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Abstract 

Considering the role of research and development in increasing knowledge with creative 

work, in this study, we analyse the link between research and development expenditures in 

several performance sectors (business, government, higher education) and indicators 

regarding the protection of intellectual property rights and financial development. The 

analysis refers to the member states of the European Union, divided into two categories 

(Central and Eastern Europe and Western Europe), for the period 2007-2020. The results 

obtained after using a panel data methodology suggest that the settings are different for the 

two groups of countries. This new perspective (i.e., the disparity between regions and the 

type of sector) can be considered as evidence in favour of decisions to support research and 

development expenditures in sensitive situations. 
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Introduction 

Research and development (R&D) are considered an important means to configure the 

economic and social future (European Commission, 2018). Many studies suggest that R&D 

is an enhancer for economic growth and innovation, although a lag between expenditure and 

results can be expected (Romer, 1990; Guellec and Van Pottelsberghe De La Potterie, 2004; 

Baumann and Kritikos, 2016). Furthermore, R&D plays an essential role in the recent 

pandemic crisis or in combating the negative effects of climate change. For example, it has 

been documented that R&D expenditure has an impact on CO2 emission reduction (Shahbaz 

et al., 2020). On the other hand, the intangible nature of R&D assets raises the issue of 

financial constraints. 

Both governmental and private entities perform investments in R&D. The most recent 

statistical data reveal that in 2020, in the European Union (EU), the business sector allocated 

almost 65% of the total expenditure, while the second investor is the higher education sector 

with 24.57%. The third one is the government sector with 9.89% (Eurostat, 2021). However, 

the situation is different in the two large groups of countries – Central and Eastern European 

countries and Western European countries. While in Western countries, which are more 

economically developed, the percentage held by investments from the business enterprise 

sector is 65%, in Central and Eastern European countries it drops to 60%. In the last group, 

government investments in R&D are 14.37%, while in Western countries they are only 

9.12%. In the case of the higher education sector, the percentage is similar (24.57% of the 

total). One of the aspects worth mentioning is the fact that the countries of Western Europe 

hold 85.43% of the total European investments in R&D. This fact, combined with the specific 

characteristics of the Central and Eastern European countries mentioned in the economic 

literature (Dinu, 2016), motivates the orientation of our research on two levels, more 

precisely on the two groups of countries in the European Union. 

Intellectual property rights are decisive for countries’ development on the economic and 

social levels. They represent an important way of valorising science, providing holders with 

economic exploitation, and thus encouraging creative activity. In the last century, innovation 

evolved substantially, the patent filings increasing constantly, and in each period other 

industries stand out: engine and transport in 1895-1925, biopharma in 1930-1960, 

information and communication technologies in 1965-2000, and digital technologies in 2000-

2020 (World Intellectual Property Organization, 2022). Over time, many discoveries have 

not been protected by intellectual property rights, usually because of improper norms or lack 

of them in certain periods. In the last decades, many changes have occurred regarding the 

protection of intellectual rights and were documented that countries active in these aspects 

have had positive R&D experiences (Maskus, 2012). For this reason, protecting intellectual 

property rights is important for encouraging R&D investment. An overall score (IPR index) 

and sub-indicators for the perception of protection of intellectual property rights, patent 

protection, and copyright protection are calculated and made public on yearly bases (Property 

Rights Alliance et al., 2021). The IPR index, as calculated by Property Right Alliance, is 

considered for research related to innovation by Cumming et al. (2020) among others. 

Financing innovative companies is a complex issue. Different financing sources are used, 

and they may vary depending on the innovation stage (Lupu and Criste, 2020). This is one of 

the reasons based on which we can conjecture that aspects of a country’s financial 

development can be important for R&D investment. A reliable source for providing this kind 

of indicator is the International Monetary Fund, which provides an overall score for financial 
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development, developed on two pillars: institutions and markets. These indicators are 

calculated based on the methodology published by Svirydzenka (2016). 

In this study, we perform empirical analysis to assess the link between R&D expenditure, by 

sectors of performance and relevant indicators for the protection of intellectual property 

rights and financial development for European countries, taking into account the period 2007-

2020 by applying procedures recognized in the specialized literature for the analysis of panel 

data. Overall, our analysis makes two major contributions to the specialized literature. First, 

we propose new empirical results for the Central and Eastern European countries and for 

Western European countries. Second, we examine both, intellectual protection rights and 

financial development contribution to the R&D expenses. Our conclusions are also based on 

the level of development of countries and the degree of protection of intellectual property 

rights, using the latest statistical data. In this way, the policies regarding R&D expenditure 

can be oriented towards the most sensitive situations, at the same time by enforcing the 

relevant aspects of intellectual property rights protection and financial development.  

The remainder of the paper is structured as follows. The main economic literature on our 

theme is revised in Section 2. Section 3 presents the data and the employed methodology. 

The results obtained and the subsequent discussion are provided in Section 4. The last section 

summarises the main conclusions. 

 

1. Review of the scientific literature 

The protection of intellectual property rights has increased significantly in the last decades, 

and this aspect, along with the number of patent applications and financial development, are 

considered for countries’ ranking (World Economic Forum, 2018).  

To some extent, the weak protection of intellectual property rights can be counterbalanced 

by society’s confidence in promoting R&D; in general, the trust of the society is seen as a 

support for R&D investments (Meng et al., 2021). Moreover, the strong protection of 

intellectual property rights in countries with high individualism from a cultural point of view 

allows for the adoption of technology (Jayasekara and Fredriksson, 2021). 

As emerged from the literature, R&D reactions to patent protection depend on economic and 

development features (Maskus et al., 2019). This argument motivates our approach to two 

different groups of countries in the European Union.  

Even though R&D investments are considered a driver for development and economic 

growth, problems regarding their financing limit their potential. The fact that R&D expenses 

are consistent leads to the necessity of their financing, while the fact that the results of 

research or the acceptance of the final product by the market are often unpredictable, raises 

difficulties in finding adequate financing. As mentioned in the literature, the companies most 

active in R&D activity do not incur debts and rely more on internal financing resources and 

equity (Tirelli and Spinesi, 2021). In the same order of ideas, there was evidence that there 

is a positive link between equity and R&D intensity and a negative one between debt and 

R&D intensity (Banerjee, 2022). Financial frictions are sometimes barriers to R&D funding. 

A study conducted for European companies reveals this issue, especially for externally 

funded companies; the authors highlight the role played by external equity and mention the 

importance of stock market development and liberalization (Brown et al., 2012). This is 

confirmed in another way by Ang and Madsen (2012), who demonstrated that financial 
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development has a crucial role in promoting ideas and knowledge. This result reinforces the 

conclusions obtained by Mavrotas and Son (2008), which suggest that financial development 

indirectly stimulates the development of ideas and knowledge through domestic savings. 

Moreover, the underdevelopment of the financial market is responsible for capital 

misallocation, disadvantaging talented entrepreneurs (Buera et al., 2011).  

The development of financial markets and institutions was considered for studying the R&D 

aspect for diverse sectors. In the new context of climate change’s negative effects on the 

economy and society, renewable energy has an important role. It was documented that for 

this sector, financial development together with demographic changes has a relevant impact 

on R&D (Ma et al., 2022). While the development of stock markets and the banking sector 

have both a stimulating in developing and developed countries, the bond market is important 

in developed countries and foreign direct investments in developing markets. For the same 

domain, Chang et al. (2022) showed that in the case of China, an increase of 1% in the quality 

of financial development causes a growth of 24% in renewable use. 

In an indirect way, protecting intellectual property rights (by patent protection) leads to an 

increase in patenting that further contributes to liquidity improvement for companies in the 

patent industry (Dass et al., 2021). The approach to the “tangible and intangible” character 

of the property-creation relationship is found in Jora (2016, pp.129-138). 

Good financial development is considered to have a positive impact on the effectiveness of 

R&D at the total level, both for developed and developing countries (Chowdhury and Maung, 

2012). Looking at the national vs. international perspective, it was argued that national 

financial market development has a powerful linkage with R&D intensity, with a special 

emphasis on the bond market; from the international point of view, only foreign direct 

investments play an important role (Maskus et al., 2012). 

When analysing data for OECD countries, Maskus et al. (2019) have demonstrated that 

financial development aspects together with the existence of laws for patents increase the 

R&D, emphasizing the fact that this effect is greater when the banking sector and stock 

market are less developed. The literature related to the various aspects of financing and 

innovation debated by Kerr and Nanda (2015) motivates our choice to conduct our analysis 

both according to the general index of financial development and its components. 

Considering the same OECD countries, Brown et al. (2017) found that, for innovative 

industries, some aspects regarding the development of financial markets development 

(improved accounting standards and good contract execution) and the stronger protection of 

intellectual property rights positively influence the investment in R&D. 

The special case of Central and Eastern European countries was analysed by Kiselakova et 

al. (2018). The authors investigated the link between R&D expenditures and their 

competitiveness and found out that the growth of these expenditures (with emphasis on the 

higher education sector) contributes significantly to their competitiveness.  

  

2. Research methodology 

2.1 Data description 

In this paper, we investigate the relation between R&D expenditure, intellectual property 

rights protection, and financial development for European Union countries, in the period 
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2007-2020. Considering different economic features and distribution of R&D, we performed 

the analysis for two groups of countries: Western European countries (Austria, Belgium, 

Cyprus, Denmark, France, Finland, Germany, Greece, Ireland, Italy, Luxembourg, Malta, 

Netherlands, Portugal, Spain, Sweden, United Kingdom) and Central and Eastern European 

countries (Bulgaria, Czech Republic, Croatia, Estonia, Latvia, Lithuania, Hungary, Poland, 

Romania, Slovenia, Slovakia). 

For the R&D expenditure, the used indicator is gross domestic expenditure on R&D by sector 

of performance (all sectors, business enterprise sector, government sector, and higher education 

sector), expressed in Euro per inhabitant. The source of data is Eurostat (Eurostat, 2021).  

The indicators related to the protection of intellectual property rights are part of a more 

comprehensive international property rights index published by Property Rights Alliance et al. 

(2021), first created in 2007. The index has three main components: legal and political 

environment, physical property rights, and intellectual property rights. The assessment of 

intellectual property rights encapsulates both de jure and de facto perspectives. The overall 

index has three subcomponents for our sample period: perception of protection of intellectual 

property rights, patent protection, and copyright piracy. The first one is constructed based on a 

survey, the patent protection index evaluates the patent laws existing in a country taking into 

account six criteria, and the copyright protection is focused more on enforcement, estimating 

the volume of unlicensed software and the attitude of users. The indexes are evaluated through 

scores, the final assessment ranging from 0 to 10, where 10 is the highest score. 

The indicators used to assess financial development are designed following Svirydzenka 

(2016) and Čihák et al. (2012). To better assess the state of financial development, the main 

indicator relies on two pillars: financial institutions and financial markets, each of them 

taking into account three components, as shown in Table no. 1.  

 

Table no. 1. Financial development index design 

Financial institutions Financial markets 

Depth Access Efficiency Depth Access Efficiency 

Private-

sector 

credit to 

gross 

domestic 

product 

(GDP) 

Pension 

fund assets 

to GDP 

Mutual 

fund assets 

to GDP 

Insurance 

premiums, 

life and 

non-life to 

GDP 

Bank 

branches 

per 

100,000 

adults 

ATMs per 

100,000 

adults 

Net interest 

margin 

Lending-

deposits 

spread 

Non-interest 

income to 

total income 

Overhead 

costs to total 

assets 

Return on 

assets 

Return on 

equity 

Stock market 

capitalization to 

GDP 

Stocks traded to 

GDP 

International debt 

securities of 

government to 

GDP 

Total debt 

securities of 

financial 

corporations to 

GDP 

Total debt 

securities of 

nonfinancial 

corporations to 

GDP 

Percent of 

market 

capitalization 

outside of the 

top 10 largest 

companies 

Total number 

of issuers of 

debt 

(domestic and 

external, 

nonfinancial 

and financial 

corporations) 

Stock market 

turnover ratio 

(stocks traded 

to 

capitalization) 

Source: Authors’ processing based on Svirydzenka (2016) and Čihák et al. (2012) 
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All statistical data has an annual frequency, and all used variables are summarized and 

presented in Table no. 2.  

 

 Table no. 2. Description of the used variables 

Variable Description Source 

Gross domestic expenditure 

on R&D by sector of 

performance (all sectors, 

business enterprise sector, 

government sector, and 

higher education sector), 

expressed in Euro per 

inhabitant 

R&D refers to creative work done in a systematic 

way with the aim of increasing knowledge. For 

R&D expenditures, all current expenditures and 

added gross fixed expenditure for R&D are 

considered; these are collected for all statistical units 

in an economy. R&D data are prepared according to 

the Frascati Manual 2015 (OECD, 2015). The 

sectors are established according to the System of 

National Account; the exemption is the sector of 

higher education, considered to be of important 

relevance.  

Eurostat 

(Eurostat, 2021) 

Intellectual property rights 

protection (overall) and its 

components: perception of 

protection of intellectual 

property rights, patent 

protection, copyright piracy 

The perception of the protection of intellectual 

property rights index is constructed based on a 

survey. The patent protection index assesses the 

patent laws existing in a country taking into account 

six criteria. The copyright protection index relies on 

a survey and expresses the enforcement of 

intellectual protection rights. The indexes are 

represented by scores that range from 0 to 10, where 

10 is the highest. 

International 

Property Rights 

Index 2021 

(Property Rights 

Alliance, Levy-

Carciente and 

Montanari, 

2021) 

Financial Development 

Index; Financial Institutions 

Access Index; Financial 

Institutions Depth Index; 

Financial Institutions 

Efficiency Index; Financial 

Institutions Index; Financial 

Markets Access Index; 

Financial Markets Depth 

Index; Financial Markets 

Efficiency Index; Financial 

Markets Index 

Table no. 1 depicts the design and content of these 

indicators. 

International 

Monetary Fund 

(International 

Monetary Fund, 

2022) 

Source: Authors’ processing using the mentioned data sources 

 

2.2 Methodology approach 

Our analysis relies on the panel regression methodology as in Wooldridge (2009), in which 

we first investigate the exogeneity, homoscedasticity, and non-autocorrelation assumptions 

of linear regression to decide whether our estimation approach is either a Pooled OLS 

analysis or one of the Fixed Effects or Random Effects framework. This first-hand analysis 

is based on values obtained for the White heteroscedasticity test, Breush-Pagan test and the 

values of Durbin-Watson. 

We decided to use the Pooled OLS estimation if we cannot reject the null hypothesis of the 

White test or we cannot reject the null hypothesis of the Breush-Pagan test and Durbin–

Watson produces values between 1 and 3. 
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In the other cases, we compute the Hausman test and use the Fixed Effects model when we 

reject its null hypothesis and the Random Effects otherwise. 

The results of these steps for our analysis are presented in tables situated in appendix no. 1 

for all combinations of explanatory and dependent variables present in the specifications 

mentioned in the following section. 

 

3. Results and discussion 

Our analysis covers four specifications that depend on the choice of the set of explanatory 

variables, each performed for a set of four dependent variables. We run a panel regression 

analysis for each of the following R&D dependent variables: all sectors, business enterprise 

sector, government sector, and higher education sector. We use the following set of 

explanatory variables:  

 Specification 1: Intellectual property rights protection (overall) and its components: 

perception of protection of intellectual property rights, patent protection, copyright piracy, 

and the Financial Development Index. 

 Specification 2: Intellectual property rights protection (overall) and its components: 

perception of protection of intellectual property rights, patent protection, copyright piracy, 

and the Financial Institutions Index. 

 Specification 3: Intellectual property rights protection (overall) and its components: 

perception of protection of intellectual property rights, patent protection, copyright piracy, 

and the Financial Markets Index. 

 Specification 4: Intellectual property rights protection (overall) and its components, 

i.e. perception of protection of intellectual property rights, patent protection, copyright 

piracy; the components of the Financial Development Index, i.e. Financial Institutions 

Access Index, Financial Institutions Depth Index Financial Institutions Efficiency Index; and 

the components of the Financial Markets Index, i.e. Financial Markets Access Index, 

Financial Markets Depth Index, and Financial Markets Efficiency Index. 

In table no. 3 is presented a synthesis of the results for Central and Eastern European countries for 

all four specifications, while the detailed ones are shown in Appendix no. 1, Tables no. 5, 7, 9, 

and 11. For the first specification, copyright protection has the most significant relationships in 

the case of all sectors, business enterprise sector, and higher education sector; it maintains this 

feature in specifications 2 and 3. Perception of intellectual property protection relates well to the 

same sectors, but with a lower significance. The business enterprise sector’s R&D expenses 

strongly connect with the financial development index. For the higher education sector, the overall 

index of intellectual property protection is quite relevant; for all sectors, the financial development 

index is relevant. In the case of the second specification, the financial institution index is important 

for all sectors and the business enterprise sector. Perception of intellectual property protection is 

relevant for all sectors and the higher education sector and continues to be important in the case 

of specification 3. The financial market index is germane for all sectors and the business enterprise 

sector, similar to the financial institution index. In specification 4, the copyright protection and 

perception of intellectual property protection continue to be relevant for all sectors, business 

enterprise sector, and the higher education sector. When taken separately, all financial 
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development sub-indicators are important for the governmental sector, while for the business 

sector, the financial institutions’ efficiency index and financial markets depth index are relevant.  

 

Table no. 3. Results for Central and Eastern European countries (Synthesis)  

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Specification 1 

Overall    * 

Perception of Intellectual Property 

Protection 

** **  ** 

Patent Protection    
 

Copyright Protection *** ***  *** 

Financial Development Index * ***   

Specification 2 

Overall    * 

Perception of Intellectual Property 

Protection 

*   ** 

Patent Protection     

Copyright Protection *** ***  *** 

Financial Institution Index ** **   

Specification 3 

Overall    * 

Perception of Intellectual Property 

Protection 

*   ** 

Patent Protection     

Copyright Protection *** ***  *** 

Financial market Index ** **   

Specification 4 

Overall     

Perception of Intellectual Property 

Protection 

** **  * 

Patent Protection     

Copyright Protection *** **  ** 

Financial Institutions Access Index   *** ** 

Financial Institutions Depth Index **  *** ** 

Financial Institutions Efficiency 

Index 

*** *** ***  

Financial Markets Access Index   *** ** 

Financial Markets Depth Index ** ***   

Financial Markets Efficiency Index ***  ***  

     

Total 15 11 5 14 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

In Table no. 4 is presented a synthesis of the results for Western European countries for all 

four specifications, while the detailed ones are shown in Appendix no. 1, Tables no. 6, 8, 10, 

and 12. For the first specification, almost all relations are significant, besides overall 

intellectual property protection, patent protection and financial development index for the 
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government sector, and the overall and patent protection for the higher education sector. The 

situation resembles specification 2 less the fact that the financial part is represented by the 

financial institution index. In specification 3, the patent protection is not at all significant, 

while the financial market index is most significant, except for the government sector. In 

specification 4, the perception of intellectual property protection is the most relevant from 

the point of view of intellectual property rights. When taken separately, from the financial 

development perspective, the financial institutions access index, financial institutions depth 

index, and financial markets efficiency index are the most significant.  

 

Table no. 4. Results for Western European countries (synthesis)  

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Specification 1 

Overall * *   

Perception of Intellectual Property 

Protection 

*** *** * ** 

Patent Protection * **   

Copyright Protection *  * *** 

Financial Development Index *** ***  *** 

Specification 2 

Overall * *   

Perception of Intellectual Property 

Protection 

** ** * * 

Patent Protection * **   

Copyright Protection   * *** 

Financial Institution Index *** ***  *** 

Specification 3 

Overall  *   

Perception of Intellectual Property 

Protection 

*** **  * 

Patent Protection     

Copyright Protection **  ** *** 

Financial Market Index *** ***  *** 

Specification 4 

Overall * **   

Perception of Intellectual Property 

Protection 

** *** **  

Patent Protection *** ***   

Copyright Protection   *** *** 

Financial Institutions Access Index *** ***  *** 

Financial Institutions Depth Index ** ***  *** 

Financial Institutions Efficiency 

Index 

    

Financial Markets Access Index **  * * 

Financial Markets Depth Index    *** 

Financial Markets Efficiency Index *** *** *  

Total 19 17 9 14 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 
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When comparing the two groups of countries, we notice both differences and some small 

similarities. In the case of Western European countries, the general conclusion is that there 

are more significant connections between R&D expenses with all explanatory variables. For 

both groups of countries, the indicator for all sectors has the biggest number of significant 

relations, while the one for the government sector has the fewest ones. For the Western 

European group of countries, the business sector has the second position, while in the case 

of countries from Central and Eastern Europe, the higher education sector is in this place. 

In the case of specifications 1, 2, and 3, the financial development indicators are relevant 

only for all sectors and business sector for Central and Eastern European countries, and not 

significant only for the government sector in the case of Western European economies. For 

the first group of countries, from the point of view of intellectual property protection, 

copyright protection is most significant. In contrast, for the second group, the perception of 

intellectual property protection plays a more important role. 

In the case of specification 4, for the Central and Eastern European countries, the financial 

development sub-indictors are more relevant for the governmental sector. In contrast, for the 

Western European countries, they are more significant for the higher education sector. 

 

Conclusions 

Our results highlight the importance of intellectual property rights protection and financial 

development indicators for R&D investments that foster creative work and valorise research 

activities. Overall, the results differ across groups of countries and sectors of performance. 

The Western European economies have the most significant relations for the different sectors 

that invest in R&D; also, the business sector is sensitive to the indicators taken into account. 

In the Central and East European countries, the Higher education sector seems to take the 

lead. From the perspective of intellectual property rights protection, copyright protection is 

the most relevant for Central and East European countries, but the perception of intellectual 

property protection is of great importance for Western Economies. Our results point out that 

enhanced protection of intellectual property rights is prone to positively impact R&D 

expenses in both groups of countries, but for different subcategories. The R&D expenses 

made by the government sector are not dependent on financial development indicators, a 

situation that we can interpret as evidence to support towards valorisation of research 

regardless of the level of financial development. However, the business sector is quite 

sensitive to financial development indicators in both groups of countries. This reinforces the 

results in the literature that underline the difficulties of financing to support innovation. 

Highlighting these differences can be useful for building or improving investment policies 

and the R&D agenda, in governmental and business sectors alike. This can be achieved by 

channelling resources, including the development of various internal financial markets, as 

also suggested by Maskus et al. (2012), but also by stimulating collaboration between private 

companies, governments, and higher education institutions, between countries and regions, 

so that knowledge can flow more easily. In recent years, the emphasis has been on 

constructing a stronger innovation ecosystem that will set the R&D profile for the future.  

Improving the understanding of the process and the elements that contribute to the 

development of R&D requires further research, especially when considering differences 

between the two groups of countries. The availability of much more detailed statistical data 
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could allow the continuation of the analysis by sectors of economic activity and even the 

connections between them. This approach can also bring new insights if we consider the scale 

of sectors, as older studies suggested that financial development is more important for 

industries with larger financial needs (Buera et al., 2011). 
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Appendix no. 1 

 

Table no. 5. Results for Central and Eastern European countries, Financial 

Development Index 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.2227 0.1042 0.5962 0.0907* 

Perception of 

Intellectual Property 

Protection 

0.0423** 0.0219** 0.7995 0.0326** 

Patent Protection 0.6281 0.5452 0.2998 0.5157 

Copyright Protection 0.0007*** 0.0022*** 0.588 0.0032*** 

Financial Development 

Index 

0.0933* 0*** 0.243 0.3961 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

1.62E-12*** 7.62E-11*** 4.05E-08*** 1.64E-08*** 

F (p-values) 3.22E-21*** 5.48E-17*** 2.66E-11*** 4.80E-12*** 

Breush-Pagan Test 
    

Lagrange Multiplier  

(p-values) 

1.49E-10*** 9.11E-10*** 1.27E-09*** 6.11E-11*** 

F (p-values) 8.36E-13 1.24E-11 2.02E-11 2.14E-13*** 

Durbin Watson 0.4649 0.4196 0.4604 0.54963 

Hausman Test (p-values) 0.6734 0.0964 7.79E-31*** 0.8740 

Model type 
Random 

Effects 

Random 

Effects 

Fixed  

Effects 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 

Table no. 6. Results for Western European countries, Financial Development Index 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.084* 0.0605* 0.2849 0.2607 

Perception of 

Intellectual Property 

Protection 

0.0056*** 0.0066*** 0.0904* 0.0144** 

Patent Protection 0.0694* 0.0436** 0.8083 0.8829 

Copyright Protection 0.0806* 0.5166 0.0553* 0.0029*** 

Financial Development 

Index 

0*** 0*** 0.1487 0.0028*** 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

1.07E-14*** 1.94E-13*** 6.18E-12*** 2.33E-05*** 

F (p-values) 4.55E-21*** 1.12E-18*** 5.25E-16*** 3.86E-06*** 
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Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Breush-Pagan Test 
    

Lagrange Multiplier  

(p-values) 

0.0002*** 6.15E-05*** 2.42E-07*** 0.0007*** 

F (p-values) 0.0001*** 3.63E-05*** 6.09E-08*** 0.0005*** 

Durbin Watson 0.3109 0.3281 0.2057 0.2983 

Hausman Test (p-values) 1.15E-08*** 4.41E-08*** 0.494592492 7.31E-05*** 

Model type 
Fixed  

Effects 

Fixed  

Effects 

Random 

Effects 

Fixed  

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 

Table no. 7. Results for Central and Eastern European countries,  

Financial Institution Index 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.3098 0.493 0.6539 0.0907* 

Perception of 

Intellectual Property 

Protection 

0.0448* 0.1156 0.6218 0.0244** 

Patent Protection 0.413 0.2499 0.3884 0.4773 

Copyright Protection 0.0009*** 0.0022*** 0.7026 0.0043*** 

Financial Institution 

Index 

0.0641** 0.0199** 0.6039 0.6531 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

4.58E-13*** 1.36E-13*** 6.40E-06*** 4.85E-08*** 

F (p-values) 9.05E-23*** 2.37E-24*** 1.62E-07*** 3.72E-11*** 

Breush-Pagan Test 
    

Lagrange Multiplier  

(p-values) 

1.54E-10*** 1.28E-10*** 1.33E-08*** 1.43E-10*** 

F (p-values) 8.84E-13*** 6.68E-13*** 5.64E-10*** 7.90E-13*** 

Durbin Watson 0.4133 0.3403 0.4745 0.5485 

Hausman Test (p-values) 0.9730 0.9987 4.74E-09*** 0.9918 

Model type 
Random 

Effects 

Random 

Effects 

Fixed 

Effects 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 
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Table no. 8. Results for Weastern European countries, Financial Institution Index 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.0755* 0.0566* 0.2816 0.1473 

Perception of 

Intellectual Property 

Protection 

0.0192** 0.0212** 0.0903* 0.0782* 

Patent Protection 0.0725* 0.0495** 0.8578 0.9611 

Copyright Protection 0.3827 0.8805 0.0609* 0.0026*** 

Financial Institution 

Index 

0*** 0*** 0.4426 0*** 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

9.86E-18*** 8.55E-16*** 2.69E-11*** 3.27E-05*** 

F (p-values) 1.75E-27*** 2.85E-23*** 6.36E-15*** 6.00E-06*** 

Breush-Pagan Test 
    

Lagrange Multiplier  

(p-values) 

3.98E-08*** 3.76E-08*** 5.45E-08*** 0.0004*** 

F (p-values) 6.89E-09*** 6.44E-09*** 1.01E-08*** 0.0003*** 

Durbin Watson 0.3218 0.3420 0.2055 0.2933 

Hausman Test (p-values) 1.69E-09*** 8.60E-09*** 0.9666 0.2347 

Model type 
Fixed  

Effects 

Fixed  

Effects 

Random 

Effects 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 

Table no. 9. Results for Central and Eastern European countries, Financial Market 

Index 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.1501 0.1754 0.3433 0.1473 

Perception of 

Intellectual Property 

Protection 

0.0064*** 0.0045*** 0.1192 0.0782* 

Patent Protection 0.9607 0.9063 0.961 0.9611 

Copyright Protection 0.0043*** 0.009*** 0.0306** 0.0026*** 

Financial Market Index 0.0126** 0*** 0.3531 0*** 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

1.85E-12*** 6.00E-11*** 3.47E-09*** 4.57E-09*** 

F (p-values) 4.60E-21*** 3.13E-17*** 2.22E-13*** 3.88E-13*** 

Breush-Pagan Test 
    

Lagrange Multiplier  

(p-values) 

1.81E-09*** 3.34E-09*** 1.27E-09*** 4.53E-11*** 

F (p-values) 3.37E-11*** 8.10E-11*** 2.02E-11*** 1.34E-13*** 
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Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Durbin Watson 0.4461 0.4015 0.4497 0.5520 

Hausman Test (p-values) 0.0263** 4.53E-12*** 1 0.7492 

Model type 
Fixed  

Effects 

Fixed  

Effects 

Random 

Effects 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 

Table no. 10. Results for Weastern European countries, Financial Market Index 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.1182 0.0865* 0.2809 0.1473 

Perception of 

Intellectual Property 

Protection 

0.0042*** 0.0046** 0.1108 0.0782* 

Patent Protection 0.185 0.1219 0.8364 0.9611 

Copyright Protection 0.0145** 0.1568 0.0353** 0.0026*** 

Financial Market Index 0.0072*** 0.0048*** 0.1835 0*** 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

4.01E-14*** 2.66E-12*** 9.42E-12*** 3.99E-06*** 

F (p-values) 5.84E-20*** 1.22E-16*** 1.08E-15*** 3.72E-07*** 

Breush-Pagan Test 
    

Lagrange Multiplier  

(p-values) 

0.0002*** 2.58E-05*** 2.78E-07*** 0.0001*** 

F (p-values) 0.0001*** 1.37E-05*** 7.17E-08*** 0.0001*** 

Durbin Watson 0.2944 0.3116 0.2060 0.2865 

Hausman Test (p-values) 0.0046*** 0.0001*** 0.7289 0.2692 

Model type 
Fixed 

Effects 

Fixed 

Effects 

Random 

Effects 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 

Table no. 11. Results for Central and Eastern European countries, Financial 

Development Index 6 sub-components 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.2544 0.3485 0.7705 0.17 

Perception of 

Intellectual Property 

Protection 

0.0452** 0.0183** 0.7023 0.0565* 

Patent Protection 0.907 0.5984 0.9189 0.6343 

Copyright Protection 0.0068*** 0.0153** 0.2905 0.0363** 
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Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Financial Institutions 

Access Index 

0.491 0.3763 0.0049*** 0.0161** 

Financial Institutions 

Depth Index 

0.0209** 0.4494 0.0001*** 0.0149** 

Financial Institutions 

Efficiency Index 

0*** 0.0059*** 0*** 0.1737 

Financial Markets 

Access Index 

0.9752 0.2866 0*** 0.0445** 

Financial Markets Depth 

Index 

0.0168** 0.0097*** 0.6278 0.2956 

Financial Markets 

Efficiency Index 

0.0001*** 0.1497 0.0004*** 0.2477 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

0.0009*** 0.0002*** 0.1381 0.0072*** 

F (p-values) 8.35E-07*** 1.18E-08*** 0.0840*** 0.0002*** 

Breush-Pagan Test     

Lagrange Multiplier  

(p-values) 

2.84E-08*** 1.30E-06*** 0.0004*** 3.20E-06 

F (p-values) 3.65E-10*** 9.55E-08*** 0.0001*** 3.28E-07 

Durbin Watson 0.6751 0.7341 1.0815 0.6176 

Hausman Test (p-values) 1 3.61E-47***  1 

Model type 
Random 

Effects 

Fixed  

Effects 

Pooled  

OLS 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 

Table no. 12. Results for Western European countries,  

Financial Development Index 6 sub-components 

Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Overall 0.0523* 0.0266** 0.3924 0.3562 

Perception of 

Intellectual Property 

Protection 

0.0115** 0.0063*** 0.0373** 0.143 

Patent Protection 0.0049*** 0.0017*** 0.8613 0.8625 

Copyright Protection 0.4456 0.702 0.0081*** 0.0044*** 

Financial Institutions 

Access Index 

0*** 0*** 0.4611 0*** 

Financial Institutions 

Depth Index 

0.0207** 0.0002*** 0.9092 0.0021*** 

Financial Institutions 

Efficiency Index 

0.1377 0.175 0.8766 0.4354 
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Exogenous variables  

(p-values) 

Dependent variables 

All sectors 

Business 

enterprise 

sector 

Government 

sector 

Higher 

education 

sector 

Financial Markets 

Access Index 

0.0226** 0.1098 0.0523* 0.0846* 

Financial Markets Depth 

Index 

0.2026 0.9211 0.236 0.0067*** 

Financial Markets 

Efficiency Index 

0*** 0*** 0.0572* 0.6654 

White Heteroskedasticity 

Test 

    

Lagrange Multiplier  

(p-values) 

4.51E-13*** 3.04E-11*** 1.35E-08*** 1.60E-11*** 

F (p-values) 1.30E-33*** 2.77E-25*** 2.67E-16*** 2.03E-26*** 

Breush-Pagan Test     

Lagrange Multiplier  

(p-values) 

9.61E-12*** 1.72E-11*** 7.42E-17*** 8.18E-09*** 

F (p-values) 3.11E-14*** 7.28E-14*** 1.88E-22*** 3.78E-10*** 

Durbin Watson 0.3687 0.3779 0.4023 0.3892 

Hausman Test (p-values) 0.0237** 0.0016*** 0.1042 0.9706 

Model type 
Fixed 

Effects 

Fixed 

Effects 

Random 

Effects 

Random 

Effects 

Source: Authors’ processing (* significance at 10%, ** significance at 5%, *** significance at 1%) 

 


