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ABSTRACT  
Purpose- R&D activities help countries to gain competitive power and thus achieve economic growth. The purpose of this paper is to 
analyze the effect of R & D activities on exports for 16 OECD countries using data from the period 2000-2015. 
Methodology- Pedroni (1999) and Kao (1999) panel cointegration tests were used to test whether there is a long-term relationship 
between variables. In order to be able to do the cointegration analysis, the stationary of the variables considered should be determined. 
The unit root examination is conducted using four unit root tests; namely, the Levin, Li and Chu; Im, Pesaran and Shin W-stat; Fisher-ADF 
and Fisher-PP.  Panel FMOLS and DOLS estimators were used to obtain long run coefficients after the cointegration relation was detected. 
Findings- As a result of Pedroni and Kao cointegration test, it has been found that there is a long term relationship between R & D 
expenditures and exports. Both Panel FMOLS and Panel DOLS test results show that the sign of R & D expenditures is positively and 
statistically significant.  According to the Panel FMOLS test results, a 1% increase in R & D expenditures leads to a 0.45% increase in exports. 
Similarly, according to Panel DOLS test results, 1% increase in R & D expenditures increases exports by 0.43%.  
Conclusion- The results showed that the effect of R & D expenditures on exports is positive. Results obtained in the study are consistent 
with existing findings in the literature.  
 

Keywords: R&D expenditures, export, panel co-integration test, panel FMOLS, panel DOLS. 
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1. INTRODUCTION 
 

Research and development (R & D) activity can be defined as the creation and development of new products based on 
knowledge and technology and the realization of new production techniques (Güzel, 2009: 31). On the one hand, R & D 
activities increase the capacity of the country to produce new technology and thus to develop new products, and on the 
other hand speed up the spread of technology among countries and / or sectors (Şahbaz et al., 2014: 49). R & D activities 
not only affect the efficiency of the firm that makes these activities, but also increase the efficiency of other firms with its 
spillover effects (Pradeep et. al., 2017: 19). Thus, R & D activities help countries to increase their exports to gain 
competitive power and thus to provide economic growth (Akiş, 2015: 1314-1319).   

As the investment in R & D increases, goods or services become more innovative and competitive in international markets, 
thus creating a competitive advantage that has positive effects on countries' exports (Neves et al., 2016: 130; Yüksel, 2017: 
2). In addition to its competitive advantage, R & D activities have advantages for countries in attracting foreign capital, 
increasing productivity and getting rid of technological dependence (Güzel, 2009: 30). However, countries may not be able 
to benefit from some of the benefits of R&D activities, for various reasons such as imitation, job change of personnel, inter-
company cooperation, which may lead to diffusion effects (Svensson, 2008: 12). 

http://dbp.erciyes.edu.tr/Program/P3.aspx?Fak=307&lang=1&Pro=307061
mailto:ydumrul@erciyes.edu.tr
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The purpose of this study, the effect of R & D activities on exports, which is selected for OECD countries including Turkey is 
examined for the 2000-2015 period. In the studies conducted in the literature, different variables such as R & D 
expenditures, number of patents, patent expenditures, R & D stock1 and R & D personnel were used as indicators of R & D 
activities. In this study, the effect of R & D activities on exports is examined using R & D expenditures as a indicators of R & 
D activities. The plan of this paper is as follows: in the next section, the relationship between R & D activities and exports is 
theoretically revealed. In the third section, a empirical literature summary related to the subject is presented. In the fourth 
section, information about the methodology, the applied model, the data used in the study and are given. In the fifth 
section, panel unit root tests, panel cointegration tests and panel FMOLS and DOLS test results, which are applied in the 
study, are included. In the last section, the conclusion and evaluations related to the study are given. 

2. THEORETICAL FRAMEWORK 

Countries develop their technology by conducting R & D activities in order to increase their competitiveness and ensure 
economic growth.  Technology has been accepted as an endogenous variable in some of the theories in economics 
literature and as an exogenous variable in some of them. In classical and neoclassical trade theories, technology is 
considered as an exogenous variable, but the nature of technological developments, their reasons, how they emerge and 
the factors that affected them have not been taken into consideration (Özer and Çiftçi, 2009: 39).  The inclusion of 
technology as an internal variable to the trade theories first occurred with "The Product Cycle Theory" and "Technology Gap 
Theory".  According to these theories, the main factor determining foreign trade is the technology differences between 
countries. In this context, the fact that countries are profitable from foreign trade and they are able to achieve sustainable 
growth rates depends on their ability to produce and / or transfer new technology (Şahbaz et al., 2014:48; Yıldırım and 
Kesikoğlu, 2012:166). According to Vernon (1966), technology development is emerging in countries where skilled labor and 
R & D expenditures are high (Yıldırım and Kesikoğlu, 2012:166). In the endogenous growth theories based on Schumpeter, 
the technology created by R & D activities is accepted as an endogenous variable (Şahbaz et al., 2014: 48). According to 
Schumpeter; in free-market economies where competition is high, either companies will constantly renew themselves and 
develop new products and production processes, or they will be wiped out of the market (Göçer, 2013a: 218). However, 
according to theories of endogenous growth, investments in R & D can lead to long-term growth and increased returns to 
scale (Svensson, 2008: 11).  
 

There is a complementarity relationship between R & D and exports. This relationship is caused by two reasons. The first is 
the increase in exports with knowledge accumulation obtained through endogenous R & D activities. When countries create 
innovation as a result of R & D activities, they use these innovations not only to meet domestic demand but also to meet 
foreign demand through export (Özer and Çiftçi, 2009: 41).  Thus, the production and export made to meet the foreign 
demand is increasing. 

In the literature, there is a general consensus on the extent to which R & D activities increase exports (Girma et al., 2008: 
752; Esteve-Pérez and Rodríguez, 2013: 221). In addition to increasing exports of R & D activities, the size of R & D 
expenditures also causes the volume of foreign trade to increase and qualitatively change. For example, foreign trade shifts 
from low and medium technology products to high technology products (Çetin, 2016: 35). 

The second is that exports have a positive influence on R & D and export experience creates innovation flows that increase 
firms' innovative capacities and R & D activities (Esteve-Pérez and Rodríguez, 2013: 221; Neves et al.,2016: 132). Therefore, 
it is necessary for exporters to invest in new technology to compete in international markets and to meet the demands of a 
more sophisticated demand (Girma et al., 2008: 751). The increase in R & D and innovation through exports is called 
"learning by exporting" by Hobday (1995). According to this view, export are positively affects the technological and 
innovative capacity of firms (Neves et al.,2016: 131). In other words, domestic companies that have innovative, 
differentiated products and use the latest technology are able to export their products more easily. In addition, exporters 
compete in export markets and thus investing by becoming aware of foreign Technologies (Girma et al., 2008: 750). 
However, production for a wider market reduces the unit costs of R & D investments and encourages these activities (Özer 
and Çiftçi, 2009: 41). R & D and exports complement each other in terms of increasing knowledge, decreasing costs and 
increasing profits of firms (Neves et al.,2016: 132).  At the same time, innovations emerging as a result of R & D activities 
have given monopoly power to the firm that created it, at least for a certain period of time (Özer and Çiftçi, 2009: 41).  

 

 

                                                           
1 R & D stock  is calculated by considering the R & D investment (RDE),  the depreciation rate( )  and the R & D investment increase rate 

(g).

 


g

RDE
RDS0

 

. 

http://tureng.com/tr/turkce-ingilizce/exogenous%20variable
http://tureng.com/tr/turkce-ingilizce/exogenous%20variable
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3. BRIEF LITERATURE REVIEW 

In applied studies in the literature related to the subject, various variables such as R & D expenditures, number of patents, 
patent expenditures, R & D stock and R & D personnel have been used as indicators of R & D activities.  R & D expenditures 
have been used as an indicator of R & D activities in many studies, because of the ease and reliability of data collection 
(Sungur et al., 2016: 175). Table 1 presents the studies that take into account R & D expenditures as a demonstration of R & 
D activities. As shown in Table 1, the majority of studies have reached the conclusion that R & D activities have a positive 
effect on exports. However, Landesmann and Pfaffermayr (1997) found a negative relationship between R & D expenditure 
and exports in Germany and France. According to Landesmann and Pfaffermayr (1997) the reason for the negative 
relationship between the two variables is that the increase in R & D expenditures leads to decreasing returns and 
improvements in productivity or product quality are compensated by higher wage demands (Landesmann and 
Pfaffermayr,1997: 196). 

Table 1: Summary of Empirical Studies Relationship between R&D Activities and Export 

Author Period / Country Method Results 

Türker (2018) 
2000-2015 
G-7 countries 

Panel data analysis (Panel 
OLS) 

According to the results of this study, there is a 
positive relationship between R&D expenditures 
and exports. The increase (decrease) in R & D 
expenditures increases (reduces) exports. 

Özkan and Yılmaz 
(2017) 

1996-2015 
12 EU countries 
and Turkey 

Panel data analysis 

The conclusion of the study shows that R & D 
expenditures positively affect high technology 
exports and GDP.  The results show that a 1% 
increase in R & D expenditures leads to a 3.5% 
increase in high tech exports. 

Çetin (2016) 

1996-2013 
7 new 
industrialized 
countries 

Panel data analysis,  
Granger causality test, 
(fixed and random effects 
estimation methods) 

The results of the Granger causality test show 
that R & D expenditures lead to the export of 
high-tech products, while random effects 
estimation shows that R & D expenditures 
positively and significantly affect high-tech 
product exports. 

Sungur et al.  
(2016) 

1990-2013 
Turkey 

Engle-Granger 
cointegration test, Granger 
and Hatemi-J asymmetric 
causality test 

According to Granger Causality test results, 
unilateral causality relation exists from export to 
share of R&D expenditures in GDP, from patents 
to export and from R&D labor force to export. 
According to Hatemi-J asymmetric causality 
analysis reslts, there is a bidirectional relation 
between positive components of R&D labor and 
export; and there is a relation between negative 
components from R&D labor to export and from 
export to R&D. 

Sandu and 
Ciocanel (2014) 

2008-2010 
26 EU countries 

Panel data analysis 

This study shows that a 1% increase in public 
sector R & D expenditures has increased 8% of 
high-tech exports 2 years later and a 1% increase 
in private sector R & D expenditures has 
increased 9% of high-tech exports in the same 
year. 

Kılıç et al. 
(2014) 

1996-2011 
G-8 countries 

Panel data analysis 

In this study, it has been determined that R & D 
expenditures have a positive effect on high-tech 
product exports. It is also found that there is 
bidirectional causality between R & D 
expenditures and high-tech product exports. 

Göçer (2013a) 
1996-2012 
11 Asia countries 

Hadri-Kuruzomi unit root 
test, Dumitrescu-Hurlin 
test, Westerlung-Edgerton 
LM bootstrap test 

This study shows that R & D expenditures 
increase information-communication 
technologies exports and general exports. 
 

Göçer (2013b) 
1996–2012 
New Industrialized 
Countries 

Pedroni cointegration test, 
Panel Fisher test 

The study concludes that there is a positive 
relationship between R & D expenditure and 
high-tech product exports. 
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Yıldırım and 
Kesikoğlu (2012) 

1996-2008 
Turkey 

Panel causality test, GMM 
and Wald test 

This study shows that there is a one-way 
causality relationship from R & D expenditure to 
exports and export does not cause R&D 
expenditure. 

Uzay et al.  
(2012) 

1995–2005 
40 countries with 
the highest export 
in Turkey 

Panel data analysis 
 

In this study, there is a positive relationship 
between R & D expenditures and exports; but a 
substantial part of the R & D expenditure's effect 
on exports has been found to be delayed. 

Bojnec and Ferto 
(2011) 

1995–2003 
18 OECD countries 

Panel data analysis 

The study shows that there is a positive 
relationship between R & D expenditure and 
manufacturing exports. The results reject the 
non-linear relationship between R&D and 
manufacturing exports. 

Özer and Çiftçi 
(2009) 

1993–2005 
19 OECD countries 

Advanced panel data 
analysis 

The findings of the study show that there is a 
positive relationship between R & D expenditures 
and exports. In addition, the cross-sectional 
effect coefficients of G7 countries are high and 
positive. 

Braunerhjelm 
and Thulin (2008) 

1981-1999 
19 OECD countries 

Panel data analysis 
(fixed effects estimation 
method) 

The results showed that R & D expenditures 
positively affected exports of high technology 
products. The results show that a 1 % increase in 
R & D expenditures leads to a 3 % increase in 
high tech exports. 

Landesmann and 
Pfaffermayr 
(1997) 

1967-1987 
7 OECD countries 

AIDS-Almost Ideal Demand 
System 

The study concluded that R & D expenditures in 
the United States, Great Britain and Japan 
affected exports positively. However, in Germany 
and France it has been found that there is a 
negative relationship between R & D 
expenditures and exports. 

 

4. DATA, EMPIRICAL MODEL AND METHODOLOGY 

4.1. Data and Empirical Model 

This paper examines relationship between the two variables for 16 OECD countries (Austria, Belgium, Canada, Finland, 
France, Germany, Ireland, Italy, Japan, Netherlands, Poland, Portugal, Spain, Turkey, United Kingdom and United States) 
from 2000 to 2015 are selected as there search samples. In this study, some OECD countries have been included in the 
analysis due to data constraints. The data for this study is measured annually. Table 2 gives the data used for the empirical 
analysis in this study. 

Table 2: Definitions and Descriptions of the Variables 

Variable Symbol Description Data Source 

Natural logarithms of research 
development expenditure 

lnrd 
R&D expenditures     
(% of GDP) 

OECD, OECD Science, Technology and 
R & D Statistics, 2018 

Natural logarithms of export lnexp 
Exports of goods and 
services (% of GDP) 

WB, World Development Indicators, 
2018 

The model used in the analysis is shown in Equation 1. 

ititiiit rd   lnexpln 10                      (1)                                   

where, expit is the export in i country at the time t, rdit is the research and development expenditure as proxy research 

development activities in i country at the time t, 0  is a constant term, 1  is slope coefficients of the model, εt is an error 

term.  
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4.2. ECONOMETRIC METHODOLOGY 

4.2.1. Unit Root Tests 

One of the methods to be applied in this study is the cointegration analysis. In order to be able to do the cointegration 
analysis, the stationary of the variables considered should be determined. The unit root examination is conducted using 
four unit root tests; namely, the Levin, Li and Chu; Im, Pesaran and Shin W-stat; Fisher-ADF and Fisher-PP.  

We first use the panel ADF (LLC) test proposed by Levin, Lin and Chu (2002) by assuming the homogeneity in the dynamics 
of the autoregressive coefficients for all panel units. Secondly, we use Im, Pesaran and Shin W-stat (IPS) test proposed by 
Im, Peseran and Shin (2003). IPS test is used to research the existence of unit root of panel data when powerful tests are 
needed for the small set of observations (Şen et al., 2014: 20). In addition, we use the nonparametrictests of  including the 
ADF-Fisher Chi-square and the PP-Fisher Chi-square tests, take into account of the heterogeneity across units proposed by 
Maddala and Wu (1999) and Choi (2001) (Gozgor et al., 2018: 31). 

For all the tests considered in the analysis, the null hypothesis implies that time series contain unit root and the alternative 
hypothesis states that time series are stationary. 

4.2.2. Co-Integration Tests 

In the following level, the presence of a long-run relationship between the factors is analyzed. Co-integration tests are used 
for this. This study uses two co-integration techniques; namely, Pedroni panel co-integration Test (1999) and Kao panel co-
integration tests (1999). 

In the Pedroni cointegration test, seven different tests were presented to show the effects of in section (within) and cross-
sectional (between) in panel and these tests are divided into two different categories. The first category contains four tests 
pooled within the dimension, the second category contains three other tests in the "between" dimension. The proposed 
within test statistics are: The panel v-statistics, panel rho-statistics, panel PP-statistics, panel augmented Dickey-Fuller 
(ADF)-statistics; the proposed between test statistics are group rho-statistics, group PP-statistics and group ADF-statistics. 

For the within‐dimension statistics the null hypothesis of no cointegration for the panel cointegration test is 10  iH 

for all i, versus the alternative hypothesis 11   iH for all i, so that it presumes a common value for  i . By 

contrast, for the between-dimensions statistics the null of no cointegration for the panel cointegration test 

is 10  iH  for all i, versus the alternative hypothesis 11   iH for all i, so that it does not presumes a 

common value for  i under the alternative hypothesis (Pedroni, 1999: 657). 

The other cointegration test to be used in the study is Kao (1999) cointegration test. This test presents a cointegration test 
for panel data analysis using Dickey Fuller (DF) and Augmented Dickey Fuller (ADF) tests. According to this test, the null 
hypothesis states that there is no cointegration between the series and the alternative hypothesis is that it is cointegration 
between the series (Tatoğlu, 2012: 233).  

4.2.3. Panel FMOLS and DOLS 

The next step is to estimate the cointegration parameters after the cointegration relation is established in this study. Two 
different methods have been used in this study, namely panel FMOLS (Fully Modified Ordinary Least Square) test and Panel 
DOLS (Dynamic Ordinary Least Square) test developed by Pedroni (2000, 2001). While the FMOLS method corrects 
deviations in standard fixed effect estimators (such as autocorrelation, varying variance), the DOLS method is a method 
with the ability to remove deviations from the static regression (especially due to  endogeneity problems), including 
dynamic elements of the model. The FMOLS method, which permits a significant degree of heterogeneity between 
individual cross sections of the Pedroni, accounts for the existence of a possible correlation between the constant term and 
the error term and the differences between the independent variables(Gülmez, 2015: 24). 

 Panel FMOLS estimator is expressed as 



N

i

FMiGFM N
1

*1

*^

 . 
*

FMi  is derived from the Panel FMOLS estimate for 

each country in equation (1). Panel DOLS estimator, the model in Eq. (2) is obtained by using the ECL estimates for each 
country.  
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itikitiiit

ii

ii

rdrd  


 lnlnexpln 10               (2)
 

where –Ki and Ki indicate the number of leads and lags. The Panel DOLS estimator is written as 



N

i

DiGD N
1

*1

*^



olarak yazılır. 
*

Di  is obtained from the prediction of equation (2) (Şahbaz et al., 2014: 54). 

5. EMPIRICAL FINDINGS 

5.1. Unit Root Tests 

Before modeling, the LLC, IPS Fisher-ADF and Fisher-PP tests are applied to judge whether the two variables, Inrd and Inexp 
have the unit root or not. The results of unit root tests of R&D expenditures and export variables are shown in Table 3. 

Table 3: Results of the Panel Unit Root Tests 

Variables LLC IPS Fisher-ADF Fisher-PP 

lnrd 
-0.99310 
(0.1603) 

1.97568 
(0.9759) 

20.0382 
(0.9506) 

14.0059 
(0.9976) 

∆lnrd 
-6.22512 
(0.0000) 

-5.78136 
(0.0000) 

94.4706 
(0.0000) 

114.127 
(0.0000) 

lnexp 
-1.10374 
(0.1349) 

0.92226 
(0.8218) 

27.7146 
(0.6834) 

28.9099 
(0.6237) 

∆lnexp 
-13.1292 
(0.0000) 

-9.21403 
(0.0000) 

135.749 
(0.0000) 

170.450 
(0.0000) 

Note: The number of lag is based on the Akaike Information Criteria (AIC). Maximum number of lag is 3.  

The deterministic specification of the tests is fixed. Probability values are shown in brackets. As shown in Table 3, the tested 
statistics reject the null hypothesis, indicating the variables are stationary at the level and contain a panel unit root. This 
means that these variables are integrated of order one I(1). All test results related to variables included in the analysis are 
consistent with each other. 

5.2. Co-Integration Tests 

Based on the same single order of the variables, whether co-integration exists between the variables or not is further 
tested. Then, the two variables are tested by the cointegration methods of Pedroni and Kao. Co-integration test results are 
shown in Table 4. 

Table 4: Cointegration Test Results 

itititit urd  lnexpln 
 

Pedroni Panel CointegrationTest  Results 

(Within-Dimension) 

 Stat Prob. WeightedStatistic Prob. 
Panel v-Statistic 0.304406 0.3804 -0.158143 0.5628 
Panel rho-Statistic -0.680187 0.2482 -0.953923 0.1701 
Panel PP-Statistic -1.988563 0.0234 -2.697701 0.0035 
Panel ADF-Statistic -1.939772 0.0262 -2.862427 0.0021 

(Between-Dimension) 

 
Group rho-Statistic 

     Stat 
0.503838 

Prob 
0.6928 

 
Group PP-Statistic -3.514383 0.0002 
Group ADF-Statistic -2.638003 0.0042 

Kao Panel CointegrationTest Results 

 t-stat Prob 

 
ADF -1.933636 0.0266 
Residual variance 0.004830  
HAC variance 0.004790  
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According to the Pedroni cointegration test results, four of the seven test statistics reject the null hypothesis; that is, there 
is no cointegration relationship. Therefore, long-term cointegration relationships exist between lnrd and lnexp. Engle-
Granger based Kao test was applied to support the results of Pedroni panel cointegration test. According to the Kao 
cointegration test result, the null hypothesis that cointegration does not exist is rejected as a result of the p value becoming 
significant, and the alternative hypothesis which advocates cointegration is accepted. 

5.3. Panel FMOLS and DOLS 

In the study, Panel FMOLS and DOLS estimators were used to obtain long run coefficients after the cointegration relation 
was detected. The elasticity coefficients for the lnexp and lnrd variables are shown in Table 5. 

Table 5: Long-Run Coefficients 

Dependent Variable: lnexp 

Method(s) 
Independent 
Variable 

Cofficient Std. Error t-stat Prob 

Panel FMOLS lnrd 0.446586 0.074299 6.010693 0.0000 
Panel DOLS lnrd 0.429436 0.083444 5.146410 0.0000 

As can be seen from Table 5, both Panel FMOLS and Panel DOLS test results show that the sign of research and 
development expenditure is positively and statistically significant in line with the theory when evaluated on a panel basis. 
According to the Panel FMOLS test results, a 1% increase in research and development expenditure leads to a 0.45% 
increase in exports. Similarly, according to Panel DOLS test results, 1% increase in research and development expenditure 
increases exports by 0.43%. 

6. CONCLUSION 

R & D activities, which are important in increasing export performance, help countries to gain competitive power and thus 
to achieve economic growth. There is a comprehensive theoretical literature on the relationship between R & D activities 
and exports. The vast majority of studies have reached the conclusion that R & D activities have increased exports.  

In this study, the impact of R & D activities on exports was analyzed for 16 OECD countries using data for the period 2000-
2015. Pedroni (1999) and Kao (1999) panel cointegration tests were used to test whether there is a long-term relationship 
between variables in the study.  As a result of the cointegration tests, it is concluded that there is a long-run relationship 
between R & D expenditures and exports. Panel FMOLS and Panel DOLS tests developed by Pedroni (2000, 2001) is applied 
to determine the magnitude and direction of the coefficients of the variables used in the study.  The panel FMOLS test 
result shows that 1% increase in R & D expenditure increased exports by 0.45% while Panel DOLS test result shows that 
exports increased by 0.43%. In other words, the evidence that R & D expenditures, which is a demonstration of R & D 
activities, positively affects exports has been reached. Results obtained in the study are consistent with existing findings in 
the literature.  

According to the results obtained, it is necessary for policy makers to consider this effect of R & D activities within the 
export incentive instruments. Hence, increasing the share of R & D expenditure in the budget has special importance in 
order to increase the competitiveness of the countries. For the future studies, the literature may contribute to the studies 
on the effect of sector-based R & D activities on exports. 
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