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Abstract

This research investigates the connection between research output and economic grwoth,
particularly how this connection is shaped by institutional quality within a nation. Utilizing
a two-step system generalized method of moments (SYS-GMM) for dynamic panel data
alongside GMM quantile regression analysis, the study analyzes data from 15 nations in
the Middle East and North Africa (MENA) between 2000 and 2017. The findings indicate
a notable positive interaction effect when considering the interplay between research out-
put and institutional quality, particularly highlighting the influential roles of government
effectiveness and the rule of law. The GMM quantile regression results reveal that these
interaction effects are more pronounced in countries with stronger economic resilience.
Specifically, the impact of high-quality research output on economic growth is contingent
upon the existing quality of institutions, suggesting that effective institutions significantly
enhance the beneficial effects of research on economic development. Hence, the findings
emphasize the critical need for policymakers in MENA nations to simultaneously improve
both the quality of research endeavors and institutional frameworks, with a focus on
strengthening governmental effectiveness and the rule of law to fully harness the benefits
of research for sustained economic growth.
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Introduction

The accumulation of knowledge is essential for driving economic progress. A multitude
of researchers have highlighted the creation of new knowledge and enhanced access to
information as key elements that affect a nation’s productivity and, consequently, its eco-
nomic development (Becker et al., 1990; Lucas, 1988; Nelson & Phelps, 1966; Romer,
1987, 1990). A considerable volume of research has sought to investigate the link between
research productivity and economic growth, predominantly through the use of scientomet-
ric metrics for evaluation.

The current body of empirical research can be divided into two primary groups. The first
group consists of studies that do not make distinctions between various scientific fields.
Results from this group consistently reveal a strong positive relationship between research
productivity and economic growth in both advanced and emerging economies. Moreo-
ver, some investigations indicated a two-way relationship where economic advancement
impacts research output, particularly in countries such as Canada, France, and Italy (Lee
et al., 2011; Roula Inglesi-Lotz et al., 2014, 2015; Ntuli et al., 2015; Solarin & Yen, 2016;
Azmeh, 2022). The second group concentrates on specific research areas as indicators to
assess research effectiveness. For example, Jin (2009, 2010) assessed this impact within
the field of economics, while Jaffe et al. (2013) evaluated the role of relative productivity
in predicting future economic expansion across different scientific domains. Additionally,
Yasgiil and Giirig (2016) studied this interaction within the biotechnological sector, and
Pinto and Teixeira (2020) explored the effects of research output across four principal sci-
entific areas. Azmeh (2022) took a more comprehensive approach by examining the rela-
tionship across all research disciplines in the MENA region. Azmeh and Al-Raeei (2025)
gave evidence of complementary effects of financial development and research output in
finance, showcasing the synergetic relationship between the two in promoting economic
growth. Azmeh and Darwich (2025) study revealed the importance of quantity and quality
of social sciences research in reducing poverty and inequality in the MENA region.

Recently, there has been growing academic and policy interest regarding the role of
institutions as a crucial factor in economic development. Empirical studies indicate that a
nation’s institutional framework significantly impacts its economic outcomes (Acemoglu &
Johnson, 2005; Acemoglu et al., 2001; Hall & Jones, 1999; Knack & Keefer, 1995; Nawaz,
2015; Rodrik et al., 2004). For instance, Acemoglu et al. (2001) utilized death rates as an
instrumental variable for institutional quality, uncovering a significant effect of institutional
standards on per capita income. In a similar vein, Nawaz (2015) emphasized the vital role
of institutional growth in facilitating economic development. The institutional framework
includes both formal and informal rules that govern interactions within economic, social,
and political spheres. Efficient institutions foster a favorable incentive structure, minimiz-
ing transaction costs, reducing uncertainty, and enhancing productivity, thereby encourag-
ing investment, technological advancement, and the expansion of the private sector—all of
which are crucial for economic progress.

From these two strands of empirical growth literature, it can be concluded that both
research productivity and institutional quality have a substantial positive impact on eco-
nomic progress. Some scholars have examined how institutional development may act as a
moderating factor that indirectly influences the connection between financial development
and economic growth. This area of research aims to determine whether financial growth
and institutional quality function as complements or substitutes in the growth mechanism.
While some studies propose that finance and institutions complement each other (Anwar &
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Cooray, 2012; Demetriades & Hook Law, 2006), others suggest they could serve as substi-
tutes (Ahlin & Pang, 2008; Compton & Giedeman, 2011).

This investigation intends to address a gap in the existing literature by exploring whether
the influence of research productivity on economic growth is moderated by a nation’s insti-
tutional quality. To this end, a standard growth regression model will be applied, drawing
on a dataset of 15 MENA (Middle East and North Africa) countries from 2000 to 2017.
The analysis will adopt the two-step system generalized method of moments (2-step SYS-
GMM) technique alongside GMM quantile regression analysis for dynamic panel data
evaluation. The outcomes of this study could yield valuable insights for policymakers look-
ing to craft strategies to enhance growth within the MENA region. If a complementary
relationship between research productivity and institutional quality is established, it would
indicate a need for policies aimed at strengthening both areas. Conversely, if a substitutive
relationship is identified, policymakers may need to focus on prioritizing one dimension
based on its relative importance and effect.

The remaining sections of the paper are organized as follows: Sect. “Literature Review”
reviews the prior literature concerning the relationships among research output, institu-
tions, and economic growth. Sect. “Data and methodology” details the data and methods
utilized for the analysis, followed by Sect. “Empirical results and discussion”, which pre-
sents the empirical findings, and Sect. “Conclusion”, which concludes the research.

Literature review
Research output and economic growth

Initial investigations by De Moya-Anegén and Herrero-Solana (1999) examined the impact
of research activities on economic development, revealing a significant link between
research output and GDP in 19 Latin American countries. King (2004) supported these
results in OECD nations, identifying both linear and exponential associations between
the two factors. Conversely, Vinkler (2008) found no meaningful correlation in European
countries, the USA, and Japan.

Subsequent research has broadened the inquiry into how research output affects eco-
nomic growth in various regions. This body of literature can be segmented into two main
categories. The first group encompasses studies that treat all scientific disciplines collec-
tively, relying on total publication numbers or citation indices to measure research output.
Lee et al. (2011) employed a Granger causality analysis and revealed a mutual causative
relationship between research output and economic growth in several developing Asian
countries. However, Inglesi-Lotz et al., (2014, 2015) found no causal connection in Brazil,
China, Russia, and South Africa, while affirming a unidirectional causality from research
output to economic growth in the United States and a positive correlation for India. In their
study of 34 OECD countries, Ntuli et al. (2015) discovered unidirectional causality from
research output to economic growth in only four nations: the U.S., Finland, Hungary, and
Mexico. Through their analysis involving 169 countries, Solarin and Yen (2016) noted a
substantial and affirmative effect of research output on economic growth, independent of
the country’s level of development. Dkhili and Oweis (2018) echoed this finding, identify-
ing a positive relationship in 43 African nations.

The second category consists of research specifically targeting individual disciplines.
Jin (2009, 2010) explored the economic ramifications of research output within economics,
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demonstrating a causal link evident in Hong Kong, Korea, and Taiwan. Jaffe et al. (2013)
revealed that foundational sciences have a more pronounced impact on economic growth
compared to applied sciences. Inglesi-Lotz and Pouris (2013) assessed various scientific
fields in South Africa, confirming affirmative influences from disciplines such as biology,
biochemistry, chemistry, materials science, physics, and psychology. Jin and Jin (2013)
reported comparable outcomes across fundamental sciences, engineering, economics, and
business for a sample of 46 countries. In Turkey, Yasgiil and Giiris (2016) substantiated a
beneficial effect of biotechnology research on economic development. Laverde-Rojas and
Correa (2019) indicated a positive effect from basic sciences and engineering but only in
high-income countries. Pinto and Teixeira (2024) emphasized the significant global influ-
ence of research output on economic growth in social sciences, physics, and engineering
and technology, showcasing the diverse contributions that research output offers to eco-
nomic advancement. Furthermore, Azmeh (2020) illustrated the critical importance of
the quality of research output in promoting economic growth over merely the quantity
of published studies, identifying pivotal areas contributing to this impact, which include
Biochemistry, Genetics and Molecular Biology, Engineering, Mathematics, Physics and
Astronomy, and Psychology.

In recent years, the complex interaction between the quantity and quality of research
contributions has garnered notable scholarly interest. An examination by Pourghaz et al.
(2023) across 39 nations revealed a substantial impact of research activities on various
macroeconomic measures, including GDP growth, unemployment levels, and inflation.
Additionally, Yu and Jin (2024) contended that research output plays a vital role in foster-
ing innovative technologies, thus promoting technological advancement and economic suc-
cess. Azmeh and Al-Raeei (2024) supplied evidence of a significant relationship between
research output in finance and the pursuit of sustainable financial development. Neverthe-
less, while high-quality research enhances sector activity, it also poses risks to financial
stability. Azmeh and Al-Raeei (2025) gave evidence of complementary effects of finan-
cial development and research output in finance, showcasing the synergetic relationship
between the two in promoting economic growth. Azmeh and Darwich (2025) analyzed
data from 15 Middle Eastern countries (2000-2023) using panel regression (PCSE/FGLS),
revealing that while both the quantity and quality of social sciences research contribute to
reducing poverty and inequality, research quality exerts a stronger impact on poverty alle-
viation, underscoring the imperative for policymakers to prioritize high-quality research
investments to advance sustainable socio-economic development in the MENA region.

Institutions and economic growth

A study by Knack and Keefer (1995) investigated the impact of institutional frameworks
on economic development, employing a variety of indicators such as enforceability of con-
tracts and the risk of expropriation. Their results highlighted the crucial role that the qual-
ity of institutions plays in fostering economic advancement. In a similar vein, Hall and
Jones (1999) contended that differences in productivity can be attributed to variations in
institutions and government policies, which they referred to collectively as "social infra-
structure." Research by Chong and Calderén (2000) demonstrated a two-way causal rela-
tionship between institutional measures and economic growth. Acemoglu et al. (2001)
explored institutions in European colonies, utilizing mortality rates as an instrumental vari-
able, and discovered that institutions have a significant effect on per capita incomes, noting
that after considering institutional influences, income differences among countries near the
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equator diminish. Further support for the advantageous role of institutions was provided
by Rodrik et al. (2004). Acemoglu and Johnson (2005) distinguished between two types
of institutions, concluding that property rights institutions significantly drive economic
growth, investment, and financial development, whereas contracting institutions predomi-
nantly affect financial development. The analysis by Akpan and Effiong (2012) examined
the effects of governance in 21 Sub-Saharan African countries, confirming that the rule of
law, regulatory quality, and political stability positively influence economic performance.
Nawaz (2015) studied the institutional impacts on economic growth across 56 nations from
1981 to 2010, finding a strong positive relationship, particularly in developed countries,
and emphasized the need for tailored institutional frameworks to address specific long-term
growth objectives. Siyakiya (2017) reported a significant link between the quality of insti-
tutions and economic outcomes, suggesting that even slight improvements in institutional
quality could result in substantial economic growth gains.

Data and methodology
Data

This research represents a pioneering effort to analyze how the efficacy of a nation’s insti-
tutions might influence the correlation between research productivity and economic pro-
gress. To achieve this aim, a conventional growth regression model was implemented, uti-
lizing a dataset comprising 15 countries from the MENA (Middle East and North Africa)
region, covering the period from 2000 to 2017. The method of choice for analyzing the
dynamic panel data is the two-step system generalized method of moments (2steps SYS-
GMM) alongside GMM quantile regression analysis.

The dataset includes a variety of metrics for critical variables, focusing on both the vol-
ume and caliber of research outputs as well as indicators of economic growth. Research
output is quantified through two specific metrics: the annual number of publications, which
reflects quantity, and the total count of citations, which indicates quality. Information on
research outputs was gathered from the Scopus database, accessed through the SCImago
platform.

To evaluate the quality of institutions, this study uses the World Governance Indica-
tors (WGI), pinpointing one representative metric from each governance aspect relevant
to economic development, specifically: the rule of law, government effectiveness, and

Table 1 Summary statistics of key variables for the period (2000-2017)

Variable Mean Median Minimum Maximum Std. Dev
GDP% 4.06265 4.34664 —36.6582 53.3818 7.17552
Documents 5576.24 1149.00 42.0000 57,953.0 10,940.0
Citations 82,994.3 18,695.0 651.000 591,009 145,578

Gov_Eff —0.198101 —0.163734 —1.97728 1.50927 0.721112
R_O_Law —0.193049 0.0186294 —2.09213 0.958436 0.728710
Voice_Acc —1.00144 —-1.01217 —2.05034 0.0132019  0.469783
Private credit 44.1672 41.7224 1.26603 105.187 24.9229
Inflation 6.81457 3.94559 —10.0675 549154 9.11717
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Fig. 1 Graphical matrix of key variables for the period (2000-2017)

the dimensions of voice and accountability. In addition, other growth determinants were
sourced from the World Bank database, including variables such as inflation rates, private
sector credit. A detailed summary of the statistics and graphical matrix for these essential
variables is presented in Table 1 and Fig. 1.

Furthermore, the study seeks to broaden the existing literature by integrating institu-
tional quality into the discourse on research output and economic advancement, providing
a more nuanced understanding of the factors that drive development in the MENA region.
By analyzing the interplay between these elements, this research aims not only to highlight
the importance of strong institutions but also to offer insights that could inform policy-
making strategies aimed at fostering both research excellence and sustainable economic
growth in the region.

Table 2 Correlation coefficients for the period (2000-2017)

Doc Cit Gov_Eff ROLaw V_Acc Priv Inf

1.0000 0.9513 0.0798 —0.0745 0.0323 0.0833 0.2615 Doc

1.0000 0.0970 —0.0479 0.0386 0.0400 0.2939 Cit
1.0000 0.8953 0.3854 0.5524 -0.3319 Gov_Eff
1.0000 0.3863 0.4873 —0.3952 ROLaw
1.0000 0.3047 —0.1223 V_Acc

1.0000 —0.2900 Priv

1.0000 Inf

The significant at 0.05, **
@ Springer
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Table 3 Variance inflation

factor (VIF) test for the period Variable VIF VIF VIF
(2000-2017) Documents 11.220 2.520
Citations 12.696 2.851
Gov_Eff 7.620 7.095 7.618
R_O_Law 4.891 4.873 4.817
Voice_Acc 1.108 1.108 1.108
Private credit 2.065 1.995 1.955
Inflation 1.333 1.300 1.332
Mean VIF 5.08 2.87 2.72
Table4 Pre-estimation analysis Variable Pearson cross  Unit root test CIPS
results sectional test
Level First difference
Doc 40.94%** 13.76 —3.47FH%
Cit 28.51%#%* 3.24 —5.48%#*
Gov_Eff -0.12 1.6120 —6.7729%#%*
R_O_Law 1.008 0.8355 —6.3932%#*
Voice_Acc 16.13%%:* —1.792%* /
Private credit 14.67%#%%* 1.9327 —5.2465%%%*
Inflation 10.46%%%* -2.3991*%  /
Westerlund cointegration test
Dependent variable  Statistic p-value Cointegration
GDP Growth —1.4386 0.0751 Yes

##5p < 0.01, #¥p<0.05, *p<0.1

In order to identify multicollinearity, a correlation matrix was constructed to determine
the degree to which a correlation exists between all variables. Table 2 summarizes the
main results.

According to the findings in Table 2, there is two cases of multicollinearity, as the
overall association between (Doc and Cit; ROLaw and Cov_Eff) is greater than 70%.
To further investigate multicollinearity among independent variables, a VIF test is per-
formed. Results show important VIF values (above value of >10) for two variables
(Doc and Cit), which confirm our concern for the existence of multicollinearity. To
solve this issue, we include only one of this two variables that represent quantity and
quality of research each time. We rerun the VIF tests two times, one with Doc and the
other with Cit. The results for the last two tests, where the mean VIF value is 2.87
for the first and 2.72 for the second, affirm the absence of any multicollinearity when
we include only one variable that represent research output. Results are presented in
Table 3.

To choose the right estimation model, the study carried out three pre-estimation
tests: cross-sectional, unit root, and cointegration tests. The analysis showed that all
variables became stationary after the first difference, which means they don’t dis-
play unit root behavior. Hence, we rejected the null hypothesis of the unit root test.

@ Springer



Scientometrics

Additionally, we used the Westerlund method for a cointegration test to see if the vari-
ables are cointegrated. The results in Table 4 confirmed the presence of cointegra-
tion among the variables, suggesting a long-term relationship. This implies that these
variables tend to move together over time, reinforcing the idea of a stable and consist-
ent relationship among them. Based on the outcomes of the three pre-estimation tests,
our study identified the dynamic panel Generalized Method of Moments (2 steps SYS-
GMM) as the most accurate and reliable for estimation, chosen for its excellent ability
to capture the complex relationships within the data.

Model specification

To explore the relationship between research output, institutions and economic growth, we
consider the direct effect of research output on economic growth by specifying a standard

growth regression model as below:
Growthi,t = B0 + yIncomei,t —1 + B’ Xi,t + w1Research outputi,t + ni+ ut + €i,t

ey
where Income denotes the log of GDP per capita, and Growth is the growth rate, Research
output represents indicators for the quantity and quality of research output. Xi,t is a matrix
of control variables, i stands for a country and t represents a time period. pt is time dum-
mies to account for time-specific effects, ni is an unobserved country-specific effects and
€i,t is an idiosyncratic error term.

We augment Eq. (1) with an institutional variable (Institutions) and interact both meas-
ures of research output and institutional quality, then assess for the importance of the inter-
action coefficient. To guarantee that the interaction term does not serve as a surrogate for
research output or institutions, we include these factors independently in the regression as
follows:

Growthi,t = yIncomei,t —1 + ' Xi,t + w1Research output i,t + w2 Institutions i, t
+y3 [Reseurch output i,t X Institutions i, t] +ni + ut + €i,t )

Our main interest in Eq. (2) is for the sign and statistical significance of the interaction
coefficient y3. Research output and institutions are either complements or substitutes in the
growth process, depending on its sign. A negative coefficient indicates that in a country
with weak institutions, research output is more successful in increasing economic growth
(substitutability). A positive interaction, would suggest higher impact of research output on
economic growth in a powerful institutional environment (complementarity).

To incorporate dynamics into our model, Eq. (2) can be written in its simplest form,
with y i,¢ as the logarithm of real per capita GDP and X i,z as the set of all other regressors
that include indicators of research output and institutions, as well as their interaction and
all other control variables, as shown below:

yi,t —yi,t—1= (- Dyi,t—=1+p Xi,t +ni + ut +ei,t 3)
Alternatively, Eq. (3) can be rewritten as follows:
vijt =yyi,t—1+p Xit +ni + ut +e€i,t “4)

To eliminate the country specific and time-invariant component (y;), the Eq. (4) can be
written in first differences, as:
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Ayi,t = yAyi,t—1 + f AXit + Aut + Aei,t 3)

The present study uses the dynamic panel Generalized Method of Moments (2 steps
SYS-GMM) on the last equation to examine the impact of interaction between research
output and institutional quality on economic growth, if they are complements or substi-
tutes. This technique solves problems such as heteroscedasticity, endogeneity, and omitted
variable bias that commonly impact growth models. Lagged of control variables are used
as instruments. Based on VIF test, the study applies the model two times. First, it consid-
ers the quantity of research output (No. of documents) as a measure of research output,
while in the second it considers the quality of research output (No. of citations). The study
also performs two tests (Sargan and Hansen J-test) for over-identifying restrictions and the
Arellano-Bond tests for no autocorrelation in the second-differenced errors. To check if our

Table5 2 steps SYS-GMM regression with quantity of research output

Y] 2 (3) C)] 5) ©)
L1.GDP 0.251 0.21 —0.05 —0.046 —0.044 —0.04
(0.235) (0.13) (0.113) (0.11) 0.11) 0.11)
Log Documents —-0.49 0.306 -1.79 -1.70 -1.68 -1.412
(0.514) (0.423) (0.87)** (0.922)* (0.86)* (1.042)
Gov Eff 0.005 1.83 1.08 1.82 1.77
(2.02) (1.54) (3.74) (1.67) (1.56)
R of Law 1.83 -0.12 -0.14 -0.88 -0.17
(1.70) (1.11) (1.11) (4.06) (1.08)
Voi Acc 1.48 1.36 1.35 1.36 0.06
(0.55)%#%  (0.45)%** (0.49)%:# (0.47 ) (4.02)
Priv -0.06 -0.06 -0.06 —0.059
(0.016)***  (0.018)***  (0.018)***  (0.019)%***
Inflation 0.11 0.108 0.109 0.108
(0.089) (0.087) (0.084) (0.083)
Doc*Geff 0.22
(0.98)
Doc*RoL 0.233
(3.80)
Doc*Vacc 0.352
(0.987)
Constant 4.862 3.66 15.106 14.707 14.70 13.53
(2.076)**  (1.18)** (3.51)%#* (3.95) % (3.80)*** (4.89)%#*
No. of Obs 245 232 203 203 203 203
No. of Instrruments 7 10 12 13 13 13
Prob > chi2 0.00 0.00 0.00 0.00 0.00 0.00
AR(1) 0.166 0.156 0.24 0.232 0.219 0.227
AR(2) 0.476 0.424 0.11 0.120 0.117 0.115
Sargan test Prob>chi2 ~ 0.122 0.143 0.814 0.850 0.859 0.854
Hansen test Prob>chi2  0.520 0.630 0.834 0.853 0.857 0.852
Ramsey RESET test 0.9892 0.0203 0.7466 0.8571 0.7765 0.6528

Prob>F

Dependent variable is real per capita GDP growth. Robust standard errors in parentheses
wkk k% ¥ denotes significance at 0.10, 0.05 and 0.01 levels respectively
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Table 6 2 steps SYS-GMM regression with quality of research output

Y] 2 3) (C)) ) (6)
L1.GDP 0.239 0.225 —0.046 —-0.055 -0.05 —0.054
(0.145) (0.222) (0.11) (0.093) (0.091) (0.092)
Log Citations -0.175 0.271 -1.13 -0.714 —0.655 0.624
(0.44) (0.404) (0.437)** (0.413)* 0.477) (1.138)
Gov Eff —1.809 0.244 -9.33 -0.718 0.085
(1.089)* (1.479) (3.505) %3 (1.208) (1.389)
R of Law 2.115 —-0.415 -0.111 —-12.39 —0.296
(1.53) (0.901) (0.769) (3.56)%** (0.822)
Voi Acc 1.11 0.907 0.583 0.44 -8.217
(0.658)* (0.568) 0.419) (0.404) (7.198)
Priv —0.044 —0.036 0.001 —0.039
(0.042) (0.041) (0.049) (0.042)
Inflation 0.078 0.068 0.083 0.067
(0.045)* (0.032)** (0.052)%s#:* (0.036)*
Cit*Geff 2.11
(0.558) %%
Cit*RoL 2.77
(0.762)%%*
Cit*Vacc 1.811
(1.34)
Constant 3919 3.339 12.58 9.949 7.869 3.56
(2.266)* (1.806)* (4.012)%:* (3.184)%s#:% (3.142)%* (7.56)
No. of Obs 204 192 167 167 167 167
No. of Instrruments 6 9 14 14 14 14
Prob > chi2 0.00 0.00 0.00 0.00 0.00 0.00
AR(1) 0.183 0.194 0.214 0.155 0.128 0.174
AR(2) 0.488 0.472 0.138 0.136 0.135 0.131
Sargan test Prob > chi2 0.509 0.778 0.880 0.903 0.862 0.911
Hansen test Prob > chi2 0.507 0.382 0.941 0.951 0.904 0.955
Ramsey RESET test 0.9373 0.0160 0.6753 0.7389 0.5399 0.4978

Prob>F

Dependent variable is real per capita GDP growth. Robust standard errors in parentheses

wx xx ¥ denotes significance at 0.10, 0.05 and 0.01 levels respectively

System GMM model’s functional form assumptions hold up, we ran Ramsey’s RESET test.
Looking at the results across different specifications (see Tables 5, 6), most of the models
showed high p-values (ranging from 0.7466 to 0.9892 in Table 5 and 0.4978 to 0.9373
in Table 6), which means we couldn’t reject the null hypothesis of no misspecification.
This indicates that our linear specification works well for the majority of the regressions.
However, there were two models (Table 5, column 2: Prob>F=0.0203; Table 6, column
2: Prob>F=0.0160) that hinted at possible misspecification, likely because of the non-
linear dynamics of the interaction terms. We decided to keep these models for robustness
since their Hansen/Sargan tests confirmed that the instruments were valid (p>0.1), and
the key coefficients remained stable. We begin with a baseline model that contains only
our research output variable for a standard growth model. Next, we introduce proxies for
institutional quality and macroeconomic environment to assess their impacts on economic
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growth. Lastly, we augment the model with the interaction between research output and
institutions. Results are reported in Tables 5 and 6).

Model identifiability

To ensure the identifiability of our dynamic panel model, we rigorously addressed potential
multicollinearity and endogeneity while adhering to established econometric principles.
First, we mitigated multicollinearity by estimating separate models for research quantity
(Documents) and quality (Citations), which reduced mean VIF values to below 3 and pre-
served a full-rank design matrix—a prerequisite for parameter identification. Second, we
employed the two-step system GMM estimator to resolve endogeneity, utilizing lagged
levels and differences of endogenous variables as instruments. These instruments satisfied
exclusion restrictions, as confirmed by Sargan/Hansen tests (p>0.6), ensuring orthogo-
nality between instruments and errors. We explicitly modeled interaction terms (e.g.,
Research x Institutions) alongside constituent variables to avoid omitted variable bias,
aligning with best practices for interpretable interaction effects. The absence of autocorre-
lation in second-differenced errors (AR(2): p>0.1) further validated the model’s dynamic
structure. These steps were consistent with Tabrizi et al. (2020), who emphasized isolating
collinear predictors and testing instrument validity in mixed-data frameworks. Collectively,
these measures—coupled with stable, statistically significant coefficients across specifi-
cations—demonstrated that the model uniquely identified the interplay between research
output, institutions, and economic growth, robustly addressing theoretical and empirical
identifiability concerns (Table 7).

Robustness check

To make sure our findings are solid, we used a Generalized Method of Moments (GMM)
quantile regression as a way to double-check our results (Afshan et al., 2024; Machado &
Santos Silva, 2019). This method is really useful because it lets us explore how research
output, institutional quality, and economic growth relate to each other at different levels of
the dependent variable. This gives us a deeper understanding of how these factors influence
economic performance in various ways. GMM is particularly good at handling issues like
endogeneity, unobserved differences, and measurement errors, which are common chal-
lenges in econometric modeling. By using GMM quantile regression, we can get consistent
and efficient estimates that strengthen our conclusions about how research output and insti-
tutional quality interact. When we compare the interaction effects from the GMM quantile
regression with our main results. Results are reported in Tables (7 and 8).

Empirical results and discussion

Interaction between quantity of research output and institutional quality

In the initial model, the research evaluates the volume of academic articles published in
Scopus across various countries as an indicator of research productivity. The depend-

ent variable analyzed is the growth of GDP, while the independent variables consist of
research productivity, the quality of institutions, inflation rates, and the level of financial
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development. This analysis incorporates annual data from 15 countries in the Middle East
and North Africa (MENA) region for the years spanning from 2000 to 2017.

The results indicate a predominantly negative effect of research productivity on eco-
nomic growth across nearly all the regression analyses presented in Table (5). The sole
exception occurs in regression number (2), where only the variables of research productiv-
ity and institutional quality are included; in this case, the relationship is positive, though
it lacks statistical significance. Regarding the institutional quality metrics, the variable
"Voice and Accountability" emerges as the only factor with a demonstrably positive and
statistically significant effect on economic growth at the 1% level.

Additionally, the analysis reveals that the variable representing financial development
has a negative and statistically significant influence on GDP growth. On the other hand,
inflation demonstrates a negative effect on economic growth, but this impact does not reach
statistical significance.

One of the key insights from regressions (4, 5, and 6) is that there appears to be a posi-
tive interaction effect between the quantity of research output and the quality of institutions
on economic growth, even if this finding lacks statistical significance. It is important to
note that the interpretation of the interaction term is reliant on the sign of its coefficient. A
positive coefficient suggests that research productivity and institutional quality act as com-
plementary forces for economic growth, while a negative coefficient signifies that these
two variables function as substitutes. Our findings provide supporting evidence for the idea
that these two factors complement each other in promoting growth, albeit the result does
not achieve statistical significance.

Interaction between quality of research output and institutional quality

In our subsequent model, the research employs the quantity of citations sourced from Sco-
pus for each nation as an indicator of the caliber of research output. The results indicate
a notable negative relationship (at a 5% significance threshold) between the quality of
research output and economic growth once all independent variables are included in the
analysis (refer to regression (3) in Table (6)). Examining our control variables, the find-
ings reveal a statistically significant positive effect of inflation on economic growth. The
effects of other control variables, however, were not statistically significant, except for sce-
narios where we incorporated interaction terms in regressions (4, 5, and 6). In those cases,
the influence was negative and significant regarding the institutional variables included in
the interaction. Notably, the outcomes from regressions (4, 5, and 6) demonstrate that the
interplay between the quality of research output and institutional frameworks positively
influences economic growth, achieving statistical significance specifically in the context
of government effectiveness and the rule of law. These findings are particularly crucial as
they underscore a complementary relationship between the quality of research output and
institutional performance. In essence, our analyses suggest that the effect of research output
quality on economic growth is significantly influenced by the quality of a country’s insti-
tutions, particularly in relation to government effectiveness and the enforcement of legal
frameworks.

Comparison of interaction effects: GMM quantile regression vs. main results

Tables 5 and 6 provide a clear overview of the findings from two-step SYS-GMM regres-
sion, where we looked at both the quantity (number of documents) and quality (number of
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citations) of research output. These results offer valuable insights into how these factors
interact with institutional quality.

When it comes to the quantity of research output, the interaction between the number
of documents and the various aspects of institutional quality mostly showed non-signifi-
cant but generally positive coefficients in our earlier analysis. However, the GMM quan-
tile regression, detailed in the robustness tables, highlights certain quantiles where these
interaction terms become significant at different p-levels. Notably, at the higher quantiles
(specifically the 75th), where economic growth is more pronounced, the interaction term
reveals a positive coefficient. This suggests that in countries with stronger economic resil-
ience, there’s a more substantial complementary effect between the quantity of research
output and institutional quality. This finding indicates that in nations experiencing robust
economic growth, improvements in institutional effectiveness can further enhance the
positive relationship with research output, reinforcing the case for better institutional
frameworks.

When we look at the quality of research output, we see some interesting shifts com-
pared to the earlier SYS-GMM results. Our robustness check reveals a stronger and more
significant positive link between the quality of research output—measured by citations—
and institutional quality across different quantiles. For instance, at the 75th quantile, the
relationship between the number of citations and government effectiveness stands out with
solid significance. This suggests that as research quality improves, its positive impact on
economic growth is especially noticeable in countries with robust institutional frameworks,
particularly in areas like government effectiveness and the rule of law. These findings rein-
force our main conclusions, highlighting that effective institutions are better positioned
to harness high-quality research for economic benefits, which adds further weight to the
insights we’ve gathered from our primary models.

Policy implications

The findings highlight a pressing need for policymakers in the MENA region to embrace a
comprehensive strategy that combines strengthening institutions with targeted investments
in high-quality research to foster sustainable economic growth. Strong institutional frame-
works—bolstered by governance reforms, transparency, and accountability—should be the
foundation of this strategy, as they enhance the effectiveness of research by creating a sup-
portive environment for innovation and the application of knowledge. At the same time,
it’s essential to make strategic investments in research quality, which includes competi-
tive funding opportunities, partnerships between public and private sectors in R&D, and
incentives for collaboration between academia and industry. These efforts are crucial for
translating impactful research findings into commercial applications and evidence-based
policymaking. Coordination across sectors is also key: aligning education, research, and
economic development initiatives will help build a knowledge-based economy, while
robust monitoring systems will allow for adaptive policy adjustments to maximize the
benefits of research investments. Importantly, fostering a culture of innovation through
research-focused education, scholarships, and national recognition programs will support
long-term capacity building. By focusing on these interconnected pillars—strong institu-
tions, quality research, sectoral collaboration, and innovation ecosystems—MENA coun-
tries can unlock significant socio-economic advancements, boost economic growth, ulti-
mately promoting equitable development and better living standards.
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Conclusion

This study aimed to explore the extent to which the relationship between research output
and economic growth is shaped by the quality of a country’s institutions. To achieve this
objective, we applied a standard growth regression model using a comprehensive data-
set that encompasses 15 nations in the MENA (Middle East and North Africa) region,
with data spanning from 2000 to 2017. Our analysis employed the two-step system gen-
eralized method of moments (2-step SYS-GMM) alongside GMM quantile regression
analysis for dynamic panel data, allowing for a robust examination of the relationships
involved. The research output data were sourced from the Scopus database, as published
on the SCImago website, while additional data on economic growth and relevant control
variables were drawn from the World Development Indicators (WDI).

The results of our analysis revealed a predominantly negative relationship between
both the quantity and quality of research output and economic growth across most of
our regression models, with 9 out of 12 analyses reflecting this trend. However, a sig-
nificant shift occurred in this relationship when considering the interaction between
research output and institutional quality, resulting in a positive correlation. Specifically,
our findings provided strong evidence of a complementary dynamic between research
output and the effectiveness of institutions, particularly highlighting the influential roles
of government effectiveness and the rule of law.

In addition, the robustness checks using GMM quantile regression revealed stronger
and more significant interaction effects between quality of research output and institu-
tional quality across different quantiles, confirming the nuanced relationship between
these variables. Notably, the quantile regression outcomes indicated that in nations
experiencing robust economic growth, improvements in institutional effectiveness can
significantly enhance the positive relationship with research output. This suggests that
as research quality improves, particularly in countries with effective institutions, the
positive impact on economic growth becomes increasingly pronounced, underscoring
the importance of context in understanding this interplay.

From a policy standpoint, these findings accentuate the critical need for simultane-
ous enhancements in both the quality of research and the effectiveness of institutional
frameworks within the MENA region. Policymakers should prioritize targeted strategies
that aim to improve institutional quality, especially in areas pertaining to government
effectiveness and adherence to the rule of law. By investing in these domains, countries
can better harness the potential of research endeavors to stimulate economic growth.
Furthermore, fostering a conducive research environment, supported by strong insti-
tutions, is essential for yielding robust and sustainable economic development in the
region. Enhanced collaboration between researchers, government agencies, and other
stakeholders will be crucial in this process, paving the way for a more innovative and
growth-oriented MENA region. Overall, our study highlights the intricate interplay
between research output, institutional quality, and economic growth, suggesting that
efforts to bolster one without addressing the other may lead to suboptimal outcomes.
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