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ABSTRACT 

The article deals with the problems of business innovation and inventions in the EU countries with a 

focus on the potential effects of business R&D expenditure. Since the business is considered an essential 

sector concerning innovation, business R&D expenditure can play a significant role in their creation. 

However, several obstacles hinder the successful transformation of R&D expenditures into invention or 

innovation. R&D expenditures as any other type of business investments are associated with a certain 

risk. In this case, the risk of failure can be even higher due to their long-term nature and complexity. The 

article aims at an examination of the short-run and long-run relationship between business R&D 

expenditure, on one hand, an invention, and innovation on the other. To achieve this, the tests of 

Granger causalities and panel cointegrated regression has been applied on macro-level data. 

Furthermore, the structure of R&D expenditure in EU countries has been also examined. The results 

suggest a positive correlation between business R&D expenditure and innovation activities as well as 

the positive causal effect of business R&D expenditure on patenting in the long run. 
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INTRODUCTION 

Research and development (R&D) expenditures are currently often considered as one of the 

key drivers of economic growth and increasing productivity. Several studies found positive 

economic effects of R&D expenditure. From the macroeconomic point of view, most of the 

studies found evidence of the positive impact of R&D expenditure on economic growth [1-3] 

as well as on productivity [4, 5]. Furthermore, innovation activities of enterprises are often 

considered as the key driver of technological change and long-term growth [6]. On contrary, 

the short-term effect on employment can be negative due to the potential substitution of 

labour for capital [7]. From the microeconomic point of view, business R&D expenditure, as 

well as other types of R&D expenditure, can act as the facilitator of business innovation, 

which is further reflected in better business economic performance and sustainability [8, 9]. 

Innovativeness of the firm has also positive effect on its overall operational performance [10], 

Hence, based on the recent knowledge, we can say that business R&D expenditure is still 

perceived as a very desirable type of investments due to its assumed effect on businesses 

themselves and the economy in general. 

Business innovation activities can be to some extent determined by the amount of R&D 

spending. Firms with the intention to bring new innovative state-of-the-art goods or services 

to the market mostly need to apply the findings from R&D activities, which can be either 

performed in house by own capacities or acquire from other subjects such as public and 

private research institutions. However, this is not always necessary. First of all, many types of 

innovation do not necessarily require research and development. A large proportion of 

innovation activities can be considered as non-R&D innovation [11, 12] and this is not only 

typical for the smaller firms or firms in the low-tech industries [13]. Secondly, financial 

support of R&D or direct investment into R&D not always turns into commercially 

successful innovation. The classic linear model of innovation assumed the existence of 

several intermediate steps leading from basic research to innovation and its diffusion while 

creating the invention represents one of these steps [14]. Hence, we can say that the 

innovation process is a rather complex issue and the way from funding to actual innovation is 

not always straightforward. There are several factors affecting successful innovation. Based 

on the Triple Helix and Quadruple helix model, we can assume that the cooperation between 

business, government, higher education and the public is crucial. The role of such 

cooperation in the innovation process has been emphasised for example by Stojcic [15]. 

According to Pegkas et al. [16] the EU should strengthen the cooperation between business, 

public and higher education R&D. 

However, less attention is paid to the transformation of R&D expenditure into innovation. In 

line with this fact, our research is primarily focused on the relationship between a firm’s 

commitment to research and development and its innovative outcomes. Hence, our main scientific 

aim is to examine the relationship between business R&D expenditure, invention and innovation. 

We assume that this kind of effects works mostly in the long run. Hence, we decided to use 

panel data and apply cointegration tests and linear cointegration regression models. Furthermore, 

we analyse the extent and structure of business R&D expenditure in the EU countries as well. 

Some of the recent studies found a positive effect of R&D financial support or R&D business 

expenditures on innovation using mostly micro-level data [16, 17]. Most of the studies used 

patents as a proxy for innovation and only a few of them used the cointegration approach. In 

our case, we used macro-level panel data for EU countries and we combine the short-run and 

long-run approach in order to get more complex results. Moreover, we take into account 

labour productivity as one of the variables indirectly capturing the effects of R&D. The 

article to some extent builds on our previous results described in our conference paper [18]. 
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The next section of the article provides the literature review dealing with the problem so far. 

It is followed by a section that briefly describes the data and methodology applied in the 

analytical section. The results are further disused and conclusions are made in the final 

section of the article. 

LITERATURE REVIEW 

As we mentioned several studies are dealing with R&D and its effects. R&D expenditure is 

the key input into the innovation process. In line with the triple helix model, the innovation 

itself can be seen as the results of activities and cooperation between business, universities 

and government [19]. Hence, there are at least three different types of subjects which are 

funding or providing R&D activities. R&D expenditure can be therefore classified according 

to the source of funds or based on the subject of performance. In our case, we take into 

account the second type of classification Hence, we are focused especially on R&D 

expenditure used in the business sector. These can be mostly founded from their own 

resources or government support. The potential relationship between these two sources of 

business R&D activities is often discussed in the literature. However, most of the studies 

found the complementarity between these two R&D funding sources [7, 20, 21]. 

The main goal of spending money on R&D in business is mostly to enhance innovation 

performance and finally improve the competitiveness of the firm in the market which can be 

reflected in firms’ economic situation. Some studies found a positive effect of R&D spending 

on the growth of the firm [22]. It is likely that business R&D expenditure also positively 

affects business economic and financial performance, such for example profitability [8, 9, 23] 

apparent labour productivity and value-added [24] or turnover [25]. R&D investment is 

crucial especially for the development of high-tech products [26]. Therefore, they are also 

considered as the main growth drivers of high-tech industries [27, 28], which include for 

example aerospace, computers, pharmaceutical or electronics and telecommunications 

industries [25]. High technology companies are more dependent upon the intellectual 

property and except for their own sources, they are often using external sources [29]. These 

external sources can be provided to the business by universities, research institutions, or the 

government.  Scientific knowledge provided by public researchers has a significantly positive 

effect on both inputs and outputs of the firms’ innovation process [30]. However, this is only 

true in the case when firms have enough research capabilities to absorb and use this 

knowledge. Hence, funding of in-house research capacities also enables a firm to use, and 

understand acquired knowledge [31].  Current trend of digital transformation describes for 

example in [32] involves usage of new digital technologies and their interconnections. For 

example, data mining [33] and blockchain technology [34] are becoming increasingly 

popular digital innovation in business processes in recent years. Hence, R&D expenditures 

are mostly inevitable for these types of digital business innovation.  

While business and government R&D expenditure can be measured directly, their effect on 

innovation performance is more difficult to capture. Zachariadis [35] argues that R&D 

expenditure is mostly reflected in the number of patents, and patents have a positive effect on 

the development of technologies which raises economic growth. A similar effect of patents 

on growth is also shown for example by Hudson and Minea [36]. Hasan and Tucci [37] base 

their research on a sample of 58 countries for the period 1980-2003 to indicate the positive 

effect of quality and quantity of patents on economic growth. Furthermore, the positive effect 

of patents on the development of new technologies and high technology exports has been 

shown by Orviska et al. [38].  However, in economic literature patents are often considered 

more as an invention rather than innovation itself. Grant [39] characterizes an invention as 

the creation of new products and processes through the development of new knowledge or the 
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combination of existing knowledge. Innovation is defined as the commercialization of an 

invention by producing and marketing a good or service or by using a new method of production. 

Hence invention is more about new ideas, while innovations are more focused on new commercial 

products or services. The effect of R&D expenditure on technology development and also 

innovation can be reflected by the number of patents. On one hand, patents are the outputs of 

the production system of knowledge. On the other hand, patents can also be interpreted as 

input to the economic process of innovation [40]. Patents are therefore often used as a proxy 

for inventions and they can then be seen as the first step towards innovation [41] Compared 

to academic publication or most of the other research outputs patents are closer to innovation 

and technological development [42]. Despite mentioned potential differences, several studies 

are considering the number of patents as a direct indicator of innovation performance [17, 43]. 

We assume that effect of R&D expenditure on patents could be positive because the internal 

research capabilities, particularly those focused on basic research are crucial for the firm to 

generate creative outputs [41]. For example, Cardinal and Hatfield [44] examined firms with 

different intensities of R&D expenditures and observed that firms with higher R&D spending 

experienced significantly more inventions proxied by the number of patents. Similarly, 

Peeters and van de la Potterie [45] found that firms with more focus on research activities 

produce significantly more patenting output. On the other hand, Acs and Audretsch [46] 

argue that the relationship between R&D expenditure and intensity of patenting is more complex 

and firms can often experience decreasing returns to their R&D investment. Some empirical 

papers have also shown that increasing levels of R&D spending over a certain threshold is 

ineffective or even counterproductive for innovation outputs [47]. The role of patenting in the 

innovation process was also emphasized by Demirel and Mazzucato [48]. They found the 

positive impact of R&D on firm growth is conditional upon the firms’ activity in patenting 

and persistence in patenting. For small firms, R&D increases their growth for only a subset of 

firms that patent persistently for a minimum of five years. The effect of the R&D subsidy 

program on innovation has been examined for example by Bronzini and Piselli [17]. Innovation 

has been in this study proxied by the number of patents. The authors conclude that the R&D 

subsidy program in Northern Italy has a positive and significant effect on the number of 

patent applications. The benefits of the program have been especially evident for smaller firms.  

There are significant differences in characteristics of innovation system among EU countries. 

Countries with different innovation levels differ in the adoption of broadband, adoption of 

e-commerce as well as the adoption of the internal processes support within information 

systems [49]. In general, we can say that the importance of R&D for innovation depends on 

the dominant type of innovation model. On one hand, firms can innovate by the exchange of 

formal or codified knowledge, which mainly originates in research and development and 

patenting. On the other hand, innovation can also steam from tacit knowledge, which is 

mainly based on experience and informal interactions [50]. Based on this fact, there are at 

least two significant types of innovation modes. Firstly, we distinguish scientific and 

technology-based innovation (STI) mode, which mostly relies on research outputs and their 

dissemination [51]. Secondly, there is so-called learning-by-doing, by-using, and by-

interacting (DUI). In reality, both types of innovation modes are often combined to get 

results. According to González-Pernía [52] the final effect of both depends on the type of 

innovation. While the combination of STI and DUI is beneficial for product innovation, 

single DUI mode appears to be characteristic especially for the process innovation. 

METHODOLOGY AND DATA 

The main aim of the article is to examine the potential relationship between business R&D 

expenditure, invention and innovation. The analysis has been focused especially on the business 
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sector as one of the main innovation producers in the economy. In the first part of the analysis, we 

examine the extent and structure of R&D expenditure in EU countries. The cross-sectional 

data for the latest available year have been used for this comparison. Data have been retrieved 

from the Eurostat database. Firstly, we compare the total level of R&D expenditure in the 

country expressed in PPS per inhabitant as well as in percentage of GDP. Secondly, we compare 

intramural R&D expenditure (GERD) in the business enterprise sector of EU member states. 

We also graphically illustrate potential relationships between the R&D expenditure share of 

innovative firms and patenting activity in the country. In the next part of the analysis, we use 

panel data for EU member states. Panel correlation analysis between selected variables capturing 

innovation and R&D expenditures has been done based on data within the period 2011-2018 

for all EU member states. As it can be seen the time availability of data was rather limited in 

this case. In this first part, we mostly focused on the share of innovation firms as the main 

output variable. Mostly due to the better data availability in the next part of the analysis we 

used the number of patent applications as the main dependent variable. Hence, panel Granger 

causality test, cointegration analysis as well as panel cointegrated regression have been 

applied to data with a longer time frame (from the year 2007 to 2017). All main variables 

used in the analysis are described in more detail in Table 1. 

Table 1. Description of variables used in the analysis (authors’ work based on the data from 

Eurostat database). 

Variable Description 

Patents  Count of the patent applications to the EPO per 10 million inhabitants. 

Business 

R&D exp. 

Intramural R&D expenditure (GERD) in the Business enterprise sector 

as % of GDP) 

Intramural R&D expenditure (GERD) in the Business enterprise sector 

(of GDP) in PPS per inhabitant 

GDP per capita Real GDP per capita in PPS 

Apparent labour 

productivity 

Value-added at factor costs divided by the number of persons employed 

(in thousands of euros per person employed). 

SMEs introducing 

innovations 

The share of SMEs who introduced a new product or a new process to 

one of their markets on the total number of SMEs (in %). 

SMEs innovating  

in-house 

Share of SMEs with in-house innovation activities on all SMEs (both 

innovators and non-innovators). This indicator does not include new 

products or processes developed by other firms. 

Employment in 

High tech. and 

medium-tech 

Employment in High technology and medium technology firms as % of 

total employment. The definition of high- and medium-high technology 

manufacturing sectors and of knowledge-intensive services is based on a 

selection of relevant items of NACE Rev. 2 on the 2-digit level and is 

oriented on the ratio of highly qualified working in these areas. 

The dataset used in the analysis consists of panel data. Thus, variables include a cross-

sectional (country) dimension as well as a time dimension. It includes the data for EU28 

countries. 

In line with our main aim, we tested the potential relationship between business R&D 

spending and patenting in the economy. To fulfil the goal, we decided to use the 

cointegration approach as the main method. The transformation of R&D expenditure into 

invention (proxied by the number of patents) or innovation usually takes a rather long time. 

The effect will be probably not visible in the same period and using longer lags will 

significantly decrease the number of available observations. Moreover, there is likely a 

long-run causal relationship arising from R&D spending to patenting activity.  



Innovation and invention in the EU business sector: the role of the R&D expenditures 

173 

Firstly, variables used in the models were tested for weak stationary and the order of 

integration for all variables, which we want to use in the cointegrating regression model. 

Several different panel stationarity tests were applied [53-57]. 

Then we have tested the potential short-run causalities in Granger sense and their directions 

by using panel Granger causality tests. However, as mentioned above, we assume that 

potential causalities should be more evident in the long run. To test long-run causalities, we 

apply panel cointegration analysis. GDP per capita was used mainly as a control variable.  

The long-run equations will be further estimated as: 

 Patentsit = f(Business R&D expenditure it, GDP per capitait ). (1) 

After we have managed to satisfactorily demonstrate the same level of integration for 

selected variables by unit root tests, we test for the existence of cointegration by panel 

cointegration tests. Cointegration between the dependent and independent variables has been 

tested for using panel cointegration tests developed by Pedroni [58] and Kao [59], which are 

both widely used in the empirical literature. Both are testing the null hypothesis of no cointegration 

between selected variables. The Pedroni cointegration test uses seven different statistics. Four 

of them are panel cointegration statistics based on the within the approach and three of them 

are group-mean panel cointegration statistics which are based on the between approach. 

Kao’s test tests the null hypothesis that the residuals from the estimation are non-stationary.  

The panel cointegration tests allow us to identify the presence of cointegration, but cannot 

estimate any long-run causalities or effects. For this purpose, we use panel cointegrating 

regression models. The long-run parameters are estimated by the fully modified OLS 

(FMOLS) panel cointegration estimator.  

Here we briefly describe the essence of the estimator. FMOLS is based on standard OLS 

considering the simple fixed-effects panel regression model that can be written as: 

 𝑌it =  αi + β
i
𝑋it + 𝑢it, i = 1, . . . ., 𝑁, 𝑡 = 1, . . . ., 𝑇,  (2) 

where Yit is a vector of the dependent variable and β is a vector of coefficients. αi is an 

individual fixed effect and the unit are stationary disturbance terms. 

It is assumed that Xit has integrated processes of order one for all i. The FMOLS estimator 

then is written as follows: 

 β̂
FMOLS

=  [∑ ∑ (xit − x̅i)′T
t=1

N
i=1 ]

−1
[∑ (∑ (xit − x̅i)

T
t=1 ŷit

+   + T∆̂ϵμ
+ )N

i=1 ], (3) 

where ∆̂ϵμ
+  is a serial correlation term that gives the covariance matrix of the residuals 

corrected for autocorrelation and ŷit
+  is the transformation of the dependent variable yit to 

achieve the endogeneity correction.  

We used especially the pooled FMOLS estimators which were based on the “within 

dimension” of the panel. The pooled FMOLS estimator is proposed in [60]. The estimator is 

robust concerning to the potential problems of serial-correlation and endogeneity, which are 

potential problems with common OLS panel data estimators [61]. It solves this problem by 

nonparametric corrections. 

RESULTS 

First of all, we analyse the extent and structure of R&D expenditure in EU countries. This 

will allow us to assess the current situation and differences among EU member states. In 

Figure 1 we compare the actual size of total R&D expenditure in the EU in the year 2018. In 

the analysis, we used total intramural R&D expenditure expressed as a percentage of GDP 



J. Hunady and P. Pisar  

174 

(left axis) as well as in PPS per capita (right axis). As it can be seen, the highest overall R&D 

expenditure in both expressions is in Sweden, Austria, and Germany. As expected smaller 

countries such as Luxembourg and Ireland have significantly higher R&D expenditure per 

capita compared to their share of GDP. Romania, Malta, and Cyprus are the worst-

performing countries in the EU concerning this indicator.  

 

Figure 1. Total Intramural R&D expenditure (GERD) in all sectors in 2018. 

As mentioned in our analysis we further focused only on business R&D expenditure which in 

some countries represent the major share of total R&D expenditure. The share of business 

intramural R&D expenditure on GDP in the years 2018 and 2008 is shown in Figure 2. This 

time the differences among countries appear to be even more significant than in the previous 

case. However, leading countries remain the same. Sweden, Austria, and Germany are 

followed by Belgium, Denmark, and Finland. When we compare the result to Figure 1 it is 

evident that the majority of total R&D expenditure can be assigned to the business enterprise 

sector in all leading countries. Hence R&D in top-performing countries is driven mostly by 

the business sector. Most of the countries experienced slight growth in business R&D 

expenditure during the ten years since 2018. However, many countries are stagnating over 

this period. Moreover, business R&D expenditure drops significantly during this period in 

three EU countries namely Finland, Luxembourg, and Sweden. 

The R&D expenditures showed in Figure 2 are those spent and used in the business enterprise 

sector. These expenditures can be founded either from business or from government or other 

subjects. Direct or indirect government support of business R&D expenditure is considered 

an essential part of innovation policy in most developed countries. In Figure 3 we look more 

in detail at this kind of funds for business R&D investments. It is expressed as a percentage 

of GDP (right axis) as well as in PPS per capita in years 2007 and 2017. The highest 

governmental support of business R&D per capita can be seen again in Sweden. However, 

the share of governmental support on GDP is the highest in Hungary followed by France and 
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Figure 2. Intramural R&D expenditure (GERD) in business enterprise sector as percentage of 

GDP in years 2018 and 2008. 

Sweden. Business R&D expenditure per capita financed by the government decrease between 

the years 2007 and 2017 the most in Austria, Spain, and Romania. On the other hand, Poland, 

Hungary, and United Kingdom have experienced significant growth. 

In the next part of our analysis, we in more detail examine potential relationships between 

selected variables. Our main focus is on the relationship between R&D expenditure, 

invention, and innovation. The relation between business R&D expenditure share of 

innovative firms and number of patents per inhabitants in EU countries is illustrated in Figure 4. 

We take into account the most recent available cross-sectional data for the year 2018. The 

high number of patent applications per inhabitant can be seen in Germany, Sweden, Austria, 

Denmark, or the Netherlands. These countries experienced also a very high level of business 

R&D expenditure and most of them are also leaders in the share of innovative firms. On the 

other hand, countries such as Romania, Bulgaria, Latvia, Poland, or Slovakia lie on the other 

side of the scale and performed rather poorly in all three dimensions. Countries performing 

well in one indicator usually performing also in the other two indicators and vice versa. 

Despite some few exemptions such as in cases of Greece or Portugal the results suggest the 

existence of a positive correlation between all three selected indicators. 

We further examined similar correlations based on panel data for all EU member states in the 

period 2011-2018. Results are shown in Table 2. This time we used variables capturing the 

share of SMEs innovating products and services as well as the share of SMEs innovating 

in-house. Furthermore, employment in high and medium technology sectors was used as a 

measure of technological advancement in the industry. We assumed that higher employment 

in these sectors can also imply more innovative firms in the economy. However, this 

assumption was not supported at all by the empirical data in our case. Hence, it could to some 

extent mean that high and medium technology industries are not the main drivers of products 
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Figure 3. Intramural R&D expenditure (GERD) financed by the government and used in 

business enterprise sector in PPS per inhabitant and % of GDP in years 2017 and 2007. 

 

Figure 4. Business R&D expenditure, the share of innovative SMEs and number of patent 

applications to the EPO per 1 million inhabitants (circle size) in the EU countries in 2018. 
The size of the circle means the number of patent applications to the EPO per 1 million inhabitants. 

and services innovation in most of the EU countries, but of course, more research is needed to 

prove this possible explanation. The correlation between business R&D expenditure and the 

share of innovative firms is positive and significant but not particularly strong. 
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Table 2. Panel correlation analysis between selected indicators for EU countries in the period 

2011-2018 (Pearson pair correlation coefficients). 

 
SMEs introducing 
product or process 

innovations, % 

SMEs 
innovating in-

house, % 

Business 
R&D exp., 
% of GDP 

Employment 
in high- and 

medium-tech., % 

SMEs introducing 
product or process 
innovations, % 

1,000 0,964 0,577 –0,017 

SMEs innovating 
in-house, % 

0,964 1,000 0,528 –0,089 

Business R&D exp., 
% of GDP 

0,577 0,528 1,000 0,070 

Employment in high- 
and medium-tech, % 

–0,018 –0,089 0,070 1,000 

To proceed further in our analysis, we test potential short-run and especially long-run 

causalities we used patents as a dependent variable and business R&D expenditure as a 

percentage of GDP as the main independent variable in our analysis. 

Firstly, we want to test potential short-run effects in both ways. Hence, we applied the 

Granger causality test. We also used apparent labour productivity in all sectors as the variable 

in the analysis. We assume that business R&D could lead to patents and patents could have a 

later positive effect on labour productivity. The results of the panel Granger causality test are 

shown in Table 3. As it can be seen results suggest the existence of statistically significant 

casualty in Granger sense arising from Business R&D expenditure to the number of patents 

per capita, while the effect in opposite direction is not found. The mentioned relationship is 

significant when taking into account one-year and two-year lags. There is also a little bit 

weaker evidence for the effect of patents on apparent labour productivity after the three years 

lag. This relationship is statistically significant at a 5 % level of significance. 

Firstly, we want to test potential short-run effects in both ways. Hence, we applied the 

Granger causality test. We also used apparent labour productivity in all sectors as the variable 

in the analysis. We assume that business R&D could lead to patents and patents could have a 

further positive effect on labour productivity. The results of the panel Granger causality test 

are shown in Table 3. As it can be seen results suggest the existence of statistically significant 

causality in Granger sense arising from Business R&D expenditure to patents per capita, 

while the effect in opposite direction is not found. The mentioned relationship is significant 

when taking into account one year and two-year lags. There is also a little bit weaker 

evidence for the effect of patents on apparent labour productivity after the three years lag. 

This relationship is statistically significant at a 5 % level of significance. 

Based on the results we can conclude that we found some evidence for the short-run 

relationship between Business R&D expenditure and the number of patents per capita. We 

identify the direction of these potential effects, but we are not able to identify whether this 

effect is positive or negative as well as its power. Hence, after the Granger causality tests, we 

look more in detail at a potential long-run causal effect, which could be very likely more 

important in this case due to the nature of long-lasting innovation processes. We assume that 

there can be a long-run relationship between business R&D funding and inventions measured 

by the number of patents per capita.  

The number of patents can be also to a certain degree affected by the economic development 

in the country. Therefore, we also used GDP per capita as the control variable. The 

cointegrated regression approach allows us to determine long-run causalities. It is robust for 
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Table 3. Results of Pairwise Panel Granger causality tests. 
Number of lags 1 2 3 

H0: Business R&D exp. (% GDP) does not Granger Cause 

Patents 
11,03*** 5,28*** 1,99 

H0: Patents does not Granger Cause Business R&D exp. 

(% GDP) 
0,54 2,76 0,09 

H0: Apparent labour productivity does not Granger Cause 

Patents 
0,02 0,44 0,59 

H0: Patents does not Granger Cause Apparent labour 

productivity 
2,98 2,18 3,28** 

H0: Apparent labour productivity does not Granger Cause 

Business R&D exp. (% GDP) 
0,003 1,13 0,30 

H0: Business R&D exp. (% GDP) does not Granger Cause 

does not Granger Cause 
0,83 0,48 0,52 

Observations 252 224 196 
**statistically significant at 5 % 

***statistically significant at 1 % 

Table 4. The results of panel unit root tests – variables calculated as percentage of GDP. 

 Null Hypothesis: non-stationarity 

LLC test Breitung IPS test ADF test PP test 

Patents – intercept & trend –6,17*** –0,77 –0,39 64,03 89,89*** 

ΔPatents – intercept & trend –23,25*** –5,92*** –5,04*** 162,5*** 234,5*** 

Business R&D exp. (% GDP) 

– intercept & trend 
–4,44*** –2,22 –0,244 64,8 88,2*** 

ΔBusiness R&D exp. (% 

GDP) – intercept & trend 
–10,6*** 0,115 –2,25** 109,2*** 183,9*** 

GDP_per_capita – intercept 

& trend 
–29,95*** 4,29 –7,53*** 133,2*** 69,58 

ΔGDP_per_capita – intercept 

& trend 
–28,38*** –4,7*** –6,52*** 212,8*** 266,3*** 

**statistically significant at 5 % 

***statistically significant at 1 % 

both non-stationarity problems and most of the endogeneity problems. However, the number 

of control variables is limited in this case, because all variables used in the mode must be 

cointegrated. To test the same level of integration or the cointegration of selected variable we 

firstly need to use panel unit-root test. We applied five different panel unit-root tests. The 

results mostly suggest that all three variables are very likely non-stationary at their levels but 

they are stationary when using the first difference. This means that the first necessary 

condition for cointegration of these variables has been met. 

The existence of cointegration between these three variables has been further tested by 

Pedroni and Kao panel cointegration tests. All results are shown in Table 5 and Table 6. In 

the first part showed in Table 5 we test cointegration among all three variables. Despite 

slightly mixed results, the majority of tests confirm the existence of statistically significant 

cointegration at least at a 5 % level of significance. Thus, based on the results we can proceed 

further to cointegrated regression analysis. 

In Table 6 we tested cointegration only between the number of patents per capita and share of 

business R&D expenditures on GDP. This time the results are even more convincing. Based 

on the majority of tests we can conclude that there is cointegration between these two variables. 
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Table 5. Results of panel cointegration tests among all three variables. 
Cointegration: Patents, Business R&D expenditure (% GDP), 

GDP per capita / Intercept 

Null Hypothesis: no cointegration Statistic 
Weighted 

Stat. 

Pedroni test 
(Engle-Granger 
based) tests – 
individual intercept, 
lag length selection 
based on SBC 

Panel v-Statistic (within dimension) 1,21 -0,73 

Panel rho-Statistic (within dimension) 0,67 0,33 

Panel PP-Statistic (within dimension) 0,001*** -6,70*** 

Panel ADF-Statistic (within dimension) –4,42*** -6,78*** 

Group rho-Statistic (between dimension) 2,54  

Group PP-Statistic (between dimension) –9,77***  

Group ADF-Statistic (between dimension) –7,83***  

Kao coint. test ADF-Statistic –2,30** 

Cointegration: Patents, Business R&D expenditure (% GDP), 
GDP per capita / Intercept & trend 

Pedroni tests 
(Engle-Granger 
based) – individual 
intercept & trend, 
lag length selection 
based on SBC 

Panel v-Statistic (within dimension) –2,58 –3,27 

Panel rho-Statistic (within dimension) 3,83 3,57 

Panel PP-Statistic (within dimension) –0,01 –7,71*** 

Panel ADF-Statistic (within dimension) –1,94** –6,84*** 

Group rho-Statistic (between dimension) 5,32  

Group PP-Statistic (between dimension) –13,6***  

Group ADF-Statistic (between dimension) –9,11***  
**statistically significant at 5 % 
***statistically significant at 1 % 

Table 6. Results of panel cointegration tests between Patents and R&D expenditure. 
Cointegration: Patents, Business R&D expenditure (% GDP) / Intercept 

Null Hypothesis: no cointegration Statistic 
Weighted 

Stat. 

Pedroni test 
(Engle-Granger based) 
tests – individual 
intercept, lag length 
selection based on 
SBC 

Panel v-Statistic (within dimension) 2,18** 0,016 

Panel rho-Statistic (within dimension) –0,82 –1,33* 

Panel PP-Statistic (within dimension) –2,88*** –5,36*** 

Panel ADF-Statistic (within dimension) –4,06*** –6,28*** 

Group rho-Statistic (between dimension) 0,76  

Group PP-Statistic (between dimension) –6,90***  

Group ADF-Statistic (between dimension) –6,98***  

Kao coint. test ADF-Statistic –2,56*** 
Cointegration: Patents, Business R&D expenditure (% GDP), 

GDP per capita / Intercept & trend 

Pedroni tests 
(Engle-Granger based) 
– individual intercept 
& trend, 
lag length selection 
based on SBC 

Panel v-Statistic (within dimension) –1,96 –3,02 

Panel rho-Statistic (within dimension) 2,28 1,85 

Panel PP-Statistic (within dimension) –0,68 –6,40*** 

Panel ADF-Statistic (within dimension) –2,40*** –7,54*** 

Group rho-Statistic (between dimension) 3,53  

Group PP-Statistic (between dimension) –6,96***  

Group ADF-Statistic (between dimension) –6,72***  
**statistically significant at 5 % 
***statistically significant at 1 % 

After the cointegration tests, we can finally proceed to panel cointegrating regression models. 
To check the robustness of the results we applied FMOLS estimator with different 
specifications as shown in Table 7. 
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Table 7. Results of panel cointegrated regression models. Long-run variances calculated 

based on Bartlett kernel and Newey-West bandwidth have been used for coefficient 

covariances; A – FMOLS (pooled estimator), constant included, coefficient covariance 

matrix with homogenous variances; B – FMOLS (pooled estimator), constant included, 

coefficient covariance matrix with heterogeneous first-stage coefficients; C – FMOLS 

(pooled weighted estimator), coefficient covariance matrix with homogenous variances; 

D – FMOLS (pooled estimator), constant &linear trend, coefficient covariance matrix with 

homogenous variances; E – FMOLS (pooled estimator), constant and linear trend as an 

additional regressor, coefficient covariance matrix with homogenous variances. 
Dependent variable: Patents 

Pooled estimator (within dimension) 

 (1) A (2) B (3) C (4) D (5) E 

Business R&D exp. (% of GDP) 
11,29* 

(1,84) 

8,33** 

(2,21) 

7,09*** 

(232,34) 

12,38** 

(2,01) 

8,82*** 

(2,34) 

Log(GDP per capita) 
3,88 

(0,25) 

0,53 

(0,06) 

5,41*** 

(219,4) 

5,65 

(0,42) 

1,07*** 

(0,13) 

R2 0,99 0,99 0,99 0,99 0,99 

Adj. R2 0,98 0,98 0,99 0,99 0,99 

Long-run variance 203,1 76,44 11,81 11,83 11,81 

Observations 280 280 280 280 280 
*statistically significant at 10 % 

**statistically significant at 5 % 

***statistically significant at 1 % 

The long-run positive effect of business R&D expenditure on the number of patents is 

statistically significant at least at a 10 % level of significance in all five models. Moreover, 

this effect is also significant at a 5 % level in four out of five models. Hence, we can 

conclude that our results strongly suggest that there is a positive long-run effect of business 

R&D expenditure on inventions which could likely also further lead to innovation in the 

business sector. Likely, higher R&D expenditure in the business enterprises sector will 

increase also innovation performance. The long-run effect of GDP per capita on patenting 

was in our case insignificant in almost all models except one. The effect of GDP can likely be 

more evident in the short-run rather than in the long run. 

DISCUSSION 

Our result can have several interpretations and implications. Firstly, there are several issues 

related to using the number of patents as the main dependent variable. On one hand, several 

previous studies such as [17, 43] have used patents as a direct measure for innovation. On the 

other hand, patents are also often used as the proxy for invention [39, 41] rather than 

innovation. For example, Artz et al. [41], argue that patents are commonly seen as 

innovation, which is further leading to actual innovation. Similarly, Lin et al. [62] used sales 

arising from patents as the alternative measurement of innovation output. This study was 

focused on Taiwanese manufacturing firms. Hence, in this case, most of the firms were likely 

focused on the innovation of high-tech or medium-tech products. In such conditions, patents 

can be a very good proxy for innovation. Typical business innovation is not always based on 

patents. There are several types of innovation such for example innovation of products, 

services or processes and most of them are not related to patenting. In our case, we accepted 

both approaches and assume that patents are representing part of inventions and can be also 

to some extent considered as the proxy for the specific type of innovations. This is especially 

true for product and process innovation. However, it is still important to notice that the 
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number of patents cannot be considered as an exact measure of either invention or 

innovation. As argued by Thomas et al. [63], not all inventions are patented or can be 

patented and not all patents are useful for innovation, even though patents are still considered 

the most common indicator of innovative output. Albeit the indicator is a good proxy for 

measuring innovation only the part of technological knowledge is shared by patents [64]. 

Despite mentioned disadvantages of this indicator, we decided to use patents as the main 

variable capturing invention and innovation in our analysis. In the absence of economy-wide 

data on innovations, the number of patents is currently used as the standard measure of 

innovation [65]. Within this context, Leydesdorff et al. [40] argue that despite the 

well-known limitations patents can be used for analysing patterns of the invention. 

In our case, we are using the R&D expenditure as the most important independent variable. 

The existence of the potential relationship between R&D and invention or innovation has 

been discussed in the introduction and literature review. Based on our results, we can 

conclude that we found empirical evidence for the positive effect of business R&D 

expenditure on the number of patents in the short-run as well as in the long run. A higher 

level of R&D expenditure should increase R&D activities and these in ideal circumstances 

can scale up patents and innovation. Despite most of the previous studies have been focused 

more on the short-run causalities, the length of the whole innovation process from spending 

to innovation and innovation indicates that the effects should be visible more in the long-run. 

Hence, our study is primarily focused on examining potential long-run causalities by using an 

integrated approach. However, we found both types of effects. In the short-run are results 

indicate the existence of Granger causality between R&D expenditure and patents.  

These results are in line with theoretical assumptions as well as with previous empirical 

research. We found that this effect is has been to some extent found even in the short run. Our 

results are in line with some other previous studies. For example, Zachariadis [35] assume 

that R&D expenditure is mostly reflected by the number of patents in the economy which is 

further transformed into different types of new technologies. Peeters and van de la Potterie [45] 

found that firms with more focus on research activities produce significantly more patenting 

output. Our results also suggest that the innovation process in EU countries mostly follow the 

science and technology-based innovation path (STI) described for example by Jensen et al. [51]. 

According to this assumption, we can state that innovation outputs are mostly based on R&D 

expenditures. Taking into account this fact, business innovation also requires higher investments 

into high-skilled human resources and highly skilled scientific human resources and 

advanced technologies and infrastructures. Hence, the cooperation of business, higher 

education institution and government is often inevitable to reach a sufficient volume of 

innovation. Especially research centres, universities and foundations play important role in 

STI mode in the acquisition of knowledge the diffusion of scientific research [66]. Of course 

in our sample, there can be also several countries where STI mode is not dominant. We can 

assume that especially firms some countries in central Europe or Eastern European countries 

are more focused on non-R&D innovation. Furthermore, following the results obtained by 

Kravtsova and Radosevic [67] we can also assume that Eastern European countries have in 

general less efficient national systems of innovation which are generating lower numbers of 

science and technology outputs such as patents compared to other countries. Our results 

confirm this fact. We found that the share of innovative enterprises, as well as the number of 

patents, is mostly lower in EU countries from the eastern part of the Union. Firms from, 

Romania, Poland, Latvia, Bulgaria, Hungary and Slovakia are significantly less innovative 

compared to other EU member states. This is in line with much more complex data from the 

European innovation scoreboard [68] where mentioned countries are based on all dimensions 
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captured in the scoreboard classified only as modest and moderate innovators. Hence, we 

believe that more attention should be paid to them in future research as well. 

Our research is focused on the problem that has been previously investigated by several 

studies. However, we believe that its economic importance and specificity requires even more 

in-depth examination. Our research brings some new empirical insight into this problem by 

using original methodology and data. Most of the research so far has been focused on certain 

specific countries and it mostly examined the short-run causalities. However, there are few 

studies with a similar methodology. For example, Pegkas et al. [16] have also analysed the 

long-run relationship between innovation and R&D expenditure in European Union countries. 

Similar to our results, they also found the co-integration relationship between innovation and 

R&D and the existence of a positive effect of business, public and higher education R&D on 

innovation. They also argue that the business R&D expenditure has the highest positive effect 

on innovation. Compared to our approach they are using a different methodology to examine 

long-run causalities. We also additionally perfumed the short-run Granger causality test. 

Furthermore, they are using data until the year 2014, while we are using novel data over the 

period 2011-2018. Despite differences in methodology and dataset, the results are to some 

extent similar. Furthermore, our results are also in line with those found by De Rassenfosse 

and van Pottelsberghe de la Potterie [69]. They examined the relationship between R&D 

expenditure and the number of planets over the period 1980–2007, in Europe, the US and Japan and 

concluded that R&D expenditure has a positive effect on the number of patent applications.  

Despite our effort to achieve the most relevant results, our approach has also certain 

limitations. First, the patenting used in the analysis can be seen only as a proxy for invention 

or innovation. Secondly, we assumed that the effect of business R&D expenditure is largely 

localized in the same country where these funds have been used. Thus, we do not account for 

potential cross-border spill-overs or indirect effects. The scope of the data has been limited 

by the data availability. Moreover, the FMOLS estimator can be also used only on 

cointegrated variables. These two facts limited the number of control variables. Even though 

the problem of endogeneity has been to a large extent solved by using panel FMOLS 

estimator, more control variables might further improve the robustness of our results. Our 

approach does not allow us to capture differences between countries. Moreover, based on our 

data we are not able to distinguish between the different business sectors or research areas. 

Hence, potential further research can be aimed at the differences between different sectors or 

countries. In the article, we used macro-level data and a sectoral approach. Further analysis of 

this problem based on the level of firms could be complementary to our results. 

CONCLUSIONS 

In this article, we examined business Intramural R&D expenditure in EU countries and identify 

their short-run and long-run on the number of patents. Based on the mentioned results we can 

make several concussions and provide some implications. Firstly, it can be concluded that 

investments in research and development appear to be important for the the creation of 

invention and innovation. Business R&D expenditure on GDP has a positive effect on 

invention expressed by patents. This seems to be especially true in the long run. However, we 

also found some empirical evidence for short-run causality in the Granger sense between both 

selected variables. A positive correlation has been detected also between business R&D 

expenditure and the share of innovative firms in the countries. This is valid also for firms 

innovating products in services in general as well as for those firms innovating in-house.  

Furthermore, we found that countries with higher business R&D expenditure on GDP also 

mostly experienced a higher share of innovative firms as well as higher patenting activity. 
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Concerning all three indicators, countries such as Sweden, Germany, Austria or Finland 

represent good practice. All four countries also experienced the highest R&D expenditure in 

the business enterprise sector in the EU. The systems of innovation support in these countries 

are usually considered as ones of the best in Europe. Government financial support of 

business R&D is very high in Sweden, France and Luxembourg. On the other hand, countries 

such as Latvia, Romania and Cyprus have a low level of business R&D expenditure. Overall 

R&D expenditure in the economy is also very limited in these countries.  

Turning to the dynamics of business R&D expenditure we can conclude that not all EU 

countries increase them in selected ten years’ period. There were significant drops in Finland, 

Sweden and Luxembourg. However, in most of the EU countries, we noted a slight increase. 

The decrease in government funding of business R&D during the period 2007-2017 was even 

more significant in many EU countries. This could mean that governments can more recent 

period effort, in general, less expenditure dedicated to the support of R&D activities in the 

business enterprise sector compared to the situation before the last financial and economic 

crisis. However, the role of non-R&D innovation expenditure should not be neglected as 

well. Especially in the countries with the dominant DUI mode, rising R&D expenditure can 

be less effective in increasing the level of innovation. In this case, the improvement of the 

external business environment such as regulation can be at least equally important.  

ACKNOWLEDGEMENT 

This research was supported by Slovak Scientific Grant Agency (VEGA) under the contract 

1/0385/19 “Determinants of business innovation performance on the basis of Quadruple helix 

model”. 

REFERENCES 

[1] Gumus, E. and Celikay, F.: R&D Expenditure and Economic Growth: New Empirical 

Evidence. 
Margin – The Journal of Applied Economic Research 9(3), 205-217, 2015,  

http://dx.doi.org/10.1177/0973801015579753, 

[2] Akcali, B.Y. and Sismanoglu, E.: Innovation and the Effect of Research and Development 

(R&D) Expenditure on Growth in Some Developing and Developed Countries.  
Procedia – Social and Behavioral Sciences 195, 768-775, 2015, 

http://dx.doi.org/10.1016/j.sbspro.2015.06.474, 

[3] Falk, M.: R&D spending in the high-tech sector and economic growth.  
Research in Economics 61(3), 140-147, 2007, 

http://dx.doi.org/10.1016/j.rie.2007.05.002, 

[4] Blanco, L.; Gu, J. and Prieger, J.E: The Impact of Research and Development on 

Economic Growth and Productivity in the U. S. States.  
Southern Economic Journal 82(3), 914-934, 2015, 

http://dx.doi.org/10.1002/soej.12107, 

[5] Nekrep, A.; Strašek, S. and Boršič, D.: Productivity and Economic Growth in the 

European Union: Impact of Investment in Research and Development.  
Naše gospodarstvo/Our Economy 64(1), 18-27, 2018, 

http://dx.doi.org/10.2478/ngoe-2018-0003, 

[6] Czarnitzki, D. and Delanote, J.: Young innovative companies: the new high-growth firms? 
Industrial and Corporate change 22(5), 1315-1340, 2013, 

http://dx.doi.org/10.1093/icc/dts039, 

[7] Křístková, Z.: Analysis of private RD effects in a CGE model with capital varieties: The 

case of the Czech Republic.  
Czech Journal of Economics and Finance 63(3), 262-287, 2013, 

http://dx.doi.org/10.1177/0973801015579753
http://dx.doi.org/10.1016/j.sbspro.2015.06.474
http://dx.doi.org/10.1016/j.rie.2007.05.002
http://dx.doi.org/10.1002/soej.12107
http://dx.doi.org/10.2478/ngoe-2018-0003
http://dx.doi.org/10.1093/icc/dts039


J. Hunady and P. Pisar  

184 

[8] Apergis, N. and Sorros, J.: The Role of R&D Expenses for Profitability: Evidence from 

U.S. Fossil and Renewable Energy Firms.  
International Journal of Economics and Finance 6(3), 8-15, 2014, 

http://dx.doi.org/10.5539/ijef.v6n3p8, 

[9] Shen, K.Y.; Yan, M.R. and Tzeng, G.H.: Exploring R&D Influences on Financial 

Performance for Business Sustainability Considering Dual Profitability Objectives. 
Sustainability 9(11), 1-21, 2017, 
http://dx.doi.org/10.3390/su9111964,  

[10] Phorncharoen, I.: Influence of market orientation, learning orientation, and 

innovativeness on operational performance of real estate business.  
International Journal of Engineering Business Management 12, 2020, 

http://dx.doi.org/10.1177/1847979020952672,  

[11] Hervas-Oliver, J.L.; Sempere-Ripoll, F.; Boronat-Moll, C. and Rojas, R.: Technological 

innovation without R&D: unfolding the extra gains of management innovations on 

technological performance.  
Technology Analysis & Strategic Management 27(1), 19-38, 2015, 

http://dx.doi.org/10.1080/09537325.2014.944147,  

[12] Xie, X.; Wang, H. and Jiao, H.: Non‐ R&D innovation and firms’ new product 

performance: the joint moderating effect of R&D intensity and network embeddedness.  
R&D Management 49(5), 748-761, 2019, 
http://dx.doi.org/10.1111/radm.12369,  

[13] Lee, Y.N. and Walsh, J.P.: Inventing while you work: Knowledge, non-R&D learning 

and innovation.  
Research Policy 45(1), 345-359, 2016, 

http://dx.doi.org/10.1016/j.respol.2015.09.009,  
[14] Godin, B.: Invention, diffusion and linear models of innovation: the contribution of 

anthropology to a conceptual framework.  
Journal of Innovation Economics Management 15(3), 11-37, 2014, 

http://dx.doi.org/10.3917/jie.015.0011,  

[15] Stojcic, N.: Collaborative innovation in emerging innovation systems: Evidence from 

Central and Eastern Europe.  
The Journal of Technology Transfer 46(2), 531-562, 2021, 

http://dx.doi.org/10.1007/s10961-020-09792-8,  

[16] Pegkas, P.; Staikouras, C. and Tsamadias, C.: Does research and development 

expenditure impact innovation? Evidence from the European Union countries.  
Journal of Policy Modeling 41(5), 1005-1025, 2019, 

http://dx.doi.org/10.1016/j.jpolmod.2019.07.001,  

[17] Bronzini, R. and Piselli, P.: The impact of R&D subsidies on firm innovation.  
Research Policy 45(2), 442-457, 2016, 
http://dx.doi.org/10.1016/j.respol.2015.10.008,  

[18] Hunady, J. and Pisar, P.: Business Spending on Research and Development and its 

Relationship to Invention and Innovation.  
ENTRENOVA - ENTerprise REsearch InNOVAtion Conference (Online), 10-12 September 
2020, 542-552. IRENET - Society for Advancing Innovation and Research in Economy, Zagreb, 

[19] Etzkowitz, H. and Leydesdorff, L.: The dynamics of innovation: from National Systems 

and “Mode 2” to a Triple Helix of university–industry–government relations.  
Research Policy 29(2), 109-23, 2000, 
http://dx.doi.org/10.1016/S0048-7333(99)00055-4,  

[20] David, P.A.; Hall, B.H. and Toole, A.A.: Is public R&D a complement or substitute for 

private R&D? A review of the econometric evidence.  
Research policy 29(4-5), 497-529, 2000, 
http://dx.doi.org/10.1016/S0048-7333(99)00087-6,  

http://dx.doi.org/10.5539/ijef.v6n3p8
http://dx.doi.org/10.3390/su9111964
http://dx.doi.org/10.1177/1847979020952672
http://dx.doi.org/10.1080/09537325.2014.944147
http://dx.doi.org/10.1111/radm.12369
http://dx.doi.org/10.1016/j.respol.2015.09.009
http://dx.doi.org/10.3917/jie.015.0011
http://dx.doi.org/10.1007/s10961-020-09792-8
http://dx.doi.org/10.1016/j.jpolmod.2019.07.001
http://dx.doi.org/10.1016/j.respol.2015.10.008
http://dx.doi.org/10.1016/S0048-7333(99)00055-4
http://dx.doi.org/10.1016/S0048-7333(99)00087-6


Innovation and invention in the EU business sector: the role of the R&D expenditures 

185 

[21] Lanahan, L.; Graddy-Reed, A. and Feldman, M.P.: The Domino Effects of Federal 

Research Funding. 
PLoS ONE 11(6), 2016,  

http://dx.doi.org/10.1371/journal.pone.0157325,  

[22] Pieri, F.; Vecchi, M. and Venturini, F.: Modelling the joint impact of R&D and ICT on 

productivity: A frontier analysis approach.  
Research Policy 47(9), 1842-1852. 2018,  

http://dx.doi.org/10.1016/j.respol.2018.06.013,  

[23] VanderPal, G.A.: Impact of R&D Expenses and Corporate Financial Performance. 
Journal of Accounting and Finance 15(7), 135-149, 2015, 

[24] Hunady, J.; Pisar, P. and Durcekova, I.: R&D Investments in the European ICT Sector: 

Implications for Business Performance.  
Business Systems Research 11(3), 30-44, 2019, 
http://dx.doi.org/10.2478/bsrj-2020-0025,  

[25] Park, J.H., et al.: Relation of R&D expense to turnover and number of listed companies 

in all industrial fields.  
Journal of Open Innovation: Technology, Market and Complexity 4(1), 1-15, 2018, 

http://dx.doi.org/10.1186/s40852-018-0093-4,  

[26] Sandu, S. and Ciocanel, B.: Impact of R&D and innovation of High-tech Export.  
Procedia Economics and Finance 15, 80-90, 2014, 

http://dx.doi.org/10.1016/S2212-5671(14)00450-X,  

[27] Wang, D.H.M.; Yu, T.H.K. and Liu, H.Q.: Heterogeneous effect of high-tech industrial 

R&D spending on economic growth.  
Journal of Business Research 66(10), 1990-1993, 2013, 

http://dx.doi.org/10.1016/j.jbusres.2013.02.023,  

[28] Karahan, Ö.: Intensity of Business Enterprise R&D Expenditure and High-Tech 

Specification in European Manufacturing Sector.  
Procedia – Social and Behavioral Sciences 195, 806-813, 2015, 

http://dx.doi.org/10.1016/j.sbspro.2015.06.180,  

[29] Stankevice, I. and Jucevicius, G.: Institutional vs. sectoral dimension of innovation 

strategies of firms. 
Technological and Economic Development of Economy 19(1), S360-S382, 2013, 

http://dx.doi.org/10.3846/20294913.2013.879752,  

[30] Herrera, L.; Muñoz-Doyague, M.F. and Nieto, M.: Mobility of public researchers, 

scientific knowledge transfer, and the firm's innovation process. 
Journal of Business Research 63(5), 510-518, 2010, 

http://dx.doi.org/10.1016/j.jbusres.2009.04.010, 

[31] Penner-Hahn, J. and Shaver, J.M.: Does international research and development 

increase patent output? An analysis of Japanese pharmaceutical firms. 
Strategic Management Journal 26(2), 121-140, 2005, 

http://dx.doi.org/10.1002/smj.436,  

[32] Tomičić Furjan, M.; Tomičić-Pupek, K., and Pihir, I.: Understanding Digital 

Transformation Initiatives: Case Studies Analysis.  
Business Systems Research: International journal of the Society for Advancing Innovation and 

Research in Economy 11(1), 125-141, 2020, 

http://dx.doi.org/10.2478/bsrj-2020-0009,  

[33] Topalović, A. and Azzini, A.: Data Mining Applications in SMEs: An Italian 

Perspective. 
Business Systems Research: International journal of the Society for Advancing Innovation and 

Research in Economy 11(3), 127-146. 2020, 

http://dx.doi.org/10.2478/bsrj-2020-0031,  

http://dx.doi.org/10.1371/journal.pone.0157325
http://dx.doi.org/10.1016/j.respol.2018.06.013
http://dx.doi.org/10.2478/bsrj-2020-0025
http://dx.doi.org/10.1186/s40852-018-0093-4
http://dx.doi.org/10.1016/S2212-5671(14)00450-X
http://dx.doi.org/10.1016/j.jbusres.2013.02.023
http://dx.doi.org/10.1016/j.sbspro.2015.06.180
http://dx.doi.org/10.3846/20294913.2013.879752
http://dx.doi.org/10.1016/j.jbusres.2009.04.010
http://dx.doi.org/10.1002/smj.436
http://dx.doi.org/10.2478/bsrj-2020-0009
http://dx.doi.org/10.2478/bsrj-2020-0031


J. Hunady and P. Pisar  

186 

[34] Juričić, V.; Radošević, M., and Fuzul, E.: Optimizing the Resource Consumption of 

Blockchain Technology in Business Systems.  
Business Systems Research: International journal of the Society for Advancing Innovation and 

Research in Economy 11(3), 78-92, 2020, 

http://dx.doi.org/10.2478/bsrj-2020-0028,  

[35] Zachariadis, M.: R&D Innovation and Technological Progress: A Test of Schumpeterian 

framework without Scale Effects.  
Canadian Journal of Economics 36(3), 566-586, 2004,  

http://dx.doi.org/10.1111/1540-5982.t01-2-00003,  

[36] Hudson, J.; Minea, A.: Innovation, intellectual property rights, and economic 

development: A unified empirical investigation.  
World Development 46, 66-78, 2013, 

http://dx.doi.org/10.1016/j.worlddev.2013.01.023,  

[37] Hasan, I.; Tucci, C.L.: The innovation–economic growth nexus: Global evidence. 
Research Policy 39(10), 1264-1276, 2010, 

http://dx.doi.org/10.1016/j.respol.2010.07.005,  

[38] Orviska, M.; Hunady, J.; Pisar, P. and Hudson, J.: From Academic Publications and 

Patents to the Technological Development of the Economy: Short and Long Run Causalities. 
Quality Innovation Prosperity 23(1), 74-101, 2019,  

http://dx.doi.org/10.12776/qip.v23i1.1166,  

[39] Grant, R.M.: Contemporary strategy analysis: Text and cases edition.  
John Wiley & Sons, Chichester, 2016, 

[40] Leydesdorff, L.; Alkemade, F.; Heimeriks, G. and Hoekstra, R.: Patents as instruments for 

exploring innovation dynamics: geographic and technological perspectives on “photovoltaic 

cells”.  
Scientometrics 102(1), 629-651, 2015, 

http://dx.doi.org/10.1007/s11192-014-1447-8,  

[41] Artz, K.W.; Norman, P.M.; Hatfield, D.E. and Cardinal, L.B.: A longitudinal study of the 

impact of R&D, patents, and product innovation on firm performance.  
Journal of product innovation management 27(5), 725-740, 2010, 

http://dx.doi.org/10.1111/j.1540-5885.2010.00747.x,  

[42] Breschi, S.; Lissoni, F. and Montobbio, F.: From publishing to patenting: Do productive 

scientists turn into academic inventors? 
Revue d'économie industrielle 110(1), 75-102, 2005, 

http://dx.doi.org/10.3406/rei.2005.3073,  

[43] Löfsten, H.: Product innovation processes and the trade-off between product innovation 

performance and business performance.  
European Journal of Innovation Management 17(1), 61-84, 2014, 

http://dx.doi.org/10.1108/EJIM-04-2013-0034,  

[44] Cardinal, L.B. and Hatfield, D.E.: Internal knowledge generation: the research 

laboratory and innovative productivity in the pharmaceutical industry.  
Journal of Engineering and Technology Management 17(3-4), 247-271, 2000, 

http://dx.doi.org/10.1016/S0923-4748(00)00025-4,  

[45] Peeters, C. and De la Potterie, B.V.P.: Innovation strategy and the patenting behavior of 

firms. 
Journal of Evolutionary Economics 16(1-2), 109-135, 2006, 

http://dx.doi.org/10.1007/s00191-005-0010-4,  

[46] Acs, Z.J. and Audretsch, D.B.: The determinants of small-firm growth in US manufacturing.  
Applied Economics 22(2), 143-153, 1990, 
http://dx.doi.org/10.1080/00036849000000058,  

[47] Graves, S.B. and Langowitz, N.S.: R&D productivity: a global multi-industry comparison. 
Technological Forecasting and Social Change 53(2), 125-137, 1996, 

http://dx.doi.org/10.1016/S0040-1625(96)00068-6,  

http://dx.doi.org/10.2478/bsrj-2020-0028
http://dx.doi.org/10.1111/1540-5982.t01-2-00003
http://dx.doi.org/10.1016/j.worlddev.2013.01.023
http://dx.doi.org/10.1016/j.respol.2010.07.005
http://dx.doi.org/10.12776/qip.v23i1.1166
http://dx.doi.org/10.1007/s11192-014-1447-8
http://dx.doi.org/10.1111/j.1540-5885.2010.00747.x
http://dx.doi.org/10.3406/rei.2005.3073
http://dx.doi.org/10.1108/EJIM-04-2013-0034
http://dx.doi.org/10.1016/S0923-4748(00)00025-4
http://dx.doi.org/10.1007/s00191-005-0010-4
http://dx.doi.org/10.1080/00036849000000058
http://dx.doi.org/10.1016/S0040-1625(96)00068-6


Innovation and invention in the EU business sector: the role of the R&D expenditures 

187 

[48] Demirel, P. and Mazzucato, M.: Innovation and firm growth: Is R&D worth it? 

Industry and Innovation 19(1), 45-62, 2012, 

http://dx.doi.org/10.1080/13662716.2012.649057,  

[49] Bach, M.P.: Exploring information and communications technology adoption in 

enterprises and its impact on innovation performance of European countries.  
Ekonomický časopis 62(4), 335-362, 2014, 

[50] Lundvall, B.Å.: National systems of innovation: Toward a theory of innovation and 

interactive learning. 
Anthem press, London, 2010, 

[51] Jensen, M.B.; Johnson, B.; Lorenz, E. and Lundvall, B.Å.: Forms of knowledge and 

modes of innovation.  
Research Policy 36(5), 680-693, 2007, 

http://dx.doi.org/10.1016/j.respol.2007.01.006,  

[52] González-Pernía, J.L.; Parrilli, M.D. and Peña-Legazkue, I.: STI–DUI learning modes, 

firm–university collaboration and innovation.  
The Journal of Technology Transfer 40(3), 475-492, 2015, 

http://dx.doi.org/10.1007/s10961-014-9352-0,  

[53] Levin, A.; Lin, C.F. and Chu, C.S.J.: Unit root tests in panel data: Asymptotic and finite 

sample properties.  
Journal of Econometrics 108(1), 1-22, 2002, 

http://dx.doi.org/10.1016/S0304-4076(01)00098-7,  

[54] Im, K.S.; Pesaran, M.H. and Shin, Y.: Testing for unit roots in heterogeneous panels.  
Journal of Econometrics 115(1), 53-74, 2003, 

http://dx.doi.org/10.1016/S0304-4076(03)00092-7,  

[55] Breitung, J.: The local power of some unit root tests for panel data.  
Nonstationary Panels, Panel Cointegration, and Dynamic Panels 15, 161-77, 2000, 

http://dx.doi.org/10.1016/S0731-9053(2001)15,  

[56] Choi, I.: Unit root tests for panel data.  
Journal of International Money and Finance 20(2), 249-72, 2001, 

http://dx.doi.org/10.1016/S0261-5606(00)00048-6,  

[57] Maddala, G.S. and Wu, S.: A comparative study of unit root tests with panel data and a 

new simple test.  
Oxford Bulletin of Economics and statistics 61(S1), 631-652, 1999, 

http://dx.doi.org/10.1111/1468-0084.0610s1631,  

[58] Pedroni, P.: Panel cointegration: asymptotic and finite sample properties of pooled time 

series tests with an application to the PPP hypothesis. 
Econometric theory 20(3), 597-625, 2004,  

http://dx.doi.org/10.1017/S0266466604203073,  

[59] Kao, C.: Spurious regression and residual based Tests for cointegration in panel data.  
Journal of Econometrics 90(1), 1-44, 1999, 

http://dx.doi.org/10.1016/S0304-4076(98)00023-2,  

[60] Phillips, P.C.B. and Moon, H.R.: Linear regression limit theory for nonstationary panel data.  
Econometrica 67(5), 1057-1111, 1999, 

http://dx.doi.org/10.1111/1468-0262.00070,  

[61] Pedroni, P.: Fully modified OLS for heterogeneous cointegrated panels. 
Advances in Econometrics 15, 93-130, 2000, 

http://dx.doi.org/10.1016/S0731-9053(00)15004-2,  

[62] Lin, E.S.; Hsiao, Y.C. and Lin, H.L.: Complementarities of R&D strategies on 

innovation performance: evidence from Taiwanese manufacturing firms. 
Technological and Economic Development of Economy 19(sup1), S134-S156, 2013, 

http://dx.doi.org/10.3846/20294913.2013.876684,  

http://dx.doi.org/10.1080/13662716.2012.649057
http://dx.doi.org/10.1016/j.respol.2007.01.006
http://dx.doi.org/10.1007/s10961-014-9352-0
http://dx.doi.org/10.1016/S0304-4076(01)00098-7
http://dx.doi.org/10.1016/S0304-4076(03)00092-7
http://dx.doi.org/10.1016/S0731-9053(2001)15
http://dx.doi.org/10.1016/S0261-5606(00)00048-6
http://dx.doi.org/10.1111/1468-0084.0610s1631
http://dx.doi.org/10.1017/S0266466604203073
http://dx.doi.org/10.1016/S0304-4076(98)00023-2
http://dx.doi.org/10.1111/1468-0262.00070
http://dx.doi.org/10.1016/S0731-9053(00)15004-2
http://dx.doi.org/10.3846/20294913.2013.876684


J. Hunady and P. Pisar  

188 

[63] Thomas, V.J.; Sharma, S. and Jain, S.K.: Using patents and publications to assess R&D 

efficiency in the states of the USA. 
World Patent Information 33(1), 4-10, 2011, 

http://dx.doi.org/10.1016/j.wpi.2010.01.005,  

[64] Voutsinas, I.; Tsamadias, C.; Carayannis, E. and Staikouras, C.: Does research and 

development expenditure impact innovation? Theory, policy and practice insights from 

the Greek experience.  
The Journal of Technology Transfer 43(1), 159-171, 2018, 

http://dx.doi.org/10.1007/s10961-015-9454-3,  

[65] Moser, P.: Patents and innovation: evidence from economic history. 
Journal of Economic Perspectives 27(1), 23-44, 2013, 

http://dx.doi.org/10.1257/jep.27.1.23,  

[66] Fitjar, R.D. and Rodríguez-Pose, A.: Firm collaboration and modes of innovation in Norway. 
Research Policy 42(1), 128-138, 2013, 

http://dx.doi.org/10.1016/j.respol.2012.05.009,  

[67] Kravtsova, V. and Radosevic, S.: Are systems of innovation in Eastern Europe efficient?  
Economic Systems 36(1), 109-126, 2012, 

http://dx.doi.org/10.1016/j.ecosys.2011.04.005,  

[68] European Union: European Innovation Scoreboard 2020. 
http://dx.doi.org/10.2873/6063,  

[69] Rassenfosse, G.D. and Potterie, B.V.P.D.L.: On the price elasticity of demand for 

patents. 
Oxford Bulletin of Economics and Statistics 74(1), 58-77, 2012, 

http://dx.doi.org/10.1111/j.1468-0084.2011.00638.x.  

http://dx.doi.org/10.1016/j.wpi.2010.01.005
http://dx.doi.org/10.1007/s10961-015-9454-3
http://dx.doi.org/10.1257/jep.27.1.23
http://dx.doi.org/10.1016/j.respol.2012.05.009
http://dx.doi.org/10.1016/j.ecosys.2011.04.005
http://dx.doi.org/10.2873/6063
http://dx.doi.org/10.1111/j.1468-0084.2011.00638.x

