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iNtRodUCtioN
Economic growth it is the most important economic 
phenomenon that increases income in countries, 
reduces unemployment in general, and raises the 
welfare level of citizens, and is one of the primary 
goals of all governments. Decreased economic 
growth; by reducing unemployment and per capita 
income, it brings together poverty and a decrease 
in the level of welfare in countries. For this reason, 
economic growth is very important for countries.

Today, the creation of innovation by creating 
new products and production processes and the 
development of innovative approaches depend on 
advanced technologies. For this reason, R&D activities 
are needed to support economic growth. Realizing R&D 
investments offers various outputs at the macro level. 
At this point, the concept of the knowledge economy, 
which focuses on innovation activities, comes first. 
The transformation of the knowledge economy into 
practice is possible by allocating the necessary shares 
for R&D and realizing these expenditures.

In developing countries, sufficient funds and time 
cannot be allocated to R&D activities in improving 
production processes and achieving innovation. 
This situation causes the desired results not to be 
achieved as a result of R&D activities in developing 
countries [1–3]. The literature on R&D activities 
and economic growth is quite rich. However, when 
the studies dealing with this subject are evaluated 
in a general perspective, a common empirical finding 
cannot be obtained. Researches are generally based 
on causality and cointegration tests, which include 
panel data analysis, time series or panel data analysis 
as a method.

The authors present their views on opportunities 
and mechanisms for the development of innovative 
business of Kazakhstan within the Eurasian 
Economic Union (EAEU), considering that the basis 
of the competitiveness of the modern economy is 
the existence of a dynamically developing innovative 
business. The article is based on the work done in 
2015–2017: and briefly reveals the main problems 
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of the innovative business of Kazakhstan [4]. In a 
research study by [5], problems related to environmental 
security and quality of life of the population, which can 
accelerate or, conversely, slow down socio-economic 
progress in the Central Eurasian region, are analyzed. 
Based on international research, the article reveals the 
difficulty of the socio-ecological situation in Russia 
and even more worrying in Central Asia. In another 
research paper [6], the features that determine the 
development of the Central Asian region countries are 
discussed, the poverty level, demographic indicators, 
natural characteristics of the region and individual 
indicators of economic development are analyzed. A 
research paper by [7] compares the political institutions 
responsible for the formulation and implementation of 
state economic policy in the countries of the Central 
Asian region (Kazakhstan, Kyrgyzstan, Tajikistan and 
Uzbekistan).

In this study, the relationship between economic 
growth and R&D expenditures in Azerbaijan, 
Kazakhstan and Kyrgyzstan was examined by 
econometric analysis. Although there are no 
comprehensive studies on the subject in Kazakhstan 
and Kyrgyzstan, there have been few studies on 
Azerbaijan [8–9].

theoRitiCal baCKGRoUNd
economic Growth

Economic growth comes f i rst  among the 
macroeconomic indicators of countries. For this 
reason, countries around the world are preparing 
their future plans by accepting this variable as a 
goal. If the economic growth should be explained 
in the simplest way, it refers to the increase in the 
amount of goods and services produced in total or 
per capita. In the literature, economic growth it 
is explained as the increase in per capita income 
from the continued increase in Gross National 
Product (GDP). Economic growth is measured 
by the concept of “average growth rate”, which 
expresses the annual variation in per capita 
income over a long period of time. [10]. According 
to the definition made by Joseph Schumpeter and 
widely used in the literature: “Economic growth is 
not a short-term static, but on the contrary, a long-
term dynamic phenomenon” [11]. The aim of every 
economy is to provide economic development 

by providing social and cultural development 
in a way that will raise living standards along 
with economic growth [12]. Economic growth 
constitutes the first step of development. There 
are many indicators of economic growth in an 
economy. Some of these indicators are natural 
resources, industrial production and employment 
level. The increase in these indicators causes an 
increase in GDP, GNP, national income, disposable 
income and per capita national income [13].

One of the most important goals of economic policy 
is the realization of economic growth. In this sense, 
the realization of economic-economic growth, which 
is defined as the outward expansion of production 
possibilities, is an important prerequisite for increasing 
the welfare level of the society.

Research & development
There are different conceptual explanations about 
the term research and development (R&D) in the 
literature. According to Jones and Williams, while 
R&D is described as “an important determinant of 
long-term productivity and well-being”, according 
to the Frascati Manual it is defined as “a process 
involving significant transfers of resources between 
units, institutions and sectors, particularly the 
government and other enablers” [14]. In addition, it 
is expressed in the guide as “creative work carried out 
on a systematic basis to increase the knowledge of 
people, culture and society and to use this knowledge 
to design new applications” [13].

As a transformation process with high added value, 
the way for knowledge to become tangible products 
and create technology is to allocate resources to R&D 
[15]. Along with education, R&D investments are 
accepted as one of the basic criteria in evaluating a 
country’s competitiveness and economic development. 
It is thought that R&D investments have an impact 
on economic growth through many factors such as 
innovation, capital accumulation and development 
of human capital [16]. R&D, which is defined as 
innovative studies that allow the increase of human, 
cultural and social knowledge, also refers to all of the 
systematic studies aimed at introducing a new product 
or production process [17]. According to OECD, R&D is 
defined as “creative work carried out on a systematic 
basis to increase the knowledge of people, culture 
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and society and to use this knowledge to design new 
applications” [14].

The realization of R&D activities aimed at increasing 
profitability and productivity with the use of technology 
depends on R&D expenditures. Expenditures on R&D 
activities, which form the basis of innovation, show a 
quality that encourages economic growth [18]. While 
R&D expenditures stand out as the key strategy 
that ensures innovation and economic growth, the 
decreasing return resulting from the externalities and 
overflows that occur as a result of the investments made 
for R&D expenditures at the macro level is transformed 
into an increasing return. R&D expenditures contribute 
to the development of technological capability and 
allow foreign direct investments to enter the country.

R&D activities are described as a new method or 
perspective for the service, application and problem 
solving that a country needs in order to meet its 
economic and social needs. Increasing production 
capacity in the 21st century, developments in 
information, communication and transportation 
technologies, changes in the expectations of individuals 
and society, and the applicability of production 
processes based on new technology have led to a rapid 
transformation in all areas. Countries have started to 
give more importance to R&D activities in order to 
keep up with this transformation wave. At this point, 
R&D expenditure, which is one of the most important 
indicators of R&D activity, attracts attention as a factor 
commonly used to define the technological capacities of 
countries or companies. R&D expenditures constitute 
the dynamics of activities such as developing new 
products and production methods, using existing or 
imported technologies more effectively, updating or 
transforming them [19].

THE RELATIONSHIP BETWEEN ECONOMIC 
GRoWth aNd R&d

There are different studies in the literature examining 
the relationship between R&D expenditures and 
economic indicators. However, the number of studies 
examining the effects of R&D expenditures on stock 
returns on a firm basis is quite limited.

R&D expenditures provide significant competitive 
advantage to businesses by creating positive effects 
on business efficiency and profitability in the long 
run. In addition, in today’s markets, R&D studies of 

enterprises are seen as a necessity. While the effective 
execution of R&D expenditures affects the profitability 
of the enterprise, this situation also reflects positively 
on the capital markets. R&D expenditures, which 
strengthen the position of the enterprise in the capital 
markets, will also increase the income of the investors. 
This will support the entry of foreign direct capital 
into the country in the long run [20, 21]. This shows 
that R&D expenditures not only increase business 
profitability and investor income, but also contribute 
to the country’s economy.

The recognition of R&D as the driving force 
of endogenous growth models has led the private 
and public sectors to attach importance to R&D 
expenditures. This situation has led to the creation 
of a large literature on the relationship between 
R&D expenditures and technological innovation, 
productivity and growth [19]. Technological change, 
which is accepted as the main factor of success in 
economic activities, also allows the development of 
new markets. Technology, which is one of the most 
important determinants of human progress and 
economic development, offers both productivity and 
quality increase [22].

Factors such as R&D expenditure, number of 
R&D personnel, number of patents and number 
of scientific publications are at the forefront of 
determining the intensity of countries’ R&D activities. 
Innovations created by the R&D expenditures made 
accelerate economic growth. Studies conducted in 
recent years also reveal the importance of the role 
played by innovation in industrial areas in economic 
development and regional development. In addition, 
studies examining the relationship between R&D 
activities and the competitiveness of firms have 
found that in the long run, firm productivity is in 
line with the level of R&D expenditures. Companies 
that increase their productivity in the long term with 
their R&D expenditures gain a serious advantage over 
their current and potential competitors. In parallel 
with this, growth occurs at both micro and macro 
levels [23].

There are studies conducted by different researchers 
in different countries in the literature between R&D 
expenditures and economic growth. In the study 
conducted by Inekwe on effect on economic growth 
in upper middle-income developing countries, while 
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it has an insignificant effect on economic growth in 
low-income countries [24]. In the study conducted by 
Freimane and Balina in 27 European Union countries, 
it was found that a 1% increase in R&D expenditures 
led to an increase of 0.02% in economic growth in the 
short term and an increase of 0.09% in the long term 
[25]. In a study by on G7 countries and Turkey, it was 
found that a 1% increase in R&D expenditures led to an 
increase in economic growth by 1.168% [26]. As a result 
of a study conducted by on 26 developed and developing 
countries, R&D expenditures were determined as the 
Granger cause of economic growth [27]. Technological 
development is directly related to R&D expenditures. 
R&D activities, which enable the emergence of new 
information about products and production processes, 
increase the quality of products on the one hand, and 
help reduce costs on the other hand. This situation leads 
to the development of the industry and subsequently to 
economic growth. In addition to providing long-term 
economic growth, it is seen that R&D expenditures 
stand out more than other factors with the externalities 
it creates [28].

MethodoloGY
Purpose of the Research

In this research, it is aimed to show whether 
investments in R&D in Azerbaijan, Kazakhstan and 
Kyrgyzstan will accelerate economic growth. In this 
context, the relationship between R&D and economic 
growth was examined by making use of the annual 
data on the GDP of these countries and the ratio of 
R&D expenditures to GDP in the 2005–2018 period. 
Three Turkish state countries with the least research 
on the subject were selected. Although there are no 
comprehensive studies on the subject in Kazakhstan 
and Kyrgyzstan, studies on Azerbaijan have been 
made, albeit a little.

data set
The data required for the study were collected from 
the World Bank. The data set includes annual data 
from 2005 to 2018 for Azerbaijan, Kazakhstan and 
Kyrgyzstan. Since the 2019 and 2020 data of the 
countries in question were not available at the time 
of the research, the data for these years could not be 
included in the analysis. The data was analyzed by 
EViews program.

analysis Method
In this research, time series approach was used 
as econometric method [28]. Since the data is 
not stationary, the data are stationary. Given has 
become stationary only from its second-order value. 
The stationarity of the variables was tested using 
the Augmented Dickey-Fuller (ADF) unit root test. 
Appropriate lag lengths of the data were found for 
later analysis. After finding the appropriate offset 
lengths, it was tried to determine the direction of 
the relationship between the variables using the 
Granger causality test. Granger method is widely 
used in causality testing [29, 30]. The cause-effect 
relationships between the variables were examined 
with the help of causality analysis, which was 
first introduced to the literature by Granger and 
later developed by Hamilton [29–31]. In Granger 
causality, the direction of the relationship between 
two variables such as X and Y is investigated. If the 
current value of Y can be better predicted by the 
values of the past period than the present value of 
the variable X, can be said of a Granger causality 
from variable X to variable Y [31]. It is important to 
determine the optimal lag length of the variables in 
the Granger causality method.

Granger-Causality Tests in the Framework of Co-
Integration Analysis Economic time series are often 
not stationary when considered as levels. Regression 
analyzes using non-stationary time series can cause 
false or misleading regression relationships. This 
causes the estimated regression equation to have a 
high coefficient of determination (R 2) but a low Durbin-
Watson statistic. In this regression, the error terms are 
not stationary and the apparently high explanatory 
power of the regression equation cannot be trusted [33].

If the non-stationarity of the time series is due to 
the deterministic time trend of the related series, then 
de-trending of these series can make the series 
stationary. However, if the time series contains a 
random trend, they will need to be differentiated until 
they become stationary. The number of times a series 
with a random trend needs to be differentiated until it 
becomes stationary is called the degree of integration 
of that series. For example, if the first difference 
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stationary, it is said that the variable X is integrated of 
the first order and is denoted by X ~ I (1) [34].

It is possible to correct a non-equilibrium situation 
that may occur in the short term for any reason in the 
long term. This is because the difference (z) between X 
and Y is stationary in the long run, because the z term 
shows how much the system deviates from the long run 
equilibrium [34]. Granger demonstrates the expression 
of a cointegrated system as an error correction model in 
the following figure [35]. In the cointegration example 
given above:

zt = εt = Yt — α — βXt.
      ΔYt = Σδ1, iΔYt-1 + Σβ1, iΔXt-1 + γ1zt-1 + μ1t,  (1)
     ΔXt = Σδ2, i ΔYt-1 + Σβ2, i ΔXt-1 + γ2zt-1 + μ2t.  (2)

The cointegration of X and Y variables requires that 
at least one of γ1 and γ2 is nonzero in models (1) and 
(2). Therefore, changes in the dependent variable in the 
error correction model are partially determined by the 
lagged value of z. However, since zt-1 includes Xt-1 and 
Yt-1, this leads to the conclusion that the cointegration 
relationship requires at least one variable to be the 
Granger-cause of the other [30].

ResUlt
While analyzing, Azerbaijan, Kazakhstan and 
Kyrgyzstan, which are selected Turkish states, were 
examined. The relationship between the GDP in 
these countries and the research and development 
expenditure in the country is considered. In order 
to perform the analysis, it was first tested whether 
the data were stationary or not. It has been 
observed that they are not stationary given in the 
stationarity test. The Johansen cointegration test 
could not be performed because all the data did 
not become stationary in the first order. In order 
for the data to give statistically significant results, 
the stationarity test was carried out with the help of 
the ADF (Augmented Dickey-Fuller) unit root test. 
The non-stationary version of the data is presented 
in Table 1.

Vertical-Fuller unit root test results regarding 
the levels of unit root variables in the series for each 
country are shown with one percent, five percent and 
ten percent margin of error.

In general, growth and research and development 
expenditure values show that the data is not stationary. 

For this reason, it was tried to take the difference of 
the series in order to make it stationary. When only 
the quadratic difference is taken, the series become 
stationary. For this reason, the series that became 
stationary by retesting are presented in Table 2.

Table 2 shows that the variables used in the study 
are stationary at second differences in the 2005–2018 
periods for all three countries (p ≤ 0.05). The VAR 
model was established by using the level values of 
the variables and the appropriate lag number was 
determined with the help of Akaike (AIC), LL, LR, FBE, 
SC and HQ information criteria. The analysis results for 
determining the appropriate lag length are presented 
in Table 3.

As a result of the analysis, the most appropriate 
lag length was determined as two for Azerbaijan. In 
terms of Kazakhstan and Kyrgyzstan, the appropriate 
lag length was found to be three. The value with the 
most stars indicates the optimal delay length.

According to Table 4, it is revealed whether the total 
growth and research and development expenditure 
values in Azerbaijan, Kazakhstan and Kyrgyzstan are 
the cause of each other. According to the results of the 
analysis, only the realization of growth in Kyrgyzstan, 
that is, the increase in GDP, is the reason for the increase 
in research and development expenditure. In other 
words, GDP is the reason for research and development 
expenditure Granger. There is a bidirectional interaction 
between these two variables. In this case, it would be 
right to accept the H1 hypothesis for these variables 
and reject the H0 hypothesis. No causal relationship 
was found between the remaining two countries. In 
this case, the variables do not cause each other in these 
countries, so the H0 hypothesis is accepted.

As a result of the Granger analysis, no causal 
relationship was found between the data in Azerbaijan 
and Kazakhstan (Table 4). Only in Kyrgyzstan, a two-
way meaningful result was obtained. After the Granger 
analysis, correlation (Table 5) was used to determine 
whether there was any relationship between dependent 
and independent variables for all three countries, and 
regression analysis (Table 6) was used to determine 
whether there was any effect.

After the Granger analysis, the results of the 
correlation analysis performed to see in what direction 
and to what extent the other variable changes when 
one variable change are presented in Table 5.
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When Table 5 is examined, a very high positive 
correlation (0.92) was found between the growth data 
given in Azerbaijan and the research and development 

expenditure. However, in Kyrgyzstan (–0.69) and 
Kazakhstan (–0.33), on the contrary, a moderate 
relationship was found in the negative direction.

Table 1
Level Values of Series in Azerbaijan, Kazakhstan and Kyrgyzstan

Country
GDP Research and development expenditure

t-statistics possibility t-statistics possibility

Azerbaijan
ADF test statistic 0.266675 0.7463 1.156391 0.9261

Test Critical Values
%1 –2.771926 –2.754993
%5 –1.974028 –1.970978

%10 –1.602922 –1.603693

Kazakhstan
ADF test statistic 6.001239 1.0000 –0.594241 0.4404

Test Critical Values
%1 –2.754993 –2.754993
%5 –1.970978 –1.970978

%10 –1.603693 –1.603693

Kyrgyzstan
ADF test statistic 5.203867 1.0000 –1.900818 0.0578

Test Critical Values
%1 –2.754993 –2.792154
%5 –1.970978 –1.977738

%10 –1.603693 –1.602074

Source: Prepared by the author in the EViews program.
Table 2

Second Differential Values of Series in Azerbaijan, Kazakhstan and Kyrgyzstan

Country
GDP Research and development expenditure

t-statistics possibility t-statistics possibility

Azerbaijan

ADF test statistic –2.335878 0.0248 –6.396019 0.0000

Test Critical Values
%1 –2.792154 –2.792154
%5 –1.977738 –1.977738

%10 –1.602074 –1.602074

Kazakhstan

ADF test statistic –4.928156 0.0002 –4.848599 0.0002

Test Critical Values
%1 –2.816740 –2.792154
%5 –1.982344 –1.977738

%10 –1.601144 –1.602074

Kyrgyzstan

ADF test statistic –6.597625 0.0000 –5.436863 0.0001

Test Critical Values
%1 –2.792154 –2.847250
%5 –1.977738 –1.988198

%10 –1.602074 –1.600140

Source: Prepared by the author in the EViews program.
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As a result of the Granger analysis, since there is no 
causality relationship between the data in Azerbaijan 
and Kazakhstan, the regression method was also used 
to determine the causality between the dependent and 
independent variables of all three countries. As seen 
in Table 6, the explanatory power of the regression 
analysis applied to explain the effect of research 
and development expenditures on GDP was 82% (p = 
0.00) in Azerbaijan and 47% (p = 0.01) in Kyrgyzstan. 
In the analysis made in Kazakhstan, the results of 
the regression analysis were not evaluated, since the 
independent variable did not yield significant results 
(p = 0.26).

CoNClUsioN
This research was analyzed using the Granger 
method in order to see whether investments in 
R&D in Azerbaijan, Kazakhstan and Kyrgyzstan 
would accelerate economic growth, and some 
findings were reached by testing several hypotheses. 
According to the results of the Granger analysis, 
only the realization of growth in Kyrgyzstan, that is, 
the increase in GDP, is the reason for the increase 
in research and development expenditure. In 
other words, GDP is the reason for research and 
development expenditure Granger. There is a 
bidirectional interaction between these two variables 

(p < 0.05). A causal relationship was not found in 
Azerbaijan and Kazakhstan. In this case, the variables 
in these countries are not the cause of each other.

After the Granger analysis, correlation was used 
to determine whether there was any relationship 
between dependent and independent variables for all 
three countries, and regression analysis was used to 
determine whether there was any effect. According 
to the results of the correlation analysis, a very high 
positive correlation (0.92) was found between the 
growth data given in Azerbaijan and the research and 
development expenditure. However, in Kyrgyzstan 
(–0.69) and Kazakhstan (–0.33), on the contrary, a 
moderate relationship was found in the negative 
direction. According to the results of the regression 
analysis, the explanatory power of the regression 
analysis applied to explain the effect of research 
and development expenditures on GDP was 82% (p = 
0.00) in Azerbaijan and 47% (p = 0.01) in Kyrgyzstan. 
In the analysis made in Kazakhstan, the results of 
the regression analysis were not evaluated, since the 
independent variable did not yield significant results 
(p = 0.26).

As a result of this research, which was carried out 
with Granger causality analysis with data covering 
the years 2005–2018, a significant bidirectional result 
was found between R&D expenditures and economic 

Table 3
Appropriate Delay Length in Azerbaijan, Kazakhstan and Kyrgyzstan

lag logl lR FPE aiC sC HQ
Azerbaijan

0 22.09032 NA 8.89e-05 –3.652785 –3.580440 –3.698388
1 38.60023 24.01442* 9.40e-06* –5.927314* –5.710281* –6.064124
2 40.37624 1.937464 1.58e-05 –5.522952 –5.161229 –5.750968
3 46.55861 4.496270 1.46e-05 –5.919747 –5.413335 –6.238969*

Kazakhstan
0 14.78004 NA 0.000336 –2.323644 –2.251299 –2.369247
1 39.65828 36.18652 7.76e-06 –6.119687 –5.902653 –6.256496
2 44.52409 5.308164 7.43e-06 –6.277108 –5.915385 –6.505124
3 64.25251 14.34794* 5.86e-07* –9.136819* –8.630407* –9.456041*

Kyrgyzstan
0 23.21735 NA 7.25e-05 –3.857701 –3.785356 –3.903304
1 44.18446 30.49761 3.41e-06 –6.942629 –6.725596 –7.079439
2 59.44402 16.64679* 4.93e-07 –8.989822 –8.628099 –9.217838
3 67.61692 5.943927 3.18e-07* –9.748531* –9.242119* –10.06775*

Source: Prepared by the author in the EViews program.

Note: * indicates the appropriate lag length for the relevant test.
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growth in Kyrgyzstan, and no causal relationship was 
found in Azerbaijan and Kazakhstan. These results 
are similar to the results of research conducted with 
Granger causality analysis in the literature. Namely, 
in a study conducted by Hong [36] in Korea between 
1988 and 2013, a bilateral causality was found between 
economic growth and R&D (based on information 
and communication technologies) investment. In the 
study conducted by Sokolov-Mladenović, Cvetanović 
and Mladenović on 28 EU countries covering the years 

2002–2012, it was determined that R&D expenditures 
(GDP%) positively affected the real growth rate [3]. 
In the study conducted by Börü and Çelik with data 
between 2004–2016 in Turkey, a strong causality 
relationship was found between R&D expenditures 
and economic growth variables [37].

The findings of the analysis offer some suggestions 
to policy makers, entrepreneurs and researchers: one 
of the ways to increase economic growth in the long 
run is through investments in R&D. It is predicted that 

Table 4
Granger Causality Test Results in Azerbaijan, Kazakhstan and Kyrgyzstan

hypotheses F-Value Probability value 
(p)

decision at 5% 
significance level

Azerbaijan
Research and development expenditure is not a reason for GDP 0.201120 0.9043 Rejected
GDP is not a reason for research and development expenditure 2.891806 0.2355 Rejected

Kazakhstan
Research and development expenditure is not a reason for GDP 0.895985 0.6389 Rejected
GDP is not a reason for research and development expenditure 2.977140 0.2257 Rejected

Kyrgyzstan
Research and development expenditure is the cause of GDP 22.63884 0.0000 Accepted
GDP is a reason for research and development expenditure 37.29067 0.0000 Accepted

Source: Prepared by the author in the EViews program.

Table 5
Correlation Analysis Results in Azerbaijan, Kazakhstan and Kyrgyzstan

GDP Research and development 
expenditure

Azerbaijan
GDP 1 0.92
Research and development expenditure 0.92 1

Kazakhstan
GDP 1 –0.33
Research and development expenditure –0.33 1

Kyrgyzstan
GDP 1 –0.69
Research and development expenditure –0.69 1

Source: Prepared by the author in the EViews program.

Table 6
Regression Analysis Results in Azerbaijan, Kazakhstan and Kyrgyzstan

GDP
Azerbaijan Kazakhstan Kyrgyzstan

Multiple R 0.91 0.32 0.68
R Square 0.82 0.10 0.47
Adjusted R Square 0.81 0.03 0.42
Significance F 0.00 0.26 0.01
Research and development expenditure

Source: Prepared by the author in the EViews program.
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investments in R&D will have a significant contribution 
to economic growth in the long run. However, in 
future research, the effect of R&D expenditures on 

the economic growth of all Turkish states can be 
examined and qualitative studies on the content of 
R&D expenditures can be made.
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