that increased bank penetration and credit availability enhance
access to financial services for the impoverished, thereby contributing to the reduction
of income inequality.
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Hypothesis 1 (H1): Greater financial inclusion is associated with reduced poverty rates
and lower income inequality in developing countries.

2.2, Fintech, poverty, and inequality

The emergence of financial technology (fintech) has revolutionized the lending land-
scape, primarily by eliminating the need for banks to act as intermediaries between
lenders and borrowers. Peer-to-peer (P2P) lending platforms facilitate direct connections
between lenders and borrowers, enabling small and medium-sized enterprises (SMEs) to
access loans at lower interest rates and expediting the loan application process (Guo et al.
2016). Furthermore, fintech has made investment management services more affordable
for SMEs, promoting efficiency and potentially reducing poverty (Abbasi et al. 2021).
Researchers suggest that fintech can benefit the poor by increasing access to financial ser-
vices, facilitating transactions, lowering money transfer costs, and enabling wealth
accumulation and income stability (Zhang et al. 2020).

Several empirical studies have shown a positive relationship between fintech and inequal-
ity reduction. A recent study by Yao and Ma (2022) on Chinese cities indicates that digital
finance development initially increases income disparity but ultimately reduces inequality.
Polloni-Silva et al. (2021) found that financial inclusion and technology adoption can
decrease poverty and inequality in Latin America. Demir et al. (2022) demonstrated that
fintech reduces overall income inequality globally, while Ratnawati (2020) showed that
various aspects of financial inclusion in Asia, such as banking services access, significantly
impact economic growth, poverty, and income inequality. Furthermore, Asongu and Nwa-
chukwu (2018) and Asongu and Odhiambo (2018) highlighted a positive correlation
between mobile banking and inclusive development in developing countries.

Hypothesis 2 (H2): The advancement of financial technology positively contributes to
poverty alleviation and the reduction of income inequality.

While the literature presents substantial evidence on the individual impacts of
financial inclusion and fintech on poverty and inequality, the mutual interaction
between these two factors remains underexplored. Therefore, this study aims to assess
how the interplay of fintech and financial inclusion influences poverty reduction and
income inequality.

Hypothesis 3 (H3): Fintech and financial inclusion mutually impact poverty and
income inequality in developing countries.

3. Material and methods
3.1. Data

This study aims to investigate the impact of Fintech and financial inclusion on inequality
and poverty in developing nations. It employs a panel regression model utilizing Panel-
Corrected Standard Errors (PCSE) and Feasible Generalized Least Squares (FGLS) meth-
odologies to analyze data from 108 countries categorized as low, lower-middle, and
upper-middle income, covering the years 2011, 2014, 2017, and 2021. The selection of
these years is based on data availability, as national representative surveys conducted
during these periods provide the necessary information on the primary Fintech variables.
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The analysis focuses on key variables such as Fintech and financial inclusion, with an
emphasis on both access and usage indicators, as well as various factors influencing
poverty and inequality. Fintech is represented through two specific measures that effec-
tively encapsulate essential aspects of digital financial services, in line with the Financial
Stability Board’s Fintech definition. These measures evaluate consumer participation in
electronic transactions and e-commerce, which are crucial for advancing Fintech and fos-
tering financial inclusion. The indicators include: (1) the percentage of individuals aged
15 and older who have engaged in digital payments, and (2) the percentage of individuals
using mobile phones or the internet for online purchases. Financial inclusion is assessed
via access indicators, such as the number of ATMs and commercial bank branches per
100,000 adults, and the ratio of formal bank accounts per 1,000 adults. Poverty levels
are measured by the poverty headcount ratio at $2.15 a day as a percentage of the
total population, while inequality is evaluated using the Gini index. Additional determi-
nants, including GDP growth, government spending, investment, inflation, trade, school
enrolment, and population growth, are obtained from the World Bank Database (WDI).
These indicators have been employed as proxies for Fintech development and other
determinants in several recent empirical studies (Ashenafi and Dong 2022; Ben Romd-
hane, Kammoun, and Loukil 2024; Demir et al. 2022; Nourallah, Ohman, and Hamati
2024; Romdhane, Loukil, and Kammoun 2020; Thakkar and Bhuyan 2024; Tripathi
and Rajeev 2023). Data concerning Fintech and financial inclusion is drawn from the
Global Findex Database. For additional statistical information, please consult Table 1.

A correlation matrix was constructed to evaluate multicollinearity by investigating the
strength of associations between covariates. The findings, presented in Table 2, offer a
thorough analysis of the interrelations among the variables, providing insight into
their respective relationships.

The evaluation of multicollinearity among the variables in Table 2, yielded no signifi-
cant issues of concern. Correlation coefficients were generally below 0.70, indicating a
low level of intercorrelation among the variables, with the exception of a notable associ-
ation between two variables (Accounts - UseMob) and made or received digital payment,
which exceeded the 0.7 threshold. To further investigate the potential presence of multi-
collinearity, a Variance Inflation Factor (VIF) test was conducted, revealing a mean VIF
value of 3.13 for all independent variables, comfortably below the accepted threshold of
10. Detailed findings of the VIF test are available in Table 3.

3.2. Methodology

The current analysis utilizes the panel corrected standard error (PCSE) method as a
robust approach to mitigate autocorrelation within the dataset, thereby ensuring that
parameter estimates remain unbiased and standard error estimates are accurate. This
technique is particularly advantageous for examining dynamic heterogeneous panel
data, which is characterized by temporal correlations and diverse individual traits. By
integrating panel-specific and time-specific fixed effects, the PCSE method effectively
addresses unobserved heterogeneity and time-varying elements that could affect the
relationships among variables. This rigorous methodology bolsters the reliability and val-
idity of the estimated model. Additionally, as part of a robustness check, the study pairs
the PCSE method with the feasible generalized least squares (FGLS) technique. FGLS is
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Table 1. Descriptive Statistics.

Variable

Abbreviation

Definition

Source

Mean

Std.
Dev.

Min Max

Poverty

Inequality
No. of ATMs

No. of Branches

Domestic credit to
private sector

GDP growth (annual
%)

General government

final consumption
expenditure (% of
GDP)

Gross capital
formation (% of
GDP)

Inflation, GDP
deflator (annual
%)

Trade (% of GDP)

School enrolment,
secondary (%
gross)

Population growth
(annual %)

No. of Accounts

Poverty

Gini
ATM

Branches

DCredit

GPDG

GovExp

Inverstment

Inflation

Trade

School

PopG

Accounts

headcount ratio at $2.15 a
day as a percentage of the
total population

Gini index

Number of Automated teller
machines (ATMs) (per
100,000 adults)

Number of Commercial bank
branches (per 100,000
adults)

Domestic credit to private
sector by banks refers to
financial resources
provided to the private
sector by other depository
corporations (deposit
taking corporations except
central banks)

Annual percentage growth
rate of GDP at market prices
based on constant local
currency. Aggregates are
based on constant 2015
prices, expressed in U.S.
dollars.

includes all government
current expenditures for
purchases of goods and
services (including
compensation of
employees)

consists of outlays on
additions to the fixed assets
of the economy plus net
changes in the level of
inventories

Inflation as measured by the
annual growth rate of the
GDP implicit deflator shows
the rate of price change in
the economy as a whole.

Trade is the sum of exports
and imports of goods and
services measured as a
share of gross domestic
product.

ratio of total enrolment,
regardless of age, to the
population of the age
group that officially
corresponds to the level of
education

Annual population growth
rate for year t is the
exponential rate of growth
of midyear population from
year t-1 to t, expressed as a
percentage

Account ownership at a
financial institution or with

WDI

WDI
WDI

WDI

WDI

WDI

WDI

WDI

WDI

WDI

WDI

WDI

GFD

9.292

38.81
28.24

11.845

36.389

4.746

14.602

24.953

8.99

74.18

70.95

1.647

41.664

14.585

7.769
26.393

30.737

8.958

5.908

9.216

16.752

35.216

27.305

1.455

23.267

0 65.7

24 63
32 11793

31 72.07

.005 177.267

-50.3 153.493

2.36 43.702

-15.9 69.603

-26.7

235515

4.128 305.968

546  141.203

—6.85

11.794

4 98.46

(Continued)
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Table 1. Continued.

Std.
Variable Abbreviation Definition Source  Mean Dev. Min Max

a mobile-money-service
provider (% of population
ages 15+)
Made or received a  MoRDig The percentage of GFD 37.133  21.135 417 97.41
digital payment respondents who report
using mobile money, a
debit or credit card, or a
mobile phone to make or
receive a payment from an
account
Used a mobile UseMob The percentage of GFD 10941 12,015 .03 80.05
phone or the respondents who report
internet to buy using a mobile phone or
something online the Internet to buy
something online in the
past year.
Note: This table presents the dependent variable and the explanatory variables that we used in the paper, their

definitions, abbreviations used in empirical results, and sources of observed data. WDI stands for World Development
Indicators, GFD stands for Global Findex database.

designed to accommodate heteroscedasticity and cross-sectional dependence within the

panel data, thus enhancing the efficiency and accuracy of parameter estimates. The com-

bination of FGLS and PCSE in this study aims to strengthen the reliability of the empirical

findings and enhance the credibility of the conclusions (Bailey and Katz 2011; Adeleye et al.

2023). To further explore the specific impacts of Fintech and financial inclusion on poverty

and inequality, a mathematical framework is established to thoroughly capture their effects.
The accurate model takes the form:

Polit = A + OFTit + ¢Flit + 6Zit + vit, (1)

Within this analytical framework, the pertinent variables include Pol, denoting poverty
and inequality, FT representing Fintech, FI reflecting financial inclusion, Z incorporating
a set of control variables, v denoting the error term, A signifying the intercept term, 6
representing the coefficient associated with Fintech, ¢ illustrating the coefficient linked
to financial inclusion, and § encompassing a vector of coefficients pertaining to the
control variables. The subscripts (i) and (t) are indicative of the specific country under
examination and the respective time period, respectively.
Hence the model takes the following forms:

Povertyit =a + BFintechit + vyFinancialinclusionit + ¢Investmentit + yTradeit
+ @Governmentexpenditureit + APopulationgrowthit + j]nﬂationit (2)
+ Oschoolenrollmentit + xGDPgrowthit + Y DomesticCreditit + uit,

Inequalityit =« + BFintechit + yFinancialinclusionit + ¢Investmentit 4+ yTradeit
+ @Governmentexpenditureit + APopulationgrowthit + j]nﬂatiom’t

+ Oschoolenrollmentit + xGDPgrowthit + Y DomesticCreditit + uit,
3)
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Table 3. Variance Inflation Factor (VIF).

Variable VIF 1/VIF
MoRDig 8.26 0.120999
Accounts 5.74 0.174154
UseMob 4.03 0.248272
DCredit 3.58 0.279294
ATM 3.06 0.326784
Trade 3.03 0.330281
PopG 2.81 0.355818
School 2.28 0.438284
GovExp 1.74 0.575189
Branches 1.67 0.600435
Inflation 1.60 0.625848
Inverstment 1.54 0.649226
GPDG 1.38 0.725435
Mean VIF 3.13

Our research framework is enriched by the integration of Fintech and financial inclusion,
enabling a thorough exploration of their complex relationship with poverty and inequal-
ity. By introducing interaction terms as separate variables in our regression analysis, we
assess the importance of this dynamic interplay. Through examination of the interaction
coeflicient, we are able to quantitatively measure its influence on our research results.

Povertyit =a + BFintechit + yFinancialinclusionit + ¢Investmentit + yTradeit
+ ¢Governmentexpenditureit + APopulationgrowthit + Jlnﬂationit

+ &schoolenrollmentit + xGDPgrowthit + Y DomesticCreditit
+ Y Fintech«Financialinclusionit + uit,

Inequalityit =a + BFintechit + yFinancialinclusionit + ¢Investmentit + yTradeit
+ @Governmentexpenditureit + APopulationgrowthit 4 Jlnﬂationit

+ Oschoolenrollmentit + yGDPgrowthit + Y DomesticCreditit
+ YFintech«Financialinclusionit + pit,

(5)

The primary focus of our analysis centres on the examination of Equations (4 and 5) to
ascertain the sign and statistical significance of the interaction coefficients pertaining to
the interplay between Fintech and financial inclusion in relation to poverty and inequal-
ity. This dynamic relationship can be construed as either complementary or substitutive,
contingent upon the sign of these coefficients. A negative coefficient signifies that Fintech
assumes a more prominent role in combating poverty and inequality in nations charac-
terized by deficient financial inclusion structures, indicative of substitutability. Conver-
sely, a positive coeflicient suggests an amplified impact of Fintech on financial
development and stability in countries with robust financial inclusion frameworks,
indicative of complementarity.

In our examination of the effects of Fintech and financial inclusion on poverty and
inequality, we utilize the panel corrected standard error (PCSE) and feasible generalized
least square (FGLS) methods. Through twelve iterations, six of the PCSE and six of the
FGLS techniques, we investigate the impact of various variables on our dependent



10 (& C AZMEH

variables, poverty and inequality. Control variables, as well as Fintech and financial
inclusion variables, are initially included in the analysis. Subsequently, interaction
terms such as (MoRDig*ATM, MoRDig*Branches, MoRDig*Accounts, UseMobT-
b*ATM, UseMobTb*Branches, and UseMobTb*Accounts) are individually added to
further explore their influence. The outcomes of these analyses are detailed in (Tables
4 and 5) for comprehensive examination.

4, Results and discussion
4.1. Mutual impact of Fintech and financial inclusion on poverty

The assessment of model estimations begins with an analysis of the results displayed
in Table 4, which utilizes annual data from our research study. Our primary emphasis
is on the dependent variable related to the headcount ratio at $2.15 a day as a pro-
portion of the total population (poverty). This analysis considers various independent
variables, including Fintech, financial inclusion, GDP growth, government expendi-
ture, investment, inflation, trade, school enrolment, and population growth. The
study extensively applied the Panel Corrected Standard Errors (PCSE) method, con-
ducting six iterations, complemented by six applications of the Feasible Generalized
Least Squares (FGLS) method as a robustness check. Table 4 presents a comprehensive
summary of these analyses, with the first six columns detailing findings from the
PCSE approach and columns 7-12 illustrating results from the FGLS technique.
The findings from Table 4 across columns 1-12 reveal several key insights. Notably,
financial inclusion — measured by access indicators such as ATMs and bank branches
- shows a negative and statistically significant effect on poverty in all model specifica-
tions. In contrast, financial inclusion - measured by the number of formal accounts
with commercial banks per 1,000 adults - exhibits a positive and significant impact
when we utilized the UseMob-Accounts interaction term, although other model spe-
cifications did not reveal significance. Furthermore, Fintech, evaluated through the
variables of making or receiving digital payments and using mobile devices for
online purchases, demonstrates a negative and significant effect on poverty across
all model specifications presented in Table 4. Overall, the results indicate a critical
role for Fintech and financial inclusion in reducing poverty levels in developing
countries. Additionally, other factors such as government expenditure, economic
growth, and population growth are found to negatively exacerbate poverty, while
trade, school enrolment, and inflation contribute positively to poverty alleviation,
exhibiting significant impacts.

Most importantly, the outcomes of regressions in Tables 4 suggest that the interaction
between Fintech and financial inclusion results in a positive and statistically significant
impact on poverty, in almost all model specifications. The findings delineated in Table 6
imply a relationship of complementarity between Fintech and financial inclusion in their
respective influences on poverty. These results suggest that both Fintech and financial
inclusion play significant roles in alleviating poverty, and when combined, their impact
on poverty reduction is even more pronounced. This complementarity implies that lever-
aging technological innovation in financial services can enhance the effectiveness of tra-
ditional approaches to financial inclusion in reducing poverty rates.
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Table 6. Summery the results of the interaction terms.
Poverty (dependent variable)

ATM Branches Accounts
MoRDig Complement Complement Complement
UseMobTb Complement Complement Complement
Inequality (dependent variable)
ATM Branches Accounts
MoRDig Substitute (not significant) Not significant Not significant
UseMobTb Substitute Complement (not significant) Complement

4.2. Mutual impact of Fintech and financial inclusion on inequality

In a manner consistent with the preceding analysis regarding the interplay between
Fintech and financial inclusion on poverty, the present study proceeds to examine the
implications of this combined impact on the inequality, as delineated in columns (1-
12) of Tables 5. The empirical evidence suggests that the rapid evolution of financial
inclusion, manifest through the proliferation of ATMs, branches, and accounts, does
not exert a statistically significant influence on inequality under various model specifica-
tions. Moreover, the utilization of Fintech tools, particularly exemplified by the
implementation of digital payment systems, demonstrates a positive and significant
effect on inequality, with statistical significance being observed when incorporating
ATM as a proxy for financial inclusion in regression 7 of Table 5. Additionally, the
implementation of Fintech solutions, such as the utilization of mobile devices for
online transactions, has yielded disparate outcomes regarding its influence on inequality.
Incorporating ATM as an indicator of financial inclusion reveals a deleterious impact on
equality; however, when integrating Accounts as a measure of financial inclusion, show-
cases a positive effect. Noteworthy determinants such as Domestic credit, government
expenditure, school enrolment, and population growth are found to have positive and sig-
nificant effects, while Investment, Trade, and Inflation demonstrates a negative and sig-
nificant impact.

The findings of the regression analyses presented in Tables 5 reveal that the interaction
between variables representing the use of mobile to buy on line and automated teller
machines (ATMs) as indicators of Financial Technology (Fintech) and financial
inclusion respectively, demonstrates a significant negative impact on inequality.
Additionally, the interaction between mobile usage to buy online and the number of
bank accounts seems to have a positive and significant effect on inequality, particularly
when employing the Feasible Generalized Least Squares (FGLS) technique. The results
for the other interaction terms examined do not show statistical significance. Table 6
further illustrates a complementary relationship between mobile usage to buy online
and the number of bank accounts, as well as a substitution dynamic between mobile
usage to buy online and ATMs in their roles as proxies for Fintech and financial
inclusion, and their respective influences on inequality levels.

The mutual impact of Fintech and financial inclusion has shown significant potential
in both reducing poverty and inequality in developing countries. The study findings
suggest that leveraging technological innovations in financial services, along with
expanding access to formal financial services, can have a positive and complementary
effect on poverty reduction. Additionally, the interaction between Fintech and
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financial inclusion can help mitigate inequality levels, although the impact may vary
depending on the specific indicators used. The results gave evidence of substitutability
between UseMob and ATM in their mutual impact on inequality. Hence, focusing
solely on expanding mobile banking services may attenuate the impact of traditional
banking services such as ATMs in reducing inequality.

4.3. Key findings

e Both Fintech and financial inclusion significantly reduce poverty, indicating their
critical roles in the economic empowerment of marginalized populations.

e When analyzed jointly, Fintech and financial inclusion demonstrate complementary
effects on poverty alleviation, suggesting that these strategies can enhance each
other’s effectiveness.

o The interaction between Fintech and financial inclusion yields mixed effects on
inequality, necessitating tailored policy approaches based on specific country contexts
and existing financial infrastructures.

e Particularly, the results indicate that mobile banking usage may diminish the impact of
conventional financial inclusion measures (like ATMs) on inequality.

4.4. Discussion and policy implications

The findings of this research highlight the significant roles that fintech and financial
inclusion play in mitigating poverty and reducing inequality in developing nations. Particu-
larly, the manner in which fintech innovations enhance traditional financial inclusion
methods is pivotal for achieving substantial poverty alleviation. This suggests a relationship
where, in addition to boosting digital financial services, their integration with existing
systems is essential for improved outcomes. The essential interaction between fintech
and financial inclusion in combating poverty and inequality indicates a synergistic relation-
ship, wherein their combined influence surpasses their individual contributions. This joint
effect may stem from fintech’s capacity to improve the accessibility, affordability, and con-
venience of financial services, thus drawing underserved populations into the financial eco-
system. Traditional infrastructures, such as ATMs and bank branches, provide the
foundational elements that these technological advancements can build upon, offering
users practical access points for engaging with digital financial services. When these tra-
ditional facilities are enhanced by fintech, they can support a variety of financial activities,
fostering increased savings, investments, and broader economic participation, all of which
can collectively contribute to poverty alleviation and reduced income disparity. Addition-
ally, the interaction effects between fintech and financial inclusion reveal nuanced impli-
cations for different income groups. Across a spectrum of low, lower-middle, and upper-
middle-income regions, the findings indicate variability in the capacity to adopt and
benefit from fintech solutions, resulting in varying potential policy implications. In low-
income countries, specific challenges such as infrastructural deficits and lower digital lit-
eracy may hinder the adoption of fintech, whereas middle-income nations may be better
positioned to leverage these new technologies for poverty reduction.
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These findings, therefore, underscore the importance of policies targeted at the specific
economic context and digital divides of the different income regions. The policymakers in
low-income countries have to be aware of their unique operational environments and
might need to devise support mechanisms, such as financial education programmes and
infrastructure investments, which would create the preconditions for effective digital adop-
tion. Meanwhile, middle-income countries should work toward strengthening their regulat-
ory frameworks to accommodate the evolving landscape of fintech, ensuring that traditional
financial services remain viable and accessible to prevent a bifurcation of financial access.
Moreover, it should be noted that to achieve meaningful progress towards in this context,
it is essential for all stakeholders - including banks, corporations, and citizens - to actively
engage in and contribute to the policy design process. Our findings underscore the impor-
tance of collaborative efforts, as understanding the interplay of various agents will enhance
the effectiveness and sustainability of policies aimed at these critical issues.

The digital divide also needs to be addressed, as unequal access and skills in the use of
the internet may further entrench existing inequalities. It goes a long way in easing these
issues to make certain that the marginalized people in rural and underserved areas
receive the necessary technology and training. Future policy development should there-
fore cover a wide range of measures for facilitating inclusiveness in both new fintech
innovations and traditional financial services.

5. Conclusion

In this research, we investigated the effects of Fintech and financial inclusion on inequal-
ity and poverty in developing nations by employing a panel regression model utilizing
PCSE and FGLS methodologies. Our study encompassed 108 countries classified as
low, lower-middle, and upper-middle income, with data from the years 2011, 2014,
2017, and 2021. We focused on critical variables including Fintech, financial inclusion
indicators, poverty, and inequality. Fintech was quantified through the usage of digital
payments and online purchases, while financial inclusion was evaluated based on
access indicators and formal account ownership. Poverty was assessed via the poverty
headcount ratio, and inequality was measured using the Gini index. Additionally, our
analysis incorporated various economic determinants.

In summary, our findings indicate that both Fintech and financial inclusion are essen-
tial in mitigating poverty and inequality in developing countries. Specifically, financial
inclusion - especially regarding access and usage - exhibits a significant negative corre-
lation with poverty, suggesting that enhancing access to formal financial services and fos-
tering the adoption of digital payment systems can effectively reduce poverty levels. The
results also imply that Fintech innovations, such as digital payment platforms and online
transactions, further aid in poverty alleviation. Concerning inequality, the interaction
between Fintech and financial inclusion presents mixed outcomes, with mobile trans-
action usage displaying both beneficial and detrimental effects on inequality, contingent
upon the specific indicators analyzed. Moreover, the synergistic relationship between
Fintech and financial inclusion in combating poverty underscores the necessity of inte-
grating technological advancements with conventional financial inclusion methods to
enhance their efficacy. Our results reveal a substitution effect between mobile banking
services and traditional banking options, such as ATMs, concerning their influence on
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inequality, highlighting the importance of a balanced strategy in advocating for both
financial service types. Future efforts should direct policymakers to collaborate with
financial institutions to formulate and implement policies that merge Fintech solutions
with traditional financial inclusion efforts. By tackling access barriers and encouraging
the utilization of digital financial services, nations can strive towards achieving equitable
economic growth and reducing levels of poverty and inequality.

6. Future insights

There remains significant potential for exploring the varying effects of fintech and financial
inclusion in low, lower-middle, and upper-middle-income countries. Subsequent research
could focus on examining specific policy changes and regulatory frameworks within
countries that have influenced the expansion of fintech and participation in this sector.
Additionally, investigating the challenges posed by the digital divide would offer critical
insights into how technology access and digital literacy engagement affect financial inclusion
across different income groups. Assessing the wider socio-economic effects of these divides
and their relation to changes in fintech policy could make valuable contributions to the exist-
ing literature and guide the development of more comprehensive policy frameworks.

Furthermore, comparative studies of the decision-making contexts encountered by
policymakers in low-income versus middle-income environments could enhance our
understanding of how institutional variations shape strategies for implementing
fintech and promoting financial inclusion. Future research might also explore genera-
tional changes in the impact of technology on these regions and the long-term conse-
quences for sustainable economic growth.
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1. Introduction

In 1911, J. Schumpeter asserted that financial services—encompassing the mobilization of savings, pro-
ject evaluation, risk management, management oversight, and transaction facilitation—are essential for
driving economic expansion and technological advancement (R. G. King & Levine, 1993). Fueled by the
remarkable achievements of Southeast Asian nations, McKinnon and Shaw formulated their influential
theory in 1973, emphasizing the vital role of financial services in economic development. They argued
that any actions leading to financial repression would adversely affect savings, investments, and overall
economic growth (Mckinnon, 1973; Shaw, 1973). The McKinnon-Shaw framework underwent scrutiny in
the 1990s through two significant studies, which reinforced the critical nature of financial intermediation
in the growth trajectory by channeling savings to the most productive ventures while mitigating liquid-
ity-related risks (Bencivenga & Smith, 1991; Greenwood & Jovanovic, 1990). Since then, numerous
researchers have empirically tested this theory, with R. G. King and Levine (1993) and Levine et al.

CONTACT Chadi Azmeh @ chadiazmeh@hotmail.com @ Department of Banking and Financial Sciences, International University for Science
and Technology, Ghabageb, Syrian Arab Republic

#Present address: Department of Finance and Banking, University of Kalamoon, Deir Atiyeh, Syria.

© 2025 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.



2 (& C AZMEH AND M. AL-RAEEI

(2000) identifying a strong positive correlation between advancements in the financial sector and eco-
nomic growth. Subsequent investigations have corroborated these conclusions, particularly within devel-
oping nations (Al Samman & Azmeh, 2016; Azmeh et al, 2017, Demetriades & Hook Law, 2006;
Odedokun, 1996; Polat et al., 2015). However, some scholars suggest that the benefits of financial devel-
opment on economic growth are more pronounced in middle-income and developed countries (Deidda
& Fattouh, 2002; Favara, 2003). Mishra and Narayan (2015) also observed a significant positive influence
of financial development on economic growth, particularly when a country’s financial development sur-
passes its cross-sectional average. Additionally, various studies have indicated the vital role of financial
development in propelling economic growth, especially in developing economies (Calderén & Liu, 2003;
Masten et al., 2008; Perotti & Vesnaver, 2004; Tasi¢ & Valev, 2010). Further examination of diverse
regions, including Southeast Asia (Haini, 2020), Sub-Saharan Africa (Ibrahim & Alagidede, 2018), China
and India (Kandil et al., 2017), China (Lin et al., 2016), and Russia (Berglof & Lehmann, 2009), has also
validated the favorable impact of financial development on economic growth.

In recent years, the significance of research output has gained recognition as a pivotal factor in eco-
nomic growth, capturing the interest of scholars and policymakers alike. Numerous empirical investiga-
tions have analyzed the connection between research output and economic growth, frequently
employing scientometric measures to gauge productivity and impact. One cohort of studies has demon-
strated that research output has a substantial and affirmative effect on economic growth (Azmeh, 2022;
Inglesi-Lotz et al., 2015; Lee et al., 2011; Ntuli et al., 2015; Pourghaz et al., 2023; Solarin & Yen, 2016; Yu
& Jin, 2024). Conversely, another group of studies has focused on the effects of research output within
specific fields on economic growth, providing evidence of the notable influence of research in domains
such as basic sciences, economics, and finance on the economic landscape (Azmeh, 2022; Jin, 2009,
2010; Pinto & Teixeira, 2020; 2024; Yasgul & Gurig, 2016). Moreover, financial development can serve as a
crucial link between scientific research and economic advancement. Studies have further illustrated that
investment in research and development within specific industries can enhance efficiency and productiv-
ity in those sectors (Adetutu & Ajayi, 2020; Jalil et al., 2023; Nair et al., 2020; Wu, 2023).

Drawing from the two strands of existing empirical research, we assert that the production of
research and the advancement of financial systems significantly influence economic growth. Within the
relevant literature, some investigations have explored how institutional quality—an essential factor in
economic growth—may subtly alter the effects of financial development on growth levels. The primary
impetus behind our study is to analyze the interplay between financial development and institutional
quality regarding their combined effects on economic growth, assessing whether these factors serve as
complementary forces or act in opposition (Ahlin & Pang, 2008; Anwar & Cooray, 2012; Asante et al.,
2023; Compton & Giedeman, 2011; Demetriades & Hook Law, 2006; Haini, 2020).

Positioning itself within this framework, our research is groundbreaking as it seeks to determine
whether the influence of financial development on economic growth hinges on the degree of research
output within the financial sector. We hypothesize that advancements in financial research play a crucial
role in shaping the dynamics between financial development and economic growth. Such research can
propel economic progress by driving innovation in financial products and services, thanks to techno-
logical improvements. Additionally, it enhances risk management practices and fortifies financial systems,
making them more appealing to investors and fostering overall economic stability. Moreover, financial
research contributes to the cultivation of human capital within the sector, yielding a more adept work-
force and better-informed decision-making, which collectively bolster economic advancement. To
achieve this, our study employs a conventional growth regression model utilizing a two-step system
GMS (General Fitting-GMS) approach, implemented through the Runge-Kutta methodology, focusing on
a dataset of 15 MENA countries from 2000 to 2017. From a policy standpoint, our findings hold substan-
tial relevance, as they equip policymakers with vital insights into advancing the economic development
trajectory in the MENA region. We recommend policies that pursue both enhanced research output in
finance and financial system development concurrently, given the complementary nature of these varia-
bles. Conversely, should they prove to be substitutes, decision-makers may need to prioritize one over
the other based on its relative importance and impact.

The structure of the remainder of this paper is organized into several key sections that collectively
address the research problem, objectives, and the novel contributions of our study. In Section 2, we

120



COGENT ECONOMICS & FINANCE (&) 3

present a comprehensive literature review that explores the intricate relationships between financial
development, the generation of research output in the field of finance, and the overall dynamics of eco-
nomic growth. This section identifies gaps in existing studies and highlights the need for further investi-
gation in understanding how these elements interact over time. Section 3 details the data sources and
methodologies employed in our analysis, emphasizing the rigorous approach we take to collect and
evaluate data. This section clarifies our research objectives, which include investigating the causal path-
ways between financial development and economic growth while assessing the mediating role of
finance-related research output. Subsequently, Section 4 reveals the empirical findings of our research.
Here, we provide detailed analyses and interpretations of our results, demonstrating how they address
the research problem and contribute to the existing body of knowledge. In Section 5, we summarize our
conclusions, reinforcing the novelty of our findings and discussing their implications for policymakers,
researchers, and practitioners in the field of finance. This structured approach not only delineates the
flow of the paper but also underscores the significance of our research within the broader context of
economic studies.

2. Literature review
2.1. Financial development and economic growth

Numerous empirical studies have investigated the relationship between financial development and eco-
nomic growth. Among the earliest research on this topic was conducted by R. G. King and Levine (1993)
and Levine et al. (2000), who identified a significant positive effect of financial development on eco-
nomic growth. Their conclusions were corroborated by various studies focused on developing nations
(Al Samman & Azmeh, 2016; Azmeh et al., 2017; Demetriades & Hook Law, 2006; Odedokun, 1996; Polat
et al, 2015). Conversely, some research suggests that the positive impact of financial development on
economic growth is primarily observed in middle-income and developed countries (Deidda & Fattouh,
2002; Favara, 2003).

Mishra and Narayan (2015) analyzed the effect of financial development on economic growth, cover-
ing 43 developed and developing countries from 1986 to 2012. Their findings indicate a significant posi-
tive effect of financial development on economic growth, provided that a country’s level of financial
development exceeds its cross-sectional mean. Additionally, numerous studies indicate that financial
development is a key determinant of economic growth, having a more substantial impact on growth in
developing countries compared to developed ones (Calderén & Liu, 2003; Masten et al., 2008; Perotti &
Vesnaver, 2004; Tasi¢ & Valev, 2010). In a study of Southeast Asian countries from 1995 to 2017, Haini
(2020) highlighted the importance of financial development in fostering economic growth. Similarly,
Ibrahim and Alagidede (2018) confirmed a significant positive effect of financial development on eco-
nomic growth in a sample of 29 Sub-Saharan African countries between 1980 and 2014. Moreover, sev-
eral analyses have examined the effects of financial development on economic growth at the country
level, finding a positive and significant impact for China and India (Kandil et al., 2017), China (Lin et al,,
2016), and Russia (Berglof & Lehmann, 2009).

Given the crucial role of financial development in driving economic growth, it is imperative to focus
on the factors that influence this development in emerging nations. Empirical research indicates that
regulation and supervision in the financial industry has a major impact on financial development. It is
demonstrated that important regulatory actions, such as capital requirements, activity restrictions, and
foreign bank entry barriers, have an impact on a number of financial development metrics (Ahmad
et al,, 2021; Azmeh, 2018, 2019; Barth et al,, 2013; Haque & Brown, 2017). Moreover, effective property
rights protection and contract enforcement are linked to reduced interest rate spreads and increased
financial institution efficiency, demonstrating the critical role that the legal system plays (Alawi et al.,
2022; Azmeh, 2020; Khan et al., 2019). In a recent study conducted by Azmeh and Al-Raeei (2024), the
authors demonstrate that both quantity and quality of research output in finance are pivotal factors
influencing financial development.
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2.2. Research output and economic growth

De Moya-Anegén and Herrero-Solana (1999) were among the pioneers in investigating the relationship
between research output and economic growth. Their findings indicated a significant correlation
between research output and GDP across 19 Latin American countries. In a study of OECD nations, D. A.
King (2004) identified both linear and exponential relationships between these two variables. In contrast,
Vinkler (2008) found no significant connections within European countries, the USA, and Japan.

Subsequent empirical research has further explored the effects of research output on economic
growth across various groups of countries. The literature can be categorized into two primary sets of
studies. The first set does not differentiate among scientific disciplines. For instance, Lee et al. (2011) uti-
lized a Granger causality test and found reciprocal causality between research and economic growth in
Asia. Conversely, Inglesi-Lotz et al. (2014, 2015) reported no causality in Brazil, China, Russia, and South
Africa. Their findings further revealed a unidirectional causality from research output to economic
growth in the United States. Ntuli et al. (2015) analyzed causality in 34 OECD countries, concluding that
this one-way relationship exists only in the U.S., Finland, Hungary, and Mexico. Solarin and Yen (2016)
assessed research output’s influence on economic growth in 169 countries, finding that it plays a signifi-
cant role regardless of the countries’ development levels. Dkhili and Oweis (2018) supported these
results, highlighting a positive impact of research on economic growth among a sample of 43 African
nations.

The second group of studies focused on the effects of research output in specific fields on economic
growth. They demonstrated a positive and significant impact of research output across various domains,
including general basic sciences (Jaffe et al., 2013), psychiatry and psychology, physics, biology, and bio-
chemistry (Inglesi-Lotz & Pouris, 2013), basic sciences, business, and engineering (Jin & Jin, 2013), bio-
technology (Yasgul & Gurig, 2016), basic sciences and engineering (Laverde-Rojas & Correa, 2019),
engineering and physics (Pinto & Teixeira, 2020), and a wide array of fields such as biochemistry, genet-
ics, molecular biology, business management, computer sciences, decision sciences, energy, engineering,
mathematics, physics and astronomy, and psychology (Azmeh, 2022). Pinto and Teixeira (2024) also
added life sciences, physical sciences, engineering and technology, and social sciences to this list, further
underscoring the diverse areas where research output positively influences economic growth.

The complex connection between the quantity and quality of research output has been studied more
profoundly in recent years. Based on an analysis of 39 nations, Pourghaz et al. (2023) showed a substan-
tial impact of research production on a number of macroeconomic indices, such as GDP growth,
unemployment, and inflation. According to Yu and Jin (2024), research output helps create new technol-
ogies, which in turn promotes technical improvement and economic prosperity.

While numerous empirical studies affirm the significant impact of financial development on economic
growth, there remains a notable gap in understanding the moderating role of research in finance.
Specifically, limited attention has been paid to how high-quality research can enhance financial technol-
ogy and improve human resource quality within the financial sector. By fostering innovation and skill
development, research in finance has the potential to amplify the positive effects of financial develop-
ment on economic growth, particularly in the nuanced context of the MENA region. Addressing this
oversight will be essential for developing a comprehensive framework that connects research output
with enhanced financial practices and sustained economic advancement.

3. Data and methodology
3.1. Data

This study represents a pioneering effort to investigate the impact of a country’s research output in
finance—both in terms of quantity and quality—on the relationship between financial development and
economic growth. Utilizing a dataset comprised of 15 countries from the Middle East and North Africa
(MENA) region (Al-Raeei & Azmeh, 2024) covering the years 2000 to 2017, we applied a conventional
growth regression model for our analysis. Specifically, we implemented the Runge-Kutta two-step
General Fitting-GMS (Generalized Method of Moments) approach to enhance the reliability of our
findings.
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Variable Obs Mean Std. dev Min Max
Documents 202 17.361 26.721 1 155
Citations 202 263.525 345.855 0 1523
GDPG 269 4.063 7.176 —36.658 53.382
GovEff 255 —.198 721 —-1.977 1.509
ROLaw 255 —.193 729 —2.092 958
Vacc 255 —1.001 A7 —2.05 .013
Priv 249 44.167 24.923 1.266 105.187
Inf 244 6.815 9.117 —10.067 54915
BankConcentration 227 72.721 18.205 38.288 100
GDPpercapita 270 16190.087 18264.65 806.075 73493.269
Table 2. Correlation coefficients for the period (2000-2017).

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
(1) Documents 1.000

(2) Citations 0.856 1.000

(3) GDPG —0.068 —0.090 1.000

(4) GovEff 0.296 0.274 0.051 1.000

(5) ROLaw 0.070 0.044 0.073 0.874 1.000

(6) Vacc 0.242 0.291 0.061 0.096 0.063 1.000

(7) Priv 0.156 0.083 —0.247 0.475 0.434 0.244 1.000

(8) Inf 0.101 0.190 0.109 —-0.179 —-0.171 0.160 —0.310 1.000

(9) B-Con —0.504 —0.562 0.067 0.042 0.176 0.040 —0.038 0.044 1.000

(10) GDPperC —0.026 —0.050 0.182 0.675 0.630 —0.092 0.225 —0.228 0.226 1.000

The bold values are for coefficients higher than the 0.7 critical value.

The dataset includes comprehensive proxies for all significant determinants of economic growth,
alongside our primary focus: the quantity and quality of financial research outputs. To measure research
output, we assessed the annual volume of publications as a proxy for quantity, while the quality was
quantified by examining the number of citations received by these publications. This information was
sourced from the Scopus database, which can be accessed via the SClmago platform.

In evaluating the role of institutional quality within this framework, we utilized the World Governance
Indicators (WGI). The careful selection of indicators that are particularly pertinent to economic growth is
essential for accurate analysis. In this regard, we specifically chose three indicators: rule of law, govern-
ment effectiveness, and voice and accountability. These indicators were selected due to their increasing
significance in the context of economic development. The remaining determinants of economic growth
were compiled from the World Bank database. A detailed description of the statistical data is presented
in Table 1, providing a comprehensive overview of the variables utilized in the analysis.

To ascertain the existence of multicollinearity, a correlation matrix was constructed with the aim of
establishing the extent of correlation between all variables. Table 2 presents a comprehensive summary
of the principal findings.

According to the findings presented in Table 2, there are clear indications of multicollinearity, as dem-
onstrated by the correlation coefficients for two specific variable pairs: (1) Documents and Citations in
Finance, and (2) Rule of Law and Government Effectiveness. Both of these pairs exhibit correlation coeffi-
cients greater than 70%, which signifies a notable level of interdependence between these independent
variables.

To further investigate the extent of multicollinearity among the independent variables, a Variance
Inflation Factor (VIF) analysis was conducted. The results of this analysis showed that all calculated VIF
values remained below the critical threshold of 10. This crucial finding suggests that multicollinearity is
not present in the dataset.

Moreover, the average VIF value was computed to be 3.09, reinforcing the conclusion that multicolli-
nearity does not pose a significant issue in this analysis. For a detailed view of these findings, please
refer to Table 3. This comprehensive examination of both correlation and VIF values provides a thorough
understanding of the relationships among the independent variables, ensuring the robustness of our
analytical model.
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Table 3. Variance inflation factor (VIF) test for the period (2000-2017).

Variable VIF 1/VIF
GovEff 6.86 0.145846
ROLaw 523 0.191274
Log Doc 430 0.232814
Log Cit 3.98 0.251076
GDP per 2.51 0.399045
BankCon 2.08 0.481290
Priv 1.81 0.552892
Bank Zscore 1.49 0.671436
Inflation 1.44 0.693395
Vacc 1.25 0.802708
Mean VIF 3.09

Table 4. Pre-estimation analysis results.

Unit root test CIPS

Variable Pearson cross sectional test Level First difference
Documents 16.07*** 0.00%* /
Citations 3.827%%* 0.00* /

GDP 7.69%** —5.6647%%* /
GovEff -0.12 1.6120 —6.7729%*
ROLaw 1.008 0.8355 —6.3932%**
VAcc 16.13%%* —1.7929** /

Priv 14.67*%* 1.9327 —5.2465%**
Inf 10.46%** —2.3991%* /
BankConcentration 0.006 / /
GDPpercapita 5.33%%* 2.5838 —4.4120%%*

ik < 0,01, *¥p < 0.05. *p < 0.1.

The empirical analysis consisted of two pre-estimation tests, namely cross-sectional and unit root
tests. The results of the analysis revealed that most of the variables pass the cross-sectional test, with
high level of significance. Moreover, the results demonstrated stationarity at first difference for all varia-
bles, indicating the absence of unit root behavior. The null hypothesis of the unit root test was statistic-
ally rejected. Results are reported in Table 4.

3.2. Model specification

To examine the interplay between financial development, research output in finance, and economic
growth, this study employed the two-step system General Fitting-GMS (Generalized Method of
Moments) approach. The inclusion of the Runge-Kutta method for addressing economic challenges
offers a wealth of advantages. By implementing this methodology, the study achieves a level of preci-
sion that transcends the limitations typically associated with simpler numerical integration techniques,
such as Euler's method. This enhanced accuracy allows for a comprehensive analysis of economic data,
paving the way for more precise predictions of future trends.

One of the key features of the Runge-Kutta method is its remarkable convergence properties, along
with its ability to handle complex functions effectively. This makes it a reliable choice for modeling intri-
cate economic phenomena, where standard methods may struggle. Additionally, the versatility of the
Runge-Kutta method enables customization of the solutions to cater to specific economic issues, thereby
improving the relevance and applicability of the results.

While it is true that the Runge-Kutta method may require more computational resources compared to
simpler techniques, it ensures a higher efficiency in terms of accuracy per computational effort. This is
particularly beneficial when working with large-scale economic models where precision is vital and com-
putational limitations may be a concern.

In this study, the Runge-Kutta method, integrated within the two-step system General Fitting-GMS
framework, was utilized to estimate the following equation, as referenced in the works of Al-Raeei,
(2021; Al-Raeei, 2020):
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Yie= o + B Fe+ v Xie + 1y M

Where Y: represents economic growth, F: represents research output in finance, X: represents all
control variables and p is the error term. o: is the constant, f: Coefficient of research output in finance,
and y: represents coefficients of all control variables, i: refer to the country studied while (f) to time
period.

The current study expands upon the Eqg. (1) model by introducing an interaction term between
financial development and research output in finance, in order to analyze the impact of this interaction
coefficient. To ensure that the interaction term does not merely act as a substitute for research output
or financial development metrics, both variables are independently included in the regression model.

Growth it = B’ X it + V1 financial development it + 2 Research output it
+ 3 [Research output it x financial development it] + ni + pt + ¢ it (2)
Growth it = P’ X it + 1 financial stability it + 2 Research output it
+ 3 [Research output it x financial stability it] + ni + ut + ¢ it (3)

The primary objective of our research centers on analyzing Equation (2), with a particular emphasis
on the direction and statistical significance of the interaction coefficient /3. Understanding the relation-
ship between financial development and research output is crucial, as it can either function synergistic-
ally or antagonistically within the framework of economic growth. A negative coefficient signifies that
countries with limited capabilities in financial research may experience enhanced economic growth
through the advancement of financial development, illustrating a substitution effect. In contrast, a posi-
tive coefficient implies that nations with more sophisticated financial research expertise may derive
greater economic growth advantages from increased efforts in financial development, pointing towards
a complementary relationship. To investigate these dynamics, we employed the General Fitting-GMS
(GMS) method in conjunction with a two-step system to estimate the target equation (Eq. (2)), utilizing
the Runge-Kutta technique. This comprehensive methodology entailed several key steps: first, we
defined the differential equation or its equivalent representation. Next, we determined an optimal step
size for numerical integration to improve the accuracy of the solutions. Following this, we implemented
the Runge-Kutta algorithm in a selected programming language or software environment. The algorithm
was then customized to align with the specific differential equation under study.

Once modifications were complete, we executed the algorithm using specified initial conditions,
which allowed us to capture the solution across the designated interval. A thorough analysis of the
results was conducted, enabling us to interpret the implications of the findings effectively. Furthermore,
this process was iteratively refined to reach the desired level of precision, ensuring the robustness and
reliability of our conclusions regarding the interaction between financial development and economic
growth outcomes. With equations:

k1 = h x f(xn, yn) 4

k2 = h x f(xn + h/2, yn + k1/2) (5)

k3 = h « f(xn + h/2, yn + k2/2) (6)

k4 = h x f(xn + h, yn + k3) (7)

yn+1 = yn + (k1 + 2xk2 + 2xk3 + k4)/6 (8)

where yn + 1 is the value of y at the next time step, h is the step size, and f (x, y) is the differential
equation. This method is typically used to solve initial value problems, where an initial condition y(x0) =
y0 is given. Tables 5 and 6 disclose the obtained results.

4. Empirical results and discussion
4.1. Mutual impact of financial development and research in finance on economic growth

The assessment of model estimations begins with a comprehensive analysis of the findings displayed in
Table 5, which employs annual data for our investigation. Our primary focus is on the dependent



8 e C. AZMEH AND M. AL-RAEEI

Table 5. Quantity and quality of research in finance and financial sector development (activity) and their impact on
Economic growth in the Middle Eastern countries for the period (2000-2017): general least square, GMS-RK.
Dependent variable economic growth

GLS-RK
1 2 3 4 5 6
LogDoc 8.21%** 7.04%* 10.45%* 9.23%* 1.03%* 1.02%*
4.0231 4.0810 4.2731 4.2971 3.9712 3.9998
LogCit —4.93 —3.037 0.612 0.673 1.073 1.070
5.0213 5.0880 5.0047 5.0497 5.0452 4.9992
Priv 7.22%%% 6.98** 9.89%* 8.99%** 1.22%* 1.30%*
4.2224 3.8102 3.8475 3.4224 4.1200 4.0004
GovEff 9.245% 10.24% 3.656 3.978 4.224 2.004
3.0088 4.0091 5.9554 7.0634 7.0002 7.0002
ROLaw 3.141 1.921 7.940 6.144 2.924 2.224
5.9790 4.0083 5.0412 6.0522 5.6000 6.1004
VAcc 8.947%%* 6.002* 8.22%%* 9.208*** 7.990%** 6.004% %
3.0070 3.0002 3.5570 3.2430 2.3445 3.0024
Inf —0.530%** —1.002%** —1.220%** —1.25%%% —1.40%**
0.2900 0.4007 0.4300 0.4095 0.4102
Bank-Con 0.006 0.090 0.095 0.052
0.1141 0.1940 0.0900 0.1420
log_GDP —0.890 0.722 —0.052
2.5045 24024 2.6450
Priv¥RO Doc 9.300
6.2490
Priv*RO Cit 3.782
7.9561
Constant 47 480%** 1.40 43,552%%* 43,752%%% 56.450%* -10.22
7.0145 4.4566 7.0765 14.2101 26.83 23.455
Prob > F 0.00 0.0002 0.0001 0.0000 0.00000 0.0002
Adj-R? 0.4512 0.4632 0.4758 0.4512 0.2478 0.3350
Gauss Y Y Y Y N N

Notes: Standard errors are presented below the coefficient values. *Significant at 10%, **significant at 5%, and ***significant at 1%.
The values in bold has the * sign that provide their level of significance.

Table 6. Quantity and quality of research in finance and financial sector development (stability) in the Middle Eastern
countries for the period (2000-2017): General least square, GMS-RK.

Dependent variable economic growth

GLS-RK
1 2 3 4 5 6
LogDoc 8.21%F* 7.04%* 10.45%* 9.23%* 1.05%* 1.08**
4.0231 4.0810 4.2731 4.2971 2.0450 1.0410
LogCit —4.93 —3.037 0.612 0.673 —1.45%* 2.35%
5.0213 5.0880 5.0047 5.0497 1.0452 2.0450
Z-score 2.23%F* 1.02%* 1.04** 1.20%* 3.45%* 1.01%*
1.0234 1.0544 2.0200 2.0240 2.1554 4.1450
GoVEff 9.245% 10.24* 3.656 3.978 1.15%* 1.42%%
3.0088 4.0091 5.9554 7.0634 3.2444 1.4780
ROLaw 3141 1.921 7.940 6.144 1.01%%* 1.02%*
5.9790 4.0083 5.0412 6.0522 1.2457 1.4578
VAcc 8.947** 6.002* 8.227F* 9.208*** 1.48%* 1.25%*
3.0070 3.0002 3.5570 3.2430 1.0045 1.4204
Inf —0.530%** —1.002%** —1.220%** —2.00%* —1.66%*
0.2900 0.4007 0.4300 24257 3.0004
Bank-Con 0.006 0.090 0.005%* 0.004**
0.1141 0.1940 0.0444 0.1045
log_GDP —0.890 —0.96%* —0.475%*
2.5045 4.0002 1.0457
Z-score*RO Doc 3.48"™
2.3574
Z-score*RO Cit -1.02"
2.0800
Constant 47.480%F* 0.054%** 43,552%%* 43.752%%* 56.450%* —0.25%*
7.0145 2.3457 7.0765 14.2101 26.83 1.002
Prob > F 0.00 0.0001 0.0001 0.0000 0.0000 0.0000
Adj-R? 0.4512 0.4002 0.4758 0.4512 0.2478 0.4872
Gauss Y Y Y Y Y Y

Notes: Standard errors are presented below the coefficient values. *Significant at 10%, **significant at 5%, and ***significant at 1%.
The values in bold has the * sign that provide their level of significance.
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variable of economic growth, while we also consider a range of independent variables that include the
quantity and quality of research output in the finance sector (measured in terms of published docu-
ments and citations), financial development (represented by credit extended to the private sector), the
quality of institutions (assessed through indicators such as rule of law, government effectiveness, and
voice and accountability), GDP per capita, bank concentration, and inflation rates.

The insights drawn from the results in Table 5, which are organized across columns 1 to 6, reveal sev-
eral important findings. First and foremost, the quantity of research output in finance—quantified by
the number of published papers indexed in SCOPUS—exhibits a positive and statistically significant rela-
tionship with economic growth across all model specifications. In contrast, while the quality of research
output in finance indicates a positive impact, this effect lacks statistical significance. Additionally, finan-
cial development, as indicated by the level of credit extended to the private sector, consistently displays
a positive and significant influence on economic growth across all specified models. Other factors, such
as the quality of institutions, present positive effects as well, though this is statistically significant only in
relation to voice and accountability. Conversely, inflation shows a negative and significant effect on eco-
nomic growth. Notably, the variables representing bank concentration and the logarithm of GDP per
capita do not yield statistically significant results in this analysis. It is important to highlight that our
study employs a set of crucial fitting parameters associated with the validated method we utilize.
However, these parameters have not been included in this article. For a comprehensive understanding
of our methodology and results, we would encourage interested readers to refer to additional resources
or related publications that detail these parameters. By examining these aspects, one can gain a deeper
insight into the accuracy and reliability of our findings. Furthermore, the results from the regression
models (5 and 6) highlight the interaction between financial development and both the quantity and
quality of research output in finance. This interaction reveals a positive and statistically significant influ-
ence on economic growth. Ultimately, these findings propose a complementary relationship between
financial development and the quantity and quality of research output in finance, indicating that
together, they enhance economic growth. The implications of these results suggest that fostering both
high-quality financial research and robust financial development may be instrumental in promoting sus-
tained economic growth. Mutual impact of financial stability and research in finance on economic
growth

4.2. Mutual impact of financial stability and research in finance on economic growth

In a similar vein, the study examines the mutual effects of financial stability and quantity and quality of
research output in finance on economic growth. The results, as detailed in Table 6, gave evidence of a
positive and statistically significant impact of research output in finance, in terms of quantity and quality,
on economic growth. Furthermore, financial stability, proxied by Z-score, exhibits a positive and signifi-
cant effect on economic growth in all model specifications. Additionally, all measures of quality of insti-
tutions, show positive and significant impacts on economic growth. As in our previous results, inflation
reveal negative and significant effects on economic growth. Furthermore, bank concentration has posi-
tive, while GDP per capita has negative impacts on economic growth (both are significant). Most impor-
tantly, the outcomes of regressions (5 and 6) suggest that the interaction between financial stability and
quantity of research output in finance leads to a positive and statistically significant impact on economic
growth. On the other hand, the interaction between financial stability and quality of research output in
finance gave evidence of a negative and statistically significant impact on economic growth. The final
results propose a complementarity relationship between financial stability and quantity of research out-
put in finance, while a substitutability relationship between financial stability and quality of research out-
put in finance, in their respective effects on the level of economic growth.

The analysis reveals that both research output in finance and financial development have a positive
and significant impact on economic growth. Specifically, quantity of research output in finance, as well
as financial development and stability, show positive and significant effects on economic growth.
Moreover, the interaction between financial development and research output in finance demonstrates
a positive and statistically significant impact on economic growth, suggesting a complementarity rela-
tionship between the two (even if it is not statistically significant). On the other hand, the positive
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impact of the interaction between financial stability and quantity of research output on economic
growth suggests that more research in finance combined with a stable financial system can lead to
increased economic growth and prosperity. This indicates that a well-developed financial sector can
serve as a catalyst for research productivity in finance, resulting in higher economic growth. Moreover,
the negative impact of the interaction between financial stability and quality of research output on eco-
nomic growth highlights the importance of ensuring that research in finance is of high quality. While a
stable financial system is crucial for economic growth, poor-quality research may not yield the desired
positive outcomes. Therefore, policymakers should focus on promoting high-quality research in finance
to maximize its potential benefits for the economy. In light of these findings, it is essential for policy-
makers to prioritize investments in research in finance and financial sector reforms. By fostering a
research-friendly environment and implementing policies that enhance financial development and stabil-
ity, policymakers can stimulate economic growth effectively. This will require promoting collaborations
between academics, practitioners, and policymakers, as well as ensuring that research in finance is rele-
vant and impactful for the financial sector and the economy as a whole. Ultimately, a well-functioning
research ecosystem in finance, supported by a stable financial system, can significantly contribute to sus-
tainable economic growth.

5. Conclusions

In this comprehensive study, we have explored the dynamic relationship between financial development,
economic growth, and research output specifically within the finance sector across 15 countries in the
Middle East and North Africa (MENA) region, spanning the years from 2000 to 2017. To conduct our ana-
lysis, we employed the advanced Runge-Kutta two-step system Generalized Method of Moments (GMS).
This robust methodology allowed us to evaluate a standard growth regression model, which incorpo-
rated a range of critical determinants influencing economic growth. Among these determinants, we
placed particular emphasis on both the quantity and quality of research output in the field of finance.
The quantity of research output was quantitatively assessed through the annual number of academic
publications produced by these countries, serving as a direct indicator of research activity within the
finance sector. Concurrently, we evaluated the quality of this research by identifying the number of cita-
tions received, which serves as a proxy for the impact and relevance of the research findings in the con-
temporary financial landscape. Furthermore, we utilized the World Governance Indicators (WGI) to assess
the institutional quality across the countries in our study. This evaluation focused on critical governance
indicators such as the rule of law, government effectiveness, and the extent of voice and accountability.
These factors are fundamental as they contribute to creating a conducive environment for financial
activities and research endeavors.

Our findings from this extensive investigation reveal that research in finance plays a pivotal role as
both a catalyst and a driving force behind financial innovation, which in turn has a positive and signifi-
cant impact on economic growth. The results indicate that both the quantity and quality of research
output in finance are crucial components influencing economic development. Additionally, the interplay
between financial development and stability, coupled with the quality of research output, highlights the
importance of a well-structured financial sector in promoting overall economic prosperity. Moreover, our
analysis illustrates the complementary effects of financial development and research output in finance. It
is evident that institutions characterized by strong financial stability tend to facilitate higher quality
research, which contributes to enhanced economic growth outcomes. This interaction underscores the
necessity of investing not only in financial infrastructure but also in fostering high-quality research initia-
tives that can lead to innovative solutions and advancements within the financial sector. Given the impli-
cations of our findings, it is essential for policymakers to prioritize investments in research within the
finance domain actively. Additionally, there is a pressing need to implement policies that foster collabor-
ation among academics, practitioners, and policymakers. Such collaborations can stimulate sustainable
economic growth by ensuring that research outputs directly inform and improve financial practices and
policies.

By cultivating a research-friendly environment and nurturing a culture that emphasizes excellence in
finance research, policymakers can harness the full potential of financial innovation. Doing so would not
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only benefit the finance sector but also contribute significantly to the broader economic landscape,
ultimately leading to increased economic resilience and growth across the MENA region.
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Abstract

This study rigorously examines the complex interplay between financial technology (Fin-
tech), financial inclusion, and their collective effects on economic growth in developing
nations. Employing a robust panel regression methodology enhanced by Panel-Corrected
Standard Errors (PCSE) and Feasible Generalized Least Squares (FGLS) techniques, this
research analyzes an extensive dataset comprising 108 countries categorized into low,
lower-middle, and upper-middle income levels across four pivotal years (2011, 2014, 2017,
and 2021). Our analysis focuses on two key dimensions of Fintech—specifically, the adop-
tion of digital payments and e-commerce via mobile technologies—and traditional financial
access indicators, including the density of ATMs, bank branches, and active banking
accounts. The findings demonstrate a predominantly positive effect of Fintech variables on
economic growth, particularly through improved digital payment systems. Conversely, tradi-
tional financial inclusion metrics frequently show a negative correlation with growth trajecto-
ries. Notably, our research underscores a significant positive interaction between digital
payment usage and ATM density, indicating a synergistic relationship that enhances the
performance of traditional banking systems. In contrast, a substitutability effect arises,
where increased dependence on mobile technologies diminishes the relevance of traditional
financial infrastructure, potentially obstructing broader economic growth. These findings
carry critical policy implications, advocating for a cohesive strategy that fosters both Fintech
innovations and traditional financial sectors to maximize economic growth and inclusivity. A
deliberate emphasis on synchronizing innovative financial solutions with the strengthening
of conventional banking is essential for promoting sustainable economic development in
these resource-constrained regions.
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Fintech, financial inclusion, and economic growth: Supplement or substitute?

1. Introduction

Currently, the economic frameworks of developed nations can be characterized as digital
economies, symbolizing the continuous technological evolution termed Industry 4.0 [1]. In
contrast, developing nations are increasingly focusing on amplifying the influence of Informa-
tion and Communication Technology (ICT) in their socio-economic growth, alongside the
gradual permeation of digital technologies throughout societal structures [2-4]. Modern ICT
is recognized as a pivotal driver of economic advancement and efficiency across various sectors
by fostering improved automation, optimizing production processes, and enhancing transpar-
ency [5-9].

In the financial sphere, the convergence of ICT, innovative technologies, and traditional
financial services has triggered substantial shifts within the financial industry. These transfor-
mations are encompassed within the larger phenomenon of FinTech innovation, which has
reshaped the delivery of financial services and introduced pioneering financial products [10-
14]. The Financial Stability Board defines FinTech as “technologically enabled innovation in
financial services that could result in new business models, applications, processes, or products
with a significant impact on financial markets and institutions, as well as the provision of
financial services” [15]. Indeed, FinTech holds the potential to mitigate the shortcomings of
conventional microfinance and enhance financial inclusion—ensuring that individuals and
businesses can access valuable and affordable financial services tailored to their needs—cover-
ing transactions, payments, savings, credit, and insurance—delivered responsibly and sustain-
ably [16]. As such, it has the capacity to improve access to financial services for previously
unbanked populations, particularly in developing regions [17-19].

The COVID-19 pandemic has accelerated the adoption of fintech solutions, especially in
developing countries, where the demand for remote and easily accessible financial services has
surged dramatically. A World Bank study found that mobile money utilization in low- and
middle-income nations surged by 65% during the pandemic, highlighting FinTech’s growing
importance in ensuring financial inclusion amid escalating social distancing measures [20].
Consequently, the pandemic exacerbated issues such as the diminishing physical banking
infrastructure, with certain regions experiencing a nearly 30% reduction in bank branch pres-
ence and ATM availability. This shift underscores the urgency of evaluating how fintech tech-
nologies might be leveraged to bolster financial inclusion during and after significant global
crises [21].

The UN 2030 Agenda emphasizes financial inclusion as essential for realizing Sustainable
Development Goals and curbing inequality. Despite some progress, the Global Findex data-
base reveals that 1.7 billion adults still lack access to formal financial services, and an additional
760,000 individuals have access yet do not utilize these services [19, 22, 23]. However, advance-
ments in ICT position FinTech as a promising avenue for enhancing financial inclusion and
bridging gaps in bank account ownership and usage. The expanded accessibility of mobile
technology provides unparalleled opportunities to harness FinTech to confront these chal-
lenges. In particular, mobile financial services are increasingly recognized as a crucial driver of
financial inclusion, enabling the underbanked to enter the formal financial system and foster-
ing equitable growth [24, 25].

Previous studies examining the influence of fintech on the economy have primarily concen-
trated on its effects on various aspects such as financial inclusion [25, 26], poverty alleviation
[27, 28], income disparity [23, 29], financial development [30, 31], and overall economic
growth [32-34]. However, there has been limited exploration of the potential interplay
between fintech and financial inclusion, as well as their reciprocal influence on economic
growth. This research seeks to address this oversight by illuminating the underexplored
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interplay between fintech, financial inclusion, and economic advancement. This inquiry aims
to enrich the existing literature and offer insights into how the relationship between fintech
innovations and financial inclusion can potentially stimulate economic growth and sustainable
progress. Given the pressing need for effective resource allocation in financially constrained
settings in developing countries, the study investigates whether fintech innovations and finan-
cial inclusion act as complementary forces or substitutes in propelling economic growth. By
analyzing the synergistic potential of fintech and financial inclusion, this research aims to pro-
vide critical insights for policymakers in developing countries, helping them to refine their
resource allocation strategies. Should fintech and financial inclusion be found to support one
another, this would highlight the necessity of concurrent investment in both areas to optimize
economic benefits. Alternatively, if they are determined to act as substitutes, policymakers
could concentrate on fostering one to achieve desirable economic outcomes. Ultimately, this
research aspires to enrich the broader dialogue on sustainable development by clarifying how
targeted initiatives in fintech and financial inclusion can advance economic growth in
resource-limited environments. To accomplish this goal, Panel-Corrected Standard Errors
(PCSE) and Feasible Generalized Least Squares (FGLS) methodologies will be applied to ana-
lyze data from 108 low, lower-middle, and upper-middle-income countries across four time-
frames (2011-2014-2017-2021).

The structure of the paper is organized as follows: Section 2 reviews pertinent empirical lit-
erature on FinTech and financial inclusion. Section 3 outlines the data and empirical method-
ology employed. Section 4 presents the empirical findings, followed by discussion and
conclusive remarks in Section 5.

2. Literature review

Schumpeter’s seminal publication in 1911 on innovation, particularly regarding finance, has
generated substantial interest and engagement from scholars, policymakers, and academics
alike. As a result, financial innovation has become an essential factor in driving economic
growth and is viewed as a key catalyst for financial advancement in the real economy [35-37].
A considerable volume of empirical studies has repeatedly examined the diverse elements that
facilitate financial development, establishing its beneficial effects on economic growth across
both advanced and emerging economies [31, 38-45]. Financial innovation encompasses the
development of novel and enhanced financial services that significantly boost efficiency in
financial transactions, operational processes, and functions within the financial landscape.
Early findings indicated that innovations such as ATMs and electronic payments mitigated
financial constraints and elevated welfare levels, while later research explored their influence
on demand deposits, economic growth, and financial inclusion through mobile technology
and fintech [46-50]. Therefore, the nexus between sustainable development and the financial
sector is intrinsically linked to financial innovation [51, 52]. Moreover, financial innovation
holds the promise of fostering entrepreneurship and job creation, particularly in developing
nations where access to conventional banking services is restricted [53, 54].

To delve deeper into the interplay among fintech, financial inclusion, and GDP growth,
more refined theoretical models are necessary. Two mechanisms—the financial inclusion
channel and the fintech diffusion channel—serve as analytical frameworks for this relation-
ship. The fintech diffusion channel illustrates how the financial services sector can adapt and
implement fintech solutions to enhance productivity and efficiency, ultimately elevating living
standards [55]. Conversely, the financial inclusion channel emphasizes how fintech can
broaden access to financial services, thereby mobilizing savings and steering investments
toward impactful objectives within the economy. This framework allows for an examination of
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the causative relationship and the ways in which these channels interact to influence economic
growth [56-58].

2.1 Fintech and economic growth

A substantial body of empirical evidence has thoroughly examined the interplay between fin-
tech and its influence on economic growth. Bara et al. [32] conducted a study focusing on the
SADC region, revealing a notably positive effect of fintech on economic growth, especially in
sectors such as mobile banking and digital payments. Similarly, Qamruzzaman and Jianguo
[59] and Qamruzzaman et al. [33] established a robust long-term positive correlation between
financial innovation and economic growth in South Asia. Their analysis further indicated that
this relationship is nonlinear, suggesting an optimal threshold of financial innovation, beyond
which its beneficial effects on economic growth may wane. Additionally, they observed bidi-
rectional causality between these variables in both the short and long term.

Fidan and Guz [60] explored the interplay between GDP and fintech investments across
eight high-income countries, uncovering a long-term cointegration between these two factors
and a notable cross-sectional dependence. Their findings confirm that fintech investments
exert a positive influence on GDP in seven countries, while Singapore exhibited an adverse
relationship; short-term Granger causality was detected exclusively in Germany. Moreover,
Cevik [34] provided compelling evidence that digital lending acts as a significant catalyst for
real GDP per capita growth, particularly in advanced economies. It is crucial to note that fin-
tech has also been shown to enhance competition within the financial sector, resulting in
lower costs and improved services for consumers, ultimately leading to economic growth [61,
62].

Furthermore, various country-specific analyses have indicated that fintech exerts a substan-
tial positive influence on real economic growth in China [63-65]. For instance, Song and
Appiah-Otoo [66] demonstrated that fintech and its components significantly affect China’s
economic expansion, positing that a 10% increase in fintech adoption correlates with an 8%
rise in economic growth. Conversely, Mashamba and Gani [67] found that inadequate fintech
integration within the financial system has hindered its potential effects on economic growth
in Sub-Saharan Africa, noting that while fintech disruptions have led to increased equity fund-
ing for banks, they have had a minimal impact on deposit and long-term debt financing.
Emerging studies also indicate that fintech can enhance public financial literacy and aware-
ness, fostering a more equitable financial ecosystem—a fundamental requirement for achiev-
ing long-term, sustainable economic growth [68, 69]. Parvez et al. [70] concluded that
advancements in fintech, coupled with financial inclusion and strong institutional frame-
works, positively impact human development in developing Asian nations, suggesting that fin-
tech plays a crucial role in driving inclusive economic growth.

Hypothesis 1: The adoption of fintech solutions, particularly in mobile banking and digital
payment systems, exerts a positive and significant effect on economic growth in developing
countries.

2.2 Financial inclusion and economic growth

Numerous empirical investigations have been carried out across global, regional, and national
contexts to assess the effect of financial inclusion on economic growth. At the global level,

research by Van et al. [71] underscores the positive role of financial inclusion in fostering eco-
nomic growth. Their study highlights the necessity of increasing access to financial services as
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a catalyst for entrepreneurship, savings, and investment, ultimately enhancing overall eco-
nomic prosperity. A stronger relationship emerges in nations with lower income and less
financial inclusion. Azimi [72] established a significant bidirectional relationship between
financial inclusion and economic growth across different income brackets and regions from
2002 to 2020. While other key determinants, such as private sector credit and foreign direct
investment, affect economic growth, they exhibit unidirectional causality without reciprocal
influences. Ain et al. [73] investigated financial inclusion’s effects on economic growth specifi-
cally within developing nations, revealing a significant and favorable influence. Sethi and
Acharya [74] extended this analysis to 31 developed and emerging countries, uncovering a
long-term association and bidirectional causation between financial inclusion and economic
growth. Kim et al. [75] further examined the Organization of Islamic Cooperation (OIC)
countries, identifying a positive impact of financial inclusion on economic growth and con-
firming reciprocal causality. Fundji [76] established that financial inclusion significantly and
positively affects economic growth in both high- and low-income nations, accentuating the
critical role of financial inclusion, enhanced by FinTech innovations, in promoting economic
development in sub-Saharan Africa. Nonetheless, Sahay et al. [77] found that while financial
inclusion initially bolsters economic growth, increased financial development might eventually
exert adverse effects on it.

Regional studies consistently affirm the beneficial relationship between financial inclusion
and economic growth. For instance, Emara and El Said [78] found a robust positive correlation
between financial inclusion and GDP per capita growth in MENA countries with strong insti-
tutional frameworks. Likewise, Ifediora et al. [79] focused on sub-Saharan Africa, demonstrat-
ing that an increase in bank branches and ATM:s significantly benefits economic growth.
Additionally, Ali et al. [80] examined IsDB member nations and identified a two-way causa-
tion between indicators of financial inclusion and economic growth. Country-specific research
has yielded positive associations in India [81], Rwanda [82], and Nigeria [83, 84].

Conversely, a few studies have indicated a negative relationship between financial inclusion
and economic growth. Chehayeb and Taher [85] reported an insignificant impact of financial
inclusion on economic growth across 13 MENA countries, discovering unidirectional Granger
causality from economic growth to financial inclusion, indicating that economic growth
enhances both access and usage of financial services. Menyelim et al. [86] found a negative
effect of financial inclusion on the relationship between income inequality and economic
growth in sub-Saharan African nations. Maune [87] observed adverse effects of financial inclu-
sion and trade openness on economic growth in Zimbabwe, while Nkwede [88] identified a
significant negative impact of financial inclusion on economic growth in Nigeria. Lastly, Chi-
wira [89] provided evidence of a negative long-term relationship between financial inclusion
and economic growth within the Southern African Development Community.

The literature highlights important trends regarding the relationship between financial
inclusion and economic growth. While the majority of studies affirm a positive correlation,
some indicate detrimental impacts, particularly in MENA and African contexts.

Hypothesis 2: Financial inclusion significantly and positively influences economic growth,
especially in low- and middle-income countries.

The relationship between fintech, financial inclusion, and GDP growth can be explained
through two primary mechanisms: the fintech diffusion channel, which enhances productivity
and efficiency in financial services, and the financial inclusion channel, which expands access
to these services, facilitating savings mobilization and directing investments toward economic
growth.
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Hypothesis 3: The advancement of fintech enhances accessibility to financial services, thereby
stimulating economic growth as a complement to financial inclusion.

3. Data and methodology
3.1 Data

The present research investigates the bidirectional influence of Fintech and financial inclusion
on the economic advancement of developing nations. Employing a sophisticated panel regres-
sion model that integrates Panel-Corrected Standard Errors (PCSE) and Feasible Generalized
Least Squares (FGLS) techniques, this study analyzes a dataset covering 108 countries classified
as low, lower-middle, and upper-middle income, across the years 2011, 2014, 2017, and 2021.
The selection of these specific years is driven by data availability, as information pertaining to
the two key Fintech variables is restricted to these periods, drawn from nationally representa-
tive surveys conducted at that time. This analysis incorporates essential variables such as Fin-
tech, indicators of financial inclusion (focused on access and utilization), and a range of
factors that contribute to economic growth. Fintech is represented through two specific met-
rics: the ratio of individuals over the age of 15 who engage in digital payments, and those who
conduct e-commerce transactions via mobile devices or the internet. Financial inclusion is
assessed using access indicators like the number of ATMs and commercial bank branches per
100,000 adults, along with the ratio of formal bank accounts per 1,000 adults. The data for Fin-
tech and financial inclusion is sourced from the Global Findex Database (GFD). Furthermore,
the study employs the World Governance Indicators (WGI) to evaluate institutional quality,
creating a composite index by aggregating six institutional indicators: rule of law, government
effectiveness, political stability, regulatory quality, control of corruption, and voice and
accountability. Additional economic growth determinants are obtained from the World Bank
database (World Development Indicators, WDI), including domestic credit to the private sec-
tor, government expenditure, investment, trade, school enrollment, and population growth.
Detailed description of variables and statistical information are presented in Tables 1 and 2.

A correlation matrix was formulated to assess multicollinearity by examining the magni-
tude of relationships between covariates. The results, as outlined in Table 3, present a compre-
hensive examination of the interconnectedness among the variables, offering valuable insights
into their respective associations.

The evaluation of multicollinearity among the variables in Table 3 revealed no significant
concerns. The correlation coefficients generally remained below 0.70, suggesting a low degree
of interrelation among the variables. However, a noteworthy association was observed between
the two Fintech variables (MDig-UseMobToBuy) and the number of formal accounts, which
exceeded the 0.70 threshold. This finding indicates a strong positive correlation between hav-
ing multiple formal accounts and utilizing mobile banking (USEMOBTOBUY), underscoring
the increasing significance of digital financial technologies in facilitating access to financial
services. Furthermore, education level (School) emerged as a vital determinant of financial
inclusion, as evidenced by its robust correlations with account ownership, ATM utilization,
and digital financial services (Mdig). This suggests that individuals with higher education lev-
els are generally more financially literate and more inclined to engage with innovative financial
tools. Additionally, the accessibility of ATMs plays a pivotal role in enhancing financial inclu-
sion, as reflected in its strong associations with formal accounts and digital financial offerings.

To delve deeper into the possibility of multicollinearity, a Variance Inflation Factor (VIF)
analysis was performed. The results yielded an average VIF value of 3.13 for all independent
variables, significantly lower than the accepted threshold of 10. Detailed outcomes of the VIF
analysis are available in Table 4.
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Table 1. Description of variables and data sources.

Variable Abbreviation Definition Sources
No. of ATMs Atm Number of Automated teller machines (ATMs) (per 100,000 adults) WDI
No. of Branches Branches Number of Commercial bank branches (per 100,000 adults) WDI
No. of Accounts Accounts Account ownership at a financial institution or with a mobile-money-service provider (% of GFD
population ages 15+)
Made a digital payment Mdig The percentage of respondents who report using mobile money, a debit or credit card, or a GFD
mobile phone to make a payment from an account
Used a mobile phone or the internet to | UseMobTobuy The percentage of respondents who report using a mobile phone or the Internet to buy GFD
buy something online something online in the past year.
Domestic credit to private sector Priv Domestic credit to private sector by banks refers to financial resources provided to the private WDI
sector by other depository corporations (deposit taking corporations except central banks)
GDP growth (annual %) GDPG Annual percentage growth rate of GDP at market prices based on constant local currency. WDI
Aggregates are based on constant 2015 prices, expressed in U.S. dollars.

General government final consumption GovExp includes all government current expenditures for purchases of goods and services (including WDI

expenditure (% of GDP) compensation of employees)
Gross capital formation (% of GDP) Investment | consists of outlays on additions to the fixed assets of the economy plus net changes in the level of | WDI

inventories
Inflation, GDP deflator (annual %) Inflation Inflation as measured by the annual growth rate of the GDP implicit deflator shows the rate of | WDI
price change in the economy as a whole.
Trade (% of GDP) Trade Trade is the sum of exports and imports of goods and services measured as a share of gross WDI
domestic product.
School enrollment, secondary (% gross) School ratio of total enrollment, regardless of age, to the population of the age group that officially WDI
corresponds to the level of educat
Population growth (annual %) PopG Annual population growth rate for year t is the exponential rate of growth of midyear population | WDI
from year t-1 to t, expressed as a percentage

institutional quality Institutions | Aggregate of six institutional indicators: rule of law, government effectiveness, political stability, | WGI

regulatory quality, control of corruption, and voice and accountability.

Note: This table presents the dependent variable and the explanatory variables that we used in the paper, their definitions the abbreviations used in empirical results, and

sources of observed data. WDI stands for World Development Indicators, GFD stands for Global Findex database, WGI stands for World Governance Indicators.

https://doi.org/10.1371/journal.pone.0315174.t001

Table 2. Descriptive statistics.

Variable Obs Mean Std. Dev. Min Max

Atm 384 28.24 26.393 32 117.93
Branches 393 11.845 11.7 31 72.07
Accounts 358 41.664 23.267 4 98.46
Mdig 264 29.528 19.652 .69 90.76
UseMobTobuy 172 10.941 12.015 .03 80.05
Priv 390 36.389 30.737 .005 177.267
GDPG 428 4.746 8.958 -50.339 153.493
GovExp 395 14.602 5.908 2.36 43.702
Investment 386 24.953 9.216 -15.917 69.603
Inflation 428 8.99 16.752 -26.7 235.515
Trade 399 74.18 35.216 4.128 305.968
School 293 70.95 27.305 5.46 141.203
PopG 432 1.647 1.455 -6.852 11.794
Institutions 432 -.605 .565 -2.273 .87
https://doi.org/10.1371/journal.pone.0315174.t002
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Table 3. Matrix of correlations.

Variables (6] (2) (3) 4 (5 (6) (7) (®) (&) (10) (11) (12) (13) (14)
(1) Atm 1.000

(2) Branches 0.285 1.000

(3) Accounts 0.591 0.311 1.000

(4) Mdig 0.493 0.220 0.870 1.000

(5) UseMobTobuy 0.598 0.192 0.728 0.748 1.000

(6) Priv 0.424 0.177 0.400 0.218 0.377 1.000

(7) GDPG 0.053 0.073 0.105 0.033 0.094 -0.030 1.000

(8) GovExp 0.218 0.123 0.158 0.192 0.190 0.025 -0.224 1.000

(9) Investment -0.118 0.135 0.013 -0.047 0.006 0.037 0.151 -0.078 1.000

(10) Inflation 0.255 0.020 0.184 0.257 0.286 -0.202 0.217 0.010 -0.064 1.000

(11) Trade 0.198 0.106 0.273 0.275 0.406 0.388 -0.206 0.307 0.250 -0.142 1.000

(12) School 0.738 0.392 0.565 0.396 0.512 0.381 0.187 0.138 -0.087 0.295 0.062 1.000

(13) PopG -0.615 -0.413 -0.519 -0.354 -0.527 -0.295 -0.126 -0.140 0.077 -0.095 -0.340 -0.596 1.000

(14) Institutions 0.451 0.247 0.613 0.424 0.412 0.357 0.131 0.105 -0.082 -0.043 0.206 0.571 -0.451 1.000

https://doi.org/10.1371/journal.pone.0315174.t003

The analysis reveals noteworthy positive correlations among several key variables, including
Accounts, ATMs, and Mdig, based on the findings from the Pearson cross-sectional tests,
reported in Table 5. This suggests that as these factors increase, they are associated with
enhanced economic growth. On the other hand, our observations indicate a lack of significant
correlation between other factors, such as Government Expenditure (GovExp) and Invest-
ment, and economic growth.

To better understand the dynamics of these relationships, we employed sophisticated statis-
tical methods like Feasible Generalized Least Squares (FGLS) and Panel-Corrected Standard
Error (PCSE) estimation techniques. These methods effectively address issues such as hetero-
skedasticity and cross-sectional correlations. The robustness of our results, supported by their
statistical significance, underscores the reliability of these insights into the underlying drivers

Table 4. Variance Inflation Factor (VIF).

Variable VIF 1/VIF
Accounts 8.20 0.121929
Mdig 6.98 0.143189
UseMobTobuy 3.49 0.286762
School 3.47 0.287937
Atm 3.00 0.333224
PopG 2.60 0.384475
Institutions 2.15 0.464552
Trade 2.03 0.493531
Priv 2.02 0.495700
Inflation 1.54 0.647889
Branches 1.40 0.715389
Investment 1.30 0.766469
GovExp 1.25 0.799111

Mean VIF 3.03

https://doi.org/10.1371/journal.pone.0315174.t004
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Table 5. Pre-estimation analysis results.

Variable Pearson Cross sectional test
Atm 71.31%%*
Branches 14.58***
Accounts 85.97***
Mdig 57.39*%*
UseMobTobuy /
Priv 19.94***
GDPG 5.80%**
GovExp 0.23
Investment -0.51
Inflation 35.81%**
Trade 12.52%**
School 16.827***
PopG 43.29%**
Institutions 2.68%**
p < 0.01
**p < 0.05
*p<0.1.

https://doi.org/10.1371/journal.pone.0315174.t005

of economic growth in our study. By utilizing these advanced techniques, we can provide a
more nuanced understanding of how various factors influence economic performance.

3.2 Methodology

In our analysis, we adopt the panel corrected standard error (PCSE) technique as our pri-
mary strategy for eliminating autocorrelation within the dataset. This robust approach
guarantees unbiased parameter estimates and accurate standard error calculations, making
it particularly effective for analyzing dynamic heterogeneous panel data characterized by
temporal correlations and varying individual attributes. By integrating panel-specific and
time-specific fixed effects, the PCSE method adeptly addresses unobserved heterogeneity
and time-varying influences that could distort the relationships among variables, thereby
significantly enhancing the reliability and validity of our model estimates. Furthermore, as a
vital robustness check, we supplement the PCSE method with the feasible generalized least
squares (FGLS) technique to rectify issues of heteroscedasticity and cross-sectional depen-
dence in our panel data, which further refines the efficiency and accuracy of parameter esti-
mates. The combination of FGLS with PCSE in our study fortifies the credibility of our
empirical findings and strengthens the validity of our conclusions. To investigate the inter-
play between Fintech, financial inclusion, and economic growth, we examine the direct
impact of Fintech and financial inclusion on economic growth by specifying a standard
growth regression model as follows:

Growthit = A+ 0 FT it+ ¢ Fl it + 0 Zit + v it (1)

The regression model utilized in this study incorporates variables labeled as FT (for Fin-
tech), FI (for financial inclusion), and Z (which consists of a series of control variables). The
error term is indicated by v, the intercept is represented by A, and the coefficients for Fintech,
financial inclusion, and the control variables are denoted by 6, ¢, and 3, respectively. The sub-
scripts (i) and (t) signify the specific country and the time period under analysis.
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Thus, the model is structured as follows:

Growth it = A + 0 Fintech it + ¢ Financial inclusion it + ¢ Investment it +  Trade it
+ ¢ Government expenditure it + A Population growth it + /Inﬂation it

+ 0 school enrollment it + y Institutions it + y Domestic Credit it + pit,  (2)

We enhance our research methodology by integrating Fintech and financial inclusion,
enabling us to thoroughly explore their complex relationship with economic growth. By
including interaction terms as separate variables in our regression model, we can assess the
importance of this dynamic connection. Analyzing the interaction coefficient allows us to
quantitatively evaluate its influence on our research outcomes.

Growth it = A + 0 Fintech it + ¢ Financial inclusion it + £Investment it +  Trade it
+ ¢ Government expenditure it + A Population growth it + / Inflation it

+ 0 school enrollment it + y Institutions it + <y Domestic Credit it
+ ¥FintechFinancial inclusion it 4 y it, (3)

Our investigation centers on a rigorous analysis of Eq (3) to determine the sign and sta-
tistical significance of the interaction coefficients that elucidate the relationship between
Fintech, financial inclusion, and economic growth. The complex dynamics among these
variables may either be complementary or substitutive, depending on the coefficient signs.
A negative coefficient indicates that Fintech is crucial for economic growth in countries
with weak financial inclusion frameworks, highlighting substitutability. In contrast, a posi-
tive coefficient suggests a synergistic effect, where Fintech enhances economic growth in
nations with strong financial inclusion mechanisms. As we delve into the impact of Fintech
and financial inclusion on economic growth, we employ advanced methodologies such as
panel corrected standard error (PCSE) and feasible generalized least squares (FGLS).
Through fourteen comprehensive analyses, including seven iterations for each technique,
we meticulously examine the effects of various factors on our primary outcome—economic
growth. We begin by incorporating control variables along with those representing Fintech
and financial inclusion, followed by the inclusion of interaction terms that capture their
interdependencies. For example, (MDig*ATM, MDig*Branches, MDig*Accounts, Use-
MobTb*ATM, UseMobTb*Branches, and UseMobTb*Accounts) are individually intro-
duced to delve deeper into their impact. The findings of these analyses are delineated in
Tables 6 and 7 for a comprehensive evaluation.

4. Results and discussion

The evaluation of model estimations begins with a detailed examination of the results dis-
played in Table 6, which utilizes annual data from our study. Our analysis primarily targets the
dependent variable of economic growth (GDPG), while rigorously considering a range of
independent variables, including Fintech, financial inclusion, institutional factors, government
expenditure, investment levels, inflation, trade dynamics, school enrollment rates, credit to the
private sector, and population growth. We deploy the Panel Corrected Standard Errors
(PCSE) method alongside the Feasible Generalized Least Squares (FGLS) method for robust-
ness checks. Table 6 robustly presents the findings from the PCSE analysis, while Table 7 clari-
fies the insights gained from the FGLS approach.
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4.1. Fintech and economic growth (H1)

Our findings indicate that fintech, particularly through digital payments and mobile banking,
exerts a significant and positive impact on economic growth, thereby validating our first
hypothesis (H1): The introduction of fintech solutions, especially mobile banking and digital
payment systems, significantly enhances economic growth in developing countries. The data
presented in Tables 6 and 7 illustrate a notable and constructive effect of the fintech variables
—made digital payments (MDig) and mobile online purchases (UseMobTobuy)—on eco-
nomic growth in these regions. Although the PCSE estimation method does not indicate a sta-
tistically significant association, the FGLS estimation consistently reveals a significant impact
at the 0.01% threshold across nearly all model configurations. Our findings align with the
established body of literature regarding the role of financial innovation in promoting eco-
nomic development in developing nations [31, 32, 57, 68]. This strengthens the notion that
enhancements in digital financial services—especially concerning mobile payments—are in
harmony with ongoing initiatives aimed at fostering economic growth and financial inclusion.
By integrating fintech solutions within existing economic structures, developing countries
may effectively overcome current barriers to investment and market accessibility, supporting
efforts to alleviate poverty and accelerate economic advancement.

4.2. Financial inclusion and economic growth (H2)

The data presented in Table 6, spanning columns 1 to 13, reveal several significant insights.
Our analysis indicates a detrimental association between the presence of ATMs and the num-
ber of official accounts in financial institutions with economic growth across nearly all specifi-
cations in Table 6 (PCSE) and Table 5 (FGLS). In contrast, the number of branches per
100,000 adults demonstrates a positive effect on economic growth, though this significance is
limited to regression (4) in Table 7, which evaluates the integration of MDig and Branches
without the interaction term. The evidence regarding the relationship between financial inclu-
sion and economic growth appears to be mixed. While numerous studies have reported a posi-
tive link between the two [69-74], our findings imply a more nuanced relationship,
highlighting a negative correlation between ATMs and formal accounts with economic
growth. This finding contradicts the assertions made by Ifediora et al. [77], who identified a
beneficial impact of ATMs on economic growth in Sub-Saharan Africa. Importantly, our
investigation employs a more detailed approach, scrutinizing the interplay between fintech
and financial inclusion. Consequently, our results challenge the validity of Hypothesis 2,
which claims that financial inclusion positively and significantly influences economic growth,
particularly in low- and middle-income countries. This raises important questions about the
prevailing belief that broadening access to conventional financial services inherently fosters
economic growth. Our research suggests that the traditional relationship between financial
inclusion and economic development may be reshaped by the complex interactions between
fintech innovations and financial inclusion efforts.

4.3. Interaction between Fintech and financial inclusion and its impact on
economic growth (H3)

The regression analyses detailed in Tables 6 and 7 (and summarized in Table 8) reveal a note-
worthy and positive interaction effect between the Fintech variable (digital payments) and the
number of ATMs per 100,000 adults (financial inclusion) on economic growth. These findings
provide robust evidence of a synergistic relationship between Fintech and financial inclusion
concerning their influence on economic growth. This synergy indicates that the incorporation
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Table 8. Summery the results of the interaction terms.

Economic growth: GDPG (dependent variable)

ATM Branches Accounts
MDig Complement Not significant substitute (not significant)
UseMobTb Substitute Not significant Substitute

https://doi.org/10.1371/journal.pone.0315174.t008

of technological innovations into financial services can significantly enhance the efficacy of
traditional financial inclusion strategies, thereby boosting economic growth. This aligns with
Fundji’s study [76] and validates our third hypothesis (H3): advancements in Fintech enhance
access to financial services, subsequently driving economic growth by complementing finan-
cial inclusion efforts. Furthermore, the results support our hypothesis that the interaction and
convergence of Fintech innovations with financial inclusion initiatives can alleviate the nega-
tive statistical impacts that ATMs exert on economic growth in developing nations.

Additionally, the findings for the interaction terms presented in Table 7 reveal that the rela-
tionship between mobile use for online purchases (Fintech) and both the prevalence of ATMs
and the count of formal accounts, which serve as indicators of financial inclusion, demon-
strates a statistically significant negative correlation with economic growth. These results sug-
gest a substitutive relationship between mobile online purchasing and traditional banking
infrastructure, implying that as dependence on mobile Fintech increases, the importance of
ATMs and formal accounts in fostering economic growth diminishes. This points to a poten-
tial downside in the real economy, where an excessive reliance on mobile transactions could
undermine the advantages of a more holistic financial inclusion strategy, ultimately constrain-
ing broader economic growth.

This study reveals critical insights and policy implications that highlight the intricate inter-
play between fintech, financial inclusion, and economic growth in developing countries. Our
findings demonstrate that fintech innovations—particularly in digital payments and mobile
banking—substantially drive economic growth (H1), signaling their considerable potential to
catalyze development in resource-limited settings. However, contrary to existing literature, we
uncover a more complex relationship between financial inclusion and economic growth (H2).
Our research shows mixed results, indicating that certain facets of financial inclusion, such as
formal accounts and ATMs, may correlate negatively with economic growth, opposing the tra-
ditional notion that increased access to banking services automatically equates to progress.

This insight underscores that simply expanding conventional banking infrastructure will
not yield the anticipated economic benefits. Moreover, our analysis of the relationship between
fintech and financial inclusion (H3) reveals that these two elements are mutually reinforcing;
technology-driven financial services can enhance the effectiveness of traditional inclusion
strategies, suggesting that maximizing financial growth requires simultaneous investment in
both domains. Conversely, the study also indicates that an overreliance on mobile transactions
might undermine the influence of conventional banking systems, implying that an excessive
focus on fintech solutions could inadvertently hinder a comprehensive approach to financial
inclusion.

These findings advocate for balanced investment strategies that equally support traditional
financial infrastructures and fintech innovations, enabling policymakers in developing nations
to harness their synergistic effects on economic growth. As developing countries advance their
financial sector reforms in resource-constrained environments, they must adopt a dual
approach that integrates traditional banking services with fintech innovations to foster sustain-
able development and robust economic growth. Although a greater number of bank branches
correlates positively with economic growth, the expansion of formal accounts and ATMs does
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not yield the same beneficial results, reinforcing the notion that mere construction of conven-
tional infrastructure is insufficient.

Therefore, policymakers should encourage the complementary existence of fintech and tra-
ditional financial inclusion strategies, ensuring that innovations enhance rather than replace
established banking systems. Achieving enhanced financial access may require a synergistic
approach that combines digital services with formal accounts and incorporates fintech solu-
tions into ATMs. Furthermore, to ensure the resilience of traditional systems and mitigate
excessive dependence on mobile technology, a balanced investment in both fintech and con-
ventional banking frameworks is vital. By acknowledging the complementary roles of fintech
and traditional financial inclusion, policymakers can devise targeted strategies that promote
sustainable economic growth while effectively addressing the distinct challenges confronted by
their populations.

5. Conclusions

This study rigorously examines the intricate relationship between financial technology (Fin-
tech), financial inclusion, and their combined effects on economic growth in developing coun-
tries. Utilizing a robust panel regression framework enhanced by Panel-Corrected Standard
Errors (PCSE) and Feasible Generalized Least Squares (FGLS) techniques, the research ana-
lyzes a comprehensive dataset spanning 108 nations classified as low, lower-middle, and
upper-middle income across the years 2011, 2014, 2017, and 2021. The analysis centers on
vital variables related to Fintech and financial inclusion, measured through both access and
utilization metrics, alongside various determinants of economic growth. Specifically, the evalu-
ation of Fintech focuses on the percentage of individuals over 15 who engage in digital pay-
ment systems and those using mobile devices or the internet for e-commerce. In contrast,
financial inclusion is quantified through access indicators, including the density of automated
teller machines (ATMs) and commercial bank branches per 100,000 adults, as well as the num-
ber of formal banking accounts per 1,000 adults.

The study’s findings provide compelling evidence of the complex interplay between Fin-
tech, financial inclusion, and economic growth in developing countries. The data substantiate
the initial hypothesis that Fintech innovations serve as catalysts for economic development,
revealing a positive correlation between these innovations and economic growth. Conversely,
traditional measures of financial inclusion, such as ATM density and the number of formal
accounts, presented an unexpected negative relationship with economic growth when ana-
lyzed alongside Fintech metrics in the same model. This challenges the widely accepted notion
that increasing access to conventional financial services unequivocally fosters economic
advancement and underscores the necessity of scrutinizing the interaction between Fintech
and financial inclusion.

One of the pivotal conclusions from this study is the recognition that Fintech and tradi-
tional financial services are complementary. Specifically, mobile payments enhance the effi-
ciency of existing banking infrastructures. However, the findings also indicate a significant
substitutability effect, suggesting that an overreliance on mobile Fintech may undermine the
relevance of traditional banking systems. This dual relationship cautions against an excessive
emphasis on mobile transactions, which could potentially curtail the broader economic bene-
fits associated with comprehensive financial inclusion strategies.

5.1 Policy implications

Policymakers must adopt a robust and integrated strategy that synergizes Fintech innovations
with traditional banking systems, fostering meaningful partnerships between Fintech firms
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and established financial institutions. This approach is essential for driving sustainable eco-
nomic growth and promoting financial inclusion in developing countries. Strategic invest-
ments should be prioritized in traditional banking infrastructure and mobile banking
solutions, particularly in areas where positive impacts—such as mobile payments and ATM
accessibility—are already evident. Furthermore, the implementation of rigorous monitoring
and evaluation mechanisms is crucial to assess the cumulative impact of Fintech and conven-
tional banking on economic outcomes, with policies being dynamically adjusted as needed.
Public education campaigns should be launched to showcase the benefits of Fintech advance-
ments and financial services, underscoring their collective potential to ignite economic growth.
By executing these strategic policies, policymakers can harness the strengths of both Fintech
and traditional banking, while mitigating the risks associated with the waning influence of
conventional banking services.

5.2 Future insights

The findings of this study lay a vital foundation for a myriad of impactful future research path-
ways that will deepen our understanding of how Fintech, financial inclusion, and economic
growth interrelate. One promising direction is to investigate the fallout from the COVID-19
pandemic on the uptake and effectiveness of Fintech solutions in promoting financial inclu-
sion, with a keen focus on their implications in developing nations. This exploration is pivotal
given the pandemic’s transformative influence on financial behaviors and access to services.

Moreover, it’s essential for future inquiries to delve into the intricate ways consumer behav-
ior, sociocultural factors, and regulatory environments govern the adoption of Fintech and the
broader concept of financial inclusion. A thorough examination of how financial literacy plays
arole in shaping these dynamics could yield invaluable insights for enhancing access and
usage of financial services, thereby informing policy and practice.

Furthermore, researchers must scrutinize the ramifications of Fintech innovations and
financial inclusion efforts on alleviating poverty and mitigating income inequality. By con-
ducting comparative studies that assess the differential impacts of Fintech integration across
various socioeconomic strata, we can unveil the mechanisms through which digital financial
services can drive inclusive growth and foster equitable economic opportunities. This multifac-
eted approach will not only enrich the academic discourse but also provide actionable insights
for practitioners and policymakers committed to fostering a more inclusive financial
landscape.
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ABSTRACT

This study examines the relationship between the output of social sciences research,
which is measured in terms of both quantity and quality, and two important Sustainable
Development Goals (SDG) 1 and 10: poverty and inequality. The study analyzes data
from 15 Middle Eastern countries from 2000 to 2023 using a panel regression model
based on Panel-Corrected Standard Errors (PCSE) and Feasible Generalized Least Squares
(FGLS) techniques. The study findings indicate that while both dimensions of research
output exert a notable impact on poverty reduction, the quality of social science
research emerges as a more potent catalyst than quantity in formulating effective
interventions against poverty. Conversely, both the quantity and quality of research
output exhibit comparable effects on the reduction of inequality. These findings
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JEL CODES
underscore the necessity for policymakers to prioritize not just the quantity of research D63; 132; 015
but also its quality, particularly in the quest to combat poverty. Our study advocates for SUBJECTS

a paradigm shift in policy approaches, emphasizing the urgent need for investment in
high-quality research to enhance sustainable socio-economic development in the MENA
region. This strategic focus is imperative for tackling the complex challenges of poverty
and inequality, ultimately advancing social equity and fostering sustainable economic
growth.

Development Studies;
Development Policy;
Sustainable Development;
Sociology & Social Policy

1. Introduction

‘Leaving no one behind’ is a key component of the 2030 Agenda for Sustainable Development, which
places a strong emphasis on addressing poverty and inequality. Interestingly, SDG (10) attempts to
reduce inequality within and between countries, whilst SDG (1) concentrates on ending poverty in all of
its manifestations (Nogueira, 2024). In developing countries, the percentage of people living in extreme
poverty (defined as less than US$1.90 per day) fell from 1.84 billion in 1990 to 660 million in 2019 (World
Bank, 2022). By contrast, in terms of inequality, the richest 10% takes 52%, while the poorest half takes
only 8.5% of global income. MENA region is the most inequal region with a top 10% income share
around 58% of total income (Chancel et al., 2022).

While extant literature has effectively documented the connections between research output and eco-
nomic consequences, there exists a relative dearth of exploration regarding how social science research
can serve as a vital catalyst for targeted socio-economic interventions, particularly in the context of the
MENA region. Furthermore, the mechanisms through which social science research outputs can tangibly
inform policy frameworks and induce changes in societal structures have not been extensively articu-
lated. The imperative to bridge this gap arises from the realization that merely identifying relationships
between variables does little to elucidate the underlying processes driving poverty and inequality in the
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region—an aspect that calls for a more nuanced theoretical framework that builds upon existing theories
while also proposing innovative perspectives.

In light of this persistent inequality, the value of social science research becomes paramount. The
motivation for conducting this research stems from the urgent need to find effective policy interventions
that can alleviate poverty and reduce inequality in the region, which remains one of the most unequal
globally. It examines the relationship between social sciences research output, both in quantity and qual-
ity, and its potential impact on poverty and inequality within the MENA region. The value of social sci-
ence research is found in its capacity to produce theoretical frameworks and scientific evidence that
support policy choices. Studies conducted in several fields of social sciences such as: political science,
sociology, management, and economics have traditionally impacted social welfare programs and initia-
tives (Bednarek et al., 2024; Kassirer et al., 2023; Seelos et al., 2023; Wickert et al., 2021). Nemours schol-
ars have shown that carefully thought-out social initiatives supported by solid evidence may significantly
lower poverty rates (Friedman et al, 2024; Stefanidis et al, 2024), and reduce the level of inequality
(DiPrete & Fox-Williams, 2021; Humphries & Truman, 2020).

The production of research has become a crucial element in the process of economic development,
attracting the attention of policymakers and scholars in recent years. Numerous empirical studies have
systematically examined the relationship between economic growth and research output, often using
scientometric indicators to gauge productivity and effect. Notably, a large body of research shows that
research output has a positive and statistically significant impact on the level of economic growth
(Azmeh, 2022; Inglesi-Lotz et al., 2015; Lee et al., 2011; Ntuli et al., 2015; Pourghaz et al., 2023; Solarin
& Yen, 2016; Yu & Jin, 2024). On the other hand, another line of research has concentrated on the
impact of research output in particular fields, demonstrating the significant influence that fields such
as economics, finance, biotechnology, and basic sciences have on overall economic growth (Azmeh,
2022; Jin, 2009, 2010; Pinto & Teixeira, 2020; 2024; Yasgul & Guris, 2016). Moreover, empirical studies
have indicated that investing in scientific research and development (R&D) might increase production
and efficiency within the targeted sector (Adetutu & Ajayi, 2020; Jalil et al., 2023; Nair et al., 2020;
Wu, 2023).

Even while research output in many fields and their overall impact on economic growth, is becoming
increasingly important, there remains an important research gap in exploring how research output in
social sciences affects socio-economic aspects, especially when it comes to poverty and inequality. The
study by Pinto and Teixeira (2024) is a noteworthy exception, since it provides evidence of a positive
impact of research output in social sciences on economic growth in Portugal. There exists a significant
gap in the literature addressing how social sciences research output influences critical socio-economic
dimensions in developing regions, especially in the MENA context. Given the pronounced socio-economic
disparities in the MENA region, our focus extends beyond mere examination; we aim to furnish
evidence-based insights that can inform policymakers, academics, and practitioners. This research is par-
ticularly timely and relevant for the Middle East, where ongoing socio-political strife compounds eco-
nomic struggles, thus exacerbating poverty and inequality. By examining the influence of social science
research output on poverty reduction and inequality alleviation, this article aims to close this important
research gap.

The present study will investigate how social scientific research might improve the efficacy of social
programs run by non-governmental groups and policymakers, as well as influence successful policy deci-
sions. It will do this by utilizing theoretical frameworks and current empirical data. Recognizing the
potential of social research as a catalyst for change is crucial, especially given the ongoing problems
faced by poverty and inequality, especially in developing countries. By emphasizing the importance of
social science research in addressing these issues, this study seeks to encourage a shift in policy frame-
works, advocating for increased funding and partnership between universities and government entities.
In doing so, our findings aim to benefit not only policymakers but also NGOs who are striving for sus-
tainable improvements in their quality of life. Overall, this paper serves as a pioneering effort to illumi-
nate a critical link between social research and socioeconomic enhancement, enhancing the discourse
on social equity and sustainable growth in the MENA region.

To fill this aim, the current study intends to investigate the relationship between social sciences
research output, in terms of quantity and quality, and two crucial socio-economic dimensions that
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represent Sustainable Development Goals (SDG) 1 and 10: poverty and inequality. This is because MENA
countries are among the most unequal in the world, as the preceding analysis has shown. We want to
offer a comprehensive view of how the quantity and quality of social science research output might
impact these urgent challenges by looking at data from 15 Middle Eastern countries for a period span-
ning from 2000 to 2023. We will use two sophisticated estimate techniques, Panel Corrected Standard
Errors (PCSE) and Feasible Generalized Least Squares (FGLS), to guarantee the validity and robustness of
our results. With this strategy, we hope to forward the global goal of decreasing poverty and inequality
by adding to the conversation on how academic research influences socioeconomic policies and out-
comes in the MENA region.

2. Literature review

The interplay between social science research output and socio-economic indicators such as poverty and
inequality has been a burgeoning area of scholarship, driven by the recognition that empirical research
significantly informs policy decisions. While substantial empirical work has emphasized the relationship
between educational achievements and economic growth, there remains a conspicuous gap in examin-
ing how research in the social sciences directly influences poverty reduction and inequality alleviation.
The theoretical foundations of this study are grounded in the understanding that research output in
social sciences provides a critical lens through which policymakers can conceptualize and address com-
plex socio-economic issues. By enhancing theoretical frameworks that underpin social interventions,
social science research lays a foundational understanding of the underlying causes of poverty and
inequality, providing guidance for targeted policy approaches (DiPrete & Fox-Williams, 2021; Friedman
et al,, 2024).

There has been a great deal of academic investigation on the relationship between research output
and economic development, yet there is still disagreement about an accepted measurement for research
activity. Numerous scholars have used different indicators, including R&D spending, the number of sci-
entists, and scientometric measurements, with some arguing that scientometric indicators provide more
accurate insights (Inglesi-Lotz and Pouris et al. (2013). The intricate and subtle link between research
production and economic growth is a matter of discussion despite the growing body of literature on the
subject. The level of development of a country and certain discipline tendencies within national policy
are important factors influencing this relationship (Vinkler, 2008; Lee et al., 2011).

Empirical investigation about the link between research output and economic development begins
with seminal work of De Moya-Anegon and Herrero-Solana (1999), who found a significant relationship
between GDP and a number of publications across 19 Latin American nations. King (2004) provided
more evidence for this connection, showing an exponential relationship between the number of papers
published and the OECD countries’ economic performance. On the other hand, Vinkler (2008) disproved
the idea of a global pattern by finding no meaningful correlation between research production and
economic development in Europe, Japan, and the US.

More recently, there have been several attempts to shed light on the details of this intricate interac-
tion. The extant literature may be divided into two categories for investigation. There is no distinction
made between research fields in the first set of investigations. For example, Lee et al. (2011) found that
economic development and research production are mutually correlated in emerging Asian countries,
whereas the relationship between the two variables was unclear in Western countries. Investigating the
relationship in the U.S. context, Inglesi-Lotz et al. (2014, 2015) found no substantial causation in Brazil,
China, Russia, or South Africa, but did indicate a one-way link from research production to economic
growth in the U.S., and a positive relationship for India. Ntuli et al. (2015) found that, for the US, Finland,
Hungary, and Mexico, there was a unidirectional causal relationship between research output and eco-
nomic growth. By contrast, their results gave evidence of an opposite causality running from economic
growth to research output for Canada, France, Italy, New Zealand, the UK, Austria, and Poland. The geo-
graphic scope was extended to 169 countries by Solarin and Yen (2016), who came to the conclusion
that research output had an important positive impact on economic growth in both developed and
developing countries. Similarly, Dkhili and Oweis (2018) proclaim a substantial impact of research output
on economic growth for 43 African nations.
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As measures of research output, the second category of studies focuses on research output in only
certain fields. For instance, research output in economics in five East Asian countries was examined by
Jin (2009, 2010), who found unidirectional causality running from research output to economic growth
in Hong Kong, Korea, and Taiwan. The argument put out by Jaffe et al. (2013) was that countries that
prioritize applied knowledge tend to have slower economic development than those that prioritize basic
sciences. The fact that disciplines like physics, chemistry, and biology have a major impact on South
Africa’s economic development was demonstrated by Inglesi-Lotz and Pouris (2013)). According to several
studies (Jin and lJin (2013); Laverde-Rojas and Correa (2019); Pinto & Teixeira, 2020), engineering and
fundamental sciences have a crucial role in promoting economic growth in many different countries.

The intricate link between the quantity and quality of research output has been studied by emerging
research. Pourghaz et al. (2023) gave evidence of an important impact of research output on several
macroeconomic indicators, such as inflation, unemployment, and GDP growth in a sample of 39 coun-
tries. Yu and Jin (2024) proclaim that research output may be used for the creation of new technologies,
which in turn stimulates economic growth through technical improvement. There are only two recent
studies that attempt to examine the impact of research output in social sciences on the level of eco-
nomic development. Azmeh (2022) discovered that while research output quality has a favorable impact
on growth, the amount of research production and economic growth in MENA countries are negatively
correlated. Furthermore, he does not find any impact of research output in social sciences, in terms of
quantity and quality, on economic growth. Pinto and Teixeira (2024) gave evidence of an important
impact of research output on economic growth in the short run, but proclaim that the relationship is
more complex in the long run in Portugal. They provide evidence of an important positive impact of
research output in social sciences in the long run on the level of economic growth. Furthermore, two
more recent studies gave evidence of the importance of quantity and quality of research output in the
field of finance. They underscored the necessity for collaborative efforts among institutions of higher
education specializing in finance, governmental entities, and financial institutions to effectively invest in
research outcomes within the field of finance. Such collaboration is essential for realizing a more signif-
icant positive impact on economic growth (Azmeh & Al-Raeei, 2024, 2025).

The need for informed and nuanced policy interventions aimed at tackling sustainable development
goals is underscored by the growing body of literature suggesting that targeted social science research
can stimulate significant changes to socio-economic policies (Stefanidis et al., 2024; Wickert et al., 2021).
The ongoing discourse emphasizes the role of governments in bolstering research capabilities through
funding and partnerships with academic institutions to create research-driven solutions for pressing
social issues.

This present study posits that increased investment in social science research output can lead to lower
poverty levels and reduced inequality, positing the following hypotheses:

Hypothesis 1 (H1): There is a significant negative relationship between the quantity and quality of social science
research output and poverty levels in Middle Eastern countries.

Hypothesis 2 (H2): There is a significant negative relationship between the quantity and quality of social science
research output and inequality levels in Middle Eastern countries.

3. Materials and methods
3.1. Data

The primary aim of this research is to examine the impact of research output in social sciences, in terms
of quantity and quality, on the level of poverty and inequality in 15 Middle Eastern countries throughout
the years 2000-2023. This temporal and geographical focus is selected based on the unique socio-economic
challenges these countries face, which are significantly compounded by ongoing socio-political strife. Key
variables in the dataset include quantity and quality of research output in social sciences and additional
factors that influence poverty and inequality. Our choice of independent variables includes both the
quantity of research output in social sciences—measured by the number of publications—and the
quality—proxied by citation counts. The rationale for incorporating these dual measures stems from the
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notion that not only the volume of research contributes to socio-economic outcomes, but also the depth
and impact of that research as evidenced through citations. Furthermore, previous studies have sug-
gested that quality indicators such as citations might provide stronger connections to economic and
social benefit (Azmeh, 2022; Azmeh & Al-Raeei, 2025). Data on quantity of research output in social
sciences was measured by the number of publications each year, and the number of citations in social
sciences refers to the quality. The data was collected from the Scopus database published on the
SClmago website. Poverty levels are measured using the poverty headcount ratio, which computes pov-
erty as a percentage of the total population at $2.15 per day; inequality is evaluated using the Gini
index. The choice to measure poverty levels using the headcount ratio of $2.15 per day and to evaluate
inequality through the Gini index is substantiated by prior literature (Khan et al, 2022; Mushtaq &
Bruneau, 2019; Neaime & Gaysset, 2018; Omar & Inaba, 2020; PARK & MERCADO, 2018). Control variables
in our models were carefully selected based on existing literature which emphasizes their significant
influence on poverty and inequality. Variables such as government expenditure (GovEx), investment,
trade, GDP growth (GDPG), school enrollment (School), inflation, and population growth (PopG) have
been identified as critical factors in determining socio-economic conditions in developing nations
(Friedman et al., 2024; Stefanidis et al., 2024)". Each selected control variable captures essential aspects
that could confound the relationship between research output and poverty/inequality levels. For further
statistical information, please see Table 1.

By looking at the level of correlation between the variables, a correlation matrix was created in order
to evaluate multicollinearity. The findings offer a thorough analysis of the relationships between each
variable, and they are displayed in Table 2.

Upon evaluating the degree of multicollinearity among the variables in Table 2, no major concerns
were found. The correlation coefficients, which frequently fell below 0.70, showed a moderate level of
intercorrelation between the variables. Nonetheless, a strong association with a value over the 0.7 crite-
rion was found between Doc_Soci*Cit_Soci, School*Doc_Soci, and School*Cit_Soci. A Variance Inflation
Factor (VIF) test was run to further investigate the potential for multicollinearity.

The findings support our concerns about the possibility of multicollinearity by displaying significant
VIF values (above a value of >10) for two variables (Doc_Soci and Cit_Soci). In order to address this
problem, we only take into account one of the two variables that consistently indicate the quantity and
quality of research output in social sciences. We repeat the VIF tests twice, once with Doc_Soci and once
with Cit_Soci. The findings of the final two tests, in which the mean VIF value for the first test is 3.44
and for the second test is 3.25, confirm that there is no multicollinearity when we take into account the
single variable that represents research output. The findings are shown in Table 3.

To choose an appropriate estimation model, the study carried out three pre-estimation tests:
cross-sectional, unit root, and cointegration tests. The analysis revealed that all variables became sta-
tionary at their first difference, indicating they do not show unit root behavior. Only two variables in
our database, Bank concentration, and Bank overhead costs, failed the cross-sectional test, leading to
their exclusion from our empirical analysis. For the remaining variables, we rejected the null hypothesis
of the unit root test. Additionally, we employed a cointegration test based on Kao's (1999) method to
determine if the variables are cointegrated. The results shown in Table 4 confirmed the existence of
cointegration among the variables, suggesting a long-term relationship. This finding implies that the
variables tend to move together over time, indicating a stable and consistent relationship among
them. Based on the outcomes of the three pre-estimation tests, the study identified the panel cor-
rected standard error (PCSE) and Feasible Generalized Least Square (FGLS) methods as the most accu-
rate and reliable for estimation, chosen for their effectiveness in capturing the complex relationships
within the data.

3.2. Methodology

The present study employs both the PCSE and FGLS methodologies, which are particularly suited for the
dynamic nature of panel data encompassing individual and temporal variations. The PCSE method allows
for the estimation of reliable parameter estimates, accommodating both panel-specific and time-specific
fixed effects to account for unobserved heterogeneity. Moreover, the FGLS method serves as a
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Table 2. Matrix of correlations.
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Variables (M (2) (3) (4) (5) (6) (7) (8) 9) (10) (11) (12)
(1) Doc_Soci 1.000
(2) Cit_Soci 0.971 1.000
(3) Gini 0.564 0.543 1.000
(4) Poverty -0.197 -0.190 —0.067 1.000
(5) Priv 0.545 0.521 0.286  —0.423 1.000
(6) GDPG -0.135 -0.196 -0.039 -0.018 -0.154 1.000
(7) GovEx -0.284 -0.289 -0.187 -0319 -0.101 0.397 1.000
(8) Investment 0.428 0.411 0490 -0372 0.601 -0.146 —0.102 1.000
(9) Inflation 0.397 0.374 0.059 0.046 0229 -0462 —0.588 0.350 1.000
(10) Trade -0.239 -0.238 —-0.093 -0.082 0.325 0.297 0.535 0.113  -0.403 1.000
(11) School 0.765 0.737 0455 -0.611 0.545  -0.036 0.193 0.427 0.182  -0.070 1.000
(12) PopG -0489 -0467 —0.323 0.106  -0.076 0.247 0323 -0251 —0.379 0.587 -0.368  1.000
Table 3. Variance inflation factor (VIF).
Variable VIF VIF VIF
Doc_Soci 25.48 4.94
Cit_Soci 20.57 3.99
School 6.51 6.50 5.97
GovEx 4.69 4.67 3.99
Trade 3.87 3.86 3.87
Priv 3.68 3.62 3.63
Inflation 2.16 2.07 2.09
PopG 2.06 2.05 2.01
Investment 1.83 1.82 1.82
GDPG 1.59 1.40 1.36
Mean VIF 7.24 3.44 3.25
Table 4. Pre-estimation analysis results.

Unit Root Test CIPS
Variable Pearson cross-sectional test Level First Difference
Doc_Soci 46.93%** 19.3624 —3.9783*%**
Cit_Soci 38.85%** —1.66%* /
Priv 10.27%** 2.628* /
GDPG 12.68*** —6.05%** /
GovEx 6.12%%* -0.4352 —8.6302%**
Investment 0.51 -0.5456 —8.5827%**
Inflation 12.23%** —3.42%%* /
Trade 6.17%%* -0.5694 —7.4840%**
School 5.5%** I* /
PopG 13.89%** 1.1863 —5.9327%**
ADF (Augmented Dickey-Fuller) cointegration test
Dependent variable Statistic p-value cointegration
Poverty 3.1113 0.0009 Yes
Inequality 2.8603 0.0021 Yes
"p<0.01,
*p<0.05,
"p<0.1.

robustness check, minimizing the impact of heteroscedasticity and cross-sectional dependence (Adeleye

et al, 2023; Bailey & Katz, 2011).

We use the PCSE and FGLS methods to estimate the following equation:

Y, =OC+[3RO,~[ +/1Xit + ey

In this context, Y represents our dependent variables (poverty and inequality); RO denotes the quan-
tity and quality of research output in social sciences, and X includes a set of all control variables.
Furthermore, u represents the error term and a stands for the intercept term. B represents research
output coefficient, and A includes a vector of coefficients related to all control variables. The subscripts
(i) and (t) stand for the specific country under study and the associated time period, respectively.

m
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Consequently, the following forms of the model are assumed:

Poverty it = a + 8 Documents _Soci + ¢ Invest it +y Tradeit + p GovExit + A PopGit + [ Inflationit
+8 school it + y GDPGit +Y CreTPrivit + uit

Poverty it = o + B Citations _Soci + ¢ Invest it +y Tradeit + ¢ GovExit + A PopGit

(€)
+/ Inflationit + & school it + y GDPGit +Y CreTPrivit +..it
Inequality itoc + B Documentsg, ; + ¢ Invest it +y Tradeit + ¢ GovEx it + A PopG it @
+/ Inflationit + & school it + y GDPGit + Y CreTPrivit + it
Inequality it a + B Citations _Soci + ¢ Invest it +y Tradeit + ¢ GovEx it + A PopGit -
5

+/ Inflationit + 8 school it + x GDPGit+Y CreTPrivit + it

4. Results and discussion

In order to examine the impact of research output, in terms of quantity and quality, on the level of
poverty and inequality, we have utilized two rigorous estimation methods: Feasible Generalized Least
Squares (FGLS) and Panel-Corrected Standard Errors (PCSE). Our analysis commenced by incorporating
research output in social sciences. We then progressively integrate macroeconomic, financial, and demo-
graphic determinants. The findings underscore the critical interplay between social science research out-
put and essential socio-economic dimensions, reinforcing our hypothesis regarding their potential impact
on poverty alleviation and the reduction of inequality.

4.1. Impact of quantity and quality of research output in social sciences on poverty

The analysis of our model estimations begins with an examination of the results presented in Tables 5
and 6, utilizing annual data for our investigation. We primarily concentrate on the dependent variable
(poverty) within Middle Eastern countries, defined as the proportion of the population living below the
poverty line (headcount ratio at $2.15 a day as a percentage of the total population). An improvement
in these countries’ socioeconomic circumstances is reflected in a lower value of (Pov), which denotes a
decline in the levels of poverty. The quantity and quality of social science research output, as well as
several control factors related to macroeconomics, finance, and demographics, represent the indepen-
dent variables.

The results from Tables 5 and 6 reveal a robust negative association between both the quantity and
quality of social science research output and poverty levels as measured by the headcount ratio at $2.15
a day. The analysis indicates that an increase in the quantity of research output correlates with a signif-
icant decrease in poverty, consistently demonstrated across different model specifications. Specifically,
significant results are observed with respect to the quality of research, showing that higher citation
counts are associated with greater reductions in poverty levels. This aligns closely with findings from
existing literature, which posits that the practical application of research can effectively inform
evidence-based policymaking and operationalize targeted interventions (DiPrete & Fox-Williams, 2021;
Friedman et al.,, 2024).

However, it is essential to acknowledge the conflicting results between the models assessing the
impact of quantity (logDoc) and quality (logCit) of research output on poverty reduction. While both
indicators present a significant relationship with the reduction of poverty, the disparity in the magnitude
and the statistical significance across models necessitates further investigation into underlying factors
that may contribute to these inconsistencies. These could include variations in the socio-economic con-
texts of the nations studied or the differing emphasis on publication versus citation in capturing mean-
ingful socio-economic outcomes.
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Table 5. Quantity of research output in social sciences and Poverty in the Middle Eastern countries for the period
(2000-2023): PCSE and FGLS methods. Dependent variable: Poverty (headcount ratio at $2.15 a day as a percentage of
the total population).

m @ ®3) @) () (6) @ (8)

VARIABLES PCSE PCSE PCSE PCSE FGLS FGLS FGLS FGLS
logDoc -0.568 -0.579* -0.558** -0.497** —0.232%** -0.177% —0.259%** -0.287*
(0.399) (0.352) (0.273) (0.237) (0.0766) (0.105) (0.0854) (0.194)
GDPG -0.121 —0.00458 0.0169 0.00304 0.0159 0.00790
(0.0814) (0.0301) (0.0299) (0.0363) (0.0220) (0.0258)
GovEx —0.148* —0.153** —0.138*** —0.0650* —0.0837%** —0.127***
(0.0812) (0.0616) (0.0513) (0.0384) (0.0241) (0.0440)
Investment -0.167 —0.00208 —0.0657* —0.0241 —0.00952 —0.0557
(0.113) (0.0363) (0.0377) (0.0381) (0.0179) (0.0348)
Trade —0.0187** —0.0126* 0.00499 —0.00893 —0.00938*** 0.000617
(0.00744) (0.00645) (0.0129) (0.00572) (0.00313) (0.0112)
Priv 0.00575 0.00139 0.00121 —0.00193
(0.0145) (0.0162) (0.00626) (0.0151)
Inflation —0.00838 0.0465 0.000319 0.00296
(0.0241) (0.0329) (0.0135) (0.0222)
School —-0.0153 0.0175
(0.0339) (0.0199)
PopG -0.222 —-0.0624
(0.267) (0.194)
Constant 4.897* 12.50%** 7.0771%%% 8.345%** 2.407%** 3.905%* 4.216%** 4.305%**
(2.751) (4.561) (2.237) (3.217) (0.581) (1.649) (0.855) (1.489)
Observations 50 49 41 35 50 49 41 35
R-squared 0.077 0.371 0.408 0.528
p 0.154 0.116 0.000816 0.0259 0.0025 035 0.00 0.02
Standard errors in parentheses.
*p<0.01,
*p<0.05,
‘p<0.1.

Table 6. Quality of research output in social sciences and Poverty in the Middle Eastern countries for the period (2000-
2023): PCSE and FGLS methods. Dependent variable: Poverty (headcount ratio at $2.15 a day as a percentage of the
total population).

m o) ®3) @) () (6) @ (8)

VARIABLES PCSE PCSE PCSE PCSE FGLS FGLS FGLS FGLS
logCit -0.716 -0.621 -0.642* -0.778** —-0.232** -0.167 —0.283*** —0.538%**
(0.439) (0.429) (0.354) (0.362) (0.108) (0.119) (0.104) (0.181)
GDPG -0.127 —0.00592 0.0154 0.00426 0.0191 0.0145
(0.0847) (0.0340) (0.0331) (0.0379) (0.0243) (0.0309)
GovEx —0.151* —0.160*** —0.167*** —0.0641 —0.0936*** —0.149%**
(0.0885) (0.0616) (0.0632) (0.0404) (0.0266) (0.0455)
Investment -0.162 —0.00119 —0.0530 —0.0247 —0.0130 —0.0596**
(0.115) (0.0361) (0.0343) (0.0369) (0.0215) (0.0293)
Trade —0.0166** —0.0128* —0.00256 —0.00801 —0.00898*** —0.00584
(0.00682) (0.00708) (0.0102) (0.00529) (0.00333) (0.00938)
Priv 0.0106 0.0101 0.00176 0.00817
(0.0157) (0.0167) (0.00821) (0.0112)
Inflation -0.0116 0.0467 —0.00502 0.0114
(0.0260) (0.0320) (0.0129) (0.0176)
School 0.00732 0.0288
(0.0244) (0.0187)
PopG —0.0845 —0.00319
(0.241) (0.184)
Constant 7.279* 13.94%%* 8.9971*** 9.605*** 2.898*** 4.139** 5.207%** 6.200%**
(3.911) (5.376) (3.330) (3.442) (1.006) (1.847) (1.262) (1.376)
Observations 50 49 41 35 50 49 41 35
R-squared 0.116 0.381 0.455 0.594
p 0.103 0.115 0.0103 0.00319 0.031 0.41 0.00 0.00
Standard errors in parentheses.
*p<0.01,
*p<0.05,
‘p<0.1.
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4.2. Impact of quantity and quality of research output in social sciences on inequality

Similar to poverty, our findings indicate a significant negative relationship between research output and
inequality levels in the Middle Eastern context. Tables 7 and 8 illustrate that both the quantity and qual-
ity of research output are associated with reduced inequality, as expressed by the Gini index. The results
from FGLS models particularly demonstrate that even after controlling for various macroeconomic and
demographic variables, a substantive correlation persists. However, as with poverty, conflicting results
warrant critical attention. Variations in significance and magnitude between the quantity and quality
measures highlight the complexity of these socio-economic dynamics.

To provide a more comprehensive understanding of these results, it is important to contextualize
them within the broader framework of existing literature. While earlier studies have found a positive
association between knowledge production and socio-economic growth, the unique socio-economic,
political, and cultural fabric of the Middle Eastern region may magnify or mitigate these relationships
(Dkhili & Oweis, 2018; Inglesi-Lotz et al., 2015). Such intricacies suggest a need for nuanced interpreta-
tions of the results presented.

4.3 Discussion

The findings of this study underscore the significant role of social science research output in addressing
the persistent issues of poverty and inequality across Middle Eastern countries. The robust negative cor-
relations established between both the quantity and quality of research output and poverty levels pro-
vide empirical support for the theoretical frameworks advocating the utility of social sciences in informing
policy and societal interventions. This aligns with prior literature suggesting that enhanced research out-
put contributes to acute socioeconomic outcomes (DiPrete & Fox-Williams, 2021; Friedman et al., 2024).
Moreover, Pinto and Teixeira (2024) reported a positive impact of social science research on economic
growth specifically in Portugal, suggesting a context-dependent relationship. Meanwhile, Azmeh (2022)
found no significant impact of social science research on economic growth in the MENA region, raising
questions about the potential for research to yield socio-economic benefits in certain contexts. However,
this study uniquely expands on the existing consensus by contrasting measures of quality (citations)

Table 7. Quantity of research output in social sciences and Inequality in the Middle Eastern countries for the period
(2000-2023): PCSE and FGLS methods. Dependent variable: Inequality (Gini Index).

Q) 2 (3) (4) (5) (6) 7) (8)
VARIABLES PCSE PCSE PCSE PCSE FGLS FGLS FGLS FGLS
logDoc 0.527* -0.212 -0.427 —2.337*** 0.204 -0.351 -0.906** —2.047%**
(0.295) (0.362) (0.508) (0.610) (0.190) (0.323) (0.382) (0.545)
GDPG —0.000273 0.0720 —0.00251 —0.0953 —-0.0756 —0.0438
(0.123) (0.132) (0.101) (0.0801) (0.104) (0.0968)
GovEx —0.00948 —0.0415 —0.650%** 0.0284 —0.00229 —0.687***
(0.0904) (0.104) (0.115) (0.0814) (0.0827) (0.101)
Investment 0.436%** 0.566%** 0.466*** 0.361%** 0.515%** 0.372%**
(0.112) (0.137) (0.122) (0.102) (0.130) (0.110)
Trade —0.0419** —0.0723*** -0.0292 —0.0381** —0.0759%** —0.0188
(0.0166) (0.0252) (0.0381) (0.0162) (0.0196) (0.0349)
Priv 0.0310 0.0260 0.0409 0.00374
(0.0518) (0.0501) (0.0471) (0.0426)
Inflation —0.0950* —-0.156* —-0.0718* —0.168**
(0.0498) (0.0867) (0.0407) (0.0811)
School 0.334%%* 0.364%**
(0.0526) (0.0483)
PopG -0.482 -0.158
(0.392) (0.357)
Constant 32.48%** 29.80%** 29.83%** 23.40%** 33.90%** 31.77%** 32.44%** 22.20%**
(1.591) (3.535) (4.354) (4.254) (0.738) (3.288) (3.530) (3.782)
Observations 50 49 41 35 50 49 41 35
R-squared 0.065 0.315 0.456 0.688
p 0.0740 0.000296 2.14e-09 0 0.28 0.00 0.00 0.00
Standard errors in parentheses.
“p<0.01,
“p<0.05,

‘p<0.1.
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Table 8. Quality of research output in social sciences and Inequality in the Middle Eastern countries for the period
(2000-2023): PCSE and FGLS methods. Dependent variable: Inequality (Gini Index).

(1 @) @3) (4) (5 (6) (7) 8)
VARIABLES PCSE PCSE PCSE PCSE FGLS FGLS FGLS FGLS
logCit 0.576*  -0.162 -0.372 -1.994%* 0324  -0.205 -0.695**  —1.908***
(0.300) (0.372) (0.453) (0.527) (0.200) (0.334) (0.312) (0.505)
GDPG 0.00409 0.0699 —-0.0127 —0.0860 —0.0708 —0.0428
(0.121) (0.132) (0.104) (0.0790) (0.106) (0.0987)
GovEx —0.00347 —0.0445 —0.676*** 0.0545 0.0143 —0.716%**
(0.0916) (0.106) (0.120) (0.0822) (0.0800) (0.105)
Investment 0.426%** 0.569%** 0.492%** 0.348%** 0.540%** 0.422%**
(0.113) (0.138) (0.125) (0.104) (0.129) (0.115)
Trade —0.0404** —0.0680%** —0.00986 —0.0347%* —0.0669%** 0.0164
(0.0163) (0.0241) (0.0388) (0.0157) (0.0189) (0.0368)
Priv 0.0259 —0.00848 0.0271 —0.0391
(0.0504) (0.0451) (0.0464) (0.0412)
Inflation —-0.101* —0.202** —0.0754* —-0.137*%
(0.0516) (0.0855) (0.0433) (0.0785)
School 0.340*** 0.374%**
(0.0577) (0.0531)
PopG —-0.102 0.130
(0.519) (0.479)
Constant 30.95%** 29.90%** 30.36*** 25.27%** 32.70%** 30.35%** 32.07%** 22.56***
(2.240) (4.054) (4.754) (4.026) (1.212) (3.667) (3.434) (3.665)
Observations 50 49 4 35 50 49 41 35
R-squared 0.074 0312 0.455 0.664
p 0.0552 0.000412 2.36e-08 0 0.10 0.003 0.00 0.00
Standard errors in parentheses.
"p<0.01,
"p<0.05,
‘p<0.1.

against quantity (publication counts), revealing that while both dimensions yield significant associations,
their magnitudes and operational implications diverge. This dual evaluation presents a nuanced perspec-
tive often overlooked in previous inquiries, which predominantly focus on singular metrics of research
output and their impact on economic growth. Based on our findings, the quality of research output in
social sciences emerges as a more potent driver in combating poverty relative to the quantity of such
output, suggesting that the depth and impact of research are critical in formulating effective interven-
tions. Conversely, while both dimensions of research output demonstrate a significant influence on
reducing inequality, their effects appear to be relatively comparable.

4.4. Policy implications

The nuanced distinction between quantity and quality of research output in social sciences, emphasizes
the necessity for policymakers to prioritize not only the production of social science research but also its
quality, particularly in efforts aimed at alleviating poverty in the Middle Eastern context. Furthermore, to
effectively translate these research outputs into actionable policies, collaborative ventures among aca-
demic institutions, governments, and non-governmental organizations (NGOs) are essential. Establishing
robust partnerships can enhance the relevance and applicability of research to real-world issues, thereby
fostering innovative solutions to poverty and inequality. For instance, joint initiatives can lead to the
development of comprehensive policies tailored to local contexts, increasing the likelihood of successful
outcomes. Furthermore, such collaborations can promote the dissemination of best practices derived
from research, ensuring that evidence-based findings inform strategies across various sectors.

5. Conclusion

In this study, we rigorously investigated the intricate relationship between social science research
output—assessed through both quantity and quality—and critical socioeconomic indicators, specif-
ically poverty and inequality, within the context of 15 Middle Eastern countries from 2000 to 2023.
Employing advanced econometric techniques, namely Panel-Corrected Standard Errors (PCSE) and
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Feasible Generalized Least Squares (FGLS), we provided a nuanced understanding of how empirical
research outputs inform policy frameworks aimed at achieving Sustainable Development Goals
(SDGs) 1 and 10.

The analysis underscored a robust negative correlation between both the quantity and quality of
social science research and levels of poverty and inequality. Specifically, higher research outputs—
reflected in publication counts and citation metrics—proved statistically significant in reducing poverty
headcounts and Gini index values, thereby enhancing social equity. Moreover, our findings reveal that
the quality of research output in social sciences serves as a more effective mechanism for combating
poverty than quantity alone, highlighting the necessity for policymakers to ensure that research is both
rigorous and impactful. Our findings contribute valuable insights, supporting existing literature that pos-
its the critical role of social sciences in shaping effective, evidence-based policymaking. In contrast to
previous studies that largely focused on singular metrics of research output, our dual evaluation revealed
important distinctions between quantity and quality, elucidating the complex dynamics at play in the
socioeconomic landscape of the MENA region.

From a policy perspective, these results underscore the necessity for governments and institutions to
prioritize funding and support for social science research. It is imperative that policymakers leverage this
research quality to formulate and implement targeted strategies that effectively combat poverty and
inequality within their unique contexts. Collaborative initiatives between academic institutions and gov-
ernmental bodies are essential to translate research findings into actionable interventions, tailored to the
unique socio-political contexts of the region. By fostering an environment conducive to scientific inquiry,
policymakers can leverage these insights to create targeted strategies that address the underlying causes
of socioeconomic disparities, ultimately advancing social justice and sustainable economic growth across
the Middle East. This study, therefore, not only contributes to the academic discourse but also serves as
a compass for future policy directions in the region.

6. Future insights

Given the complex socio-economic landscape, future research should explore the dynamic ramifications
of structural breaks, such as global financial crises and pandemics like COVID-19, on the relationship
between research output and socio-economic variables. Conducting sub-sample analyses will allow for
deeper insights into how various factors, including income levels and resource richness, affect these
dynamics. Understanding these intersections can aid in developing more resilient frameworks for trans-
lating research into policy actions that are adaptive to evolving challenges. Future studies could examine
potential non-linear relationships, threshold effects, and interaction effects between research output and
socio-economic factors such as trade, government spending, and school enrollment. This enhanced ana-
lytical approach will contribute to a more nuanced understanding of how these variables jointly influ-
ence poverty and inequality in the Middle Eastern context.

Note

1. See Polloni-Silva et al. (2021) Table 1 for detailed information regarding the selection of control variables from
previous studies.

Ethical approval

This article does not contain any studies with human participants performed by any of the authors.

Authors’ contributions

Chadi Azmeh: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Project administration,
Software, Validation, Visualization, Writing - Original draft preparation, Writing - Review & Editing

Hiba Darwich: Conceptualization, Investigation, Methodology, Validation, Review & Editing

‘All authors have read and approved the final work’



COGENT SOCIAL SCIENCES . 13

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.

About the authors

Chadi Azmeh holds a Ph.D. in Economic Sciences from the University of Paris 1 (Sorbonne). Currently, he serves as
the Director of Academic Programs at the Agency of Creativity and Distinction, while also holding professorships and
Chancelor at the International University for Science and Technology, the University of Kalamoon in Syria, and Jinan
University in Lebanon. With extensive experience in higher education administration, Prof. Azmeh previously directed
Scientific Research at the Ministry of Higher Education in Syria. He has published numerous articles in prestigious
international peer-reviewed journals in the several fields (Financial Development, Fintech, Financial Inclusion,
Scientometrics, Economic Growth). Prof. Azmeh serves as an expert on the Board of Money and Credit at the Central
Bank of Syria, as well as on the Board of Commissioners at the Syrian Telecommunications Regulatory Agency.

Hiba Darwich is a dedicated lawyer and humanitarian whose journey has been profoundly influenced by her commit-
ment to justice and community empowerment. After earning her law degree, she served as the esteemed legal repre-
sentative for Damascus University. Amidst the tumult of the Syrian Crisis, Hiba's unwavering dedication to her country
propelled her into volunteerism. She played a pivotal role in various initiatives, demonstrating an exceptional ability to
mobilize resources and foster resilience within affected communities. Currently, as the founder of her own private law
office, Hiba continues to champion the cause of justice, offering her expertise to those in need. She is now advancing
her impact by pursuing a master’s degree in NGO Management, equipping herself with the skills necessary to drive
systemic change and enhance the effectiveness of non-governmental organizations.

ORCID

Chadi Azmeh http://orcid.org/0000-0003-4225-4351

Data availability statement

The data that support the findings of this study are available on request from the corresponding author [CA].

References

Adeleye, B. N., Akam, D., Inuwa, N., James, H. T., & Basila, D. (2023). Does globalization and energy usage influence
carbon emissions in South Asia? An empirical revisit of the debate. Environmental Science and Pollution Research
International, 30(13), 36190-36207. https://doi.org/10.1007/s11356-022-24457-9

Adetutu, M. O, & Ajayi, V. (2020). The impact of domestic and foreign R&D on agricultural productivity in sub-Saharan
Africa. World Development, 125, 104690. https://doi.org/10.1016/j.worlddev.2019.104690

Azmeh, C. (2022). Quantity and quality of research output and economic growth: Empirical investigation for all re-
search areas in the MENA countries. Scientometrics, 127(11), 6147-6163. https://doi.org/10.1007/s11192-022-04512-5

Azmeh, C, & Al-Raeei, M. (2024). Impact of research output in finance on financial development: Empirical investigation
from Middle Eastern economies. Finance: Theory and Practice. https://doi.org/10.26794/2587-5671-2026-30-1-1584-01

Azmeh, C, & Al-Raeei, M. (2025). Financial development, research in finance, and economic growth. Cogent Economics
& Finance, 13(1), 2448220. https://doi.org/10.1080/23322039.2024.2448220

Bailey, D., & Katz, J. N. (2011). Implementing panel-corrected standard errors in R: The pcse package. Journal of
Statistical Software, 42(Code Snippet 1), 1-11. https://doi.org/10.18637/jss.v042.c01

Bednarek, R, Cacciatori, E,, Chalkias, K., Gallagher Rodgers, R., Jarzabkowski, P, Kavas, M., & Krull, E. (2024). Delivering
impact via the ebb-and-flow of a research team: Reflection on a long-term program of research into a global socie-
tal challenge*. The Journal of Applied Behavioral Science, 60(1), 194-214. https://doi.org/10.1177/00218863231207873

Chancel, L., Piketty, T., Saez, E., & Zucman, G. (2022). World inequality report 2022. Harvard University Press.

DiPrete, T. A., & Fox-Williams, B. N. (2021). The relevance of inequality research in sociology for inequality reduction.
Socius, 7, 23780231211020199.

Dkhili, H., & Oweis, K. A. (2018). Does research output matter for economic growth in Sub Saharan African countries?
Quantity and quality analysis. International and Multidisciplinary Journal of Social Sciences, 7(3), 221. https://doi.
org/10.17583/rimcis.2018.3108

168



14 C. AZMEH AND H. DARWICH

Friedman, V. J,, Tardieu, B, Almeyda, G., Broxton, M., Friedman, D. H., Kyomuhendo, G. B, & Lifvergren, S. (2024). Action
research for transforming the poverty field. Action Research, 22(1), 3-14. https://doi.org/10.1177/14767503231221078

Humphries, B., & Truman, C. (2020). Research and inequality. Routledge.

Inglesi-Lotz, R, Balcilar, M., & Gupta, R. (2014). Time-varying causality between research output and economic growth
in the US. Scientometrics, 100(1), 203-216. https://doi.org/10.1007/s11192-014-1257-z

Inglesi-Lotz, R., Chang, T., & Gupta, R. (2015). Causality between research output and economic growth in BRICS.
Quality & Quantity, 49(1), 167-176. https://doi.org/10.1007/511135-013-9980-8

Inglesi-Lotz, R., & Pouris, A. (2013). The influence of scientific research output of academics on economic growth in
South Africa: An autoregressive distributed lag (ARDL) application. Scientometrics, 95(1), 129-139. https://doi.
org/10.1007/s11192-012-0817-3

Jaffe, K., Caicedo, M., Manzanares, M., Gil, M., Rios, A., Florez, A, Montoreano, C., & Davila, V. (2013). Productivity in
physical and chemical science predicts the future economic growth of developing countries better than other
popular indices. PLOS One, 8(6), €66239. https://doi.org/10.1371/journal.pone.0066239

Jalil, A, Rauf, A., & Han, L. (2023). Financial development, R&D and knowledge production: Empirical evidence from
China. Journal of the Knowledge Economy, 15(3), 14617-14642. https://doi.org/10.1007/s13132-023-01675-1

Jin, J. C. (2009). Economic research and economic growth: Evidence from East Asian economies. Journal of Asian
Economics, 20(2), 150-155. https://doi.org/10.1016/j.asieco.2008.12.002

Jin, J. C. (2010). Research publications, economic growth and causality: Japan's experience. Pacific Economic Review,
15(5), 666-673. https://doi.org/10.1111/j.1468-0106.2010.00522.x

Jin, J. C, & Jin, L. (2013). Research publications and economic growth: Evidence from cross-country regressions.
Applied Economics, 45(8), 983-990. https://doi.org/10.1080/00036846.2011.613785

Kao, C. (1999). Spurious regression and residual-based tests for cointegration in panel data. Journal of Econometrics,
90(1), 1-44. https://doi.org/10.1016/50304-4076(98)00023-2

Kassirer, S., Levine, E. E., & Kouchaki, M. (2023). A call to maximize the social impact of our research: An effective
altruism approach. Academy of Management Perspectives, 37(4), 371-382. https://doi.org/10.5465/amp.2022.0045

Khan, 1., Khan, I, Sayal, A. U.,, & Khan, M. Z. (2022). Does financial inclusion induce poverty, income inequality, and
financial stability: Empirical evidence from the 54 African countries? Journal of Economic Studies, 49(2), 303-314.
https://doi.org/10.1108/JES-07-2020-0317

King, D. A. (2004). The scientific impact of nations. Nature, 430(6997), 311-316. https://doi.org/10.1038/430311a

Laverde-Rojas, H., & Correa, J. C. (2019). Can scientific productivity impact the economic complexity of countries?
Scientometrics, 120(1), 267-282. https://doi.org/10.1007/s11192-019-03118-8

Lee, L-C, Lin, P-H., Chuang, Y.-W., & Lee, Y.-Y. (2011). Research output and economic productivity: A Granger causal-
ity test. Scientometrics, 89(2), 465-478. https://doi.org/10.1007/s11192-011-0476-9

Moya-Anegon, F, & Herrero-Solana, V. (1999). Science in America Latina: A comparison of bibliometric and
scientific-technical indicators. Scientometrics, 46(2), 299-320. https://doi.org/10.1007/BF02464780

Mushtaq, R., & Bruneau, C. (2019). Microfinance, financial inclusion and ICT: Implications for poverty and inequality.
Technology in Society, 59, 101154. https://doi.org/10.1016/j.techsoc.2019.101154

Nair, M., Pradhan, R. P, & Arvin, M. B. (2020). Endogenous dynamics between R&D, ICT and economic growth:
Empirical evidence from the OECD countries. Technology in Society, 62, 101315. https://doi.org/10.1016/j.tech-
50¢.2020.101315

Neaime, S., & Gaysset, I. (2018). Financial inclusion and stability in MENA: Evidence from poverty and inequality.
Finance Research Letters, 24, 230-237. https://doi.org/10.1016/j.fr1.2017.09.007

Nogueira, C. (2024). Sustainable development: Critical analysis of poverty and inequality in the 2030 agenda. Revista
Cientifica FAEMA, 15(1), 203-213. https://doi.org/10.31072/rcf.v15i1.1444

Ntuli, H., Inglesi-Lotz, R., Chang, T., & Pouris, A. (2015). Does research output cause economic growth or vice versa?
Evidence from 34 OECD countries. Journal of the Association for Information Science and Technology, 66(8), 1709-
1716. https://doi.org/10.1002/asi.23285

Omar, M. A, & Inaba, K. (2020). Does financial inclusion reduce poverty and income inequality in developing coun-
tries? A panel data analysis. Journal of Economic Structures, 9(1), 37. https://doi.org/10.1186/540008-020-00214-4

Park, C.-Y., & Mercado, R. (2018). Financial inclusion, poverty, and income inequality. The Singapore Economic Review,
63(01), 185-206. https://doi.org/10.1142/50217590818410059

Pinto, T., & Teixeira, A. A. (2024). Research output and economic growth in technological laggard contexts: A longi-
tudinal analysis (1980-2019) by type of research. Scientometrics, 129(3), 1197-1230. https://doi.org/10.1007/
s11192-023-04893-1

Pinto, T., & Teixeira, A. A. C. (2020). The impact of research output on economic growth by fields of science: A
dynamic panel data analysis, 1980-2016. Scientometrics, 123(2), 945-978. https://doi.org/10.1007/
s11192-020-03419-3

Polloni-Silva, E., da Costa, N., Moralles, H. F, & Sacomano Neto, M. (2021). Does financial inclusion diminish poverty
and inequality? A panel data analysis for Latin American Countries. Social Indicators Research, 158(3), 889-925.
https://doi.org/10.1007/s11205-021-02730-7

Pourghaz, A., Samani, E. B., & Shokri, B. (2023). Analysis of the impact of research output on economic growth with using
a multivariate random effects model. Scientometrics, 128(4), 2259-2282. https://doi.org/10.1007/s11192-023-04638-0



COGENT SOCIAL SCIENCES 15

Seelos, C., Mair, J., & Traeger, C. (2023). The future of grand challenges research: Retiring a hopeful concept and
endorsing research principles. International Journal of Management Reviews, 25(2), 251-269. https://doi.org/10.1111/
ijmr.12324

Solarin, S. A., &Yen, Y. Y. (2016). A global analysis of the impact of research output on economic growth. Scientometrics,
108(2), 855-874. https://doi.org/10.1007/s11192-016-2002-6

Stefanidis, A., Casselman, R. M., & Horak, S. (2024). Twenty-five years of management research on poverty: A system-
atic review of the literature and a research agenda. Business Ethics, the Environment & Responsibility, 33(1), 14-39.
https://doi.org/10.1111/beer.12503

Vinkler, P. (2008). Correlation between the structure of scientific research, scientometric indicators and GDP in EU and
non-EU countries. Scientometrics, 74(2), 237-254. https://doi.org/10.1007/s11192-008-0215-z

Wickert, C,, Post, C,, Doh, J. P, Prescott, J. E, & Prencipe, A. (2021). Management research that makes a difference:
Broadening the meaning of impact. Journal of Management Studies, 58(2), 297-320. https://doi.org/10.1111/joms.12666

World Bank. (2022). Poverty and shared prosperity 2022: Correcting course

Wu, G. (2023). Research on the spatial impact and coupling coordination of green finance on the ecological devel-
opment of China’s economy. Economic Change and Restructuring, 56(5), 3353-3381. https://doi.org/10.1007/
510644-023-09504-w

Yasgil, Y. S., & Giiris, B. (2016). Causality between research output in the field of biotechnology and economic growth
in Turkey. Quality & Quantity, 50(4), 1715-1726. https://doi.org/10.1007/s11135-015-0230-0

Yu, E., & Jin, J. (2024). Scientific research, technology, and economic growth in a cross section of countries. Applied
Economics, 1-12. https://doi.org/10.1080/00036846.2024.2323021

170



ULl

Research J. Pharm. and Tech. 18(4): April 2025

ISSN  0974-3618 (Print)
0974-360X (Online)

www.rjptonline.org

ARJPT

RESEARCH ARTICLE

Comparative Study of Essential oil, Phenolic content and Antioxidant
activity of the Rosmarinus officinalis var. prostrates and Rosmarinus
officinalis plant extracts

Azhar. Malek'*, Adnan Odeh’
'Faculty of Pharmacy, Doctor in Phytochemistry, Kalamoon University
“Faculty of Science, Diplomat Analytical Chemistry, Damascus University
*Corresponding Author E-mail: azhar.malek@uok.edu.sy/, adnan.odeh 96363@uk.sy

ABSTRACT:

The Rosmarinus officinalis var. prostrates and Rosmarinus officinalis are important medicinal plant that has been
used in folk medicine to treat many diseases, all its parts contain active ingredient but this study focuses on the
phenolic content, the anti-oxidant activity, and the chemical composition of the essential oil in The Rosmarinus
officinalis var. prostrates and Rosmarinus officinalis leaves ( in kallamoon region, Syria) This study showed
that the phenolic content in the ethanolic extract of R.officinalis is(1.6556)mg/1g of dried powder, while the
phenolic content in extract of R.officinalis var. prostrates is(1.799)mg/1g dried powder and the Determination of
Carnosic acid, O-12-methylcarnosic acid, Rosmarinic acid and Ginquanin by HPLC, has shown that the
concentration of Carnosic acid, rosmarinic acid and ginquanin in the extract of R.officinalis var. prostrates is
higher than R.officinalis, Additionally the antioxidant capacity value of R. officinalis var. prostrates is higher
than R. officinalis in leaf extract, while the antioxidant capacity value of R. officinal is oil is higher than that of
R. officinalis var. prostrates using PCL assay, The GC- The GC-MS analysis revealed that the major components
in Rosmarinus officinalis var. prostrates essential oil were 1,8-Cineole (42.18%), a-Pinene (11.38%), Camphene
(5.39%), a-Humulene (5.63%), p-Cymene (4.98%). Meanwhile the major components in Rosmarinus officinalis
were 1,8-Cineole (39.19%), a-Pinene (9.13%), Camphene (4.65%), B-Caryophyllene (4.47%), p-Cymen-8-ol
(4.18%), B-Pinene (3.16%)

KEYWORDS: Rosmarinus officinalis, Rosmarinus officinalis var prostrates, Essential oil.

INTRODUCTION:

Herbal medicines have been used in medical practices
since antiquity', they are still an important part of
traditional healing systems’, they can also synthesize a
wide range of bioactive compounds that performs
important biological functions®, Therapeutic plants have
many different medicinal properties and thereby it helps
in finding out a proper health care system*

Now a days, traditional medicine is revealed by an
extensive activity of research on different plant species’,
Moreover, only a limited number of medicinal plants
have received detailed scientific scrutiny thereby
prompting the World Health Organization to
recommend that this area be comprehensively
investigated® Medicinal plants were considered natural
resources of bioactive compounds. Secondary
metabolites, flavonoids, phenols, and flavanols derived
from medicinal plants have been used worldwide to treat
many diseases.’

Recently, there has been increasing awareness of the
importance of the high content of phenolic compounds
due to their antioxidant properties, which can prevent
oxidative decomposition in food and protect oils and
fats® They are able to trap free radicals and activate other
antioxidants in the body,” The three most well-known
phenolic compounds important to humans are phenolic
acids, flavonoids, and polyphenols'®.
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Rosemary (Rosmarinus officinalis L) is a very widely
spread shrub in the Mediterranean region. It also it exists
in many places like Europe, Asia and Africa''. R.
officinalis L. is used as fresh, dried or as an essential oil.
In addition, the rosemary extract is now widely used
commercially to increase the shelf life of foods'?. The
essential oil of R. officinalis L is largely used in
traditional medicine, and has a tonic stimulant property;
it is used as a pulmonary antiseptic, and stomachic. It
also has anti-rheumatic properties'’. Rosemary essential
oil and its composition have been the subject of an
important study, reviewed by Lawrence'*". Rosemary
extracts can be used as natural alternatives to synthetic
antioxidants like Butylated hydroxyltoluene (BHT) and
Butylated hydroxylanisole (BHA), because they have a
comparable or even stronger antioxidant activity'®'*.

Studies and research confirm that several extracts,
essential oil and chemical constituents of R. officinalis L
possess a number of interesting biological properties
such as anti-mammary tumorigenesis and mutagenesis'”,
anti-hyperglycemic®, hepatoprotective? 2,
antioxidant®, antiulcerogenic33, anticarcinogenic”,
and antimicrobial®®. This study is new and had focused
on the comparison between R. officinalis and R.
officinalis var. prostrates in syria.

MATERIAL AND METHODS:
Material:
e Methanol, Acetone, Hexane, Petroleum ether,

Dichloromethane ethyl acetate, hydrochloric acid
and anhydrous sodium sulphate were obtained from
Sigma- Aldrich,

e Carnosol (>95%) - camphor (>97%) - a- terpineol
(>97%) and linalool (>97%) were purchased from
Sigma-Aldrich. Carnosic acid (>97%) - 1,8
cineole(98%) and borneol (>99%).

e FEthanol, Acetonitrile and phosphoric acid (85%)
were HPLC grade from Merck.

e Chemical kits used to determine the capacity of
antioxidant substances dissolved in water (ACW)
and materials dissolved in lipids (ACL) using
photochemical illuminating technique were obtained
from Analytik Jena AG (Jena, Germany)

Devises:

e A gas chromatography with mass spectrometry GC-
MS is from Agilent with the analytical Chemstation
software and Library search Willy - Nist.

e Rotary evaporator with vacuum

e HPLC Device from Agilent with the pump bilateral
quadartic with injector automatic Autosampler and
PDA detector with analytic software Chemstation

e Photochemical scintigraphy device for determining
antioxidants, which is from Ana.

e Ultrasonic device, model 405 from Power Sonic

Company
e Centrifuge model 2.0R- A 550 Heraeus from
Megafuge

Plant materials:

Leaves of R.officinalis var. prostrates and R.officinalis
were collected during flowering stage from Deir Atiyah,
Syria in September 2023, and they were stored in a dry,
dark and cool room.

Determination of the of total phenolic amount:
Extract preparation:36

Powder of leaves of R.officinalis var. prostrates and
R.officinalis was dissolved in ethanol 96% and extracted
by Soxhlet extraction for four hours, then evaporated
until it became dry using a rotary evaporator.

Preparation Standard Curve:

The amount of total phenolics in the extract was
determined with the folin- Ciocalteu reagent. Tannic
acid was used as a standard and a total phenolics were
expressed as mg/ g tannic acid equivalents (TAE).

Tannic acid concentrations of 20, 40, 60, 80, and 100
mg/100ml in ethanol. S5ml of sample was introduced into
test tubes and mixtured with 5ml Folin- Ciocalteu
reagent, after three minutes we but 10ml (7.5%) sodium
carbonate. The tubes were covered with parafilm and
allowed to stand for 30minutes at room temperature
before the absorbance at 755nm spectrometrically.

The Determination of phenols using HPLC with PDA
Detector:

phenolic Extraction:

The finely dried powdered R.officinalis var. prostrates
and R.officinalis (50g) were extracted with methanol —
water (70-30) and placed in ultrasonic bath at 40°C for 1
hour, They were then filtered and the filtrate was
acidified with 2N HCI, and the phenols were extracted
with 50 ml of ethyl acetate using an ultrasonic bath for
30 minute, Subsequently, the ethyl acetate layer was
separated and evaporated to dryness in a rotary
evaporator, then dissolved in 2ml of acetonitrile-water
acidified with 0.5% acetic acid at a ratio of 80%
acetonitrile and 20% acidified water and the extracted
phenols were determined by HPLC according to the
following analytical conditions.

Mobile phase: first phase (A) acetic acid: water (0.5%
v/v), second phase (B) Acetonitrile, according to the
table(1) which explains the Proportions of the
distribution of the mobile form over time.
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Table 1 Proportions of the distribution of the mobile form over
time

Time | 0 min 9 min 15 23 29 37 min
min min min
A 100% 80% 70% 55% 75% 100%
B 0% 20% 30% 45% 25% 0%
Determination of Carnosic acid,

O-12-methylcarnosic acid, Rosmarinic acid and
Ginquanin by HPLC:

Extract preparation:

100g of powdered of leaves of R.officinalis var.
prostrates and R.officinalis was dissolved in 150ml of
methanol and extracted by Soxhlet extraction. the
extraction process continued until the organic solvent in
the extraction tube truned colorless, then evaporated to
dryness using a rotary evaporator, the extract was
dissolved in 2ml acetonitrile and determined by HPLC
according to the following analytical conditions.

Mobile phase: A (acetonitrile), B (0.1% Phosphoric acid
in water) as it is explain in Table (2)

The Working solution of reagent 4(4-WS) has been
prepared by taking reagent 4 stock, and then adding to it
490ul of reagent 1 and mixed with 10ul of sulfuric acid
(95-97% from Merck). the mixture was Stirred for 30
seconds. From the mixture, 10ul was taken and diluted
by 990 pl from reagent 1 to obtain a working solution 4
(4-WS). All procedures and volumes used in the analysis
are given in table 3.

The ACW calibration and measurements were
performed according to the standard kit protocol as
menation the table 3, and the measurements were done
by Photochem apparatus (Analytic Jena — Germany)
device from analytic Jena - Germany. All used volumes
were in microliters and the measurements were repeated
two times. A light emission curve was recorded in 240
seconds using an inhibitor as a parameter to estimate the
antioxidant capacity, and the antioxidant capacity is
determined by taking the integration given by the
previous curve and expressed in mmol/L ascorbic acid
used as the standard to obtain the calibration curve.

Table 3: Pipetting scheme for sample preparation measurements
Table 2: Proportions of the distribution of the mobile form over Reagent 1 2 3- 4- Sample
time WS WS
Time 0 min 8 min 25 min 35 min Blank 1500ul | 1000ul | 25u1 | O 0
A 100% 23% 75% 100% Calibration 1500pl-x | 1000ul 25ul | x 0
B 0% 77% 25% 0% Measurements | 1500ul-y | 1000ul 25ul | O

The flow rate is constant at 0.9ml/min, the volume of the
injection is 20pl, and the signal was stored at a
wavelength of 230, 280 and 350nm.

Determination of the
antioxidants:®’

100g of powdered plant leaves were soaked in 200ml of
a 50:50 ethanol/water solution and placed in the dark in
the water bath at the temperature of 40°C for half an
hour, stirring, then subjected to ultrasonic treatment for
25 minutes then filtered evaporated using a rotary
evaporator and stored in a refrigerator in preparation for
analysis.

exchange capacity of

Antioxidant measurement:*’

The integral antioxidative capacity of water- soluble
substances, was carried out using the ACW protocol.
The water-soluble antioxidants present in rosemary
leaves plant have been measured. All the required
reagent kits were purchased from the company analytic
Jena — Germany. ACW protocol can be explained as
follows: the first three reagents can be described as
follows: reagent 1 (solvent), reagent 2(water buffer
solution PH= 10.5) while reagent 3(photosensitizer).
Working solution of reagent 3(3-WS) has been prepared
by taking reagent 3 stock and then diluted it by 750ul of
reagent 2.

x= 10, 15, 20ul, y= 10ul, WS (working solution)

Distillation of essential oil:

The essential oil from leaves of R. officinalis var.
prostrates and R. officinalis (100g) were obtained by
Clevenger for 3 hour.. The oil was dried over anhydrous
sodium sulphate and kept at 4°C until analysis.

Gas Chromatography-Mass
Analysis of Essential oil

Spectroscopy (GC-MS)

The analysis of the volatile oil was performed using the
Agilent GC-6890 with MS model 5973 equipped with
DB-35 column (30m x 0.25mm i.d.,0.25um film
thickness) and coupled to a mass selective detector.
Helium was used as carrier gas at a flow rate of 0.9
ml/min.

The injection temperature was 275°C, injection volume
1ul, The column temperature was kept for two minutes
at 70°C, increased to 170°C at a rate of 2.0°C/min
increase, then 3.0°C/min up to 250°C. The injector was
splitless. The mass operating parameters were as follow:
Ionization potential 70 eV; ion source temperature
250°C; solvent delay 7.0 min; resolution 2000 amu/s and
scan range 30-600 amu; EM voltage 3000 volts. The
components of the oil were identified by matching their
fragmentation pattern of mass spectra with those of the
spectrophotometer database using the NIST10, NIST21,
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NIST 69 and Wiley 229 library data, and comparing
their retention indices and mass spectra with literature
data. The component concentration was obtained by
semi quantification by peak area integration from GC
peaks and by applying the correction factors.

RESULTS:

Determination of the amount of total phenols:

The table (4) shows the mean absorbance of various
concentrations of tannic acid and figure 1 shows the
standard tannic acid curve and regression equation used
to calculate total phenolic content of the extract

The total phenolic content of the plant leaves extract,
determined by Folin- Ciocalteu, the phenolic content in
the extract of R.officinalis is 82.78 mg/100 ml while the
phenolic content in extract of R.officinalis var. prostrates
is 89.95mg/100ml.

rosmarinic acid

Carnodic acid

Rnuarnin

Figure 2: Chromatogram seperated phenolate by HPLC

Table 2: Concentration Carnosic acid, 120-methylcarnosic acid,
rosmarinic acid and ginquanin in the extract of R.officinalis and
R.officinalis var. prostrates,

Table (4): Absorbance of standard (tannic acid)

Concentration | 20 40 60 80 100
mg/ 100 ml
tannic acid
Absorbance 0.192 0.493 0.558 0.764 0.967
12
y = 0.0096x
B R? = 0.9987 S
0.8 > ‘/'/
06 - "/.,,.
0.4 - y’/
0.2 0-"/
0
o] 20 40 60 80 100 120
Figure 1: Standard tannic acid curve (mg/l)
Determination of Carnosic acid, 0-12-

methylcarnosic acid, Rosmarinic acid and Ginquanin
by HPLC:

The figure 2 shows chromatogram separated phenolate
by HPLC, the table 2 shows concentration Carnosic
acid, 120-methylcarnosic acid, rosmarinic acid and
ginquanin in the extract of R.officinalis and R.officinalis
var. prostrates, the results shows that concentration
Carnosic acid, rosmarinic acid and ginquanin in the
extract of R.officinalis var. prostrates is higher than
R.officinalis while the concentration of 120-
methylcarnosic acid in the extract of R.officinalis is
higher than R.officinalis var. prostrates.

Phenolate Retention Concentration pg/ml
time R. R.officinalis var.
officinalis | prostrates
Carnosic acid 7.3 12.45 16.72
120- 13.2 17.91 15.67
Methylcarnosic
acid
Rosmarinic acid | 23.4 33.49 37.82
Ginquanin 29.7 11.87 16.48
Determination of the exchange capacity of

antioxidants:

The table 3 shows the antioxidant capacity value of
R.officinalis var. prostrates and R.officinalis leaves
extract and oil, the antioxidant capacity value of
R.officinalis var. prostrates is higher than R.officinalis
leaves extract, while the antioxidant capacity value of
R.officinalis oil is higher than R.officinalis var.
prostrates,

Table 3: Presents the Integral Antioxidant capacity as ascorbic
acid equivalent using PCL assay

samples R.officinalis | R.officinalis | R.offici | R.offici
leaves var. nalis nalis
extract prostrates oil var.
leaves prostr
extract ates oil
Integral 114.7 120.08 123.50 120.49
Antioxidant
as ascorbic
acid
equivalent
nmol/g

Gas Chromatography-Mass Spectroscopy (GC-MS)
Analysis of Essential oil of Rosmarinus officinalis:
Chemical compositions of the essential oil of
Rosmarinus officinalis are given in table 4, thirty two
compounds were identified representing 99.03 of the oil,
1,8-Cineole (39.19%), a-Pinene (9.13%), Camphene
(4.65%), Pp-Caryophyllene (4,47%), p-Cymen-8-ol
(4.18%), B-Pinene (3.16%), were founds as a major
compounds.

174



Research J. Pharm. and Tech. 18(4): April 2025

Table 4. Chemical composition of essential oil of Rosmarinus 14 -Cubenene 20.14 1515 0.20
officinalis 15 Camphor 21.84 1547 221
Peak | Compounds RT RI Area% 16 Borneol 22.38 1580 1.52
1 a-Pinene 6.23 1072 9.13 17 Bornyl acetate 23.14 1612 0.87
2 B-Pinene 6.52 1096 3.16 18 1-Terpinen-4-ol | 24.97 1618 0.15
3 Camphene 6.71 1105 4.65 19 a-Copaene 25.17 1627 0.90
4 o—Thujene 7.85 1133 111 20 B-Caryophyllene | 28.91 1637 3.22
5 Carene 3.17 1165 0.76 21 E-pinocarveol 31.01 1692 0.21
6 B- Myrcene 8.68 1176 1.92 22 a-Humulene 3534 1702 5.63
7 a-Phellandrene 8.93 1179 0.49 23 A-Cadinene 36.11 1710 1.14
8 Fenchene 9.32 1193 0.89 24 a-Terpineol 3745 1723 0.24
9 Limonene 10.21 1211 2.18 25 Citronelol 38.62 1736 3.19
10 1,8-Cineole 11.54 1223 39.19 26 p-Cymen-8-ol 40.21 1796 0.24
11 Linalool 12.39 1257 1.18 27 Berbonone 41.28 1808 1.14
12 p-Cymene 14.98 1283 2.96 28 Eugenol methyl 42.89 1904 0.84
13 a-Terpinene 15.84 1295 247 ether
14 Cubenene 20.14 1513 1.14 29 Eugenol 43.66 2047 0.23
15 Camphor 21.84 1546 1.29 30 Thymol 44.57 2 095 0.16
16 Borneol 22.38 1584 1.78 31 Carvacrol 45.98 2305 0.17
17 Bornyl acetate 23.14 1616 0.87 32 Verbenone 46.17 2324 1.14
18 1-Terpinen-4-ol 24.97 1619 1.18 98.5
19 a-Copaene 25.17 1624 0.34 Monoterpenes 91.12
20 B-Caryophyllene 28.91 1639 447 Sesquesterpenes 791
21 E-pinocarveol 31.01 1693 0.56
22 a-Humulene 35.34 1704 2.93 .
23 A-Cadinene 36.11 1713 1.96 DISCUSSION . . . .
2 a-Terpincol 3745 1725 143 The total phenolic content in Rosmarinus officinalis var
25 Citronellol 38.62 1737 224 prostrates (1.799mg/1g of the dreid powder) is greater
26 p-Cymen-8-ol 40.21 1771 4.18 than its content in Rosmarinus officinalis (1.6556mg/1g
27 Berbonone 4128 | 1809 1.47 of the dreid powder), and this is consistent with the
28 Eugenol methyl ether | 42.89 1904 0.84 amount of phenols separated according to the method
29 Eugenol 43.66 2 048 0.62 . .
30 Thymol 2457 1209 024 HPLC, as the amount of separated phenols. was higher in
31 Carvacrol 45908 2306 051 Rosmarinus officinalis var prostrates than in Rosmarinus
32 Verbenone 46.17 | 2327 0.54 officinalis, One study showed The highest amount of
99.03 phenolics (49mg/ml rosmarinic acid) was determined in
Monoterpenes 9112 the tincture produced with 50% ethanol, while 96%
Sesquesterpenes 7.91

Gas Chromatography-Mass Spectroscopy (GC-MS)
Analysis of Essential oil of Rosmarinus officinalis var
prostrates:

Chemical compositions of the essential oil of
Rosmarinus officinalis var prostrates are given in table
5, thirty two compounds were identified representing
98.5 of the oil, 1,8-Cineole (42.18%), a-Pinene
(11.38%), Camphene (5.39%), a-Humulene (5.63%), p-
Cymene (4.98%), were founds as a major compounds.

Table 5. Chemical composition of essential oil extract of
Rosmarinus officinalis var prostrates

Peak Compounds RT RI Area%
1 a-Pinene 6.23 1075 11.38
2 B-Pinene 6.52 1097 4.23
3 Camphene 6.71 1102 5.39
4 o—Thujene 7.85 1132 1.86
5 Carene 8.17 1164 0.78
6 B- Myrcene 8.68 1174 1.24
7 o--Phellandrene 8.93 1178 0.57
8 Fenchene 9.32 1191 0.51
9 Limonene 10.21 1210 1.19
10 1,8-Cineole 11.54 1221 42.18
11 Linalool 12.39 1256 1.42
12 p-Cymene 14.98 1284 4.98
13 o-Terpinene 15.84 1296 0.37

ethanol extracted the lowest value (19.5mg/ml
rosmarinic acid) As for the antioxidant action, the ability
of the Rosmarinus officinalis var prostrates leaves
extract was higher Rosmarinus officinalis leaves extract,
while the ability of the essential oil Rosmarinus
officinalis was greater than essential oil Rosmarinus
officinalis var prostrates.

As for the composition of the essential oil, the
ingredients were almost similar between the two plants,
but the concentration of the active ingredients in the
Rosmarinus officinalis var prostrates was higher than
Rosmarinus officinalis

One study about the essential oil of aerial parts
R.Officinalis var. prostrates was conducted in four
provinces in Morocco™® By analyzing these results, we
conclude that the majority of compounds in Rosemary
from WadLaou are: a-Pinene (36.15%), 1.8-Cineole
(33.93%), Camphene (6.1%), Camphor (5.08%) and
Sabinene (3.4%). The majority of compounds in
Rosemary in Agadir’s Garden Jacky: Bornyl Acetate
(31.21%), a-Pinene (15.79%), Camphene (13.06%),
Sabinene (7.11%), 3- Carene (4.54%), Caryophyllene
Oxide (4.71%), B- Caryophyllene (4.09%), and Borneol



Research J. Pharm. and Tech. 18(4): April 2025

(3.59%). The majority of compounds in Rosemary in
AyounCharquia are: 1.8 Cineole (35.91%), o-pinene
(16.61%), Camphene (13.67%), Camphor (6.4%),
sabinene (6.04%), Borneol (4.81%) and Caryophyllene
Oxide (3.8%). In Sefrou the majority of compounds in
Rosemary are: Camphor (22.1%), 1,8- Cineole
(18.35%), a-Pinene (12.19%), Camphene (6.81%),
Caryophyllene Oxide (6.3%)™

Moreover, the compounds in essential oils in R.
officinalis L in three locations of mount Lebanon are a-
pinene (18.8-38.5%) and 1,8-cineole (19.1-25.1%),
camphene (2.1-6.5%), B-pinene (1.8 - 6.5%)”. The
hydro-distilled essential oils of three samples of aerial
parts of R. officinals L. grown in Tunisia have been
analyzed by GC-MS. The main compounds in essential
oil are 1,8-cineol (33.08, 37.75 and 36.75%), camphor
(18.13, 13.55 and 15.57%), a-pinene (9.23, 9.32 and
8.58%), a-terpineol (8.17, 6.79 and 6.98%), borneol
(5.48, 4.08 and 4.49 %)*

One study was conducted in 2023 that had been
compared the amount of phenols in the aqueous extract,
methanol, and ethanol of rosemary leaves. It showed
that the amount of phenols in the ethanolic extract is the
highest, followed by the aqueous extract, and then the
methanol with 39.71£6.77 (mg/g GAE), 24.91+5.15
(mg/g GAE), and 24.91+7.30 (mg/g GAE) *'Another
study in 2012 study the amount of phenols in the
ethanolic extract.*?

Also there were a study about antioxidant potential of
six herbs extracts showed that DPPH radicals
scavenging activity exhibited ethanol extracts of
rosemary (0.46mg Trolox/g dry weight)**. Another
study in Alecrim about the ethanolic extracts of the
leaves of Rosmarinus officinalis which were extracted
through supercritical fluid extraction (SFE), and Soxhlet
extraction was ICso (15.73pug/ml)*

Daiane Pereira and his Colleagues determined the
antioxidant activity and applied the Rosemary
lyophilized extract (RLE) in chicken burger, to assess
their ability to reduce the lipid oxidation that ICsy in
80% ethanolic extract was (ECso=127.33+0.12ug/ml) *.

Rodriguez-Rojoand his group studied (DPPH) for
Rosemary leaves from Spain and obtained values of ICs,
of 45 and 17ug.ml” for ethanolic’’. The ability of the
extract to scavenge free radicals in 70% ethanolic
extract Rosmarinus officinalis from Tunisia (2.23%0.14
ug/ml)*, and 50% ethanolic extract Rosemary leaves
(Rosmarini folium) from Romania was 1Csy (4.634+0.30
ug/ml)*. The percent inhibition of DPPH was 90.14%
for rosemary alcoholic extract 75% from Brazil®’. Dry
rosemary leaf powder was subjected to Soxhlet
extraction with pure methanol and was studied through

the radical scavenging method ICs, (24+0.005pg/ml)’".
The ICsy values of methanol extract of rosemary
(Rosmarinus officinalis L.) growing wild in Hammam
Dalda (Algeria) was (11.741+0.004pg/ml)*, and values
of methanol extract Rosmarinus officinalis L was 54.0
png/ml >

There was a study indicated the presence of phenolic
acids after they were separated by HPLC (gallic,
protocatechuic, caffeic, ferulic, and rosmarinic acid).
The highest concentration was for rosmarinic acid, and
this is similar to our study®*

The bottom line is that The total phenolic content in
Rosmarinus officinalis var prostrates was higher than in
Rosmarinus officinalis, aligning with other studies such
as one that identified the highest phenolic content (49
mg/ml rosmarinic acid) in tinctures made with 50%
ethanol. In contrast, 96% ethanol extracted the lowest
amount (19.5mg/ml). This confirms the variation in
phenolic content based on extraction methods, a finding
consistent with a 2023 study which found the highest
phenolic content in ethanolic extracts compared to
aqueous and methanolic extracts.

In terms of antioxidant potential, the extract from R.
officinalis var prostrates demonstrated stronger activity
than R. officinalis, but the essential oil from R.
officinalis showed greater efficacy. These results
correspond with studies like the one that assessed DPPH
scavenging activity, showing ethanol extracts of
rosemary with values of IC50 as low as 2.23ug/ml for
70% ethanol extracts, further emphasizing the potent
antioxidant capabilities of rosemary extracts depending
on the solvent used.

Lastly, the essential oil composition was similar between
the two plants, though R. officinalis var prostrates
exhibited a higher concentration of key compounds.
Studies from different regions, including Morocco,
Tunisia, and Lebanon, confirm the variability of oil
composition in rosemary, with dominant compounds like
a-pinene, 1,8-cineole, and camphor appearing across
locations, but in differing concentrations, further
validating the findings of this study.

CONCLUSION:

The results showed that the antioxidant capacity and
phenolic content of The Rosmarinus officinalis var.
prostrates extracts was higher than that of Rosmarinus
officinalis. This is consistent with the fact that the
phenolic acids that were separated by HPLC had a
higher concentration in Rosmarinus officinalis var.
prostrates extracts than Rosmarinus officinalis, and
rosmarinic acid was in its the highest concentration, and
by comparing the essential oil of both plants, it was
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noted that the same compounds are present, but the
concentration of these compounds in the Rosmarinus
officinalis var. prostrates is higher than the other plant
extract, the same thing was for the essential oil, This

study underscores the

importance of Rosmarinus

officinalis var. prostrates as a source of valuable
compounds, suggesting that further research should
focus on this less-studied variety
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Abstract

and similar arid regions.

Drought stress poses a significant threat to potato production in Syria, necessitating the development of resilient
cultivars. This study, conducted at the Plant Biotechnology Laboratory of the National Commission for Biotechnol-
ogy in Damascus, investigated the impact of drought stress on key growth parameters of regenerated somaclones
derived from selected callus of three potato cultivars (Solanum tuberosum L.): Salvador, Yalas, and Arizona. The
research revealed striking differences in regeneration efficiency among cultivars. Yalas exhibited the highest soma-
clone regeneration rate at 32.1% when cultured on medium supplemented with 25 mg-L™" adenine sulfate and 1.5
mg-L™! BAP. Salvador and Arizona followed with regeneration rates of 21.4% and 14.5%, respectively, using 15 mg-L™
adenine sulfate plus 1.5 mg-L™" BAP. Comprehensive analysis of growth indicators (including plant height, leaf number
and area, and root number and length) under drought stress conditions identified superior drought-tolerant soma-
clones. Notably, Y3 and Y2 (Yalas), S3 and S6 (Salvador), and A1 (Arizona) demonstrated exceptional drought resilience
across multiple growth parameters. These findings provide valuable insights for potato breeding programs aimed

at enhancing drought tolerance, potentially mitigating the impact of water scarcity on potato production in Syria

Keywords Potato, Drought stress, Sorbitol, Regeneration, Callus, Adenine sulfate

Introduction

Potato (Solanum tuberosum. L) is one of the most impor-
tant food crops in the world [1], the fourth most cul-
tivated crop after wheat, rice and maize, and the most
important dicotyledonous crop [2]. It is grown in about
150 countries [3] and is the most important non-cereal
food crop in the world [4, 5]. Their global significance
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is underscored by widespread cultivation, demonstrat-
ing their adaptability to diverse climates and agricultural
systems, and in 2016, the potato industry generated a
remarkable gross production value of 63.6 billion US dol-
lars, highlighting its substantial contribution to global
agriculture and food economies, also the year 2018 saw
an impressive annual potato production of 368 million
tons, illustrating the crop’s critical role in global food
security and agricultural output [4]. Biotic (insects, viral
and fungal diseases) and abiotic (drought, salinity, frost,
temperature, etc.) stresses affect the growth and pro-
duction rate of many crops, including potatoes, causing
huge losses estimated at billions of dollars as a result of
plants being exposed to stresses [6, 7]. Drought is one of
the most important abiotic stresses that limit plant pro-
duction in most parts of the world, as it affects all plant
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functions [8] and thus negatively affects the productiv-
ity of many crop species, as a result of the annual expo-
sure of large areas of the Earth to short or long waves of
drought coinciding with high temperatures [9]. Potatoes
that are plants that sensitive to drought stress [10]. Many
studies have shown that potato species have genetic vari-
ations in their tolerance to stress, and thus these genetic
variations can be exploited by creating them through
laboratory tissue culture technology, which can lead to
increased production, improved quality, and disease
resistance [11]. Callus induction is an important step
in bringing about genetic changes that are necessary in
breeding programs, and it also plays an important role
in producing a large number of laboratory plants easily
[12, 13]. The importance of somatic genetic variation lies
in enhancing genetic improvement programs for potato
crops, and introducing mutations that ultimately give
plants that differ from the mothers plants [14]. Somatic
phenotypic variations vary according to the plant mate-
rial (varieties), the cultivation period, the basic chromo-
some group and its multiplications, or according to the
stress-causing factors, or the composition of the medium
from plant growth regulators [15]. Somaclones with new
genetic compositions are called Calli Clones because
they result from callus differentiation under laboratory
culture conditions. These somaclones are known as calli
somaclones [16]. The somatic genetic variations can vary
depending on the genotype or the basic chromosome
set and its multiplications, or on the plant growth regu-
lators included in the nutrient medium, or the cultiva-
tion period, or the chemical compounds that cause salt
stress, such as sodium chloride (NaCl), or drought stress,
such as polyethylene glycol (PEG) or sorbitol [15, 17].
The medium having growth regulators plays an impor-
tant role in shaping somatic variations [18] because cal-
lus production is primarily linked to the type of growth
regulators, which varies according to the type of explant
taken and the type studied, as genetic programs dif-
fer according to the auxin/cytokinin ratio [12]. Hussain
et al. [19] studied the possibility of regeneration of three
potato varieties from apical cuttings, leaf parts and inter-
nodes, and it was found that the best medium was the
MS medium supplemented with (2 mgl )BAP +(0.5
mg.l7!) IAA Indole acetic acid, and therefore the idea
of the research was to regenerate the somaclones of the
selected callus of three potato varieties, and to study their
tolerance to drought stress and to renew the superior
somaclones of them.

Materials and methods

Plant material

This research was carried out in the laboratories of the
National Commission for Biotechnology in Damascus
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during the period (2024). Three varieties of introduced
potatoes were used in this research, which were obtained
from the Seed Multiplication Foundation in Damascus,
namely (Salvador, Yalas, Arizona). These varieties are dis-
tinguished by their quality and productivity.

Callus induction

They were introduced and multiplied in the laboratory.
Callus was initiated from internodes and young leaves
of the three potato varieties by culturing them on MS
(Murashige and Skoog) nutrient medium supplemented
with 3 mg-L™" auxin 2,4-D (Dichlorophenoxyacetic acid)
[20]. The callus was subcultured three consecutive times
by dividing and transferring it to fresh medium with the
same composition as the initiation medium.

Drought stress treatment and obtained selected callus

The callus was transferred after reaching a suitable size to
the drought stress medium, which is a medium similar in
composition to the initiation medium, but with the addi-
tion of the drought stress factor (sorbitol) at varying con-
centrations (0, 50, 100, 150, 200, 250, 300, 350, 400 mM).
Plates were incubated in the dark at 25 +1 °C. The semi-
lethal concentration (causing a 50% reduction in cell via-
bility and relative growth rate) was determined for each
variety after 60 days of the three studied varieties [21].

Regeneration of callus

Selected callus from semi-lethal concentration media
was transferred to regeneration medium (MS medium)
supplemented with BAP (Benzylaminopurine) at differ-
ent concentrations (0.5, 1, and 1.5 mg-L_l) and AdSO,
(adenine sulfate) at two concentrations 15 and 25 mg-L™
(Table 1).

Drought stress selection

Regenerated somaclones were subjected to sorbitol stress
at semi-lethal concentrations (250-300 mM) for further
selection. Growth indicators were measured after 45 days
of cultivation alongside a control group free of stress
factors.

Experimental design and statistical analysis

The experiment was designed according to a complete
randomized block design, where measurements were
taken after 45 days of applying the stress treatments and
at a rate of three replicates of each stress treatment and
the control. The results were analyzed using the statis-
tical program (XLSTAT) to compare the averages and
calculate the least significant difference (L.S.D) at a sig-
nificance level of 1%.
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Table 1 Nutrient media that used in the induction, propagation
and regeneration of callus

Compound Callus Callus Regeneration (mg.
induction propagation |77)
(mg.™") (mg.™")

Nutrition medium  MS MS MS

Thiamin 0.5 0.5 0.5

Pyridoxine 0.5 0.5 0.5

Nicotinic acid 05 0.5 05

Folic acid 0.5 0.5 0.5

Biotin 0.05 0.05 0.05

Glycine 2 2 2

Myoinositol 100 100 100

Glutamine 2 2 2

Dichlorophenoxy- 5,3,1.5,1,0 0.5 -

acetic acid 2,4-D

AdSO, - - (15,25)

+ BAP +(05,1,1.5

Sucrose 30,000 30,000 30,000

High purity agar 7000 7000 7000

pH 58 58 58

Results

Regeneration of selected callus by the effect of growth
regulators BAP and AdSO,,

The results indicate that the relative growth rate of callus
was good at the low level of sorbitol, and the increasing
concentration of sorbitol in the medium led to a decrease
in the relative rate of callus. Regeneration observations
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were recorded after a month and a half of culturing, and
it was found that there was no regeneration of the callus
of the Internodes, but rather the regeneration was from
the callus of the leaves for the three studied varieties. The
results of (Table 2) showed that the highest regeneration
rate reached 32.1% in the Yalas variety when grown on
the medium supplied with 25 mg.I™! adenine sulfate and
11.5 mg.1=! BAP, followed by the Salvador variety with a
rate of 21.4%, then the Arizona variety with 14.5% using
the treatment (15 mg.1™! adenine sulfate) +(11.5 mg.I™!
BAP). The results showed that the importance of adenine
sulfate and BAP in callus regeneration, as shown in Fig. 1.

The remaining regenerated somaclones of the studied
varieties were propagated, as the resulting plants were
divided into small cuttings of 1.5-1 c¢m in length con-
taining a lateral bud with a leaf, and were planted in MS
medium to obtain a sufficient amount of plants to con-
tinue the remaining experiments.

Effect of sorbitol concentration on growth indicators

of callus-regenerated plants grown in the laboratory

The callus-regenerated somaclones of the three stud-
ied potato varieties were planted in (MS) medium to
which the drought stress factor (sorbitol) was added at
two concentrations (250 or 300 mM), and the readings
were taken after 45 days of planting. Table 3 shows that
all the 10 regenerated somaclones (4 salvador, 5 Yalas, 1
Arizona) and their controls outperformed the mothers
of the three varieties in terms of the growth indicators

Table 2 Effect of growth regulator BAP and adenine sulfate AdSO, on callus regeneration from leaves of potato varieties

Explants Leaves
Media Varieties
BAP +adeninsulphat Salvador Yalas Arizona
(mgl™)
Regeneration Number Average Regeneration Number Average Regeneration Number Average
% of days number of % of days number of % of days number of
required for growths required for growths required for growths
regeneration  formed/ regeneration  formed/ regeneration  formed/
callus callus callus
0 Oe - - Oe - - Oe - -
05+15 Oe - - Oe - - Oe - -
1415 Oe - - Oe Oe
15+15 214b 40 2 Oe - 145d 45 1
05+25 Oe - - Oe - - Oe - -
1+25 Oe - - 18.5¢ 40 1 Oe
15425 Oe - - 32.1a 45 2 Oe
Average 3.06A 723 A 2.07A
LSDy; Treatment 062
LSDy, Variety 549

The difference in capital letters within rows indicates significant differences between the varieties, while the difference in lowercase letters in the columns indicates

significant differences between the means at the 99% confidence level
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Fig. 1 Regeneration of growths from selected callus of the studied varieties, (A) Formation of vegetative buds on selected callus, (B-C-D-E-F)

Regenerative somaclones

studied at all the studied concentrations (250 or 300 mM)
of sorbitol.

The length of the plant stem decreased with increasing
the sorbitol concentration in the MS growth medium in
all the studied somaclones. There were significant dif-
ferences in stem length at the two concentrations (250
and 300) mM of sorbitol, compared to the control treat-
ment. The plant length in the Y2 somaclone was (3.9 and
4.1 cm) respectively compared to the control (15.8 cm).
In the S6 somaclone (5.8 and 6.2 cm) respectively com-
pared to the control (16.4 cm), and in the A1l somaclone
(2.9 and 3.2 cm) respectively compared to the control
(13.0 cm). In terms of the effect of the variety, no sig-
nificant differences were observed in the average stem
length in all the studied somaclone. Figure 2. We also
note from (Table 3) a decrease in the number of leaves
and leaf area on the plant in the studied somaclones due
to the effect of increasing the concentration of sorbi-
tol in the medium, as the decrease from the control was
significant at all sorbitol concentrations used in all the
studied somaclones. It is noted that there were no signifi-
cant differences between the somaclone in the number
of leaves and leaf area, as the number of leaves in the Y2
somaclone was (6.9 and 8.0) leaves respectively compared
to the control (15 leaves). In the S6 somaclone (7.5-9)
leaves were found compared to the control (15.0 leaves),
and in the Al somaclone (3.9-3 leaves respectively com-
pared to the control (13.7) leaves. Table 3 shows the dif-
ference in the root length of the studied somaclones in
terms of their response to drought stress, as the length of
the roots formed on the renewed somaclones decreased

significantly with increasing severity of drought stress,
where the highest value of root length was recorded in
the Yalas somaclones at the Y2 somaclone (4.3-5.9 cm)
respectively compared to the control (8.4 cm). In the
Salvador somaclones at the S6 somaclone (4.2—-5.7 cm)
respectively compared to the control (9.8 ¢cm). As for
the Arizona variety lineage, at lineage Al (1.3-2.5 c¢m)
respectively compared to the control (5 cm). The results
in Table 3 also showed a difference in the number of
roots of the studied lines in terms of their response to
drought stress, as the number of roots formed on the
renewed lines decreased significantly with increasing
severity of drought stress, where the lowest value for
root length was recorded in the Yalas variety lines at lin-
eage Y8 (2.9-3.5 roots/plant respectively compared to
the control (10.1) roots/plant. And in the Salvador vari-
ety lines at lineage S4 (5.1-5.3) roots/plant respectively
compared to the control (8.2) roots/plant. As for the Ari-
zona variety lineage at lineage Al (1.8-2.0) roots/plant
respectively compared to the control (6.1) roots/plant.
We find in comparison that all lines outperformed the
plants of the parent varieties in the length and number
of roots per plant. While the value of the root length and
number in the controls outperformed its somaclones. It
is noted from all the results that the somaclones Y3, Y2
of the Yalas variety, the somaclones S3, S6 of the Salvador
variety, and the somaclone Al of the Arizona variety are
superior to the rest of the studied somaclones in terms of
their high ability to withstand drought stress in various
growth indicators, especially at a concentration of 300
mM of sorbitol, Fig. 2.
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Table 3 Effect of drought stress treatments on growth indicators of regenerative potato somaclones
Varieties Treatment Mean of steam Mean of leaves Mean of leaf area Mean of root Mean
Sorbitol mM length (cm) number (cm?) length (cm) of root
number
Salvador S1 Control 16.4% 14.4% 195" 9.2%¢ 8.5
250 5.9 8.5cde 66.1" 5 ghik 5,559
300 5v3fghi 7defgh\ 58'9qr 3.6k\mn 5,3efgh
Mean 9534 9,978 106.67%8 593A 643"
56 Control 17.3 15° 225° 9.8% gbed
250 6.219 o 73.7 5.7¢fah 6°
300 589 7.5cdefahi 65.9" 4,2hiKIm 58
Mean 9774 105" 121.8%8 657" 6.93"
s3 control 17.13° 14.7% 2109 10172 8.7
250 619 8.7¢ 683™ 5.3f9Ni 58
300 569" 7.3¢cdefahi 61.2° 3.gikimn 5.5%9
Mean 958" 10.23%8 113.1%8 646" 6674
54 control 16°5¢ 1320 180/ g2be 8.2¢
250 5.5 g.30def 60.5 4,99hiKl 5.3¢fah
300 ngh\j 6_Sefgh'u' 55.3°% 3'3\mn 5.1 efghi
Mean 85" 0438 986" 5734 5878
Yalas Y3 control 15.4b<d 14.4% 350° 8d 11°
250 3.9K 7.6c0efah 68.2™ 5.4fah 4,390
300 37K 6.5/ 63.5° 4KImn 490
Mean 7.66" 9.5%8 160.5% 58" 6.77"
Y2 control 15.8%°¢ 152 410a 8.4°d 11.3%
250 4,10 gedefg 70.3' 6.212 4.7¢fan
300 3.9 6959 67.9™ 4,30hikim 4, fahi
Mean 7.934 9.9748 182.74 6214 6.73"
Y7 control 14,69 136 300¢ 7.20¢ 10.4%°
250 34K 6.9°90 60.4P9 4.49hikim 3.8M
300 3.1 5.9/ 574" 3.4Kmn 3K
Mean 707" 8.8"® 139.2/8 518 5738
Y8 control 149 13.1° 280° 6.9%" 10.13b¢
250 3.0 649N 582" 4ikimn 3.5k
300 28 5.5k 54.2° 3mn 2.9K
Mean 663" 833" 130.8%8 463"® 55AB
Y10 control 14.95d 13.9% 315¢ 7.7 10.8%
250 3.7% 7.2defahi 65.3" 4,99hiKl 4 ghij
300 354 61" 60P4 3.7)kimn 3.5k
Mean 737" 9,078 146.7%8 5434 6.14
Arizona Al control 138 13.7% 1084 59hik 6°
250 3.2¢ 3.9¢ 37.3 2.5M oM
300 29! 3¢ 35.7" 13° 18
Mean 6374 6.87° 60.58 2938 338
LSDqo; Treatment 161 1.63 1.63 1.62 161
Varity 5.19 357 99.74 2.15 267

Different letters within a column indicate significant differences at the confidence level 99%

Discussion

All results are consistent with some studies that con-
firmed that it is necessary to achieve a hormonal balance

between auxin and cytokinin to activate the synthe-
sis of cell division proteins and to control plant regen-
erated from callus, the cytokinin/auxin balance ratio
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Fig. 2 Regenerated somaclones of Callus the three studied varieties are the most tolerant to drought stress (300 mM of sorbitol). A somaclone S6
of the Salvador variety (B) somaclone Y2 of the Yalas variety (C) somaclone A1 of the Arizona variety

must be greater than one [22]. The results showed that
the most effective hormone to encourage the formation
of shoots is BAP, and the reason is that cytokinins stop
apical dominance and encourage the growth of lateral
buds, stimulate division and lateral growth of them, and
the formation and growth of shoots is enhanced by the
presence of a combination of cytokinins and auxins in
many species [23]. The results of this study are consistent
with the results of [24] who showed the importance of
adenine sulfate in callus regeneration, and this is because
it stimulates cell division and participates in activating
lateral buds, and stimulates the formation of lateral buds
and encourages the formation of shoots from them. Its
effectiveness also increases with the presence of cyto-
kinins [25]. Many somaclones of selected callus of the
three potato varieties were obtained, but they died due to
their weakness, and many of them usually die in the early
stages [26].

Effect of sorbitol concentration on growth indicators

of callus-regenerated plants grown in the laboratory

Our results are consistent with those of Maryam and
Kunwar [27, 28], as adding sorbitol to the growth
medium led to a decrease in all studied growth indica-
tors for five laboratory-grown potato varieties. The low
concentration of sorbitol allows for an increase in the
osmotic potential inside the plant cells; That is because
the water potential becomes more negative compared
to the surrounding medium, which leads to an increase
in the rate of absorption of water and the mineral nutri-
ents entering with the water current, which allows the
formation of new plant cells, and the continued divi-
sion and elongation of plant cells, as a result of main-
taining the filling potential necessary to push the walls

of the formed plant cells to elongate, so growth occurs,
because growth is the result of irreversible division and
elongation of plant cells, which leads to an increase in
the wet weight of the callus and then an increase in its
relative growth rate [29], and it is consistent with the
results of [30], as the callus of the leaves was obtained
on the highest renewal rate.

The decrease in the average root length and number,
plant height, number of leaves and leaf area is attrib-
uted to the increase in the concentration of sorbitol
in the growth medium, which leads to an increase in
the turgor potential value in the growth medium, and
then a decrease in the filling pressure inside the leaf
cells, that causes a decrease in their elongation rate.
The complete or total closure of the stomatal pores at
higher turgor levels also disrupts the cooling effect of
the transpiration water loss process, which leads to an
increase in the temperature of the leaves, their burning
and premature aging, which negatively affects the size
of the green leaf surface effective in the photosynthesis
process [31], which negatively affects the plant’s meta-
bolic efficiency and the amount of dry matter manu-
factured, so the growth rate of the plants and their
development decreases [32]. As a response to drought,
the plant tries to shorten its length and reduce the
leaf area to reduce the rate of water loss by transpira-
tion by reducing the leaf surface area, with the aim of
maintaining the water content of the plant cells and
the amount of water available in the soil for a period of
time. Longer until plants can complete their life cycle,
this mechanism helps avoid the harmful effects of water
stress [33]. The researcher [34] also showed that potato
varieties with deep and large roots were more toler-
ant to drought, as she found a positive and significant
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relationship between root length, leaf area of the plant,
and tuber yield under drought conditions.

Conclusion

This study demonstrates that combining adenine sul-
fate with BAP significantly enhances callus regenera-
tion efficiency under sorbitol-induced drought stress.
The Yalas (Y3, Y2), Salvador (S3, S6), and Arizona (A1)
strains emerged as superior performers, exhibiting robust
drought tolerance across critical growth indices, a finding
with direct implications for developing climate-resilient
crops. These results establish callus culture technologies
and in vitro cell selection as powerful tools for generating
morphologically diverse, genetically enriched plant lines.
The approach not only accelerates the breeding of drought-
adapted varieties but also provides a scalable framework to
address agricultural challenges posed by water scarcity.
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