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Abstract: 

The article aims to analyze the influence of factors that characterize the R&D sector on the export 
of goods and services, one of the factors that make a positive contribution to the gross domestic 
product of a country, by applying econometric models having as premise the current stage of the 
researchers on the approached topic. 

The results will highlight the importance of the R&D activities, the innovations generated by them 
contributing considerably to the export, respectively to the economic growth. 
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Introduction 

Numerous studies suggest that R&D and exports should be complementary in assessing their 
impact on economic performance. In this context, Golovko and Valentini consider that the positive 
impact of the innovation process on increasing the competitiveness of firms is greater if they export 
(Golovko, E., Valentini, G., 2011,p. 362-380). 

Krugman considers that the innovation process is one of the determining factors of the export 
(Krugman, P., 1979, p. 253-266), Girma, Gorg and Hanley believe that the export intensifies the 
activities of R&D (Girma, S., Gorg, H., Hanley, A., 2008, p. 750-773) and Bleaney and Wakelin 
consider that for the exporting firms the innovation capacity is crucial (Bleaney, M., Wakelin, K., 
2002, p.3-5). 

Based on a series of data that includes approximately 340 thousand firms from Portugal, 2006... 
2012, Neves, Teixeira and Silva (Neves, A., Teixeira, A.C., Silva T.S., 2016, p. 125-156) confirmed 
the complementarity between R&D and the export of goods and services and highlighted on the 
basis of a model panel data, the positive impact of R&D and export on sales growth which is 
enhanced when both activities occur simultaneously. 

Lachenmaierand and Wessmann (Lachenmaier,S., Woessmann, L., 2006, p. 317-350) believe that 
when firms invest considerable in R&D, the products/services become competitive and have a 
positive impact on the export of goods and services, and Aw, Roberts and Xu (Aw, B.Y., 
Roberts, M.J., Xu, D.Y., 2011, p. 1312-1344) consider that investments in R&D and exports are 
interdependent, both influencing firms' profitability. 

Also, Filatotchev and Piesse analyze the relationship between R&D, export and sales growth of 
companies in the UK, Germany, Italy and France and find that both R&D activities and export 
intensity have a positive impact on sales growth (Filatotchev,  I., Piesse,  J., 2009, p. 1260-1276). 

Econometric analysis by Bee Yan Aw, Mark J. Roberts, Tor Winston highlights the crucial role of 
R&D investments that gives Taiwanese electronics manufacturers the ability to use new 
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technologies and suggests that export activity is an important mechanism for transfer technology 
(Yan Aw, B., Roberts, M., J., Winston, T., 2005, p. 1-24). 

Description of the Problem 

The analysis started from the observation that there are numerous studies that highlight the 
differences between EU member countries in terms of export of goods and services. 

It is noted that the countries that allocate important funds to the R&D sector have a high 
technological level, registering a high dynamics of the innovation process, respectively of the 
export. 

According to data provided by Eurostat, the expenditures on R&D in the EU-28 in 2017 was lower 
than in Japan, United States and China, according to Figure 1. 

 

 

Figure 1 - R&D expenditures, 2013...2017 (% of GDP) 

Source: Eurostat, Code: rd_e_gerdtot 

In 2017, the EU allocated about 320 billion euros to the R&D sector, which represents 2.06% of 
GDP, 0.03 percentage points more than in 2016 and 0.29 percentage points more than in 2007. 

Also, numerous studies highlight the relationship between some indicators of innovation 
performance and export performance in EU countries, R&D expenditures, human resources and 
the number of patents being cataloged as important causal factors for export growth.  

In this context, using the EViews program, by testing the models with fixed and random individual 
effects, Granger causality, the variance decomposition and the impulse response function we 
evaluated the relationship between R&D expenditures, the number of patents and export. 

 

Methodology and Data 

Based on econometric models, we analyzed the conexion between the export of goods and 
services (weight in the total gross domestic product), the number of patent applications filed with 
the European Patent Office and the R&D expenditures (weight in the total gross domestic product). 

The values are registered for some member countries of the European Union - Romania, Slovenia, 
Bulgaria, Poland and Hungary -, during 2007-2017, according to Table 1. 
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Table 1 

Export of goods and services, the number of patent applications  
and the R&D expenditures, in some EU member countries, 2007-2017 

Country Year 

 
Exports of goods and 

services 
 (% of GDP)  

Number of patent 
applications to the 

EPO 
R&D expenditures 

(% of GDP) 

Romania 2007 24.7 32.57 0.51 

 2008 26.2 33.47 0.55 

 2009 26 31.13 0.44 

 2010 32.4 34.63 0.46 

 2011 37 60.42 0.5 

 2012 37.4 71.61 0.48 

 2013 39.9 85.1 0.39 

 2014 41.2 101.92 0.38 

 2015 41 93.51 0.49 

 2016 41.2 98.91 0.48 

 
2017 41.5 99.57 0.5 

Slovenia 2007 67.9 120.11 1.42 

 2008 66.3 138.91 1.63 

 2009 57.3 123.25 1.82 

 2010 64.3 106.26 2.06 

 2011 70.2 112.13 2.42 

 2012 72.9 126.72 2.57 

 2013 74.2 127.88 2.58 

 2014 76.2 135.09 2.37 

 2015 77.1 119.09 2.2 

 2016 78 112.36 2.01 

 2017 83.2 114.25 1.86 

Bulgaria 2007 52.4 12.17 0.43 

 2008 52.5 18.65 0.45 

 2009 42.3 15.83 0.49 

 2010 50.2 16.97 0.56 

 2011 59.1 26.38 0.53 

 2012 60.8 33.82 0.6 

 2013 64.9 39.82 0.64 

 2014 64.9 47.44 0.79 

 2015 64.1 31.88 0.96 

 2016 64 31.06 0.78 

 2017 67.4 29.33 0.75 

Poland 2007 38.6 201.77 0.56 

 2008 37.9 233.72 0.6 

 2009 37.2 291.61 0.66 

 2010 40.1 361.36 0.72 

 2011 42.6 384.77 0.75 

 2012 44.4 483.31 0.88 

 2013 46.3 547.21 0.87 
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 2014 47.6 609.16 0.94 

 2015 49.5 578.38 1 

 2016 52.2 627.33 0.96 

 2017 54.3 686.64 1.03 

Hungary 2007 77.9 191.11 0.96 

 2008 79.3 181.21 0.98 

 2009 74.4 184.39 1.13 

 2010 81.8 195.47 1.14 

 2011 86.7 221.58 1.19 

 2012 86.4 207.79 1.26 

 2013 85.7 215.59 1.39 

 2014 87.7 222.3 1.35 

 2015 89 205.23 1.36 

 2016 89.7 201.27 1.2 

 2017 88.2 196.77 1.35 

Source: Eurostat: [TET00003], [TSC00001], EPO: [SDG_09_40] 

The linear regression model for panel data is written as: 

yit = α + βxit + eit, 

in which, i = 1, 2, …, N represents the EU countries; t = 1, 2, …,T - time; α şi β - model parameters. 
The variables yit and xij measure the recording of a phenomenon in structure i, at time t. 

Panel data analysis allows the testing of models that are more complex than those based on time 
series analysis, a better analysis of the dynamics of structural adjustments and increases the 
efficiency and consistency of econometric estimates. 

Jula considers that the panel model involves a joint analysis of cross-sectional observations, 
observations made over several time periods. The model is a balanced one if there is a record for 
each unit, at each time point. Otherwise, the model is an unbalanced one (Jula, D., 2014) 

According to Arellano and Honore the combination of time series and cross-section data enriches 
the possible identifications, the economists being forced to study more closely the nature and 
source of identifying the parameters with potential (Arellano, M., Honore, B., 2001, p. 3229-3296). 

Given this, on the panel data we built and tested the model with fixed and random individual effects 
and a VAR model on stationary data. 

The overtake of the individual effects is achieved by decomposing the deviation eit in: 

eit = μi + ηt + vit, 

in which, μi represents the variable that estimates the effect of variables not included in the model 
on the endogenous, in unit i (specific individual effect); ηt – the variable that estimates the effect of 
the variables not included in the model on the endogenous, at time t (the fixed effect in time); vit is 
variable in time and between individuals. 

The Fixed effects model assumes that the parameters μi and ηt have the null sum fixed and the 
estimation is done by the method of the least squares, after the addition of dummy variables. 

The Random Effects model assumes that the variables μi, ηt and vit are random, independent of 
each other, are not autocorrelated and are not heteroscedastic. 

The VAR model (Vector Autoregressive Model) has the advantage of evaluating the response of a 
variable to a shock in another variable and is written as:                                       

                                                         Xt= a0+ a1Xt-1+ a2Yt-1+ ε1t                                                                  

                                                         Yt= b0+ b1Xt-1+ b2Yt-1+ ε2t                                           

in which, ε1t şi ε2t represents shocks, in period t, on variables X and Y. 
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It aims to evaluate the effects induced by various shocks on the variables in the system, to 
decompose the dispersion of the forecast error and to identify the causal relationships (the 
Granger test, assumes that if the previous values of the variable Y contribute significantly to the 
forecast of the current/future values of the variable X, then one can say that the variable Y is a 
Granger cause of X). 

Results 

To ensure the stationarity property, various transformations of the variables were performed, the 
Im-Pesaran-Shin Test confirming the stationarity of panel data at a level of significance of less than 
5%, according to Table 2. 

Table 2: 

Im-Pesaran-Shin Test 

Variable The value of the 
statistic test 

 P-value 

Export of goods and services (y) -2.37804 0.0087 

The number of patent applications (x1) -2.40342 0.0081 

R&D expenditures (x2) -2.62204 0.0007 

Source: the author 

Several models were tested on the stationary panel data obtained, but the Hausman Test 
value (p value less than 0.05) confirms the validity of the model with random individual effects, in 
which the change of the export of goods and services depends directly, only by changing the share 
of R&D expenditures (see Figure 1). 

 

Figure 1 – The random effects model 

Source: the author 
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We also built a VAR model in stationary data panel and identified the optimum lag according to 
Figure 2.  

 

Figure 2 – VAR estimation and lag selection criterion 

Source: the author 

The following equations resulted from the estimation of the VAR model in the panel: 

EXPORT = 0.96367245979*EXPORT(-1) - 0.0185736046631*D(PATENT(-1)) + 
0.00397750355298*D(R_D_EXPAND(-1)) + 3.95186994867 

D(PATENT) =  - 0.368169425651*EXPORT(-1) + 0.377381865997*D(PATENT(-1)) + 
3.28198884607*D(R_D_EXPAND(-1)) + 28.7521032071 

D(R_D_EXPAND) = 1.40084271054e-05*EXPORT(-1) + 0.000294314536653*D(PATENT(-1)) + 
0.460690069954*D(R_D_EXPAND(-1)) + 0.008397878288 

The model satisfies the conditions of stability, the polynomial roots of the autoregressive process 
being inside the unit circle, as can be seen in Figure 3. 

 

Figure 3 – The roots of the polynomial 

Source: the author 
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Granger causality analysis shows that the change of the share of R&D expenditures is a cause for 
the change of the export of goods and services (significance level greater than 5%) and the 
hypothesis of homoscedasticity is confirmed by the p value 0,1516, greater than 0, 05 (see Figure 
4). 

 

Figure 4 – Granger heteroscedasticity test and causality 

Source: the author 

 

According to the figure below, there is no autocorrelation of the errors until lag 10 (LM Test) 
and their distribution is not of the normal type (Jarque-Bera Test). 

 

Figure 5 – Autocorrelation and error distribution tests 
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Source: the author 

The analysis of the impulse functions (see Figure 6) shows that at a shock in changing the share of 
R&D expenditures, respectively of the number of patent applications, the export of goods and 
services changes. 

Also, from the decomposition by variance of the variables, it turns out that after two shock periods, 
6.98% of the variation in the change of the export of goods and services is due to the change in the 
share of R&D expenditures. 

Gradually, however, the influence decreases as the distance from the moment of shock is less 
than the influence on the export of goods and services given by the change in the number of patent 
applications. 

 

.Figure 6 – Analysis of impulse functions and  
decomposition of the forecast error dispersion 

Source: the author 

 

Conclusions 

The engine of the European Union's strategy for economic growth is innovation, with member 
countries being encouraged to invest in the R&D sector up to 3% of gross domestic product, by 
2020. 

In a less developed economy, the strong intensification of the investment in R&D, the diffusion and 
the technological transfer represent a safe way to reduce the significant gaps and to ensure the 
economic growth. 
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There are numerous studies on the relationship between the R&D sector and the export of goods 
and services, one of the determinants of economic growth, but, nevertheless, the results are not 
always conclusive. 

This article assesses whether, in the case of modest innovators where exports are the engine of 
economic growth, despite a noticeable gap in investment in R&D, innovation has a positive impact 
on export performance.  

The EViews test application confirms that there is a complementarity between R&D expenditures, 
the number of patent applications and the export of goods and services, which means that 
intensifying R&D activities will lead to increased export 
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