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ABSTRACT ARTICLE HISTORY
Technological innovation towards the goal of sustainable develop- Received 26 October 2023
ment is one of the concerns of many countries. This research Accepted 12 March 2024
investigates the linkages between innovation and growth for 71 KEYWORDS
countries worldwide from 1996 to 2020 by employing Economic growth;

a simultaneous equation model and the three-stage least squares technological innovation;
method to examine the bidirectional linkages among the variables. three-stage least squares;
Outcomes state a two-way relation between growth and technol- simultaneous equation
ogy innovation. Specifically, a positive influence of technology model

innovation on economic expansion emphasizes the importance of

innovation in growth. Meanwhile, a negative relationship between

growth and technology innovation shows that the pressure of

growth hinders innovation. Furthermore, a bidirectional relation-

ship still exists between them in the sample of high-upper-middle-

income countries but only one way for low-lower-middle-income

countries. Institutional quality positively affects growth, while insti-

tutional quality has a negative influence on innovation. A number

of policies have proposed to help promote innovation and enhance

economic growth.

1. Introduction

Innovation is inherently an interdisciplinary subject of study. Innovation includes not
only the development of a new merchandise or the commercialization of inventions but
also humanitarian, social, and institutional aspects. It is stated that innovation and
education are two important factors for ensuring economic growth (EG) (Schumpeter,
1939). Invention, innovation, and diffusion are three stages for a new and superior
technology to enter the market. It is believed that the research and development process
is used to carry out the process of technological invention and innovation. Finally, when
an innovation is successful, the diffusion process is followed for appropriate adoption by
individuals and businesses (Schumpeter, 1942). Innovation is not only important for
growth but also for health, environment, and other policy goals related to well-being.
However, the relationship between the countries' growth policies towards innovation has
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not been explored in detail. In this article, we deeply examine the interrelationship
between innovation and EG for the world nations. To investigate the bidirectional
relation between EG and technological innovation (TI), countries included in this
analysis must have available data of at least five continuous years. After excluding missing
data, the outcomes yield a total of 71 economies over the period 1996-2020, for which
data associated with the variables to be estimated in this article are available.

The relationship between technology innovation and growth has been emphasized in
many theories Solow (1956), Romer (1986), Lucas (1988). Theoretical and empirical
research on growth has produced a very rich and diverse literature. According to Solow
(1956), technological progress is an exogenous factor, because its operation is automatic
and independent of economic circumstances. Its purpose is to enhance the measurement
quality of the variables in the growth model and to decrease the residue. Romer (1986)
and Lucas (1988) indicated that it is necessary to introduce technology as an endogenous
factor affecting growth. From this point of view, endogenous growth theorists assume
that macroeconomic growth is an investment that leads to technological improvement.
Based on growth theory of Schumpeterian, Aghion et al. (2014) argued that subsequent
innovators receive positive knowledge spillovers from current innovators, but current
innovators also eliminate previous technologies. In addition, they also argued that
Schumpeterian growth theory helps reconcile growth with development by introducing
the concept of appropriate growth policies and institutions. They pointed out that
democracy is driving more growth in more frontier economies. Furthermore, they
pointed out that fiercer competition, low industry entry, higher levels of trade openness,
and greater emphasis on education may help spur more growth in more border nations.
Moreover, they also suggest a need to examine more closely how EG and innovation are
affected by business organization and research activities. However, business size and
organization are endogenous, and they depend on factors such as the supply of skilled
labor or the nature of domestic institutions. Their final suggestion for future research is
to consider the role of financial factors in promoting innovation and growth in more
frontier nations. Boschma et al. (2018) have developed a theoretical framework for
regional diversification based on Evolutionary Economic Geography and transition
literature. They concentrated on the interaction between ascending versus breakthrough
progress of interrelated industrial, institutional, and technology changes. Besides,
Polenske (2007) provides a comparative picture of the institutional factors that underpin
innovation systems globally. They make a major contribution to the existing literature
with an extensive analysis of the institutional and spatial aspects of innovation. Their
research provides insights into the important roles of institutions such as gender and
culture that are often overlooked in the innovation literature, and prove that geography
plays a key role in the process of innovation. Additionally, institutional and policy
solutions to support startups and cluster development are also debated.

Much empirical evidence shows that innovation has a positive impact on growth
(Ahmad et al., 2023; I. Khan et al.,, 2023; Manigandan et al., 2023; Meirun et al.,
2021; Phung et al., 2019; Wang et al., 2023). Meanwhile, others stated the opposite
(Mtar & Belazreg, 2023). Some empirical studies found a two-way causal relation-
ship between innovation and growth (Akinwale, 2022; I. Khan et al., 2023;
Maradana et al.,, 2019; Pradhan et al., 2018). From previous empirical results, it
shows that a two-way causal relation between growth and innovation exists.
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Although innovation is an important factor promoting growth, the countries growth
policies towards innovation have not been explored in detail across a diverse range
of countries. Therefore, this article will provide empirical evidence on the inter-
relationship between technology innovation and EG across a diverse range of
countries, and from there, a number of policies will be suggested to balance
between innovation promotion and sustainable EG.

Besides innovation, capital stock, population growth (PG), human capital (HC), and
institutional quality also affect EG. Indeed, some empirical evidence shows that HC and
capital stock positively impact growth (Abdouli & Omri, 2021; Bouznit et al., 2023;
Muhamad et al., 2018). According to Thuku and Paul (2013) and Adewole (2012), PG
positively affects growth, while Dao (2012) found the opposite. Besides, institutional
quality is found to have a positive relation with growth (Dogan et al., 2020; Islam &
Mustafa Shindaini, 2022), while Lee et al. (2020) showed the opposite result. According to
Rodriguez-Pose and Zhang (2020), poor institutional quality is a barrier for
companies’s innovation, while Tebaldi and Elmslie (2008) indicated that corruption
control, market-friendly policies, protection of property rights, and a more effective
judiciary system allow enhanced innovation. Furthermore, some empirical evidence
demonstrates that FDI inflows and financial development are found to have a relation
with innovation. Chen et al. (2022) and Sivalogathasan and Wu (2014) found that the
effect of FDI inflows on innovation is positive. Lv et al. (2021) found that financial scale
and financial efficiency negatively affect green technology innovation, and Jin et al.
(2018) showed energy consumption (EC) positively influences innovation.

This research follows the suggestion of Ren et al. (2021) and I. Khan et al. (2023) to
apply a simultaneous equation model (SEM) with three-stage least squares (3SLS)
estimator to investigate the interrelationships between innovation and growth because
this technique is considered more effective than others. Findings indicate a bidirectional
relationship between technology innovation and growth for 71 countries worldwide.
More specifically, technology innovation positively affects growth, while growth nega-
tively impacts innovation. This finding supports the view that innovation is an important
factor for growth. Our results are also confirmed by using fixed-effect model (FEM),
random-effect model (REM), and GMM methods for check robustness. Additionally, the
authors also check the robustness by adding significant economic events such as the
financial crisis in the period 2007-2009 and institutional quality as well.

This paper has several contributions to existing literature in some ways. Most previous
research has concentrated on the one-way relation between TI and growth. For instance,
some studies have investigated the influence of technology innovation on growth
(Ahmad et al., 2023; Manigandan et al., 2023; Meirun et al., 2021; Phung et al,, 2019).
Meanwhile, others have examined the effect of growth on innovation (Andabaka et al.,
2019; H. Khan et al.,, 2022; Sharif et al., 2023). Empirical evidence of a bidirectional
relationship between them is scanty (Akinwale, 2022; I. Khan et al., 2023; Maradana et al.,
2019; Pradhan et al.,, 2018). Our research will put on more proof to the literature for
71 countries worldwide, by investigating this interrelationship for 71 nations. Therefore,
the most important contribution of this study is to provide empirical evidence on the
interrelationship between innovation and growth in various countries, highlighting the
need for balanced policies between innovation promotion and sustainable EG. From
research results, some recommendations will be suggested for policy-makers.
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The structure of this study is as follows: the literature review will be presented in
section 2, the research models will be presented in section 3, section 4 will indicate the
empirical outcomes and discussions, and finally the conclusion and policy implications
will be presented in section 5.

2. Literature review

The capital, labor, and technological changes are some of the main factors driving EG
(Solow, 1956). Later, Romer (1986), Romer (1990), and Lucas (1988) have extended
Solow’s theory to a new growth theory that emphasized productivity growth as the result
of deliberate innovation by rational private sector profit-maximizing agents, and there-
fore that is determined to be endogenous. Technology innovation is one of the main
drivers of EG. HC is also considered an important resource determining EG. Besides,
institutional quality as a driver of economic development has attracted attention in the
EG literature. North (1990), Scott (1995), and Williamson (2000) made important
contributions to the field of institutional economics. They argue that formal rules such
as constitutions, laws, and regulations and informal rules like norms, habits, and social
practices play a vital role in economic development. TT is considered an important factor
promoting growth, and examining the factors affecting innovation has also attracted
much attention. Rodriguez-Pose et al. (2021) have made a comparative investigation of
innovation dynamics in Chinese cities. They found there are differences in innovation
dynamics between developed and underdeveloped cities. In more developed cities, they
seem to take more advantage of knowledge from R&D activities, large HC resources, and
spillover effects between cities than less developed cities. Besides, it is found that institu-
tional quality affects trade (Alvarez et al., 2018). Through technology transfer via import
and export activities, innovation can be greatly promoted. Bosma et al. (2018) have
studied relation among institutions, entrepreneurship, and GDP per capita growth in
Europe. They indicated that effective entrepreneurship contributes to GDP per capita
growth, and the relation between institutions and EG is positive. Besides, Polenske (2007)
provides a comparative picture of the institutional factors that underpin innovation
systems globally.

Empirical evidence shows the relation between innovation and growth, some of which
claim that innovation promotes growth (Ahmad et al., 2023; Manigandan et al., 2023;
Wang et al., 2023) and EG also increases TI (I. Khan et al., 2023; Sharif et al., 2023) (Weili
et al., H. Khan et al., 2022). Indeed, Wang et al. (2023) use data from 30 regions in China
from 2009 to 2020 to examine the influence of natural resources and TI on green
economy growth efficiency (GEGE) by applying the Generalized Method of Moments
(GMM) model and found that technology innovation allows to enhance the GEGE of the
whole country and three regions, and the effect is greatest in the western region of China.
Similarly, using panel data for 35 Belt and Road nations for the period 1985-2019,
I. Khan et al. (2023) discovered that TI drives EG, and EG increases TI. Sharif et al.
(2023) showed that EG positively affects innovation in six ASEAN countries during the
period 1995-2018. Ahmad et al. (2023) found that TT is an important factor in promoting
sustainable development in China, with innovation contributing to EG. The same result
is also found in the research of Manigandan et al. (2023). H. Khan et al. (2022) found
a positive impact of EG on innovation, while FDI and EC have a negative impact on
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innovation in 181 countries for the period 1980-2019. Akinwale (2022) showed that
there is a long-term correlation and a two-way link between TI and EG. Meirun et al.
(2021) explored the positive and significant effect of green technology innovation on EG
in Singapore, employing a bootstrap ARDL approach. Phung et al. (2019) used data from
69 countries for the period of 2006-2014, applied the GMM method, and found that
innovation, openness, and FDI inflows have a positive effect on EG. Additionally,
interaction between innovation and institutional quality shows a positive relation with
EG. Galindo-Martin et al. (2020) also stated that EG is positively affected by innovation
and institutions. Andabaka et al. (2019) utilized GMM estimator to analyze the impact of
GDP growth, institution quality, and recycling rates on the eco-innovation in
28 European countries and found that these explanatory variables have a positive effect
on eco-innovation for 2010-2016 period. Moreover, some empirical evidence
indicates the linkages between the capital stock, PG, HC, institutional quality, and EG.
Capital stock positively influences per capita GDP (Abdouli & Hammami, 2020). Likely,
Abdouli and Omri (2021) examined the link between FDI inflows, CO, emissions, HC,
and EG over the period 1990-2013 in the Mediterranean region. They found that HC and
capital stock have a positive influence on EG. Besides, according to Thuku and Paul
(2013) and Adewole (2012), PG positively affects GDP growth, while Dao (2012) found
the opposite. Likewise, Klasen and Lawson (2007) investigated the effect of PG on EG and
poverty decrease in Uganda and found that high PG is a barrier to poverty reduction and
per capita growth in Uganda. Regarding the factors affecting innovation, some empirical
studies demonstrate that EG, FDI inflows, financial development, energy use, and
institutional quality have a influence on innovation. Economic expansion
encourages innovation (I. Khan et al., 2023; Sharif et al., 2023), while Yu et al. (2023)
and Shen et al. (2021) demonstrate the opposite outcomes. Chen et al. (2022) examined
the effect of FDI on innovation in Chinese firms and illustrated that FDI has a positive
influence on innovation. Lv et al. (2021) investigated the link between green technology
innovation (GTI) and financial development in China. They found a positive influence of
financial structure on GTI, while financial scale and financial efficiency negatively affect
GTL. Jin et al. (2018) examined the link between TI and EC in China over 1995-
2012 period. They indicated that TI positively affects EC in the short run, while EC is
positively and bilaterally associated with TI. Rodriguez-Pose and Zhang (2020) demon-
strate that a poor institutional quality in urban areas of China is a barrier to innovation.

On the other hand, some empirical studies show that there exists a negative relation
between TI and EG (Mtar & Belazreg, 2023; Shen et al., 2021; Yu et al., 2023). For
instance, Mtar and Belazreg (2023) investigate linkages among innovation, trade open-
ness, financial development and EG by using a panel-VAR approach and found
a negative relation between innovation and economic expansion. Yu et al. (2023) indicate
that economic growth pressure (EGP) negatively affects green technology innovation
(GTI), using data from 285 cities in China during 2006-2018 period. Shen et al. (2021)
found that EG targets have a negative impact on innovation in 244 cities of China from
2004 to 2016.

Other studies show bidirectional causality between innovation and EG (Akinwale,
2022; 1. Khan et al., 2023; Maradana et al., 2019; Pradhan et al., 2018). I. Khan et al. (2023)
indicated a bidirectional causality between innovation and EG in 35 Belt and Road
nations over 1985-2019 period. Akinwale (2022) found a bidirectional causality between
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innovation and EG in South Africa for 1985-2015 period. Maradana et al. (2019) showed
a unidirectional and bidirectional causality between innovation and EG by employing
a Granger causality test for 19 European countries from 1989 to 2014. Pradhan et al.
(2018) indicated a two-way causality between innovation and EG in 49 European nations
over the period 1961-2014.

In general, most studies have investigated either the effect of TT on EG or the effect of
EG on technology innovation. According to the research of I. Khan et al. (2023),
Akinwale (2022), Maradana et al. (2019), and Pradhan et al. (2018), there is
a bidirectional causality between innovation and EG in 35 Belt and Road countries, in
South Africa and in European countries. Therefore, the authors will put on more proof to
existing literature on interrelationship between technology innovation and EG in the
context of 71 worldwide countries. From the research results, some recommendations
will be suggested for policy-makers, highlighting the need for balanced policies between
innovation promotion and sustainable EG.

The hypothesis is formulated as follows:

H1. There is a two-ways relation between technology innovation and economic
growth.

3. Methodology and data
3.1. Data and variables

In this study, the data were collected from three various sources. Technology innovation
(TT) as measured by the total number of patent applications, residents and non-residents;
EG (EG) is the growth rate of gross domestic products (%); the capital stock (K) is
measured by gross fixed capital formation (% of GDP); PG is the population growth
(annual %), HC is the proxy by labor force participation rate for ages 15-24 years
(Y. Khan et al,, 2022), and FDI is measured by foreign direct investment, net inflows
(% of GDP). Data of these variables were collected from the World Development
Indicators, World Bank. FD is a financial development index, gathered from the
International Monetary Fund, and EC is the EC per capita (kWh/person), collected
from Our World in Data. Detailed data are shown in Table 1.

Table 1. Describe variables.

Variable Definition Data Source
Economic growth (EG) GDP growth (annual %) (WD, 2023)
Technological innovation (TI) The number of patent applications, residents and non residents (WD, 2023)
Capital stock (K) Gross fixed capital formation (% of GDP) (WDI, 2023)
Population growth (PG) Population growth (annual %) (WDI, 2023)
Human capital (HC) Labor force participation rate for ages 15-24, total (%) (WDI, 2023)
Foreign direct investment (FDI) Foreign direct investment, net inflows (% of GDP) (WD, 2023)
Financial development (FD) Financial development index (IMF, 2023)
Energy consumption (EC) The natural logarithm of energy consumption per capita (kWh/  (Our World in
person) Data-OWID,
2023)

IMF: International Monetary Fund.
WDI: World Development Indicators.
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Variable Obs. Mean SD Min Max
EG 1,775 3.182 3.822 -15.136 19.681
Tl 1,775 25149.87 113518.6 4 1,542,002
K 1,775 23.046 5.512 4.452 48.412
PG 1,775 0.789 1.010 —3.847 5.321
HC 1,775 45717 12.858 16.144 83.03
FDI 1,775 4.875 18.094 —40.086 449.080
FD 1,775 0.424 0.239 0.026 1

EC 1,775 9.970 1.082 6.045 12.145

EG = Economic growth; Tl = Technological innovation; K = Capital stock; PG = Population growth; HC = Human
capital; FDI = Foreign direct investment; FD = Financial development; EC = The natural logarithm of energy
consumption per capita.

Table 3. Correlations between variables.

Variables EG Tl K PG HC FDI FD EC
EG 1

Tl -0.03 1

K 0.23 -0.03 1

PG 0.07 0.06 -0.00 1

HC 0.02 —-0.03 —-0.04 0.22 1

FDI 0.17 -0.03 0.10 -0.18 0.07 1

FD -0.19 0.05 0.03 -0.01 0.34 -0.01 1

EC 0.18 -0.08 0.02 0.19 0.05 0.06 —-0.36 1

EG = Economic growth; Tl = Technological innovation; K = Capital stock; PG = Population growth; HC = Human capital;
FDI = Foreign direct investment; FD = Financial development; EC = The natural logarithm of energy consumption per
capita.

Table 2 shows that the mean growth rate of gross domestic products (GDP) is 3.182%,
minimum value is —15.136%, while the maximum value is 19.681%, implying that there is
a difference of the GDP growth among the nations in the sample. Likewise, there is
a difference between the mean and standard deviation of the TI variable, which may
imply a difference level of innovation across countries in this sample. Similarly, mean
value of K is 23.046%, and standard deviation is 5.512%. The average value of PG is
0.789%, and volatility is 1.010 %. The average value of FDI is 4.875%, with high volatility
(18.094%), suggesting that there is a difference on FDI inflows among countries. In
contrast, mean value of FD is 0.424, with low standard deviation (0.239), showing that
there is a little difference on FD among nations in this sample.

Table 3 indicates a negative correlation between EG and TI and no high correlations
between independent variables utilized in equations (1) and (2). However, the concurrent
relation between EG and TI can only be tested by SEM method.

3.2. Theoretical framework and methodology

Growth theory of Solow (1956) points out that capital, labor, and technological
change determine economic expansion. Later, Romer (1986), Romer (1990), and
Lucas (1988) have extended Solow’s theory to a new growth theory that empha-
sized productivity growth as the result of deliberate innovation by rational private
sector profit-maximizing agents, and therefore that is determined to be endogen-
ous. Technology innovation is one of the main drivers of EG. Endogenous growth
theory is used in our work to estimate the relation between growth and TIL
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Additionally, Boschma et al. (2018) concentrated on the interaction between
ascending and breakthrough progress of interrelated industrial, institutional, and
technology changes. Polenske (2007) provides a comparative picture of the insti-
tutional factors that underpin innovation systems globally. Aghion et al. (2014)
made a suggestion for future research to consider the role of financial factor in
promoting innovation and growth in more frontier nations. Innovation can be
strongly promoted thanks to import and export activities (Alvarez et al., 2018).
Based on the theoretical foundation and empirical studies mentioned above, the
research models are proposed as follows:

EG = f(TI,K, PG, HC) (1)

TI = f(EG, FDI, FD, EC) )

TI and EG represent two endogenous variables in this paper. To solve concurrency
between innovation and EG (cause of endogeneity), the SEM method is applied.
Accordingly, several techniques are commonly used, like seemingly unrelated regres-
sions (SUR) (I. Khan et al., 2023), Granger causality test (Guloglu & Tekin, 2012),
two-stage least squares (2SLS) (I. Khan et al., 2023), 3SLS (Ren et al., 2021), and
GMM (Malik, 2021). Still, Nguyen and Nghiem (2015) argue that outcomes obtained
from Granger causality are relatively sensitive to a number of lags and model
specifications. Similar problems can also occur when using SEM in combination
with GMM. Belsley (1988) and Intriligator (1978) argue that 3SLS is more effective
than 2SLS because this technique utilizes information about the relation of stochastic
disturbance terms of structural equations, strengthening the association between the
error term. Therefore, 3SLS estimator is a coalescence of 2SLS, and SUR is commonly
utilized. Inherited from previous studies like Ren et al. (2021), Malik (2021), and
I. Khan et al. (2023), a simultaneous equation model, specifically 3SLS, will be applied
in our study.
The experimental model is presented as follows:

EGit = a0 + ol TIit + a2Kit + «3PGit + a4HCit + it (3)

TIit = B0 + B1EGit + 2FDIit 4 B3FDit + B4ECit + it (4)

where EG is measured by the growth rate of gross domestic products, technology
innovation (TI) proxy by the total number of patent applications, residents and non-
residents. The capital stock (K) proxy by gross fixed capital formation (% of GDP),
population growth (PG), and HC proxy by labor force participation rate for ages 15-24
years, total (%). Foreign direct investment, net inflows (% of GDP), financial develop-
ment (FD), and EC is the natural logarithm of energy consumption per capita
(kWh/person).

a0 and f0 are intercepts

it is the error term

al,a2,a3, a4; and B1, 32, 33, 34 indicate the coefficients

i indicates country (i=1...N)

t indicates time (£ =1996 ... . 2020)
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4. Results and discussions

Before conducting a regression analysis, we need to check variables stationarity, to make
sure the regression results are reliable. Cross-sectional dependence tests need to be
determined before performing the panel unit root test. The results of these cross-
sectional dependence tests are illustrated in Table 4 by using Pesaran’s CD test. Table 4
shows that cross-sectional dependence exists between countries. The first-generation
unit root tests often take no notice of cross-sectional dependence, which can reduce the
reliability of results. Therefore, to resolve this problem, the second-generation root tests
will be used (Pesaran, 2007). The unit root test results are shown in Table 5 by using
Pesaran CADF and Pesaran CIPS test. The outcomes indicate that all variables are stable
at the first difference I(1), so that all variables can be analyzed directly for regression.

The outcomes from Tables 6 demonstrate that there exists a bidirectional relationship
between EG and technology innovation. TI affects EG positively, while growth negatively
influences technology innovation. Therefore, H1 hypothesis is accepted.

For the determinants of EG, the outcomes show that TI has a significantly positive
impact on EG, suggesting that TT increases EG. This is supported by previous findings of
I. Khan et al. (2023) for 35 Belt and Road countries, Ahmad et al. (2023) for China, and

Table 4. Results of cross-sectional dependence tests
by Pesaran CD test.

Variables Pesaran CD test Prob-value
EG 110.190%** 0.0000
Tl 2.844*x* 0.0044
K 17.818%** 0.0000
PG 5.8571%** 0.0000
HC 82.926*** 0.0000
FDI 32.098%** 0.0000
FD 117.546*** 0.0000
EC 22.461%%* 0.0000

EG = Economic growth; Tl = Technological innovation; K =
Capital stock; PG = Population growth; HC = Human capital;
FDI = Foreign direct investment; FD = Financial development;
EC = The natural logarithm of energy consumption per capita.

Table 5. Results of the panel stationarity tests.
Pesaran CADF test

Pesaran CIPS test

Level 1st difference Level 1st difference

Intercept & Intercept & Intercept & Intercept &
Variables Intercept trend Intercept trend Intercept trend Intercept trend
EG —2.431%** ) 458*% —3.847***  _3860%** —3,088*** —3245%**  _5236***  _5)252%**
Tl —2.195%** D 735%**  _4,030%** —4120%** —2.805*** —3417*** _5063*** _5183*%**
K —2.029***  —2.330 —3.239%**  _3350%** 1844 -2.118 —4.172%*%  —4216%**
PG —1.899% —2.493%*  —2082%**  _3061%*** —1452 -1.717 —2.908***  —2.914%**
HC —1.971** —2.076 —2.844%** ) 972¥**  _1775 -1.873 —3.788%**  _3.945%**
FDI —2.657%*%%  —3125%%*%  —4.422%%% 4 424%** 3 541¥** 3. 892%**  _5707%**  _5791***
FD —2.225%*% D 728¥**  _3612%**  _3707%** _2252*¥**  _DTJ08*** —4847%**  _4920%**
EC —0.784 -1.866 —2.635%** 2 754*** 1,009 -2.143 —3.089%**  —4,125%**

***¥p < 0.01, **p < 0.05, *p < 0.1.

EG = Economic growth; Tl = Technological innovation; K = Capital stock; PG = Population growth; HC = Human capital;
FDI = Foreign direct investment; FD = Financial development; EC = The natural logarithm of energy consumption per
capita.
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Table 6. The results of models.
Equation (1) of SEM
Economic growth (EG)

Constant —32.480%** (7.346)
Tl 0.028*** (0.005)
K 0.003*** (0.001)
PG —0.048 (0.347)
HC 0.203*** (0.061)
Country fixed effects Yes

No. Obs 1,775

R? —5.897

Equation (2) of SEM
Technological innovation (TI)

Constant 860.246*** (77.137)
EG —30.075** (13.434)
FDI 0.084*** (0.025)
FD —346.926** (160.152)
EC 0.105%** (0.030)
Country fixed effects Yes

No. Obs 1,775

R 0.339

*¥p < 0,01, **p < 0.05, *p < 0.1.

SEM = Simultaneous equation model; EG = Economic
growth; TI = Technological innovation; K= Capital
stock; PG = Population growth; HC = Human capital;
FDI = Foreign direct investment; FD = Financial devel-
opment; EC = The natural logarithm of energy con-
sumption per capita.

Meirun et al. (2021) for Singapore. Many patents are created to serve in production,
creating higher value products, lower costs, and less fuel consumption, which contributes
to increase income and promote growth. However, our results are contrary to the finding
of Mtar and Belazreg (2023) in European countries, which reported a negative relation
between innovation and growth. The positive impact of innovation on growth reflects
efficiency for production investment, fuel savings, cost savings, and reasonable technol-
ogy transfer, and patents bring efficiency in business practice. Furthermore, the capital
stock (K) is positively related to EG, implying that the capital allows to increase EG. This
result is supported by the empirical study of Abdouli and Hammami (2020) in Middle
East Countries and Abdouli and Omri (2021) in the Mediterranean region. This shows
the efficiency brought from capital sources for economic development. This is also
reasonable because capital is one of the important factors for the economic development
of each country. Capital has a positive relationship with EG, showing that capital sources
have been used effectively for development investment in these countries. Additionally,
PG is negatively related to EG, but not significantly. HC is found to have a positive
relationship with EG, showing that HC drives EG. This is similar with the findings of
Muhamad et al. (2018) in ASEAN countries and Abdouli and Omri (2021) and Bouznit
et al. (2023) in Algeria. This implies that high-quality human resources promote growth
for countries, so managers need to focus on education, creating quality resources to serve
national development.

In terms of the determinants of TI, results show that EG is significantly negatively
correlated with TI, implying that economic expansion reduces innovation. This result is
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contrary to the findings of I. Khan et al. (2023) in 35 Belt and Road countries, Sharif et al.
(2023) in ASEAN countries, who explored that economic expansion allows enhance
innovation, but our finding is supported by the results of Mtar and Belazreg (2023), Yu
et al. (2023), and Shen et al. (2021), who found that pressures and targets in economic
development hinder innovation. Their findings show that more ambitious EG targets are
more detrimental to green innovation. The reason for this is that some regions chase
quantity and ignore the quality of EG. Therefore, setting local EG targets will limit green
innovation. TI promotes growth, but conversely, growth hinders innovation, which
shows that growth pressures have a negative impact on innovation. Managers need to
pay attention to investing in TI, especially energy and green technology projects serving
sustainable development.

The coefficient of FDI variable is positive and significant, highlighting that FDI
promotes technology innovation. This result is consistent with the findings of Cheung
and Lin (2004) and Chen et al. (2022), who explored that FDI has a positive effect on the
number of patent applications. This is explained by the fact that FDI inflows can bring
advanced technology and spillover effects that can promote innovations. However, our
results are opposite to those of Shen et al. (2021), who explored that FDI hinders green
technology innovation. This discrepancy may be due to regions in China still being in
a period of profound economic expansion, and governments tend to focus on rapid
industrial development for the purpose of economic development. In terms of the
financial development, the coefficient is negative and significant, demonstrating that
financial development has not enhanced TI. This result is similar to Lv et al.’s (2021)
outcomes, who found that financial scale and financial efficiency negatively affect green
technology innovation. This shows that countries do not have an appropriate allocation
of capital for T1I, so managers need to pay more attention to spend capital for innovation
in the coming time, especially renewable energy projects and green technology innova-
tion. EC has a significant positive influence on TI, highlighting that EC enhances TI. This
result is consistent with the finding of Jin et al. (2018). Encouraging investment in
renewable energy to produce electricity is crucial as this helps create energy innovation,
promoting sustainable growth for the future.

In the period of 1996-2020, a prominent economic event occurred, which was the
global financial crisis of 2007-2009. This financial crisis event may also affect the
relationship between growth and innovation. Therefore, the authors conduct
a robustness check with the financial crisis variable. Financial crisis is a dummy variable,
taking the value of 0 when there is no financial crisis, and the value of 1 when there is
a financial crisis.

The outcomes of robustness checks with financial crisis variable are shown in Table 7.
The obtained findings are unchanged, and for the ease of comprehension, we only
explain the main variables and financial crisis variables in Table 7. Table 7
indicates that TI positively affects EG, while EG negatively impacts TI. Regarding the
financial crisis, Table 7 shows a negative influence of financial crisis on EG, implying that
financial crisis reduces EG. This finding is confirmed by research conducted by Tabata
(2009) for Russia and Bordo et al. (2010) for 45 countries, who demonstrate a significant
drop in production in 2008 and 2009 due to global financial crisis. The global financial
crisis has caused a lot of damage to countries, leading to increased unemployment, real
estate difficulties, reduced exports, and reduced tourism, which has a a negative impact
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Table 7. Robustness checks with financial crisis.

Equation (1) of SEM

Economic growth (EG)
Constant

Tl

K

PG

HC

—29.569*** (6.524)
0.024*** (0.005)

0.003*** (0.0005)
—0.034 (0.326)
0.198%*** (0.055)

Financial crisis —2.341%%%(0.585)
Country-fixed effects Yes

No. Obs 1,775

R ~4.509
Equation (2) of SEM

Technological innovation (TI)

Constant 838.089**%(77.628)
EG —31.393** (12.134)
FDI 0.098*** (0.025)
FD —296.151** (151.348)
EC 0.115%** (0.029)
Financial crisis —4.285 (28.502)
Country-fixed effects Yes

No. Obs 1,775

R? 0.334

**%p < 0.01, **p < 0.05, *p < 0.1.

SEM = simultaneous equation model; EG = Economic
growth; Tl = Technological innovation; K = Capital
stock; PG = Population growth; HC = Human capital;
FD I= Foreign direct investment; FD = Financial devel-
opment; EC = The natural logarithm of energy con-
sumption per capita.

on the economy. Meanwhile, financial crisis has a negative effect on innovation but is not
statistically significant.

According to Aghion et al’s (2014) suggestion, we add institutional quality as
a dependent variable to check robustness, and institutional quality include control of
corruption (CORRUPTION), regulatory quality (REGULATORY), rule of law (RULE),
voice and accountability (VOICE), government effectiveness (GOVERNMENT), and
political stability (POLITICAL). These indicators are gathered from the World Bank
database; to avoid the problem of multicollinearity, the authors included these indicators
in a separate model. The obtained results are unchanged, and for the ease of comprehen-
sion, the authors only explain the main variables in Table 8. Part 1 and Part 2 of Table 8
show that TI positively affects EG, while EG negatively impacts TI. Table 8 shows
a bidirectional relationship between TI and EG in all models. Similar to the findings of
Islam and Mustafa Shindaini (2022), institutional quality is found to increase EG,
indicating that government policies and regulations are working effectively, contributing
to business activities, thereby stimulating growth. However, institutional quality has
a significantly negative influence on TI. This is in line with the findings of Rodriguez-
Pose and Zhang (2020) and Lee et al. (2020), who explored that poor institutional quality
is a barrier for innovation. It seems that because of pressure on growth targets, some
policies and regulations have not created opportunities for innovation. Therefore, poli-
cies that balance between innovation promotion and sustainable growth need more
attention from managers.
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Table 8. Robustness checks with institutional quality.
Part 1: equation (1) of SEM
Economic growth (EG)

Constant —35.150*** —40.079*** —34.584*** —36.609*** —35.776*** —33.301***

(8.472) (9.876) (8.225) (8.761) (8.522) (7.320)
Tl 0.028*** 0.033%*** 0.028%*** 0.030%*** 0.029%*** 0.026***

(0.006) (0.007) (0.006) (0.006) (0.006) (0.005)
K 0.003*** 0.003*** 0.003*** 0.003*** 0.003*** 0.003***

(0.001) (0.001) (0.001) (0.001) (0.001) (0.001)
PG —-0.083 -0.075 —-0.051 —-0.055 —0.031 -0.108

(0.349) (0.366) (0.359) (0.362) (0.373) (0.333)
HC 0.183*** 0.227%** 0.208*** 0.2271%** 0.217%** 0.188***

(0.058) (0.076) (0.063) (0.069) (0.067) (0.057)
CORRUPTION 0.005***

(0.002)
REGULATORY 0.004***

(0.002)
RULE 0.002*
(0.001)
VOICE 0.003**
(0.001)
GOVERNMENT 0.003**
(0.001)
POLITICAL 0.005***
(0.001)

Country-fixed effects Yes Yes Yes Yes Yes Yes
No. Obs 1,775 1,775 1,775 1,775 1,775 1,775
R —6.088 -8.250 -6.176 -7.015 —6.598 -5.179

Part 2: equation (2) of SEM
Technological innovation (TI)

Constant 981.648*** 933.1771%*** 939.457%*** 910.065*** 905.42%** 917.989%***
(79.013) (78.582) (81.331) (79.693) (79.812) (79.671)
EG —27.905** —29.541** —31.461** —32.259** —32.582** —30.947**
(13.136) (13.391) (13.414) (13.587) (13.570) (13.188)
FDI 0.080%*** 0.076*** 0.083%*** 0.083%*** 0.085%*** 0.087%***
(0.025) (0.025) (0.025) (0.026) (0.026) (0.025)
FD —354.392** —294.985* —348.111** —322.737** —345.652** —366.681**
(157.827) (157.000) (159.455) (158.908) (160.357) (158.791)
EC 0.099%*** 0.098*** 0.105%** 0.105%** 0.106*** 0.110%**
(0.029) (0.029) (0.030) (0.030) (0.030) (0.030)
CORRUPTION —0.237%**
(0.041)
REGULATORY —0.146***
(0.042)
RULE —0.142***
(0.043)
VOICE —0.112%*
(0.045)
GOVERNMENT —0.097**
(0.042)
POLITICAL —0.112%*
(0.039)
Country-fixed effects Yes Yes Yes Yes Yes Yes
No. Obs 1,775 1,775 1,775 1,775 1,775 1,775
R? 0.357 0.345 0.338 0.334 0.332 0.339

**¥p < 0.01, **p < 0.05, *p < 0.1.

SEM = Simultaneous equation model; EG = Economic growth; Tl = Technological innovation; K = Capital stock; PG =
Population growth; HC = Human capital; FDI = Foreign direct investment; FD = Financial development; EC = The natural
logarithm of energy consumption per capita; CORRUPTION = control of corruption index; REGULATORY = regulatory
quality index; RULE = rule of law index; VOICE = voice and accountability index; GOVERNMENT = government
effectiveness index; POLITICAL = political stability index.
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Table 9. Robustness checks with considering subsamples.
Part 1: equation (1) of SEM
Economic growth (EG)

High- and upper-middle-income group Low- and lower-middle-income group
Constant —26.796*** —1.785
(6.627) (2.993)
Tl 0.020%** —0.003
(0.005) (0.007)
K 0.334%** 0.003*
(0.054) (0.002)
PG -0.324 —-0.326
(0.312) (0.378)
HC 0.136%** 0.157%**
(0.041) (0.049)
POLITICAL 0.004*** 0.002
(0.001) (0.002)
Country-fixed effects Yes Yes
No. Obs 1,375 400
R? -1.778 0.184
Part 2: equation (2) of SEM
Technological innovation (TI)
Constant 848.297*** 320.197%***
(72.828) (39.340)
EG —30.987*** —25.328**
(10.175) (10.742)
FDI 0.1712%** —0.572
(0.028) (2.541)
FD —410.244*** —371.676***
(130.660) (130.759)
EC 0.115%** 0.131
(0.036) (0.111)
POLITICAL —0.100%* —-0.101
(0.044) (0.091)
Country-fixed effects Yes Yes
No. Obs 1,375 400
R? 0.365 -0.396

*¥) < 0,01, **p < 0.05, *p < 0.1.

SEM = Simultaneous equation model; EG = Economic growth; Tl = Technological innovation; K = Capital stock; PG =
Population growth; HC = Human capital; FDI = Foreign direct investment; FD = Financial development; EC = The natural
logarithm of energy consumption per capita; POLITICAL = political stability index.

Table 9 shows the outcomes of robustness check as the authors consider subsamples.
The results illustrate that a two-way relation between TI and EG still takes for the case of
high- and upper-middle-income countries. When considering low- and lower-
middleincome countries, the only one-way negative association between TI and EG is
found.

To further consolidate the research results, we use FEM, REM, and GMM methods to
evaluate the two-way relationship between innovation and growth. The outcomes from
Equation (1) and Equation (2) of Table 10 show the autocorrelation and heteroskedas-
ticity exist in the FEM and REM model. The results of estimating the GMM model show
that the p_values of the Hansen, AR1, and AR2 tests demonstrate the suitability of the
model. Estimated results by using the GMM method also indicate that TI positively
affects EG, while EG negatively impacts TI. Besides, PG has a significant negative
influence on EG, implying that high PG is a barrier for per capita growth. This finding
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Table 10. The result of regressions — FEM, REM, and GMM system.

Variables FEM REM GMM system
Equation (1): Economic growth (EG)
EG4 0.213*** (0.020)
Tl 0.000 (0.000) —0.000 (0.000) 0.000%** (0.000)
K 0.001*** (0.000) 0.001*** (0.000) 0.001*** (0.000)
PG —0.358*(0.190) 0.008 (0.135) —1.454*** (0.175)
HC 0.130***(0.021) 0.035***(0.011) 0.297*** (0.015)
C —4.130***(1.010) 0.025 (0.618) —11.822*** (0.748)
No. Obs 1775 1775 1704
Hausman test 0.000
Wooldridge test F(1,70) = 22.993
Prob > F=0.000
Modified Wald test Chi2(71) = 6482.97
Prob>chi2 = 0.000
AR(1) -4.89
(0.000)
AR(2) -1.64
(0.101)
Hansen test 68.96
(0.154)
Equation (2): technological innovation (Tl)
Tl 0.815*** (0.018)
EG —2.720 (2.447) —2.261 (2.427) —1.947*** (0.504)
FDI 0.044** (0.020) 0.036* (0.019) 0.003 (0.003)
FD —195.227 (138.341) —34.697 (98.672) —124.260*** (43.734)
EC 0.025 (0.028) 0.009 (0.027) —0.009 (0.012)
C 720.867%***(67.931) 672.426%** (62.215) 193.006*** (22.964)
No. Obs 1775 1775 1704
Hausman test 0.1906
Wooldridge test F(1,70) =9.527
Prob > F=0.0029
Breusch and Pagan LM test Chibar2(01) = 2510.39
Prob>chibar2 = 0.000
AR(1) —4.47
(0.000)
AR(2) 1.22
(0.222)
Hansen test 64.47
(0.134)

**%p < 0.01, **p < 0.05, *p < 0.1.

FEM = fixed-effect model; REM = random-effect model; GMM = Generalized method of moments; EG = Economic growth;
Tl = Technological innovation; K = Capital stock; PG = Population growth; HC = Human capital; FDI = Foreign direct
investment; FD = Financial development; EC = The natural logarithm of energy consumption per capita

is supported by the findings of Dao (2012) and Klasen and Lawson (2007), who stated
that PG reduces EG. PG accompanied by high-quality human resource training needs to
be considered for sustainable development.

5. Conclusion and policy implications
5.1. Conclusion

This paper investigates the interrelationships between EG and technology innovation in
the world 71 countries for the period 1996-2020. This research applied the SEM with
3SLS method to explore linkages between variables. Authors also use fixed effects,
random effects, and GMM-System estimator to check robustness. The study also
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employs the cross-sectional dependence test by Pesaran CD test and the second-
generation unit root tests by using Pesaran CADF and Pesaran CIPS test, and the
outcomes indicate that all variables are stable at the first difference 1(1).

The empirical outcomes of 3SLS estimator indicate a two-way relationship between
growth and technology innovation. Specifically, technology innovation enhances growth,
while EG hinders innovation. Besides, the capital stock, HC, and institutional quality
raise EG, while PG and financial crisis reduce EG. Furthermore, FDI inflows and EC
increase innovation, while institutional quality and financial development hinder
innovation.

5.2. Policy implications

Based on the empirical outcomes, we suggest specific policy implications. First, it
suggests that countries worldwide should foster innovation by promulgating regulations
to support businesses in investing in science and technology, encouraging businesses to
innovate in production, create quality products, save costs, and enhance competitiveness.
There is a need for policies to encourage green innovation towards the goal of sustainable
growth. Second, although innovation drives growth, growth inhibits innovation.
Therefore, policies that balance between innovation promotion and sustainable growth
need attention. More policies need to be implemented to improve interrelationships
between EG and TI. For example, encouraging foreign capital to penetrate local indus-
tries, creating more conditions for domestic businesses to cooperate with multinational
companies, thereby being able to learn technology from developed countries through
spillover effect. Besides, governments should introduce policies to eliminate outdated
production capacity, promote industrial restructuring, smart agricultural production,
and promote sustainable development. In addition, when setting growth targets, local
governments need to consider preventing excessive priority on implementing far-
reaching economic policies that hinder innovation. Third, the positive influence of
capital on growth emphasizes its importance for growth. Governments should spend
capital for economic development, particularly through investment for sustainable
growth by clean energy projects, attract investment capital from foreign companies,
build green industrial parks aiming for sustainable growth. Additionally, it is necessary
to introduce policies that encourage each family to have at least two children along with
training high-quality human resources to replace older workers towards the goal of
growth and sustainable development. Moreover, findings show institutional quality
enhances growth; it implies that countries’ institutions are effective in promoting growth.
Although institutional quality promotes growth, it stifles innovation. Therefore, it is
necessary to have policies that balance innovation and growth. Promulgate strict regula-
tions and effective institutions to promote investment in innovation towards the goal of
sustainable development. Besides, FDI inflows enhance innovation, which suggests that
the governments should give policies to attract international investment capital, which
benefits domestic businesses in absorbing and developing advanced technology. The
presence of foreign investors stimulates domestic enterprises to innovate. Still, it requires
the legal framework to provide a pleasant atmosphere for investors to participate in the
economy. Furthermore, findings point out a negative effect of financial development on
innovation, which suggests the financial system is not really effective in promoting
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innovation. Governments should promote financial reform, ensuring healthy financial
scale expansion, and promote healthy interaction between financial development and
innovation. Besides, it is necessary to develop renewable energy sources to promote
innovation towards sustainable development and reduce environmental pollution.

5.3. The limitations of study

Although this paper has found empirical evidence about the two-way link between
technology innovation and growth for 71 nations worldwide, this study still has some
limitations. First, due to data limitations, this study only covers 71 countries; therefore,
further studies can be carried out for more countries. Second, other factors that can
influence on economic expansion, and technology innovation such as globalization,
agricultural output, and carbon emissions should be considered. Therefore, further
studies can investigate the relationship of these variables with innovation and growth.
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