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Abstract. This study delves into the innovation performance of the Visegrad Four (V4) countries, aiming to uncover the pivotal role
that research development and innovation play in regional development and the broader economic landscape. Focusing on properly
structured research and development policies, financial support mechanisms, and collaborative efforts, we investigate the prerequisites
for fostering innovative activities within these nations. Innovation performance is a critical factor that allows organisations and
economies to adapt to rapid changes and an ever-evolving environment, stimulating growth, competitiveness, and long-term
sustainability. The goal of the article was to evaluate the innovation performance of the V4 countries. Utilising the TOPSIS method, we
analyse 7 key input-output indicators to rank the VV4 countries in terms of their innovation performance for 2022, identifying them as
moderate innovators relative to the EU-27 average. Our findings reveal that among the V4, the Czech Republic leads in innovation
performance, followed by Slovakia, Poland, and Hungary, respectively. The analysis underscores the importance of innovation as a
critical factor for adaptation to rapid changes, fostering growth, competitiveness, and sustainability. This research contributes to
understanding how innovation performance can improve economic prosperity in the V4 countries and inform policy direction towards
enhancing innovation ecosystems.
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1. Introduction

In the contemporary economic landscape, innovation, science, research, and development (R&D) stand as
critical pillars of progress and prosperity. These elements drive the advancement and competitiveness of various
sectors and underpin nations' economic growth (Dusek & Sagapova, 2022; Androniceanu, Georgescu & Sabie,
2022). However, the current conditions lead firms to collaborate for innovation activities rather than taking
individualistic initiatives (Rigelsky et al., 2022). For this reason, policymakers, including the European Union,
direct businesses to make joint investments in innovation activities. Alliances between enterprises also make
them apply more R&D activities, improving innovation capabilities (Kljuénikov et al., 2022a) that provide
financial sustainability. Since many issues exist in the economic growth and deterioration of resources, the
sustainability concept needs to be considered by everyone worldwide (Folgado-Fernandez et al., 2023),
including firms from different industries (Cheng et al., 2022). European Commission also implements new
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strategies to stimulate firms in various industries to adopt a digital transformation process that increases and
sustainable development of businesses (Streimikiene, 2023).

Moreover, this digitalisation process increases technological productivity (Lincényi & Bulanda, 2023) and the
competitiveness of enterprises (Kraj¢ik et al., 2023). Through the lens of innovation and technological
evolution, industries are born and transformed; productivity is enhanced. For instance, firms, especially in the
manufacturing industry, indicate more technological developments and emphasise innovation and R&D
activities (Civelek & Krajcik, 2022). Therefore, both economic and social development are accelerated. In this
context, the innovative performance of a country is intricately linked not only to the capabilities of its firms but
also to the broader national system, encompassing a network of public and private institutions. This study,
therefore, seeks to illuminate the significance and topicality of innovation in shaping regional development and
the economic performance of the national economy. Specifically, we focus on the Visegrad Four (V4) countries
to evaluate their innovation performance within a comparative framework. Recognising the essential role that
properly structured R&D policies, financial support mechanisms, and collaborative efforts play in fostering
innovation, this article delves into the dynamics of innovation within the V4. By exploring these aspects, we
aim to contribute to the broader understanding of how innovation is a lever for economic prosperity and
sustainability. As such, our analysis seeks not only to assess the current state of innovation performance in these
countries but also to offer insights that may guide policy direction and support mechanisms to enhance their
innovation ecosystems.

2. Theoretical background

The relationship between research, development, and innovation is highly complex. It's essential to recognise
that innovations cannot arise without adequate research and development (Wach & Daszkiewicz, 2023).
Innovations are interpreted as a process in which organisations do something new, introduce novel procedures,
create new goods or services (Khalifa et al., 2023), or establish new ways of internal organisational
relationships. Hanackova et al. (2019) further clarify that innovation should not be confused with the concept
of change, as change is typical for most organisations; innovations pertain to creating and implementing new
processes, products, services, and delivery methods. Typically, innovations improve outputs, efficiency,
effectiveness, or the quality of goods, services, and processes (Espino-Rodriguez et al., 2022). Innovation
involves qualitative and sustainable change. Therefore, the following criteria can also apply to identifying
innovations: novelty or creativity, efficiency - focus on results, the significance of the problem being addressed,
and applicability (Staroniova et al., 2012).

Effective economic and social development (predicated on innovation) is an indispensable condition for
mitigating disparities between impoverished and affluent regions (Klju¢nikov et al., 2022b). Development that
is fundamentally anchored in research, development, and innovations plays a pivotal role in regional
development and in enhancing the performance of national economies. This becomes increasingly vital in
escalating global competition, heightened population mobility, swift technological advancements, and the
emergence of spatial disparities and imbalances. Moreover, it is essential for the strategic distribution of
companies, which in turn augments local employment opportunities. Giguere (2007) argues that the ever-
widening regional disparities are the result of the fact that investments are directed mainly to large
agglomerations with developed infrastructure and a skilled workforce, while other regions are still lagging
behind. The ability to produce innovations and new economic activities is essential for developing local
economies and, thus, improving the living standards of the local population. Strong knowledge and
technologically advanced regions can benefit from better opportunities for networking and relations with foreign
‘partners so that they have a leading position within the country.

On the contrary, in less developed regions and peripheral areas, the low ability to produce new ideas and
inappropriately directed policies can be reflected in the widening knowledge and technological gap between
regions (Maguire et al., 2011). The introduction and dissemination of innovations are important for overall
increases in private sector investments, improving the flow of information, focusing on content and methods of
research as well as relationships with investors or developers, and promoting cohesion and trust (Clark, Huxley,
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Mountford, 2010; Maturkani¢ et al., 2022; Lacko et al., 2023; Mishchuk et al., 2023; Zhang et al., 2023).
Innovations typically emerge in environments with a sufficient foundation of human and physical capital. The
effect of such innovations is the creation of a dynamic economy, which, in turn, attracts additional human
resources and capital (Oliinyk et al., 2021; Floris et al., 2022; Masarova & Ivanova, 2023;). Therefore, according
to the theory of endogenous growth, innovations and human capital tend to be located in relatively the same
geographical areas. The endogenous growth model fully incorporates the view of innovations as the result of
planned efforts and sheds new light on innovations' contribution towards understanding dynamic growth
(Crescenzi & Rodriguez-Pose, 2011; Tadevosyan, 2023). The action dynamics is present in innovation (Kondrla
et al., 2023). Cheah (2016) also emphasises the importance of quantifying the economic consequences of
innovations, asserting that with substantial investments in research and development intended to bring changes
in both the private and public sectors, it is essential for policymakers to be able to implement logical tools and
procedures when estimating economic impacts.

The interaction between R&D actors and the knowledge economy, foundational for innovations, is represented
by the triple helix model that connects the academic, public, and private sectors. The private nonprofit sector
complements the trio of innovation actors in R&D. Key players in the development of R&D primarily include
enterprises (Zsigmond & Mura, 2023), or the business sector. Businesses are pivotal in creating and
implementing innovations. Innovation activities, research, development, knowledge transfer, and the knowledge
economy in the context of digitalisation are significant prerequisites for survival and enhancing the
competitiveness of companies in a fierce market environment (Androniceanu, 2023). In the EU countries, tools
are established to motivate the private sector to conduct research activities within their business operations.
Companies are encouraged to invest a larger volume of their resources in R&D and create jobs for scientific
workers. Leading countries in the EU in terms of financing R&D in the business sector include Sweden, Austria,
France, and Germany. In principle, there is a different approach to implementing innovative procedures in the
private and public sectors (Jans et al., 2015), with the process in the public sector perceived as less dynamic
(Christensen et al., 2016; Androniceanu et al., 2023). The loss of dynamics in the public sector is mainly caused
by regulations connected with a need for efficient, effective and economical/cost-effective usage of public funds
and public sources in general (Kucera & Nemec, 2022). This situation may be because incentives leading to
innovation in the public sector are more the result of political and legislative efforts than market forces.
Moreover, their implementation is often accompanied by a lack of financial and human resources (Rusaw,
2007). Cifrani¢ and Valach (2017) suggest that employers and education providers should step into one another's
world to understand each other's situation better. It is therefore evident that to overcome these fundamental
differences, it is necessary that the companies, as representatives of the business sector, cooperate closely with
universities and vice versa. Universities should seek to establish cooperation with companies in the common
sector as much as possible.

A country's economic productivity level is influenced by a set of institutions, policies, internal and external
factors (Sun et al., 2023). States are intermediaries that influence how firms can be competitive. Because it is
increasingly difficult for firms to compete based on price factors (factors of production), they must strive to
produce with a high share of knowledge. Knowledge, especially in terms of innovation, is vital to maintaining
a productive economy and enables companies from developed countries to face competition from developing
economies to succeed in globalised markets (Cooke, Boekholt & Tadtling, 2000). SMESs possess the capability
to introduce and implement innovations. Present economic growth theories emphasise the innovative capacities
of these enterprises.

In comparison to larger corporations, SMEs operate more efficiently and enhance the competitiveness of regions
and countries. A prevalent trend within the SME sector is innovative entrepreneurship. This form of
entrepreneurship responds to current market challenges characterised by intense competitive pressure,
prompting businesses to explore new products and service innovations. These innovations are designed to meet
the unmet needs of market participants and differentiate the company's activities from those of other entities.
Innovative entrepreneurship derives its strength from innovations that can provide a competitive edge. The
genesis of these innovations lies in knowledge (Mura et al., 2021).
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Haneda and Ito (2014) find that internationally engaged firms use more innovation inputs and generate more
innovation outputs, and firms with R&D establishments abroad show the best innovation performance.

Innovations represent a competitive advantage for organisations, pushing competitors to move forward, whether
in the development of new products or in improving the quality of services provided. Stern and Jaberg (2010)
argue that more competitive advantages generally can be achieved with innovations than with old
products/services/processes. All innovations carry certain risks. Innovations are a critical survival factor for
small and medium-sized enterprises, but they are strongly motivated primarily by the possibility of profit
(Warentin, 2002; Tvaronaviciene & Burinskas, 2021; Odei, 2023). However, in the economy of innovation,
there is a broad understanding that the innovation process involves significant risks and, therefore, requires
organisations to tolerate both risk-taking and failure. The ability of managers and senior employees dealing with
risk to implement appropriate combinations of risk management strategies is the driving force behind
innovation. Innovators who fail to innovate successfully could learn from the strategies used by successful
innovators to manage risk and emulate them, moving away from merely imitating what works elsewhere. Data
Envelopment Analysis - DEA and its efficiency models (e.g., Slack Based Model - SBM, Charnes, Cooper and
Rhodes Model — CCR) are great tools to manage the risk of investment inputs in a wide range of economic areas
(Kucera et al., 2023). The dissemination of innovations is essential for improving the quality and efficiency of
the products, services, and processes provided (Torugsa & Arundel, 2017).

The main result of the literature review on the measurement of innovativeness in countries and regions
emphasises the complexity and multidimensionality of assessing innovation. It underscores the diversity of
approaches and methodologies used to gauge innovativeness across different levels. Gdssling and Rutten (2007)
found that wealth, cultural diversity, talent, and population density positively influence a region's
innovativeness, although the correlation between GDP and innovation was unexpectedly negative.
Carrincazeaux and Gaschet (2015) explored the diversity of regional innovation systems in Europe, finding a
high level of variability in regional configurations and emphasising the importance of national institutional
settings in shaping regional innovation outcomes. Roszko-Wojtowicz and Biatek (2019) proposed a
methodology for measuring innovativeness growth over time, stressing the need for dynamic assessments to
capture changes in innovation performance among EU member states.

There are a number of methods and indicators that are used to measure the innovation performance of countries
and regions. One of the most frequently used methods is the Innovation Index, which combines various
indicators and measures the ability of countries or regions to innovate. This index may include factors such as
research and development spending, number of patents, level of education and support for innovation in the
business environment. Other possible methods include the Innovation Performance Index, the Global Innovation
Index or methods based on specific indicators, such as the number of patents, shares of R&D expenditure in
GDP, share of innovative firms, etc. (Majerova, 2015).

The European Commission regularly evaluates the innovation activity of individual global economies through
the global innovation index, which assesses the overall innovation performance of the monitored global
economies and compares it with the EU. The European Innovation Scoreboard 2023, published by the European
Commission, shows that innovation performance continues to improve across the EU. It increased the most in
Cyprus, Estonia, Greece, Italy and Lithuania. Convergence continues within the EU, with poorer performers
growing faster than higher performers, narrowing the innovation gap between them. The European Innovation
Scoreboard 2023 is based on 32 indicators grouped into 12 dimensions: human resources, attractive research
systems, fixed investments in research and development, finance and support, innovation-friendly environment,
intellectual assets, use of information technology, impact on employment and trade and more. Based on the
number of points, EU countries are divided into four performance groups: innovation leaders (their innovation
performance is above the EU average), strong innovators (their innovation performance is below the leaders but
above the EU average), moderate innovators (their innovation performance is below the EU average) and
emerging innovators (their innovation performance is below the EU average, but the growth rate in terms of
innovation is above the EU average) (European Commission, 2023).

296


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2024.11.4(18)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2024 Volume 11 Number 4 (June)
http://doi.org/10.9770/jesi.2024.11.4(18)

A notable research gap exists in the detailed analysis of barriers to innovation within the V4 countries,
particularly in terms of regulatory challenges and the effectiveness of technology transfer. Addressing these
gaps is essential for developing effective strategies that overcome innovation obstacles and enhance regional
economic competitiveness.

3. Research objective and methodology

The content of this scientific publication relates to the effects of innovations in selected V4 countries. The first
objective of the article is to explore the relationships between expenditures on research, development, and
innovation on the one hand and various types of innovative activity and market expansion on the other. We also
examined the extent of the impact of public financial support on the level of innovativeness.

The data used to prepare this study were obtained from a survey on the innovation activities of the V4 countries.
The data result from processing information over the years 2014 to 2022. We focused on the level of innovation
activities, considering innovation as the introduction of new products/product innovation, the introduction of
new methods of production/process innovation, implementation of a new organisation of the
company/organisational innovation, and the implementation of new or significantly improved designs or sales
methods/marketing innovation. Technological and non-technological innovation aims to improve the use of the
company's knowledge in research and development, increase the quality of goods and services or the efficiency
of work processes, increase the attractiveness of goods and services, or facilitate the possibility of entering new
markets. Enterprises with innovation activity have had any form of innovative activity, i.e., introduced or
implemented new products or processes or had ongoing or discontinued innovative activities.

We used the TOPSIS method to compare various parameters. This mathematical method is used to select the
best option from a set of alternatives. TOPSIS compares each alternative in terms of its distance from the ideal
solution and from the worst possible solution. The goal is to identify the option that is closest to the ideal and
farthest from the negative extreme. This method is often used in decision-making processes (Odu, 2019, Wang
etal., 2019).

The TOPSIS method can be described by the following steps (Triantaphyllou, 2000, Ardielli, 2019):

» Creating the criteria matrix Y=(y;) based on input data
Yii Y1z " Vin

v=| Y21 Y22 - DYon
Yr;zl y;nz 5’mn

» Creating the normalised matrix R=(r;) in the given form

Yij
/ =1 yizj

» Creating the weighted normalised matrix Z=(z;)

Iy = ;i=1,2,..,m;j=1,2,..,n

ziy =wjry; 1=1,2,..,m;j=12,..,n.
» Determining solutions in the given form

hj = miaxzij;] =1,2,..,n

d]- = miinzi]-;j =1,2,..,n
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» Calculating the distance between each alternative

n
Z(Zij a dj)z; i=12,..,m
j=1

» Calculating the relative distance indicator for each alternative in this form

di .
c = ;i=1,2,..,m.
Vdf+dp ’

To determine the ranking of countries in terms of innovation level, indicators were selected and divided into
two groups: input and output (Table 1).

Table 1. Selected input-output indicators

Code Indicator Description
Government expenditure Including government expenditures in the innovation index allows monitoring and
in R&D to the business evaluating the level of government engagement in supporting innovative activity
K1 enterprise sector and tracking developments in this direction over time. This provides a
comprehensive view of a country's innovation environment and enables comparison
with other countries and regions
g Government expenditure | This indicator can be useful in assessing the government's commitment to
§ in R&D to the government | supporting scientific research and technological development.
5 K2 | sector
£
é Number of employees in | The indicator of the number of people employed in research and development in the
IS K3 corporate, private R&D private sector is an important prerequisite for staffing research and development.
Number of all R&D | This indicator measures the number of R&D employees in the governmental,
employees across all | private, higher educational and non-profit sectors.
K4 sectors
Manufacturing Value | This indicator measures the manufacturing sector's contribution to economic
Added (MVA) per capita | production per capita and is important for assessing a country's economic
K5 performance in terms of innovative technologies.
w
§ Eco-Innovation This indicator deals with innovations leading to improved resource utilisation,
8 reduction of greenhouse gas emissions, protection of natural resources and
§] K6 ecosystems, and the support of renewable energy sources.
=
= Product innovators | Small and medium enterprises focusing on product innovations usually invest in
= K7 (SMEs) research and development and collaborate with external partners such as
o universities, research institutes, or other businesses to access new technologies and
know-how. These companies can be key players in stimulating growth and
innovation within the economy and can significantly impact job creation and
economic development.

4. Results and discussion

Source: own processing

One of the fundamental indicators for assessing a country's research and development level is the ratio of gross
domestic expenditures on research and development to the GDP of the respective country (GERD). The
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development of gross domestic expenditures on research and development activities as a percentage of GDP for
selected V4 countries is shown in Figure 1.

25

2

1.5
1

) | ‘ | ‘ ‘
0

2014 2015 2016 2017 2018 2019 2020 2021 2022

GDP %

m European Union mCzechia mHungary Poland mSlovakia

Figure 1. Development of the GERD to GDP ratio in % in the V4 countries in the years 2014-2022
Source: own processing

The value of the observed indicator in all four analysed countries has long been below the average of the
European Union, which was at the level of 2.04 % of GDP in 2015 and at the level of 2.24 % of GDP in 2022.
Basic descriptive statistics for the observed indicator over a period of 14 years across all four compared countries
are presented in Table 2.

Table 2. Descriptive Statistics for the GERD Ratio

Ccz HU PL SK
Min 1.67 1.18 0.95 0.79
Max 2.00 1.64 1.46 1.16
Average 1.90 1.42 1.20 0.91
Median 1.93 1.39 1.21 0.88
Standard 0.11 0.15 0.21 0.11

deviation

Source: own processing

Based on these statistical indicators, we constructed a BoxPLot for the proportion of GERD. The value of the
indicator expressing the share of gross domestic expenditures on research and development as a percentage of
GDP has changed. All countries showed a lower value in that indicator than the EU average. The Czech
Republic showed the highest share of spending on research and development from GDP, followed by Hungary,
Poland and Slovakia (Fig. 2).
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Figure 2. BoxPlot for the proportion of GERD

Source: own processing

At the beginning of the observed period, Hungary spent almost twice as much financial resources as Slovakia.
Their volume, as in the other two V4 countries, gradually increased over the years to almost 1.5 billion € in
2015 and 2.3 billion € in 2022. In Poland, the volume of expenditures increased over the observed years from
3.8 billion € to 9.5 billion € (Fig. 3).

12000
10000
8000
6000

4000 ._‘-—'——./“—.——/

2000

mil. eur

0
2014 2015 2016 2017 2018 2019 2020 2021 2022

e Czcchia Hungary Poland Slovakia

Figure 3. Development of GERD in million € in V4 countries in 2014-2022

Source: own processing

In our opinion, the indicator expressing the size of expenditures on research and development activities per
capita has a greater explanatory value. The arrangement of the four countries analysed and compared is slightly
different if we compare them using the total volume of expenditures. Expenditures per capita in Slovakia and
Poland developed roughly equally for many years. Changes have occurred only in recent years. In Slovakia,
they increased from 123.6 € in 2014 to 197.8 € in 2022, in Poland from 101.6 € to 253.3 € per capita. As for
the European Union, the observed value was 561.2 € in 2014 and reached 793.3 € in 2022 (Fig. 4).
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M European Union M Czechia Hungary Poland m Slovakia

Figure 4. The volume of research and development expenditures per capita in € in the V4 countries in the years 2014-2022

Source: own processing

The structure of research and development expenditures can also be analysed from a different perspective, such
as in terms of the activities on which these expenditures are spent. The European Commission, in monitoring
expenditures on research and development activities, distinguishes the following categories:

Expenditures related to the acquisition of machinery, equipment, and software (1)
Expenditures on acquiring external knowledge (2)

Expenditures on other innovation activities, such as training and marketing (3)
Expenditures on external research and development (4)

Expenditures on internal research and development (5)

Based on the analysis of indices and parameters that influence a country's performance, we established
parameters for comparing performance in the given area of the V4 countries. The research methods' chapter
describes the individual parameters and reasons for their selection. In this part of the contribution, we analyse
innovation activities in the V4 countries according to 7 criteria, with the reference period being 2014 and 2022.
We normalised the data to be on the same scale. In this way, we compiled a criterion matrix for the individual
years we wanted to compare (Tables 3, 4).

cz

HU

PL

SK

Total

K1

2910944.4

1044467.6

3240309.6

60850.0

7256571.7

K2

343789.9

38544.7

36011.9

856607.6

1274954.1

Table 3. Criteria matrix 2014

K3 K4 K5 K6 K7
1243013741.0 = 4152964692.3 25495430.5 8576.6 6162.3
491819329.0  1393454241.0 7128366.0 2771.0 4225.0
17079209.3 309548836.0 14944409.6 4641.7 3708.8
1387793459.6 = 10890842624.6 6156849.7 2157.6 2916.0
3139705738.9 16746810393.9 53725055.8 18146.9 17012.1

Source: own processing
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K1
Cz 12140827.3
HU 2855522.0
PL 39509169.6
SK 378282.8
Total 54883801.8

K2

754874.3

82766.7

34052.4

33972.4

905665.8
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Table 4. Criteria matrix 2022
K3 K4

2566678773.8 7417446725.2

1453134400.0 3929785344.0

85205822.5 544932998.4

13400701730.0 = 38062293139.4

17505720726.2 = 49954458207.0

Source: own processing

http://doi.org/10.9770/jesi.2024.11.4(18)

K5

25441936.0

8702500.0

12531600.0

6848689.0

53524725.0

K6

12316.6

6585.3

8913.2

4538.7

32353.8

K7

18577.7

4733.4

1840.4

1892.3

27043.8

Upon obtaining the necessary input data, the initial phase involved assigning significance to the specified criteria
through weighting. To achieve the highest level of objectivity in our evaluation, we adopted two distinct
methodologies to distribute weights across the criteria. In the first method, we applied an equal-weight approach.
This uniform distribution ensures that no single criterion disproportionately influences the overall evaluation.
Conversely, Method I, known as the entropy method, calculates weights based on the variability within the
input data, as detailed in Table 5. This method leverages the inherent information provided by the data to assign
weights, ensuring that criteria with greater variability have a correspondingly higher impact on the evaluation.
Both methods, the equal weights and the entropy method, are rigorously dependent on the characteristics and
quality of the input data, underscoring the critical role that precise and accurate data plays in our analytical

process.

Criteria
Weights

Method | in 2014
and 2022

Method Il in 2014

Method 11 in 2022

K1

0.1428

0.1401

0.1378

K2

0.1428

0.1379

0.1389

Table 5. Criteria weights

K3 K4
0.1428 0.1428
0.1393 0.1398
0.1373 0.1393

Source: own processing

K5

0.1428

0.1468

0.1503

K6

0.1428

0.1472

0.1512

K7

0.1428

0.1486

0.1453

After assigning weights to the individual criteria, we used two methods to rank the alternatives. The first method
used for evaluating the countries was the TOPSIS method with equal value of assigned weights, as shown in

Table 6. Equal weights can reflect the principle of fairness and equality among different criteria.

Ccz

HU

PL

SK

di+
0.062
1.052
0.658

1.208

Table 6. TOPSIS method 2014
di-

1.213
0.175
0.572

0.158

Source: own processing
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We carried out the same process with the analysis of data from the relevant area measured in 2022. The relevant
results are presented in Table 7.

Table 7. TOPSIS method 2022

di+ di- Ci
Cz 0.113 0.165 0.594
HU 0.188 0.054 0.224
PL 0.208 0.113 0.351
SK 0.180 0.159 0.469

Source: own processing

Within the TOPSIS method, a relative closeness indicator c¢; is used to evaluate alternatives based on the distance
of each alternative from the baseline variant. This indicator is calculated based on the distance of each alternative
from the ideal and undesirable solutions in the given multicriteria decision-making problem. The ranking of the
individual examined countries varied from 2014 to 2022 due to the different political and economic directions
of the examined countries.

Using entropy, we wanted to verify the results we achieved. TOPSIS using entropy can provide a more objective
assignment of weights to criteria based on data distribution. It can be used to consider different data distributions
and reflect their relative importance in evaluating alternatives. When evaluating data with entropy, we present
the relevant Z matrix. This matrix contains the weighted values of each alternative with respect to the individual
criteria. (Table 8, 9).

Table 8. Matrix Z 2014

K1 K2 K3 K4 K5 K6 K7
Ccz 0.088755 0.076997 0.07235 0.063909 0.092427 1731.942 0.083888
HU 0.053165 0.047508 0.024226 0.085876 0.058139 1003.23 0.07453
PL 0.093642 0.103289 0.023416 0.06937 0.010834 472.8449 0.067846
SK 0.012832 0.013306 0.114205 0.057292 0.097662 2804.69 0.070018

Source: own processing

Table 9. Matrix Z 2022

K1 K2 K3 K4 K5 K6 K7
(074 0.064799 0.049565397 0.12534 0.054328 0.057544 0.058253 0.080281
HU 0.031426 0.037823391 0.041503 0.07621 0.043298 0.042401 0.074654
PL 0.116894 0.123519702 0.026621 0.076813 0.010484 0.015789 0.070339
SK 0.011438 0.012330361 0.02659 0.068871 0.131485 0.131959 0.064337

Source: own processing

In summary, in Table 10, the resulting values of the relative closeness indicator in the reference years 2014 and
2022 are displayed to compare the development or changes over time. These values provide an overview of
performance, trends, or change in the evaluation of the given indicators between these two years. Analysing
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these values makes it possible to identify whether the condition or situation in the given period has improved,
worsened, or remained stable.

Table 10. TOPSIS method

Method | Rank Method | Rank Method 11 Rank Method 11 Rank
2014 2022 2014 2022
TOPSIS Ci Ci Ci Ci
cz 0.951 1 0.594 1 0.999 1 0.532 1
HU 0.142 3 0.224 4 0.539 2 0.257 4
PL 0.465 2 0.351 3 0.221 4 0.443 3
SK 0.116 4 0.469 2 0.354 3 0.536 2

Source: own processing

Based on the obtained results, we determined the final ranking of the countries in terms of innovations and
chosen criteria using both methods, TOPSIS with equal weights and entropy. For a better presentation of the
summary results, we present them in Figure 5.

2
SK
e
3
PL
— >
a
HU
s
1
CZ
I 1
0 0.5 1 15 2 25 3 35 4 45
Method Il 2022 Method 112014 = Method | 2022 H Method | 2014

Figure 5. Average rank of the countries

Source: own processing

An interesting finding is that the Czech Republic emerged as a leader within the V4, as evidenced by the results
from 2014, but a significant shift occurred in the ranking of Slovakia. This was likely influenced by the sixth
criterion, which deals with eco-innovations that lead to the improvement of resource utilisation, reduction of
greenhouse gas emissions, protection of natural resources and ecosystems, as well as the support of renewable
energy sources, where Slovakia becomes a leader within the V4. All the countries of the Visegrad Group are
classified among moderate innovators, with their innovation index values being below the EU-27 average. The
Czech Republic is best positioned among all the Visegrad Group countries. Hungary is at the opposite end of
this spectrum with the lowest innovation performance based on our reasoned parameters.

304


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2024.11.4(18)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2024 Volume 11 Number 4 (June)
http://doi.org/10.9770/jesi.2024.11.4(18)

Based on our results and other indicators freely available in EU statistics, we can make the following statements
about individual countries:

Slovakia ranks among moderate innovators. During the observed period, Slovakia's performance was up to 32
% lower than the EU-27 average. Slovakia's performance improved significantly until 2013, but there was a
decline from 2013 to 2018. Within Slovakia's innovation system, relatively strong areas were identified in
categories such as impact on employment, impact on sales, and human resources. On the contrary, relative
weaknesses were shown in categories like innovators, intellectual assets, and attractive research systems.
Currently, Slovakia is still considered a moderate innovator. Slovakia still has a lower level of innovation
performance than other European Union countries. However, Slovakia is improving its innovation potential and
strengthening its innovation system through various initiatives and policies. These initiatives include various
financial incentives, grant programs, support for research and development in the public and private sectors,
and support for startups and emerging companies.

The Czech Republic also belongs to moderate innovators. The Czech Republic's performance was 14 % lower
than the EU-27 average during the reported period. In the case of the Czech Republic, annual performance
changed relatively moderately. Over time, performance decreased by 4 % compared to the EU performance.
During this time, the Czech Republic is trying to strengthen its innovation infrastructure, such as technology
parks, innovation centres, and incubation programs, providing space and support for innovative companies.
Among the V4 countries, the Czech Republic is the most actively involved in various international programs,
such as Horizon 2020, which provides access to financing and the opportunity to collaborate on research projects
and better innovation performance.

Poland is among the moderate innovators. During the reported period, Poland's performance was 47 % lower
than that of EU-27 countries. The relatively strong sides of Poland's innovation system are identified in these
categories: impact on employment, corporate investments, and an environment favourable for innovations.
Relative deficiencies were found in categories: innovators and connections to the academic ground. In recent
years, Poland has been increasing investments in research and development. According to Eurostat data, in
2020, Poland's total research and development expenditures amounted to approximately 1.17 % of its Gross
Domestic Product. Patent activity is an indicator of innovation. In recent years, Poland has seen an increase in
the number of patent applications filed at national and international levels, reflecting the country's growing
innovation efforts. Poland has a rapidly developing startup ecosystem, with a multitude of startups emerging in
various sectors including technology, biotechnology, fintech, and e-commerce.

Hungary is also a moderate innovator. During the reported period, Hungary's performance was 32 % lower than
the EU-27 countries. In the case of Hungary, there was a decline in performance until 2014, after which there
was an increase in performance from 2014 to 2017. The relatively strong sides of Hungary's innovation system
are identified in these categories: impact on employment, sales impact, and an environment favourable for
innovations. Hungary is increasing its investments in research and development. According to Eurostat data, in
recent years, Hungary's total research and development expenditures as a percentage of GDP have been
approximately 1.4 % to 1.5 %, reflecting the country's commitment to supporting innovation.

The European Innovation Scoreboard 2023, published by the European Commission, declares that Denmark is
the new top innovator with the best performance in the EU, having overtaken Sweden as the leader after several
years. Other innovation leaders are Sweden, Finland, the Netherlands and Belgium. Austria, Germany,
Luxembourg, Ireland, Cyprus and France are strong innovators, performing above the EU average. Estonia,
Slovenia, Czech Republic, Italy, Spain, Malta, Portugal, Lithuania, Greece and Hungary are moderate
innovators. Croatia, Slovakia, Poland, Latvia, Bulgaria and Romania are new innovators (European
Commission, 2023).

In discussing our findings on the innovation performance and strategies of the V4 countries, it's crucial to

consider the broader academic context, which sheds light on the multifaceted nature of innovation dynamics
within these nations.
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Pavlik et al. (2022) identify potential areas for the V4 to enhance their position within the European innovation
ecosystem. They emphasise the need for improvements in specific European Innovation Scoreboard indicators,
suggesting that targeted efforts could significantly bolster the V4's innovation capabilities and standings. This
perspective aligns with our observations of the varying performance levels and the identified areas for
improvement across the V4 countries.

Similarly, Pafizkova and Sipikal (2009) delve into the evaluation of innovation support through the creation of
regional innovation strategies in these countries. By comparing their approaches to both theoretical backgrounds
and each other, they provide a nuanced understanding of how each country's unique strategy and implementation
impact its innovation outcomes. This comparative analysis complements our findings by highlighting the
importance of tailored, region-specific innovation policies and strategies.

Spisakova (2011) specifically highlights the Czech Republic's classification as a "moderate innovator," noting
its position as the closest to the European average among the V4. This variability underscores the potential for
leveraging unique national strengths. Our analysis concurs with this view, pointing to the Czech Republic's
relatively stronger innovation performance and the potential for other V4 countries to identify and leverage their
unique strengths.

Kowalska et al. (2018) highlight the direct correlation between R&D expenditure and innovation performance,
alongside the significance of broader economic metrics like GDP and foreign trade in understanding the
innovation landscape. These perspectives support our findings on the crucial role of investment in R&D and the
broader economic context in driving innovation.

Together, these scholarly works provide a comprehensive backdrop to our analysis, underlining the importance
of a holistic approach to enhancing innovation performance in the V4 countries. By considering both the specific
areas for improvement identified in our study and the insights offered by these researchers, policymakers and
stakeholders can better navigate the challenges and opportunities in fostering innovation within the V4 context.

Conclusions

This study has rigorously examined the innovation performance of the Visegrad Four (V4) countries,
underscoring the pivotal role of innovation in driving economic development and competitiveness on the global
stage. Our findings categorically position the Czech Republic as the most innovative among the V4, attributed
to its substantial investment in research and development (R&D) relative to GDP and a robust industrial sector
that actively supports innovation initiatives. This places the Czech Republic at the forefront of innovation
performance within the V4 across the years 2014 and 2022, aligning with the European Commission's
classification of moderate innovators. The remaining V4 countries—Slovakia, Poland, and Hungary—also
qualify as moderate innovators. However, the innovation landscape has seen shifts over the years. Notably,
Slovakia's emphasis on eco-innovations has elevated its ranking, showcasing the impact of strategic focus areas
on overall innovation performance.

Our analysis reveals several barriers to innovation across the V4, including limited financial resources for
innovative activities, particularly in the private sector, high innovation costs, and challenges in securing state or
grant funding. Additionally, the lack of collaboration partners and qualified personnel for innovation
implementation emerged as significant obstacles, especially for small and medium-sized enterprises (SMES).
To surmount these challenges and enhance innovation performance, the study recommends enhanced financial
and policy support for R&D and innovation activities, particularly targeting SMEs; strategic focus on sectors
with high innovation potential, such as eco-innovations, to leverage unique strengths and opportunities within
each country; facilitation of collaboration between academia, industry, and government to foster a vibrant
innovation ecosystem that supports knowledge transfer and commercialisation of research.

Conclusion, while the V4 countries demonstrate a commendable commitment to fostering innovation, there is
a need for targeted strategies to overcome existing barriers and fully leverage their innovation potential.
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The study's novelty lies in its comprehensive application of the TOPSIS method to assess the innovation
performance of the V4 countries, providing insights into regional development and economic competitiveness.
However, it has limitations, including its reliance on potentially outdated data and a focus on macro-level
indicators that may overlook detailed micro-level dynamics in innovation. These constraints suggest areas for
further research. Strengthening the innovation ecosystem through comprehensive support mechanisms and
fostering collaboration can significantly enhance their economic development and competitiveness on the
international stage.
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