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Abstract. Innovation plays the key role in economic development and also in the growth of the wealth of countries. Innovation is the 

driving force of each economy, competitiveness of the economy and a main essential component of the knowledge economy, which is 

based on the production of higher added value and support of the research and development (R&D). Therefore, the European Union with 

an effort to compete with other world economies is creating the frameworks of innovation policy in order to implement, maintain and 

disseminate innovation and innovative potential in all areas of socio-economic life. However, the innovation performance and potential 

differ significantly among the EU countries, and so the wealth of the countries. The main objective of the research made was to identify 

and quantify the possible impact of R&D expenditure on innovation performance and possible impact of the innovation performance on 

economic development of the EU countries. To achieve this goal a set of statistical methods was used, main of which is regression and 

correlation. In the result of our research, we have shown a significant interdependence between R&D expenditure, innovation performance 

and level of economic development of the EU countries.  
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1. Introduction to the topic of innovation 

 

For more than 50 years, since the neoclassical theory of economic growth composed by Robert Solow was 

introduced, researchers and economists are still trying to find an answer to question of different levels of 

successful economic growth and prosperity (Baltgailis 2019). 

 

A search for new ways of understanding growth followed, and out of this emerged a new perspective on economic 

growth, which put technology and innovation, rather than capital accumulation, at the front. According to 

Fagerberg (2010), the ability of a poor country to catch up with the rich was seen not only – or mainly – as a 

reflection of its ability to generate (or attract) sufficient investments, but also of its capacity to absorb existing and 

generate new technologies (e.g. innovate). 

 

At the very beginning it is necessary to explain and closely characterize the main terms. The initiator of the 

innovation theory is considered to be J. A, Schumpeter, who in the thirties of the 20th century regarded 

innovations as a driving force of economy. According to him, innovations represent combination of factors of 

production influenced by enterprise activities (Baltgailis 2019). Rajapathirana and Hui (2018) stated that 

innovations are world-widely regarded as pinnacle success factor in highly competitive global economy. One of 

the most popular Slovak definitions of the first term - innovation can be found in publication "Innovation and 

Companies" – published by Trnava Self-Governing Region (2010), where innovations are defined as introducing 

and implementing of new, or much better product (goods or services), process, new marketing method or a new 

organizational method in company practice, working environment of all organizational parts or in external 

relations.   

 

The most acclaimed form of explaining the term innovation is at present a comprehensive definition in the Oslo 

manual, which was published in 1997 by OECD: “Technological innovations of products and processes (abr. TPP 

innovations), which include new products and processes based on new technologies, or significant technical 

improvements of already existing products and processes. TPP innovation is implemented when the product is 

launched to the market (product innovation) or a new process innovation is introduced (process innovation)“. 

This manual also defines next four basic categories of innovations: 

1. Product innovation 

2. Process innovation 

3. Organization innovation 

4. Marketing innovation 

 

Thus, on the one hand there are innovation of products/services (and also innovation of the production 

processes/methods) and marketing/selling methods – these are closely connected to the processes of R&D, 

production and sales. On the other hand there are organization innovation which are connected to the internal 

company structures, values/ideas or in general, with strategic management tools. 

 

Second important term is the innovation performance. Level of innovation performance can be expressed by 

comprehensive methodology, which is used by the European Commission to compare innovation performance of 

its member states and individual regions of the EU, while it also uses the scheme of several basic indicators, such 

as:  

- European Patent Office, www.epo.org  

- Human resources in the area of science and technology (% of population)  

- Participation in lifelong education (age of 25-64)  

- Public expenses for research and development (% GDP)  
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- Company expenses for research and development (%  GDP)  

- Employment in medium-tech and high-tech production (% of overall work force)  

- Employment in high-tech services (% of overall work force) 

- European Patent Office patents  (per one m. citizens) 

 

A way how to measure the innovation performance at micro-economical level was identified f.e. by Gericke 

(2013), Lofsten (2014) or Kamasak (2015) and can be also implemented in the enterprises´ internal processes.  

 

In this article, we are focusing on the possible relationship between the R&D expenditures (which are sometimes 

called R&D investments) and innovation performance and, subsequently, the relationship between countries' 

innovation performance and level of economic development (wealth).  
  

2. Innovation performance, expenditure into R&D and wealth of the countries within the EU     
 
Gok and Peker (2017) in their research indicated the positive connection between market performance and 

innovation performance. Innovation policy of the EU is based on the support of enterprise sphere. This helps to 

contribute towards better industrial performance and so to support meeting broader social objectives such as 

industrial growth, increased employment rate and competitiveness of the industry within society and its 

sustainability. One of the key documents supporting growth of investments into innovations and innovative 

solutions is Innovation Strategy 2020, approved by the Committee in 2010 and European Industrial Strategy, 

updated in 2020 with recovery goals after the COVID pandemic. The Strategy 2020 also confirmed the Lisbon 

Strategic Aim to increase the investment ratio into science, research and innovation at least on the level of 3% 

GDP of the member countries.  

 

At present, except Sweden, Netherlands, Austrian and Germany, none of the member countries fulfils the set 

objective of the investment ration on science, research and innovation. To reach the set innovation goals the EU 

has proposed 10 following measures:  

1) To continue in investments into innovation regardless of saving measures.  

2) To improve the quality of Europe and individual state internal systems of research and innovation.  

3) To modernize educational systems at all levels.  

4) To use the EU research area for improving cooperation of innovators and researchers.  

5) To simplify the approach towards European programs.  

6) To commercialize innovations – improve the links among scientists and enterprises.  

7) To dispose of the barriers restricting the introduction of new ideas into market – more functions for the 

SMEs sector.  

8) To establish European partnerships this would support and accelerate the research, development and 

introduction of innovations to the market.  

9) To improve innovations in the public sector.  

10) To support the cooperation with international partners and open up the opportunity of the EU support 

programs.  
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Figure 1. The innovation performance measured by Summary Innovation Index (SII) within the EU countries in 2019 

 

Source: European Union, 2020 

 

The graph (Fig. 1) shows us the innovation performance of the EU countries in 2019. The innovation leaders are 

Sweden, Finland, Netherlands and Denmark (in the shades of green). The least innovative countries (in the shades 

of orange) are Poland, Croatia, Bulgaria and Romania.  

 

It is important to note that the economies of the greatest innovators among European countries are strongly 

focusing in their key strategic documents on sustainable and “green” economic growth. Globocnik, Rauter and 

Baumgartner (2020) also emphasize the importance of the sustainability-related innovation orientation of the 

economy. Sustainable economy plays an important role of the covid-recovery financial help from the European 

Union – f.e. in Slovakia, the largest amount of financial support of the Covid-recovery plan will be used for 

support of the sustainable and “green” economy projects. Childs and Triantis (1999) examined different R&D 

investment policies and their success in fulfilling the goals – results could be also used as basics for evaluation of 

the sustainability-related innovation policies. Carboni and Medda (2020) offer tools for the evaluations of internal 

enterprises´ policies on the micro-level. Baneliene and Melnikas (2020) modeled the impact 

of R&D expenditure on GDP growth in the EU under broad conditions of globalization. Regional development 

from the perspective of R&D expenditure was examined in the research made by Woo, Kim and Lim (2017). 

Hong (2017) in his research based on data from South Korea identified a link between the volume of R&D 

expenditure and the country's economic growth.  

 

The state of innovation performance of the largest and smallest innovators in the years 2012-2019 is shown in the 

graph (Fig. 2) below. 
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Figure 2. The state of innovation performance of selected countries in 2012-2019 

 

Source: European Union, 2021 

 

 

Among the expenditure into research and development and the innovation performance there is a precondition of 

correlation and therefore a higher % of expenditure into research and development should logically increases also 

the innovation performance of an individual country. A typical example is Sweden which in long term spends on 

research and development in the comparison with the GDP the largest financial amount and so it represents the 

leader in innovation performance among the EU member states.  

 

The following graph shows the research and development expenditure (measured in % of total GDP) in selected 

EU countries (Innovation leaders and the least innovative countries). As we can see on the graph (Fig. 3), the 

innovation leaders are spending significantly more into R&D than countries, which are the least successful 

innovators. Wang and Guan (2017) identified a positive correlation between the state government subsidy of the 

enterprise sector and the innovation performance of this sector. Albulescu and Draghici (2016) pointed out that 

higher business support alone does not mean higher innovation performance. 

 

From this perspective, it is crucial to support the R&D also by public funds and not only by private financial 

sources. Wang and Thornhill (2010) are focusing on ways how the R&D development could be financed on 

micro-level.  
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Figure 3. Expenditure into R&D of selected countries in 2012-2019 

 

Source: EUROSTAT, 2021 

 

Among the innovation performance and wealthyness of the countries there is a precondition of correlation and 

therefore a higher innovation performance leads to higher wealth of the country (measured by the real GDP per 

capita). Endo and Ikeda (2021) focused in their research on ways how the wealthy countries are reaching the 

already mentioned sustainable development. The issue of wealth inequality between countries was well examined 

in the research made by Pfeffer and Waitkus (2021). Orviská, Caplanová and Hudson (2014) perceive the higher 

level of countries´ wealth as an important part of the overall well-being of the country's population. Impact of the 

countries´ wealth on happiness of the population was assessed by Senik (2014). Ketchen, Ireland and Snow 

(2007) examined different types of enterprises and their contribution to total wealth by using 

collaborative innovation. 
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Figure 4. Wealth of the selected EU countries in 2012-2019 

 

Source: EUROSTAT, 2021 

 

The graph (Fig. 4) shows the wealthy of the selected EU countries. As we can see on the graph, the innovation 

leaders are also one of the most wealthy countries in the EU and le least innovative countries with lover 

innovation performance are one of the most poor countries in the EU. Azpitarte (2012) in addition to the 

countries´ wealth also examined the impact on salaries. Hamilton and Hepburn (2014) mentioned in their research 

that GDP per capita should not be the only one indicator of wealth. Fessler and Schurz (2018) pointed out that 

welfare state and its higher expenditures from public funds in fact goes along with an increase of observed wealth 

inequality.  

 

The economic growth theories indicate that GDP growth depends on capital increase, investments and from the 

increase of the workforce through population growth. Modern economic theories of the 20th century attributed the 

important role of GDP growth to technological progress (Solow´s neoclassical growth model, Barro´s and 

Romer´s model). Romer (1993), within the endogenous growth theory, assumed that poor countries should adopt 

the technologies of better developed countries for faster economic growth. Higher R&D expenditures are a basic 

precondition for faster economic growth which is basically represented by GDP per capita. Technological 

progress has a significant impact on GDP and rapid/jump growth is not possible without innovation. These 

findings are the reason for the choice of 3 economic indicators that are used in comparison of selected EU 

countries in Fig. 3 and Fig. 4.  

 

The literature sources mentioned above are focusing mostly monothematically: 

a) on the innovation, how to measure it and its´ role in the national economies, 

b) on the support of R&D, 

c) wealth of the countries and well-being of their population, 

d) connection between R&D and innovation performance.   
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There are missing research outcomes on interconnection between all of those 3 indicators that could demonstrate 

the mutual force of their action. For the purposes of our research, GDP per capita is the best indicator of the 

countries´ wealth especially for its comparability between individual countries and the uniform methodology of 

its measurement. 

 

3. Methodology 

 

With regard to the identification of a possible relationship between the innovation performance and expenditure 

into R&D (expressed in % share of GDP), and between the innovation performance (expressed by Summary 

Innovation Index – SII)  and wealth of the EU countries (expressed in GDP per capita), the set of hypotheses and 

goals shown below were set. 

 

 

 

 

 

 

 
Figure 5. A set of partial objectives and set hypotheses 

 

Source: Made by the authors 

 

The research focuses on 3 main indicators: innovation performance, expenditure into R&D and real GDP per 

capita in the EU countries. The aim of the research is to find out whether the amount of expenditure into R&D has 

an impact on innovation performance and whether the level of innovation performance has an impact on the 

wealth of the EU countries. 

 

Partial objective 1: To 

identify and quantify 

the possible 

dependence between 

the expenditure into 

R&D and innovation 

performance 

Partial objective 2: 

Identify and quantify 

the possible 

dependence between 

the innovation 

performance and the 

wealth of the EU 

countries 

Main objective: To identify and quantify the possible impact of the expenditure 

into R&D on innovation performance and possible impact of the innovation 

performance  on wealth of the EU countries 
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The main sources of information include the secondary data contained in the European Innovation Scoreboard 

2020 (for the innovation performance levels within the EU countries) and the related EUROSTAT datasets within 

the EU countries (for the amount of expenditure into R&D and for the level of countries´ wealth). The limiting 

factor of the research made is a not too long timeline during which data from all EU countries were available and 

the number of EU member states was stable (f. e. BREXIT in 2020).  

 

Empirical, exploratory, comparative and statistical methods of examining secondary data were used to meet the 

partial as well as main objectives of the research. The analytical tools used include the regression and correlation 

analysis. These analyses will allow us to confirm or refute the hypothesis. The regression analysis (in identified 

exponential and linear functions) examines a possible relationship between two variables, where we assume that: 

A. the value of the dependent variable (Y – innovation performance) is affected by a change in the value of 

an independent variable (X – expenditure into R&D), 

B. the value of the dependent variable (Y – GDP per capita) is affected by a change in the value of an 

independent variable (X – innovation performance). 

 

Not every innovation or type of innovation contributes equally or equally to innovation performance or economic 

growth. From this point of view, we do not methodologically monitor the contribution of individual components 

of innovation or their number, but we monitor the contribution of the overall innovation performance of selected 

countries. 

 

Limitations of the research made lies in the fact that the theory of economic growth is relatively complex, evolves 

over time and it is possible to express economic growth by many indicators or factors. This research abstracted 

from factors such as the quality of the environment, length of working time etc., and focus only on the basic key 

indicator expressing economic growth – the GDP. The limitation of its growth depends on technological progress, 

which is not possible without innovation. 

 

4. Connection between R&D expenditure and innovation performance – analytical part 

 

 
Figure 6. The Dependence of the investments in R&D and innovation performance 

 

Source: Own research, 2021 
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After the initial analysis through visual assessment using X to Y depending chart we chose a suitable 

mathematical function of which the curve best reflects the relationship between observed variables. In the case of 

dependence between expenditure into R&D and innovation performance, a linear function showed preferable, 

which suggests that innovation performance rise with rising expenditures in R&D in linear way. In the case of 

dependence between innovation performance and wealth of the EU countries, an exponential function has been 

used considering the nature of the data applied, which differs from the linear model by the type of mathematical 

curve used to quantify the relationship between variables. The principle of the rest of the analysis is identical as in 

any linear and nonlinear dependence.  
 

 

 

Table 1. The regression and correlation relationship analysis of the expenditure in R&D and innovation performance 

 

Regression Statistics

Multiple R 0,741596021

R Square 0,549964658

Adjusted R Square 0,532655606

Standard Error 0,102127353

Observations 28

ANOVA

df SS MS F Significance F

Regression 1 0,331394777 0,3313948 31,7732 6,3152E-06

Residual 26 0,271179902 0,01043

Total 27 0,602574679

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95,0% Upper 95,0%

Intercept 0,266834271 0,04152885 6,4252748 8,3E-07 0,181470498 0,352198 0,1814705 0,35219804

% of GDP invested to R&D - x 0,125294482 0,022228041 5,6367757 6,3E-06 0,079604089 0,1709849 0,07960409 0,17098488

GDP invested to R&D Innovation performance

GDP invested to R&D 1

Innovation performance 0,741596021 1
 

 

Source: Own research, 2021 

 

http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2022.9.3(14)


 ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES 

ISSN 2345-0282 (online) http://jssidoi.org/jesi/ 

      2022 Volume 9 Number 3 (March) 

   http://doi.org/10.9770/jesi.2022.9.3(14) 

 

237 

 

 
Figure 7. The Dependence of the innovation performance and wealth of the countries 

 

Source: Own research, 2021 

 
Table 2. The regression and correlation relationship analysis of the innovation performance and wealth of the countries 

 

Regression Statistics

Multiple R 0,781367104

R Square 0,610534551

Adjusted R Square 0,595555111

Standard Error 11059,89313

Observations 28

ANOVA

df SS MS F Significance F

Regression 1 4985589532 4,99E+09 40,75817 9,207E-07

Residual 26 3180352136 1,22E+08

Total 27 8165941668

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95,0% Upper 95,0%

Intercept -15168,94956 7070,921708 -2,14526 0,041445 -29703,437 -634,46183 -29703,4373 -634,461829

Innovation performance - x 90960,49624 14247,72393 6,384212 9,21E-07 61673,88 120247,11 61673,88027 120247,1122

Innovation performance Real GDP per capita 

Innovation performance 1

Real GDP per capita 0,781367104 1  
 

Source: Own research, 2021 
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Table 3. Summary of correlation and regression analysis output   

 
HYPOTHESES CONFIRMA

TION / 

REFUSAL 

CORRELATION 

VALUE 

R-SQUARE SIGNIFACANCE-

F 

H1 YES  

0,74 

 

0,55 

 

0,000006315 H 1.0 YES 

H 1.1 NO 

H2 YES  

0,78 

 

0,61 

 

0,000000921 H 2.0 YES 

H 2.1 NO 

 

Source: Own research, 2021 

 

According to Pearson's correlation coefficient and Cohen's interpretation of the correlation coefficient, there is: 

1.  a big positive dependence between amount of expenditure into R&D and level of innovation 

performance, 

2. a big positive dependence between the level of innovation performance and GDP per capita/wealth of the 

countries.  

 

The linear model used to analyse the dependence between amount of expenditure into R&D and level of 

innovation performance has proved to be statistically significant (Significance F – F test for statistical significance 

of the model is at 0,000006315, which is considerably less than 0.05, therefore we accept the hypothesis of the 

model significance). The strength and suitability of the model is evaluated by correlation coefficient (0.74) and R-

SQUARE (0,55 – 55% of innovation performance changes could be explained by changes of the R&D 

expenditure). 

 

The exponential model used to analyse the dependence between the level of innovation performance and GDP per 

capita has proved to be statistically significant (Significance F – F test for statistical significance of the model is at 

0,000000921, which is considerably less than 0.05, therefore we accept the hypothesis of the model significance). 

The strength and suitability of the model is evaluated by correlation coefficient (0.78) and R-SQUARE (0,61 – 

61% of GDP per capita changes could be explained by changes of the innovation performance). 

 

Conclusion and discussion 

 

Globally it can be stated that the situation of the innovation support policy in public as well as in private sector is 

more than alarming. In the long term, the new EU member states lag behind the average of the EU-28. The 

largest innovators among the countries are spending the largest amount of funds on R&D and at the same time 

they are also among the countries with the highest GDP per capita. Thus, innovation not only contributes to the 

higher competitiveness of the economy but also to a better well-being of its population.  

 

Innovation performance depends highly on the amount of expenditure (of private and also public funds) into 

R&D and the wealth of the countries depends highly on the innovation performance. In fact, this is a circle of 3 

factors that interact together. Growth of one factor increasing the growth of the other and multiply the positive 

impact on the national economy.  

 

It is important, as a first step towards the higher innovation performance, to adopt comprehensive measures of a 

legislative nature, containing clear development objectives that will not only be declaratory. The fulfillment of 

economic strategic objectives (that leads to higher innovation performance) must be regularly assessed and, if 

necessary, corrected, mainly due to the constantly changing global economic environment. Support of R&D on 
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public and private seems to be crucial essence for higher innovation performance and secondary also for higher 

wealth of the country. Within the scope of the research, it is possible to work with a multifactor model in the 

future, which can extend the analysis by other indicators of modern economic theory in connection with 

economic growth. 
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