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Abstract: In 2024, the Visegrad countries – Czechia, Slovakia, Poland, and Hungary – mark 
20 years of EU membership. This paper analyses innovation performance trends from 2004 to 
2023 using the European Innovation Scoreboard (EIS) framework. The research question inves-
tigates whether there is convergence or divergence in innovation performance within the Viseg-
rad Group and between the group and the EU, and in which areas this occurs. The hypothesis 
assumes no convergence within the group, as strengths and weaknesses remain stable over time. 
However, EU support has fostered improved innovation performance, suggesting convergence 
toward the EU average. The practical significance lies in identifying innovation policy gaps and 
informing decision-makers on how to strengthen regional innovation ecosystems. The findings 
contribute to designing targeted, effective innovation strategies that can enhance economic per-
formance and competitiveness in the Visegrad region.
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1.	 INTRODUCTION

Czechia, Hungary, Poland, and Slovakia joined the European Union alongside six other countries in 2004. 
These Central and Eastern European countries are collectively referred to as the Visegrad Group (V4) 
due to their shared historical and cultural roots. The V4 was established in the early 1990s following the 
significant economic transformation of these countries, aiming to foster political, economic, and cultur-
al cooperation. The group also sought to coordinate efforts to enhance their chances of achieving com-
mon goals, as outlined in the Visegrad Declaration (1991). Despite their shared historical traditions and 
geographical proximity, the development paths of these countries have diverged. While there are simi-
larities in the development of V4 countries such as the importance of foreign direct investment and ex-
port-oriented economies, differences in institutions and factor endowments have resulted in varying eco-
nomic performances.

Joining the European Union in 2004 provided the V4 countries with an opportunity to accelerate their de-
velopment. They benefited from significant EU funding, gained access to the EU internal market, made 
it possible for them to participate in international collaborations, and attracted increased foreign capital 
inflows due to their EU membership. This created opportunities to enhance competitiveness, modernize 
the region’s economy, and prioritize the development of the innovation ecosystem within the framework 
of the European Union. This is important because, in the 21st century, innovation has emerged as a key 
driver of competitiveness and economic growth, making it a crucial factor for the further development 
of the V4 countries. The science, technology, and innovation policy tools implemented in the V4 coun-
tries, following the logic of the linear model of innovation, show a significant degree of similarity (Havas, 
2024). Nevertheless, the effectiveness of innovation activities varies across the countries.

It is widely accepted that there is a positive relationship between economic growth and innovation, a con-
nection empirically confirmed by Pece et al. (2015) for CEE countries through multiple regression mod-
els. Before joining the EU, both the economic and innovation performance of the V4 countries lagged 
behind the EU average. Among the Visegrad countries, Czechia is the most developed, partly due to its 
strong innovation performance and industrial capacity. Poland’s economic performance has increased the 
most during its EU membership; however, its innovation performance remains weak because its innova-
tion system is underdeveloped, preventing the country from fully exploiting the benefits of research and 
development and innovation (R&D&I). At the time of EU accession, Hungary’s economic performance 
exceeded that of Poland and Slovakia. By 2023, however, Poland had surpassed Hungary, and Slovakia 
had caught up. While Hungary has improved its innovation capacity, the domestic companies’ innovation 
capacity remains low, with research, development, and innovation primarily tied to international firms. 
Slovakia’s GDP has also grown dynamically since joining the EU; however, the country lags behind in 
innovation rankings due to weak conditions for fostering innovation.

This research aims to analyse the innovation performance of Visegrad countries during their EU mem-
bership period from 2004 to 2023. The study seeks to highlight the main innovation trends, emphasizing 
the relative strengths and weaknesses of each country. By utilizing the European Innovation Scoreboard, 
a comparative analysis can be conducted to evaluate the performance of the Visegrad countries across 
different fields of innovation.

This paper begins by presenting the theoretical background of the research, including statistical insights 
into the innovation performance of the Visegrad countries, and formulates the research question and hy-
potheses. It then outlines the measurement framework and methodology used in the study. Finally, the pa-
per summarizes the results of the comparative analysis and draws conclusions about changes in the inno-
vation performance of the Visegrad countries as EU Member States.
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2.	 THE THEORETICAL BACKGROUND OF THE RESEARCH

Innovation performance significantly determines a country’s competitiveness and economic growth, as 
it reflects how effectively a country can exploit the benefits of dynamic technological changes. The in-
novation activity in the Visegrad Group was quite low before the countries joined the EU. In the context 
of EU accession, Borsi (2006) analysed the prospects for the V4 countries to catch up and integrate into 
the European Research Area. By examining R&D indicators, he introduced the concept of the ‘Viseg-
rad paradox,’ building on the European paradox, as a key constraint to the V4 countries’ ability to ad-
vance in innovation. This paradox highlights that, despite a relatively high number of researchers com-
pared to Gross Domestic Expenditure on R&D (GERD), Business Expenditure on R&D (BERD), and 
GDP, the innovation performance of the V4 countries does not align with their scientific output. 

Over the past two decades, the Visegrad countries have made significant efforts to improve their inno-
vation systems by leveraging the opportunities provided by EU membership. According to the Europe-
an Innovation Scoreboard, in 2004, Poland had the weakest innovation performance among EU coun-
tries, while Czechia ranked 17th, Hungary 19th, and Slovakia 21st out of 25 EU member states. By 2023, 
all Visegrad countries had improved their innovation positions. The latest European Innovation Score-
board indicates that Czechia’s innovation performance is now close to the EU average, and Hungary’s 
performance has significantly improved in recent years. Czechia and Hungary, classified as moderate 
innovators, ranked 14th and 21st, respectively, while Slovakia and Poland, categorized as emerging in-
novators, ranked 23rd and 24th out of 27 EU countries. According to Prokop et al. (2017), Hungary’s in-
novation system operated efficiently in the first half of the 2010s. The country successfully utilized EU 
funds, effectively converted innovation inputs into outputs, and Hungarian companies adapted well to 
external R&D results. In Slovakia, Braha et al. (2015) emphasized that R&D activities remain weakly 
supported by both public and private funding. The productivity of innovation is low, and there is a lim-
ited share of enterprises applying innovation in their business activities. In Poland, no significant im-
provement in innovation performance has been observed despite its dynamic economic growth. Vuko-
szavlyev (2019) also observed an improving trend in R&D performance in the V4 countries based on 
time series indicators. Czechia stands out as the best performer in innovation within the group, though 
differences persist among the countries, influenced by varying innovation methodologies. 

There are significant regional differences in innovation performance not only between the Visegrad 
countries but also within each of them. The innovation activity concentrated in capital regions, such 
as Prague in Czechia, Budapest in Hungary, Warsaw in Poland, and Bratislava in Slovakia, because 
of their advanced infrastructure, higher concentration of skilled labour, and better access to resources 
required by innovation. Examining the relationship between economic growth and innovation perfor-
mance at the NUTS III level, Szendi’s (2023) analysis revealed a concentration of innovative and eco-
nomic capacity in metropolitan areas within the V4 group, as well as in the western regions of Czechia 
and Slovakia. In contrast, the remaining areas of these countries are characterized by low levels of in-
novation and economic performance. The European Union aims to reduce these regional imbalances 
by strengthening the innovation potential of underperforming regions. Czupich (2018) highlighted that 
the highest innovation potential within the Visegrad Group relates to the capital regions of Czechia and 
Hungary, characterized by high levels of entrepreneurship, advanced education, and increased R&D 
activity among enterprises. However, Hudec (2015) found that, outside the capital regions, not only 
Czech but also Polish regions demonstrated efficiency in innovation when measured by R&D expendi-
tures as inputs and patents as outputs. Some years later, Ivanová and Masárová (2018, 2019) evaluated 
the innovation performance of Visegrad countries’ NUTS II regions using the data from the Regional 
Innovation Index, and they concluded that the highest innovation performance is performed by the re-
gions of Prague and Bratislava, so the capital regions of Czechia and Slovakia. 
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Several authors have sought to explore the causes of regional disparities in innovation performance. 
Lux (2020) emphasized that R&D spending in the Visegrad countries is lower than the EU average, 
which contributes to the lower efficiency of their innovation systems. Using a spatial econometric 
approach, Wibisono (2023) highlighted the essential role of regional knowledge inputs, such as R&D 
expenditure and R&D personnel, in fostering innovation in the Visegrad Group. The study empha-
sized the importance of public sector R&D funding support and the capabilities of R&D personnel 
in promoting innovation. Hunady et al. (2017), employing panel Granger causality and panel regres-
sion analysis, examined the relationship between regional economic development and R&D invest-
ment, controlling for the number of R&D employees. They found a strong positive correlation and 
significant regional disparities in innovation performance. Similarly, Ivanová and Masárová’s (2019) 
detailed analysis revealed that the largest relative differences among Visegrad Group regions are ob-
served in public-private co-publications, international scientific co-publications, SMEs with market-
ing or organizational innovations, and innovative SMEs collaborating with others. These findings 
suggest substantial disparities in both the input and output sides of innovation activities. In contrast, 
the smallest differences were found in exports of medium-high/high-technology intensive manufac-
turing, most-cited scientific publications, trademark applications, and non-R&D innovation expendi-
tures. Jabłońska (2024) analysed the relationship between specific innovation dimensions and the 
rate of entrepreneurship in a group of moderate innovator countries – including the Visegrad coun-
tries – as classified by the European Innovation Scoreboard for the period 2013–2019. The study 
found a strong positive correlation between the quality and quantity of entrepreneurial innovations 
and the entrepreneurship rate in the V4 countries. This implies that pro-innovative activities under-
taken by operating enterprises strongly correlate with decisions to start new businesses (Jabłońska, 
2024, pp. 7–8). Finally, Ivanová and Masárová (2018) emphasized that persistent and widening re-
gional discrepancies in human capital remain a significant challenge across Visegrad regions.

It can be concluded that significant differences exist within each Visegrad country, primarily due to 
insufficient human capital, inadequate public and private funding, and low levels of business innova-
tion activity required to drive innovation.

2.1.	 Statistical Facts About the Innovation Performance of the Visegrad Countries

The strong, positive relationship between a country’s innovation and economic performance is support-
ed by Schumpeter (1934/1980), as well as the exogenous and endogenous growth models (Solow, 1956; 
Romer 1986; Lucas 1988), which emphasize that technological progress enhances economic growth. 
The new wave of technological progress, driven by digitalization, can accelerate economic growth, as 
Mhaka and Taonezvi (2024) also point out, provided that countries establish an adequate foundation 
for development. However, without access to the internet and digital skills, the benefits of digitaliza-
tion cannot be fully realized within an economy. Over the last two decades, there has been an improve-
ment in both the economic and innovation performance of the Visegrad countries. The COVID-19 pan-
demic accelerated the diffusion of digital technologies, leading to a rearrangement within the V4 group.

Based on World bank data, the relative economic performance of the Visegrad countries, measured by 
GDP per capita (PPP, constant 2021 international $) compared to the EU average, ranged from 49.1% 
to 80.9% in 2004, while in 2023, the range had improved to 72.2% to 91.3%, as reported in the WB 
(2024). This indicates that the relative performance of all Visegrad countries significantly improved 
during their EU membership. Specifically, Czechia’s performance increased from 80.9% to 91.3%, 
Hungary’s from 62.3% to 74.5%, Poland’s from 49.1% to 81.5%, and Slovakia’s from 50.6% to 72.2%. 
Figure 1 illustrates the changes in GDP per capita, PPP (constant 2021 international $) for the V4 coun-
tries during their EU membership.
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Figure 1. Changes in GDP per capita, PPP (constant 2021 international $) of V4 countries 
between 2004 and 2023

Source: WB (2024)

Figure 1 illustrates the rearrangement within the V4 group alongside the countries’ substantial pro-
gress in catching up to the EU average. Poland’s economic growth was the most dynamic in the an-
alysed period (3.9% per year on average) and because of this, it overtook both Hungary and Slova-
kia by 2023. The average growth rate per year was 3.1% in Slovakia, 2.2% in Hungary, and 1,9% in 
Czechia. The economic development of the V4 countries followed a similar trajectory during the an-
alysed period, achieving economic growth above the EU average; however, the competitiveness and 
efficiency of their innovation systems lagged behind that of Western European countries. Figure 2 il-
lustrates the World Competitiveness Rankings of Visegrad countries over the last five years.

Figure 2. World Competitiveness Rankings of Visegrad Countries, 2020–2024
Source: IMD World Competitiveness Yearbook (2024)

Based on Figure 2, it can be observed that a similar shift in competitiveness occurred with-
in the Visegrad group, as indicated by the change in GDP per capita. Poland’s improvement in 
competitiveness is also noticeable, although it shows greater volatility compared to its econom-
ic growth. After a decline following 2020, Poland experienced a significant recovery from the 
low point of 2022, but it still did not regain its 2020 ranking. Czechia achieved its best ranking 
in 2023, placing 18th in the competitiveness rankings. Within the EU, only Denmark (the most 
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competitive country), Ireland, the Netherlands, Sweden, Finland, and Belgium ranked higher. 
However, Czechia’s competitiveness ranking deteriorated significantly by 2024. Hungary’s rank-
ing has worsened overall over the past five years. While an improvement was observed up to 
2022, its ranking declined afterward. Slovakia remains the least competitive among the V4 coun-
tries, following a similar trend to Hungary. 

Innovation significantly influences both a country’s competitiveness and economic growth. This 
is confirmed in the Visegrad countries, where the correlation between economic performance, 
measured by GDP per capita, and innovation performance, measured by the Global Innovation 
Index, is strong and positive (r=0.738). Ivanová and Čepel (2018) observed that the position of V4 
countries in global competitiveness rankings varies depending on their innovation performance. 
The Global Innovation Index (GII), introduced in 2007, ranked Czechia 32nd, Slovakia 35th, Hun-
gary 36th, and Poland 56th this year. This shows that the innovation performance of the Viseg-
rad countries was relatively similar, with the exception of Poland, which lagged behind (Dut-
ta & Caulkin, 2007). Analyzing the period from 2012 to 2015 using the Global Innovation In-
dex, Corejova and Al Kassiri (2017) concluded that two Visegrad countries (Czechia and Hunga-
ry) performed better in innovation output subindexes (such as knowledge and technology outputs, 
and creative outputs), while the other two (Poland and Slovakia) excelled in innovation input sub-
indexes (including institutions, human capital and research, infrastructure, market, and business 
sophistication). The authors observed that Hungary’s innovative performance deteriorated in both 
areas, while Poland showed weaker performance in the field of innovation outputs. In contrast, the 
other countries improved their rankings during this period. According to the latest Global Inno-
vation Index (GII) ranking from 2023, the ranks of Czechia and Hungary have remained relative-
ly stable since 2007. In contrast, Poland’s innovation performance has improved, while Slovakia’s 
ranking has declined over this period. Table 1 presents the GII rankings and the main subindices 
for the Visegrad countries.

Table 1. Rankings of Visegrad countries in the Global Innovation Index 2023
Czechia Hungary Poland Slovakia

GII rank 31 35 41 45
Output rank 27 33 36 45
Input rank 34 36 50 51

Source: WIPO (2023)

Table 1 shows that in 2023, all Visegrad countries had better rankings for innovation outputs than 
for innovation inputs, indicating stronger performance in the measurable effectiveness of inno-
vation activities. According to WIPO (2023), Czechia, Hungary, and Slovakia excelled in knowl-
edge and technology outputs, while Poland performed better in creative outputs. Czechia ranked 
among the best performers in most input categories, such as human capital and research, infra-
structure, and business sophistication. Hungary demonstrated strong performance in business so-
phistication but fell into the second quartile in other input categories. Slovakia performed best in 
knowledge and technology outputs. In contrast, Czechia, Slovakia, and Poland ranked in the third 
quartile for market sophistication, indicating weaker performance in this area. Additionally, Po-
land also ranked in the third quartile for institutions.

Based on statistical evidence, it can be concluded that the innovation performance of the Viseg-
rad countries improved during their EU membership, with each country focusing on different ar-
eas in the development of its innovation ecosystem. This led to varying results not only in inno-
vation performance but also in the competitiveness of the V4 countries.
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2.2.	 Research Question and Hypothesis

This paper aims to compare the innovation performance of the Visegrad countries - Czechia, Hunga-
ry, Poland, and Slovakia - between 2004 and 2023, using the European Innovation Scoreboard (EIS) to 
analyse how EU membership has influenced their innovation activity. The research focuses on how the 
determinants of innovation performance have changed during the period of EU membership in each of 
the Visegrad countries. The research question is whether there is convergence or divergence in inno-
vation performance within the Visegrad Group and between the Visegrad Group and the EU, and in 
which areas this can be observed. This question is particularly relevant given the strategic importance 
of innovation in driving economic growth, competitiveness, and regional cohesion in the EU. Under-
standing the direction and extent of convergence helps evaluate the effectiveness of EU innovation pol-
icies and structural support in narrowing the innovation gap between regions. It also sheds light on per-
sistent disparities and structural weaknesses that may require targeted policy interventions.

A significant challenge in the time-series comparison is that the EIS measurement framework has un-
dergone changes over the analysed period, limiting the dimensions of innovation that can be consist-
ently compared over the long term. Consequently, the analysis focuses on the comparison of key driv-
ers of innovation. It is assumed that each country exhibits specific features of innovation that lead to 
differing innovation capabilities. Additionally, each country has adapted EU funding for innovation de-
velopment according to its own capacities. As a result, the Visegrad countries have followed unique in-
novation development paths, leading to variations in their innovation and economic efficiency. The hy-
pothesis is that there is no convergence within the Visegrad Group, as the strengths and weaknesses 
remain constant over time. However, the overall innovation performance of the V4 countries has im-
proved due to EU support aimed at fostering conditions for innovation. Therefore, the V4 group is con-
verging toward the EU average.

3.	 MEASUREMENT FRAMEWORK AND METHODOLOGY

The European Innovation Scoreboard (EIS) provides information across several fields of innovation, 
making it suitable for analysing the innovation performance of the four Visegrad countries. The EIS 
facilitates the calculation of the Summary Innovation Index (SII) using a range of indicators, allowing 
for comparative analysis among European countries. Appendix 1 outlines the changes in its measure-
ment framework between 2004 and 2023. This framework encompasses indicators that reflect the main 
drivers and outputs of innovation. In 2004, it included only 22 indicators grouped into four categories 
(human resources for innovation; the creation of new knowledge; the transmission and application of 
knowledge; innovation finance, output, and markets). The EIS 2023 adopts a more detailed approach 
to innovation, distinguishing four main types of activities - Framework Conditions, Investments, Inno-
vation Activities, and Impacts - across 12 innovation dimensions, encompassing a total of 32 indicators. 

There are 10 areas for which indicators are available in both versions of the EIS, allowing for a com-
parison of the Visegrad countries’ performance in these fields between 2004 and 2023. These areas in-
clude the population with tertiary education, participation in lifelong learning, internet access, public 
and business R&D expenditures, innovation expenditures, venture capital investments, SMEs’ inno-
vation activity, patents, employment impacts, and sales impacts. While the indicators remain similar, 
some changes in measurement have been introduced to improve the comparability of innovation per-
formance across European countries. In the 2004 version of the EIS, key areas missing from the frame-
work included publication activity, sustainability, other forms of intellectual property beyond patents, 
and the use of information technology. To compare the innovation performance of the Visegrad coun-
tries, descriptive statistics were primarily utilized.
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4.	 EMPIRICAL RESULTS 

As a first step in the analysis, the changes in the overall innovation performance of the Visegrad 
countries during their EU membership are compared. At the time of joining the EU, all countries 
were classified among the lowest-performing innovation groups. However, by 2023, Czechia had ap-
proached the EU average, and the performance of the other countries had also improved significantly. 

As Figure 3 illustrates, there was a significant improvement in innovation performance across all 
Visegrad countries. However, when analysing the relative performance of the V4 countries using 
the Summary Innovation Index (SII), no substantial change is observed in Hungary’s and Slovakia’s 
innovation performance relative to the EU average. In contrast, Czechia and Poland demonstrated 
convergence toward better-performing countries. Czechia’s SII was 75% of the EU average in 2004, 
but during its EU membership, its innovation performance improved significantly, reaching 94.7% 
of the EU average by 2023. Poland, which was the worst-performing country in 2004 with an SII 
of 38.9% of the EU average, also saw substantial improvement, achieving 65.6% of the EU aver-
age in 2023. Despite these changes, the innovation ranking of the V4 countries remained consistent 
throughout their EU membership, with Czechia being the top performer, followed by Hungary, Slo-
vakia, and Poland. It is interesting that Poland surpasses both Hungary and Slovakia in terms of eco-
nomic performance and competitiveness, yet it lags behind them in the comprehensive assessment 
of innovation performance, indicating a slower convergence in the field of innovation. Because of 
this, when using the EIS framework to compare innovation performance of Visegrad countries, no 
rearrangement within the V4 group was observed between 2004 and 2023. 

Figure 3. Changes in the Summary Innovation Index of Visegrad Countries and their relative 
performance compared to the EU average (2004–2023)
Source: Own construction based on EC (2004-2023).

In the next step of the analysis, the different fields of innovation were compared for the year when 
the countries joined the EU. Table 2 presents a comparison of the relative strengths (indicating in-
dicators that are above or close to the EU average) and relative weaknesses (indicating the lowest 
relative performance) of the V4 countries, based on the main drivers and outputs of innovation as 
measured by the indicators in the 2004 EIS.
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Table 2. Relative strengths and weaknesses in innovation among Visegrad Countries in 2004
Country CZECHIA HUNGARY POLAND SLOVAKIA

Innovation 
performance 
group

Moderate innovators Moderate innovators Moderate innovators Moderate innovators
75.0% 69.4% 38.9% 66.67%

of the EU average

Relative 
strengths

Employment in medium/high-tech manufacturing
Employment in 

medium/high-tech 
manufacturing

Sales ‘new-to-market’ 
products

SMEs involved in 
innovation cooperation

Innovation 
expenditures

ICT expenditures
High-tech manufacturing 

value-added share
Sales new-to-market 

products

Relative 
weaknesses

S&E graduates Business R&D expenditures
EPO and UPSTO high-tech patents and all EPO and UPSTO patents

High-tech and early-stage  
venture capital

Early-stage  
venture capital

High-tech 
manufacturing value-

added share

SMEs innovating in-
house and involved in 

innovation cooperation
Source: Own construction based on EC (2005).

At the beginning of the analysed period, the common strengths of the V4 countries were ICT ex-
penditures and the employment impact of innovation, as measured by employment in medium- 
and high-tech manufacturing (with a missing value for Poland). It can be concluded that in 2004, 
the relative strengths of the V4 countries were primarily in the dimensions of innovation finance, 
outputs, and markets. In contrast, their relative weaknesses were associated with risky financing, 
human resources, business innovation activity, and intellectual assets, reflecting deficiencies on 
the input side or drivers of innovation. Venture capital, which is critical for financing risky inno-
vative projects, was particularly low in the V4 countries. Additionally, patenting activity was also 
limited, closely tied to the relatively low levels of business innovation activity.

The EU has made substantial investments to enhance the innovation ecosystems in its member 
states and has established the Innovation Union. Between 2004 and 2023, the EIS measurement 
framework underwent significant changes, allowing for a more detailed analysis of innovation 
performance. All V4 countries showed improvement in participation in lifelong learning, which 
became one of Slovakia’s relative strengths in 2023 (108.8% of the EU average). The proportion 
of the population with tertiary education increased in Slovakia and Poland, where the rates were 
notably low in 2004. However, there was a decline in Hungary and stable relative performance 
in Czechia in this area of human conditions, as this remained a relative weakness for these coun-
tries. R&D expenditures increased in all V4 countries, primarily driven by the business sector, 
with enterprises showing higher levels of innovation activity. Venture capital expenditures rose 
in Czechia, Hungary, and Poland, but it remained one of Slovakia’s relative weaknesses. The em-
ployment impacts of innovation continued to be strong in Czechia, exceeding the EU average. 
At the same time, a decline was observed in the other V4 countries, whose relative performance 
dropped to 50–60% of the EU average. Intellectual assets, however, remained a persistent weak-
ness across all countries.

In 2023, Czechia and Hungary were classified as Moderate Innovators, with Czechia’s relative 
performance exceeding the group average (94.7%), while Hungary ranked the lowest within this 
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group (70.4%). Slovakia and Poland were categorized as Emerging Innovators, with both coun-
tries’ innovation performance surpassing the group average (65.6% for Slovakia and 62.8% for 
Poland). Figure 4 provides a comparison of the V4 countries across the 12 innovation dimensions.

Figure 4 illustrates that the V4 countries differ significantly across most fields of innovation. 
Czechia has a notable advantage in firm investments, innovation activities (as measured by 
SMEs’ product and business process innovations), and employment effects. Slovakia and Poland 
lagged behind Czechia and Hungary in most areas, particularly in attractive research systems, fi-
nance and support, sales impacts, and environmental sustainability. Slovakia performs best in hu-
man resources, thanks to its above-average participation in lifelong learning, and is comparable 
to Czechia in sales impacts. However, it falls significantly behind in finance and support, as well 
as in linkages. Poland stands out in digitalization, with the highest broadband penetration in the 
V4 group. This could enable Poland to catch up in both competitiveness and economic growth. It 
also has a substantial advantage in intellectual assets, driven by design applications, which were 
150.5% of the EU average. Nevertheless, Poland lags in sales impacts, environmental sustainabil-
ity, attractive research systems, and employment impacts. Hungary’s innovation performance is 
comparable to Czechia’s in areas such as attractive research systems, digitalization, finance and 
support, and linkages. However, it shows the weakest performance in intellectual assets and hu-
man resources. By analyzing which factors significantly determine the overall innovation per-
formance in these countries, it can be concluded that employment effects (r=0.997), innovators 
(r=0.987), and firm investments (r=0.984) show a very strong correlation with the SII. In these ar-
eas, Czechia performs well. However, there is only a slight effect of digitalization (r=0.133) and 
human resources (r=0.337) on innovation performance, where Poland and Slovakia excel. This is 
because these countries are lagging behind.

Figure 4. The comparison of Visegrad countries in the innovation dimensions of EIS 2023
Source: Own construction based on EC (2023).
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Table 3 highlights the relative strengths and weaknesses of the V4 countries based on the EIS 
2023. Czechia’s performance exceeded the EU average in several areas, including doctorate grad-
uates, international scientific co-publications, foreign doctorate students, innovation expendi-
tures per employee, enterprises providing ICT training, employment in innovative enterprises, 
medium and high-tech goods exports, sales of innovative products, and air emissions by fine par-
ticulate matter. This indicates that Czechia lagged behind the EU average primarily in intellectu-
al assets, digitalization, and finance and support. 

Table 3. Relative strengths and weaknesses in innovation among Visegrad Countries in 2023
Country CZECHIA HUNGARY POLAND SLOVAKIA

Innovation 
performance 
group

Moderate innovators Emerging innovators
94.7% 70,4% 62.8% 65.6%

of the EU average

Relative 
strengths

Non-R&D Innovation 
expenditures

Foreign doctoral 
students

Enterprises providing 
ICT training Lifelong learning

Business process 
innovators

Government support 
for business R&D Design applications Sales of innovative 

products

Product innovators Medium and high-tech 
goods exports Trademark applications Medium and high-tech 

goods exports
Innovative SMEs 

collaborating with 
others

Population with tertiary 
education

Air emissions by fine 
particulate matter

Public-private co-publications Non-R&D Innovation 
expenditures

Job-to-job mobility of HRST

Relative 
weaknesses

Most cited publications Business process innovators R&D expenditure in the 
business sector

PCT patent applications Design applications PCT patent applications

Population with tertiary education Environment-related 
technologies

Venture capital 
expenditures

Job-to-job mobility of 
HRST Doctorate graduates Job-to-job mobility of 

HRST

Government support 
for business R&D

Employment in 
innovative enterprises

Innovation 
expenditures per 

employee

Government support 
for business R&D

Source: Own construction based on EC (2023).

According to the country analysis in the European Innovation Scoreboard 2023, there was a sig-
nificant increase in SMEs’ innovation activity and venture capital investments in Czechia. Hun-
gary showed improvements in the human conditions for R&D activity, including foreign doctor-
ate students, job-to-job mobility of HRST (Human Resources in Science and Technology), and 
publication activity. Slovakia made progress in lifelong learning and publications, while Poland 
experienced a notable rise in innovation activity within the business sector in recent years. In con-
trast, a decline was observed in finance and support in both Czechia and Hungary, as well as in 
environment-related technology in Poland and Slovakia. 

Analysing recent trends, the EIS 2023 concluded that the performance gap between Slovakia and 
Hungary and the EU average is widening, whereas this gap is narrowing for Czechia and Poland 
(EC, 2023). In the year of joining the EU, Poland’s relative performance compared to the EU av-
erage was 38.9%, but the country has improved significantly, reaching 62.8% by 2023. There 
has been a significant improvement in education and ICT infrastructure related to the R&D&I, 
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creating the basis of innovation activity. However, the innovation capability of Polish enterpris-
es remains low. Czechia has shown moderate improvement in innovation performance, starting 
from 75% and has almost reached the EU average by 2023, with a relative performance of 94.7%. 
The innovation activity of the Czech industrial sector is traditionally strong, with innovative en-
terprises ensuring high-level innovation performance, sound employment effects, and favourable 
financing possibilities. The strengths of innovation in Czechia are closely related to the business 
sector, where the circumstances favour innovation. 

In contrast, Hungary’s relative performance has remained almost constant (69.4% in 2004 and 
70.4% in 2023), while Slovakia’s relative performance worsened, falling from 66.7% to 65.6% 
of the EU average. The weaknesses of Hungary are related to the human resource conditions for 
innovation and the low innovation capability of Hungarian SMEs. The improvement is mainly 
linked to marginal areas of innovation, with no significant development in critical fields, particu-
larly in business innovation activity and human resources. Slovakia’s relative innovation perfor-
mance had worsened by 2023 within the V4 group. While the human resource conditions, sup-
ported by lifelong learning programs, and the employment and sales impacts of innovation are fa-
vourable, the innovation activity in the business sector remains low, and there is no effective re-
search system to enable innovation in the country. These statements are consistent with Hanáčk-
ová and Takáč (2024), whose TOPSIS analysis identifies several barriers to innovation within the 
V4, such as the lack of financial resources for innovative activities, especially in the private sec-
tor, the high costs associated with innovation, and difficulties in accessing state or grant funding.

In the final step of the analysis, the R&D expenditures were analysed because some authors em-
phasized the problem with insufficient financing as a constraint of efficient innovation. Ivanová 
and Žárská (2023) pointed out that there is a positive correlation between R&D expenditures and 
the aggregate innovation index in all V4 countries. Figure 5 shows the evolution of gross domes-
tic expenditure, business enterprise expenditure, and higher education expenditure on R&D as a 
percentage of GDP in 2004 and 2022. 

Figure 5. The evolution of R&D expenditures in the Visegrad Countries and the EU average in 
2004 and 2023

Source: Own construction based on OECD (2024) and Eurostat (2024)
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Figure 5 illustrates that in 2004, all Visegrad countries significantly lagged behind the EU average 
in almost all forms of R&D expenditures. By 2023, Czechia exceeded the 2004 levels of GERD and 
BERD, but still did not reach the EU average. Poland has shown significant improvement in all ex-
penditure areas, with HERD surpassing the EU average in 2023. Analysing R&D expenditures re-
veals that by 2023, Czechia has moved closer to the EU average in GERD and BERD, though a gap 
remains in HERD, where it has almost reached the 2004 EU average. In Hungary, the share of busi-
ness R&D expenditures (BERD) significantly increased from 0.35% to 1.01%, but HERD stagnat-
ed at the 2004 level. While GERD also grew, Poland surpassed Hungary in both GERD and BERD, 
with BERD levels being the same in 2023. Both Poland and Slovakia substantially increased their 
R&D expenditure ratios, with Poland’s GERD rising from 0.55% to 1.56%, and Slovakia’s from 
0.5% to 1.04%. In Slovakia, R&D expenditures grew primarily in higher education, with modest 
growth in business expenditures during the analysed period. Despite these improvements, the EU’s 
3% R&D expenditure target remained unmet, with the EU average standing at only 2.11% in 2022.

Analysing the relationship between factors related to innovation performance, it can be conclud-
ed that there is a strong positive correlation between the SII and GERD, as well as between SII and 
BERD (r=0.827 and r=0.755), which indicates that better financing generates more innovation. In the 
case of SII and HERD, there is a weak negative correlation (r=-0.037), which shows that higher edu-
cation expenditures alone do not promote innovation performance effectively, as indicated by Poland. 

5.	 CONCLUSION 

The year 2024 marks 20 years of European Union membership for Czechia, Hungary, Slovakia, and 
Poland, collectively referred to as the Visegrad countries. This analysis focuses on the changes in their 
innovation performance, which is a key driver of economic growth and competitiveness. The research 
question was whether there is convergence or divergence in innovation performance within the Viseg-
rad Group and between the Visegrad Group and the EU, and in which areas this can be observed. Ac-
cording to statistical data, the innovation performance of the Visegrad countries has improved signifi-
cantly during their EU membership, partly due to the various forms of support aimed at enhancing in-
novation efficiency as previously hypothesized. The Summary Innovation Index (SII), which measures 
overall innovation performance, showed improvement during the period of EU membership. Howev-
er, the relative position of these countries compared to the EU average has not changed significantly. In 
2023, Poland was no longer the lowest-ranked country in the innovation rankings but remained in the 
worst-performing group, referred to as Emerging Innovators, alongside Slovakia. Czechia was near the 
EU average, and Hungary made rapid progress, joining the Moderate Innovators group.

It can be concluded that convergence within the V4 group has been observed in areas such as 
digitalization and the use of information technologies. It was not previously assumed. However, 
Czechia, as the best-performing country in the group, maintains a significant advantage in firm 
investments, innovation activities, and employment effects. Slovakia excelled in lifelong learning, 
Hungary led in linkages, and Poland stood out in design applications and broadband penetration.

Innovation is a critical factor for achieving high economic growth and competitiveness, prompt-
ing the Visegrad countries to focus on enhancing their innovation capabilities. However, conduct-
ing time-series analysis in the field of innovation is challenging due to frequent changes in meas-
urement frameworks. The European Innovation Scoreboard provides a useful tool for comparing 
countries’ performance in key innovation areas, allowing for conclusions about long-term trends. 
In the future, it would be worthwhile to compare V4 countries using other innovation measure-
ment frameworks, stepping beyond the European context. 
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A more detailed analysis of specific innovation subfields could provide further insights into how 
the differing innovation ecosystems of countries with similar traditions and support systems can 
be effective. Consequently, EU membership has created a favourable environment for innovation 
development in the Visegrad countries, with significant financial support, opportunities for sci-
entific cooperation, and innovation-promoting regulations and strategies. However, the extent of 
utilization and the results achieved vary among the individual countries. The Visegrad countries 
should focus more on addressing their weaknesses and capitalizing on their strengths to fully re-
alize the region’s innovation potential.
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