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1. Introduction 

Innovations are increasingly a prerequisite for the 
formation of a new model of a growing, highly productive, 
and competitive economy. The decisive advantages of the 
innovative model of economic development include four 
main ones [1]. First, innovation provides exceptional com-
petitive advantages in the national and international mar-
kets. Secondly, innovative products have a higher added 
value. Thirdly, thanks to the diffusion of innovations and 
the constant process of improvement, innovations become 
more efficient and acquire new consumer properties and, 
in conclusion, innovations stimulate the creation of new 
market niches.

Among the key tasks of creating a sustainable infra-
structure and promoting industrialization and innovation 
declared by the United Nations in the System of Global 

Indicators for achieving sustainable development goals by 
2030 [2], the following should be highlighted: 

– intensification of scientific research, increasing the tech-
nological potential of industrial sectors in all countries, espe-
cially in developing countries. Stimulation by 2030 of innova-
tion and a significant increase in the number of workers in the 
field of research and development per 1 million population, as 
well as public and private spending on research activities;

– to support development, research, and innovation in 
the field of domestic technologies in developing countries, 
including through the creation of a political climate contrib-
uting, in particular, to the diversification of industry and 
increase in added value in raw materials industries;

– to significantly expand access to information and 
communication technologies and strive to ensure universal 
and inexpensive access to the Internet in the least developed 
countries;
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This paper has solved the task to improve the method-
ical approach to modeling the integrated index for assess-
ing the level of innovation potential of the European Union 
countries as a component of the monitoring system. The 
object of the study is the process of ensuring the innova-
tive development of the European Union; the subject is 
the model and methods for assessing the level of innova-
tion potential. The relevance of the chosen topic corre-
sponds to the processes associated with innovative devel-
opment occurring in the world economy and economy of 
the European Union, as well as the need to evaluate them. 
Practical activities for integrated assessment of the level 
of development of innovative potential of countries are 
considered. Among the methods for assessing the innova-
tion potential, the most widely used are the rating method, 
integral indices, and sets of indicators. The main disad-
vantages of the existing methods have been analyzed and 
outlined, which made it possible to improve the approach 
that enables to overcome the main problems outlined. An 
improved methodological approach to assessing the level 
of innovation potential of the European Union countries 
consists of a sequence of stages and allows formalizing 
the process of selecting the components of the integrated 
index and evaluating the weighting coefficients for these 
components. The improved methodological approach was 
tested on data on the innovative development of the coun-
tries of the European Union, which made it possible to 
identify groups of countries according to its level. The 
methodological approach can improve the analytical sup-
port for assessing the level of innovative development, 
highlight the weaknesses and strengths of the innova-
tion ecosystems of the European Union countries, as well 
as increase the effectiveness of their innovation policy. 
The ways to overcome problems in disparities in innova-
tive development between the countries of the European 
Union, as well as to increase the level of their innovative 
potential, are considered
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– by 2030, modernize infrastructure and re-equip indus-
trial enterprises, make them sustainable by increasing the 
efficiency of resource use and wider use of clean and envi-
ronmentally friendly technologies and industrial processes.

Based on the declared tasks, innovative development be-
comes not only a model of development of individual countries 
of the world but a requirement for society and sustainable 
global development.

The implementation of the task of increasing the rate of eco-
nomic growth on the basis of an extensive path of development, 
without qualitative structural changes in the economy itself, 
leads to a decrease in the level of its competitiveness. This, in 
turn, entails the displacement of products from international 
markets. The transition to an innovative path of development is 
associated with neo-industrial transformational changes in the 
global economy, the growth of its digitalization and increased 
competition in international markets. The specialization of 
each country, its geographical, climatic, socio-cultural, and 
other features, as well as its own specificity and model of eco-
nomic development, creates features of the formation and use of 
innovative potential. These processes affect the unevenness of 
global innovation development. The creation of a national in-
novation-oriented economy is based on a coordinated national 
policy of innovative development, which cannot exist without 
an effective monitoring system. In this regard, the development 
and improvement of monitoring tools is becoming important, 
which will allow a more objective assessment of the country’s 
innovative potential, highlight weaknesses and strengths, as 
well as actively implement a sound innovation policy. 

Improving the model range of components of the system 
for monitoring the innovative potential of the state will 
lead to an increase in the degree of its formalization. It will 
also increase the efficiency of the levers of the management 
system to support the development of innovative potential, 
through the development of reasonable priorities and princi-
ples for managing innovative development. 

The economies of the European Union should be at-
tributed to the traditional models of the full innovation 
cycle, which implement and support innovative development 
from the emergence of an innovative idea to its implemen-
tation in the production of finished products. Also in these 
models is an important role of the state, which contributes to 
the development of an innovative ecosystem. The innovation 
ecosystem in the traditional model is represented by all the 
components that ensure innovative development: fundamen-
tal and applied science, institutional support, funding for 
research from the public and private sectors, a developed 
market, high-tech production. It is the study of traditional 
models of the full innovation cycle that will make it possible 
to deepen knowledge of the directions of innovative develop-
ment and form recommendations for developing countries to 
ensure the sustainable development of the global economy.

Based on the foregoing, it can be argued that the devel-
opment of new and improvement of existing approaches to 
the integral assessment of the innovative potential of the 
European Union countries is an urgent task. 

2. Literature review and problem statement

Analysis of literary sources [3‒18] related to the study 
of the innovative potential of the countries of the European 
Union allowed us to identify the main directions of relevant 

research. These areas can be divided into the following 
groups:

– formation of new approaches and improvement of ex-
isting to assess the level of innovative potential of the Euro-
pean Union countries; 

– study of the determinants of the development of inno-
vative potential of these countries and regions; 

– innovation policy and formation of new approaches to 
the management of innovative potential;

– evaluation of the effectiveness of the use of innovative 
potential.

Paper [3] formed an approach to assessing the level of 
innovation potential of the European Union countries on 
the basis of multidimensional statistics and rating approach. 
Also, study [4] proposed new approaches to assessing the 
level of innovation potential of the European Union, based 
on ranking. But the issues of a comprehensive indicator 
approach to assessing the level of innovation potential still 
remain unresolved. 

The issues of choosing indicators for assessing the in-
novation activity of medium and small enterprises in the 
European Union are covered in [5]. Based on the obtained 
indicators, the authors propose to predict the dynamics of 
the development of these enterprises. But the assessment of 
the innovation activity of medium and small enterprises does 
not give a complete picture of the state of innovation poten-
tial of the countries of the European Union but is part of it.

The problems of assessing the level of innovation potential 
of Eastern European countries are considered in [6]. The 
author uses correlation-regression analysis to identify factors 
influencing the innovative potential of Eastern European 
countries. In [7], the issue of assessing the level of innovation 
potential of small and medium-sized businesses in Spain 
is studied. Internal organizational factors, belonging to a 
specific industrial sector, human resource management as 
incentives for the innovative development of these enterprises 
are considered. But focusing on individual countries or groups 
of countries does not give a complete answer to the level of 
innovation potential and development of all member states of 
the European Union as a powerful regional entity. This makes 
it impossible to study the experience of leading countries and 
its projection on countries with lower potential levels. 

The study of the determinants of the development of 
innovative potential of the countries and regions of the 
European Union was carried out in works [8‒11]. Issues of 
regional development and innovation in the European Union 
are widely covered in  [8]. The authors explore the impact of 
many factors of innovation on the regional development of 
the European Union. Particular attention is paid to the spa-
tial view of innovation and economic growth, namely the in-
fluence of human capital, flow of knowledge and investment 
in research and development for innovative development. 
But the issues of forming tools for identifying factors and 
assessing the level of their influence on the innovative devel-
opment of the European Union remain unresolved. 

A review of financial instruments for promoting business 
innovation in the European Union in the context of Indus-
try 4.0 was conducted in [9]. The work of another author [10] 
explores the interaction between social capital, innovation, 
and economic growth in the European Union. Study [11] 
analyzes cause-and-effect relationships and geographical 
measurements of the impact of innovation potential, the level 
of education on the economic development of the European 
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Union. But it can be argued  that the allocation of certain 
determinants of influence on the innovative potential of the 
countries of the European Union does not make it possible 
to form a set of tools and levers of policy in the field of inno-
vation to ensure sustainable development.

The formation of new approaches to the management 
of innovative potential and innovation policy are discussed 
in [12‒14]. In [12], the author analyzes various concepts and 
answers the question of whether the European Union can 
be attributed to innovative systems. Based on an interdisci-
plinary approach, he analyzes the processes of institutional 
construction of the innovative system of the European Union. 
The work of other authors [13] analyzed the dynamics of 
changes in  the innovative system of the European Union, 
as well as the emergence of national innovative cultures. But 
these studies focus on certain aspects of the formation of the 
innovative potential of the European Union while an integrat-
ed approach to the study of this problem remains unresolved. 

The legal framework and innovation policy in the Eu-
ropean Union is considered in [14]. The authors explore 
and develop new approaches to defining innovations, their 
effectiveness, innovation policy management, as well as key 
policies in the field of innovation and expectations from 
them in the future. But this study is theoretical in nature, 
which does not give a full-fledged answer to the question 
about the state of policy in the field of innovation and the 
improvement of its tools. 

Evaluation of the effectiveness of the use of innovative 
potential of the European Union countries is considered 
in works [15‒18]. Thus, disparities in regional develop-
ment and the use of innovative potential and the impact 
of research and development financing on its development 
are considered in [15]. Similar issues of the effectiveness of 
European policy in the field of research and development 
are considered in [16]. The authors proved that investments 
in development and research have a positive effect on inno-
vative development but the socio-economic differentiation 
of each region affects their ability to turn into economic 
growth. But it should be noted that focusing attention and 
widespread growth of financial and investment instruments 
distracts attention from other instruments, which in the long 
run can lead to a drop in the efficiency of innovation. 

Another paper [17] analyzes the scale and effectiveness 
of supporting the innovative potential of small and medi-
um-sized businesses in the European Union. It is determined 
that the greatest impact on the level of innovative develop-
ment of small and medium-sized businesses is exerted by 
external non-repayable financial support from various funds 
and technological support of the European Union. But the 
issues of supporting academic and fundamental science as 
a basis for the prospective development of the innovative 
potential of the countries of the European Union remain 
unresolved.

Studies of the effectiveness of public administration and 
innovation in the regions of the European Union were carried 
out in [18]. The authors analyzed the positions of the Member 
States of the European Union on innovation. These positions 
are evaluated from the aggregation of various data character-
izing innovative development. But it should be noted that the 
authors do not consider an aggregated single indicator as an 
assessment tool, they focus on the analysis of different sectors 
in each country, which complicates the process of interpreting 
the data and understanding the results of the study. 

The analysis of literary data [3‒8, 10, 11] suggests that 
it is expedient to conduct a study aimed at improving the 
methodological approach to assessing the level of innovation 
potential of the European Union countries on the basis of an 
integrated index as part of a monitoring system.

3. The aim and objectives of the study

The aim of this study is to improve the methodological 
approach to assessing the level of innovation potential of the 
European Union countries as part of the monitoring system. 
This will increase the analytical support for the stages of 
development of innovation ecosystems in the countries of 
the European Union, as well as develop recommendations for 
improving the efficiency of innovation and innovation policy 
in the countries of the European Union.

To accomplish the aim, the following tasks have been set:
– to identify the peculiarities of existing practical ap-

proaches to assessing the level of innovative development or 
potential of the European Union countries;

– to devise an integrated index for assessing the level of 
innovation potential of the European Union countries.

4. The study materials and methods 

The object of the study is the process of ensuring the 
innovative development of the European Union. Under the 
innovative potential of the country we understand the sys-
tem of organizational forms, methods, and tools by which 
the country’s ability to effectively and accurately use the 
available resources and the existing innovation environment 
is achieved. This, in turn, stimulates the creation and imple-
mentation of innovations in social production to ensure a 
highly productive, competitive, and growing economy that 
is able to generate exports of goods and services with high 
added value.

Management of innovation potential should be based on 
the following principles:

– balance of innovation potential with the structure and 
economic potential of the state;

– efficiency of use of available resources and those that 
are involved;

– social utility – innovative development should increase 
labor productivity, create new jobs in the economy, increase 
the economic well-being of society [19];

– adaptability and flexibility of innovative potential 
for change, which is manifested in the constant response to 
external and internal multidirectional positive and negative 
challenges, due to which changes occur, improvement of pro-
cesses based on the transformation of existing resources into 
qualitatively new states;

– innovation capacity and technical readiness for inno-
vation, which is associated with a conservative culture, or 
the readiness of infrastructure for innovation;

– advanced cyclical nature [20] – the development of 
new innovative products and services should begin when 
ready-made innovative products are just being introduced 
to the market.

Management of innovative potential allows one to provide 
conditions for stable economic growth, increase the country’s 
competitiveness and investment attractiveness, increase ex-
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ports of high-tech products, coordinate the macroeconomic 
policy of states, and ensure the economic security of the state. 
The level of development of the country’s innovative potential 
depends on a large number of factors that cannot be fully 
taken into account, and they also affect the effectiveness of 
innovative development in different ways, which also makes 
it impossible to fully take into account their impact. All this 
forms the need to improve approaches to the formation of ap-
proaches to modeling the assessment of the level of innovation 
potential of the countries being studied.

From the review of literary sources [3–7], there are three 
groups of methodological approaches to assessing the level 
of innovation potential of countries. The first methodical 
approach is based on the use of a set of indicators selected in 
a logical way or another and the conditions on the basis of 
which the country belongs to a particular group are formed. 
The second group of methodological approaches includes 
rating methods. These methods are a set of stages at which a 
set of indicators-characteristics is formed, after which they 
are ranked or aggregated and combined into a separate indi-
cator, and at the final stage a rating is built. The third, most 
widely represented group of methodological approaches, 
should include integral (synthetic) indices, allowing a more 
formalized approach to the process of building an integral 
indicator. Most often, researchers use an integral model of 
the index in the form of the sum of the products of the aggre-
gated selected indicator and the weight coefficient. Also, one 
of the advantages of integral indices is their clarity for a wide 
range of consumers of relevant information. 

5. Results of studying the level of innovation potential of 
the European Union countries 

5. 1. Results of studying the features of existing prac-
tical approaches to assessing the level of innovative de-
velopment of the European Union countries 

For the effective implementation of innovation policy, a 
necessary condition is information and analytical support for 
innovative development at all levels of management, which 
can be achieved through the introduction of a monitoring 
system for the innovation ecosystem of the European Union 
countries and its effectiveness. One of the important compo-
nents in the monitoring system are models and methods of 
processing and analyzing information [21], which makes it 
possible to objectively assess the state, features and predict 
the prospects for innovative development of the country’s 
economy. Innovation potential is a complex concept and con-
sists of a set of indicators. It also depends on a large number 
of factors that can be estimated by various metrics, most 
often aggregated indicators and integral indices are used for 
evaluation, which may include a large set of data.

In practice, there is a wide range of global and regional 
indicators and indices to assess the level of development of 
innovative potential and innovation activity of countries. 
Indicators and scorecards developed and calculated by vari-
ous international organizations become tools that are widely 
used by foreign investors, governments, organizations, busi-
ness owners to analyze innovation activity and innovation 
policy of states.

Among the authoritative benchmarks of estimated data 
on trends in global and regional innovation development is 
the Global Innovation Index [22], which is published by the 

World Intellectual Property Organization. The data have 
been published since 2007, which are a source of information 
for the development of strategies for innovative development 
and an analytical tool for improving the system and com-
ponents of innovation policy of states. Global Innovation 
Index scores 81  indicator in the following main seven areas: 
institutions, human capital and research, infrastructure, 
market development level, results in the field of knowledge 
and technology, results of creative activity. 

According to the results of the published report of the 
World Intellectual Property Organization on the results of 
the assessment of the Global Innovation Index in 2022 [23], 
the maximum number of the world’s leading innovative econ-
omies is concentrated in the European region – 15. Of the 
27 countries in the European Union, 11 countries improved 
their ranking in 2022. The greatest dynamics are observed 
in the following countries: Malta (+6), Luxembourg (+4), 
Estonia (+3), Greece (+3), Poland (+2), and Germany (+2). 
Moderate positive dynamics are in the following countries: 
the Netherlands (+1), Austria (+1), Cyprus (+1), Italy (+1), 
and Spain (+1). The results of the assessment of the Glob-
al Innovation Index for the European Union countries in 
2021–2022 are given in Table 1.

Table	1

Ranking	of	the	European	Union	countries	by	the	level	of	the	
Global	Innovation	Index	in	2021–2022	[22]

Country
2022 2021

Rank Score Rank Score

Sweden 3 61.56 2 63.10

Netherlands 5 58.04 6 58.63

Germany 8 57.23 10 57.32

Finland 9 56.88 7 58.36

Denmark 10 55.93 9 57.34

France 12 54.96 11 54.96

Austria 17 50.19 18 50.85

Estonia 18 50.19 21 49.92

Luxembourg 19 49.81 23 49.04

Malta 21 49.15 27 47.12

Ireland 23 48.54 19 50.66

Belgium 26 46.88 22 49.17

Cyprus 27 46.17 28 46.73

Italy 28 46.06 29 45.70

Spain 29 44.62 30 45.39

Czech Republic 30 42.84 24 49.02

Portugal 32 42.11 31 44.24

Slovenia 33 40.56 32 44.14

Hungary 34 39.83 34 42.68

Bulgaria 35 39.53 35 42.36

Poland 38 37.55 40 39.85

Lithuania 39 37.35 39 39.88

Latvia 41 36.53 38 39.98

Croatia 42 35.60 42 37.27

Greece 44 34.54 47 36.32

Slovakia 46 34.30 37 40.19

Romania 49 34.11 48 35.62

Another authoritative index is the Bloomberg Inno-
vation Index (Bloomberg Innovation Index) [24]. The 
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agency publishes its own ranking for 60 countries (in 2015 
the index was published for 50 countries). The index takes 
into account the following groups of indicators: research 
expenditures, labor productivity, high-tech density, con-
centration of research personnel, technological capabilities, 
patent activity, efficiency of higher education. According 
to the results of 2021, all countries of the European Union 
were included in the ranking of Bloomberg, among the lead-
ers are the following countries: Germany (4th place in the 
world ranking), Sweden (5th place), Denmark (6th place), 
Finland (8th place), and the Netherlands (9th place). And 
among the outsiders of the ranking of the European Union 
countries are the following: Bulgaria (41st place), Mal-
ta (42nd place), Slovakia (44th place), Croatia (45th place), 
Cyprus (49th place) [25].

More interesting is the European Innovation Score-
board [26], which is a comparative regional indicator show-
ing the effectiveness of innovation activities of the European 
Union, as well as other European neighboring countries. The 
index was first calculated in 2001. Over twenty years, this 
index has been significantly transformed, its latest version 
updated in 2021. This index allows us to demonstrate the 
strengths and weaknesses of national innovation  ecosys-
tems of the Member States of the European Union. The Eu-
ropean Innovation Scoreboard Index includes four equally 
weighted groups of indicators: 

– “Framework conditions” (subgroups: “Human resourc-
es”, “Attractive research systems”, “Digitalization”);

– “Investments” (subgroups: “Finance and financial sup-
port”, “Private investments”, “Use of information technology”);

– “Innovative activity” (subgroups: “Innovators”, “Con-
nections”, “Intellectual assets”);

– “Impacts” (subgroups: “Impact on employment”, “Im-
pact on sales”, “Environmental sustainability”), which in-
clude the same number of indicators. In total, the innovation 
scoreboard covers 32 different indicators. After evaluation, 
depending on the level of the country index, they are classi-
fied as different groups: “innovative leaders”, “strong innova-
tors”, “average innovators”, “modest innovators” [27].

The results of assessing the level of innovative develop-
ment of the European Union countries based on the Euro-
pean Innovation Scoreboard Index for 2021–2022 are given 
in Table 2.

As can be seen from Table 2, the countries with a 
decrease in innovation activity include the following: Es-
tonia (–8.9), Malta (–4.6), Romania (–2.9), Italy (–2.9), 
Germany (–1.7), France (–1), Latvia (–0.7). Conversely, the 
most innovatively active countries according to the results 
of the assessment in 2022 were the following: the Czech 
Republic (+11.7), Ireland (+7.7), Finland (+7.5), Lithua-
nia (+6.3), Cyprus (+5.9), Spain (+5.5). Among the “innova-
tive leaders” of the European Union are traditional innova-
tors: Sweden, Finland, Denmark, the Netherlands, Belgium. 
According to the results of the report [29], the effectiveness 
of innovation activity increased by 10 % compared to 2015, 
and the situation of the European Union countries has sig-
nificantly strengthened in the world. 

In addition to the described indicators for assessing 
the level of innovation activity of countries, in interna-
tional practice, complexes of sets of indicators and inte-
gral indices are used. For example, OECD Innovation 
Indicators [30], The Global Talent Competitiveness In-
dex [31], and others.

Table	2

The	value	of	the	European	Innovation	Scoreboard	Index	and	
the	ranking	of	the	European	Union	countries	by	its	level	in	

2021–2022	[28]

Country 
2022 2021 Differ-

enceIndex Rank Index Rank

Sweden 149.1 1 147.4 2 1.7

Finland 148.9 2 141.4 3 7.5

Denmark 148.1 3 147.7 1 0.4

Netherlands 142.1 4 140.1 4 2

Belgium 141.5 5 137.2 5 4.3

Ireland 130.7 6 123.0 9 7.7

Luxembourg 130.4 7 130.8 7 –0.4

Austria 130.1 8 128.6 8 1.5

Germany 129.2 9 130.9 6 –1.7

Cyprus 117.4 10 111.5 12 5.9

France 115.9 11 116.8 11 –1

Estonia 109.8 12 118.7 10 –8.9

Slovenia 102.7 13 99.7 14 3

Czech  
Republic

101.7 14 90.0 18 11.7

Italy 100.7 15 103.6 13 –2.9

Spain 97.5 16 92.1 17 5.5

Portugal 94.3 17 92.2 16 2.1

Malta 93.0 18 97.6 15 –4.6

Lithuania 92.0 19 85.6 19 6.3

Greece 88.2 20 84.5 20 3.7

Hungary 76.7 21 73.8 21 3

Croatia 73.0 22 71.1 22 2

Slovakia 70.7 23 66.1 23 4.6

Poland 66.5 24 62.2 24 4.3

Latvia 55.8 25 56.6 25 –0.7

Bulgaria 49.7 26 46.7 26 3

Romania 35.9 27 38.7 27 –2.9

5. 2. Development of an integrated index for assessing 
the level of innovation potential of the European Union 
countries

One of the drawbacks of the rating assessment of innova-
tion potential is its endogeneity of evaluation. The change of 
place in the rating may be associated not with transforma-
tional changes in the country’s economy but with a decrease 
in innovation activity in another country, and as a result, 
changes in the rating. Another of the negative aspects of the 
rating is the coverage of a large number of indicators (more 
than 80), which ultimately averages the final results of the 
assessment too much. This does not make it possible to single 
out the key “locomotives” of innovative development and the 
factors restraining innovation activity. When including a 
wide range of indicators, the model may also not be justified 
and will require constant review. 

In some methods for assessing the level of innovation 
potential, which are based on the calculation of the integrat-
ed index, weights are determined by expert means, which 
introduces a high degree of subjectivism to the final result 
of the assessment.

Also, an analysis of the dynamics of various indices 
shows that they sometimes carry asynchronous and acyclic 
dynamics, and their values differ significantly from each oth-
er, which also needs clarification and revision. And during 
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the audit of the components and their weights, the content 
of the indices changes, which does not allow for an objective 
comparison and assessment of the dynamics of the innova-
tive potential of the countries being studied. 

In addition, integral and complex indicators are difficult 
to interpret based on the results of the assessment. When 
expanding the number of indicators, they can duplicate each 
other, which gives a distortion of the final results of the 
assessment. Given the shortcomings of the considered meth-
ods, an objective need is to improve them, namely:

– models that are components of the methodology should 
be grouped on the use of formalized approaches to the selec-
tion and analysis of components of innovation potential;

– improved traditional statistical methods for assessing 
innovation potential, which will make it possible to obtain 
more objective results;

– development of an adapted approach to assessing the 
weighting factors of the components of the innovation po-
tential, which will allow changing their values depending 
on the stage of the innovation cycle. The use of an adaptive 
approach allows you to focus on those levers of innovation 
policy of the state that will allow it to be more effectively 
implemented. 

To address these shortcomings, an integrated index of in-
novation potential for the countries of the European Union 
has been developed. The methodical approach to the calcula-
tion of the integrated index consists of a sequence of stages, 
each of these stages is described in detail below:

1. At the first stage of the development of the integrated 
index, the selection of indicators that can potentially be in-
cluded in its composition is carried out. Information sources 
for the selection of indicators were the current open statistics 
of Eurostat [32], the Organization for Economic Coopera-
tion and Development [33], the World Bank [34]. The main 
requirements for the selection of indicators are as follows: 
availability of sources of information and completeness of 
information. According to the results of this stage, 28 indi-
cators were selected that demonstrated the main directions 
of science, technology, and innovation development of the 
European Union:

– gross domestic product, million euro;
– venture capital investment, million US dollars;
– resource productivity and internal efficiency, euros 

per kg.;
– the volume of exports of goods, thousand euro;
– the number of employed, thousand people;
– the number of employed persons with higher educa-

tion, thousand people;
– the percentage of employed ICT specialists to the oc-

cupied persons;
– the number of employed ICT specialists;
– the percentage of enterprises using big data analysis;
– percentage of enterprises using integration with cus-

tomers / suppliers, supply chain management;
– the percentage of workers who use the Internet in the 

workplace;
– percentage of enterprises with a high digital intensity 

index;
– the number of people with higher education, thousand 

people;
– persons with higher education (ISCED) and/or em-

ployed in science and technology, thousand people;
– employment in technological and knowledge-intensive 

sectors, persons with higher education, thousand;

– high-tech exports – the share of exports of high-tech 
products in total exports, as a percentage;

– high-tech exports, million euro;
– import of high technologies, million euro;
– export of high technologies, million euro;
– the number of enterprises in high-tech industries;
– budget expenditures for research and development, 

million euro;
– research staff at the national level, individuals;
–expenses of enterprises for research and development, 

million euro;
– gross domestic expenditures of the non-profit private 

sector for research and development, million euro;
– gross domestic expenditures of higher education for 

research and development, million euros;
– gross domestic expenditures of the non-profit private 

sector for research and development, million euros;
– gross domestic expenditures of governments for re-

search and development, million euros;
– gross domestic expenditures of the business sector for 

research and development, million euros.
According to some indicators, current statistics were 

available only for 2020, so it was decided to form a database 
for that year. 

2. To identify abnormal values, errors and significant 
emissions in statistical data, their analysis is carried out on 
the basis of the criterion of “three sigma”. If the criterion 
was exceeded, the data were replaced by the values of three 
standard deviations from the average value of the indicator 
by country.

3. At the next stage, a justification is made for the choice 
of a key indicator reflecting the potential for innovative 
development. Due to the fact that in practice there is no 
single indicator that would reflect innovative development, 
potential and its effectiveness, it was proposed to choose 
the value of gross domestic product by the countries of the 
European Union.

4. At the fourth stage of construction of the integrated 
index of innovative development of the European Union, the 
indicators selected for the database are normalized on the 
basis of the methodology proposed in the Methodological 
Report of the European Innovation Scoreboard [27]. The 
normalization technique is the determination of the mini-
mum and maximum values by stimulant indicators within 
each group of values by country and the calculation of the 
scaling ratio:

min

max min

,
j j

j i
i j j

X X
X

X X
−

=
−

   (1)

where j
iX  is the value of the indicator for the i-th country in 

the j-th group of indicators;

max ,jX min
jX – the maximum and minimum values for the 

j-th group of indicators, respectively.
Grouping of indicators is carried out by areas of their 

origin to assess the impact of individual areas of economic 
activity on the level of innovation potential of countries.

It is advisable to scale up for an isolated group of a set of 
objects that are united on separate grounds, as in our study – 
the countries of the European Union. 

5. After bringing the indicators into a comparable 
form, the indicators are selected based on the calculation 
of the linear paired correlation coefficient between the key 
indicator and each selected indicator (rj). Indicators that 
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are stimulants are selected subject to the existing system 
connection, the value of correlation indicators should 
be rj>0.4, that is, the systemic connection should be from 
moderate to essential, on the Chaddock scale. In addition, 
a logical analysis of the selected indicators is carried out 
when they duplicate each other, left is the one that has the 
highest value rj. Also, the correlation coefficient is checked 
for significance. 

6. At this stage, the calculation of weight coefficients is 
carried out with the selected indicators. To calculate the 
weighting factors, the adaptive weighing technique is used, 
which was developed by the authors earlier and described 
in works [35, 36]. The technique is that the square root of 
the square of the difference between the normalized indi-
cators j

iX  and the normalized key indicator iI  should be 
calculated:

( )2
.j j

i i id X I= −    (2)

After that, the weighting coefficients are calculated 
based on the ratio:
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1 1
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where n is the  number of countries studied (in our case, 
27 countries of the European Union);

m – the number of selected j indicators for inclusion in 
the model;

1

1.
m

j
j

w
=

=∑

The basis of the calculation of ratio (3) is the assumption 
that the weight of the selected indicator will be greater with 
a smaller amount of distances (2). The use of this technique 
formalizes the process of evaluating weight coefficients and 
avoids subjective expert influence on the simulation results.

The results of the selection of indicators and the calcula-
tion of weight coefficients are given in Table 3.

7. Further, a model of the integrated index of innovative 
potential of the countries of the European Union (3IРi) is 
constructed as a linear combination of the product of select-
ed indicators and weight coefficients of the type [35, 36]:

1

3 100 .
m

j
i j i

j

IP w X
=

= ∑    (4)

The closer the value of 3IРi to one hundred, the more 
powerful is the innovative potential of the country of the Eu-
ropean Union.  The integrated index of innovation potential 
shows the power of the country’s innovative potential in the 
group of countries of the European Union. 

The implementation of the proposed methodological 
approach made it possible to obtain a practical model of the 
integrated index of innovative potential of the countries of 
the European Union, which has the following form:

0.093 0.026 0.095

3 0.078 0.071 0.148 100.

0.345 0.144

i i i

i i i i

i i

V R E

IP H Q T

P B

+ + + 
 = + + + + ⋅ 
 + + 

  (5)

Table 4 presents the calculated values of the integrated 
index of innovative potential of the European Union coun-
tries in 2020.

Table	3

Results	of	calculations	according	to	the	fifth	and	sixth	stages	
of	the	methodology

Indicator
Condi-
tional 
value

Correla-
tion coef-

ficient

Weight-
ing 

factor

Venture capital investments, US Dollar, 
millions

Vi 0.915 0.093

Resource productivity and domestic 
material consumption, euro per kilogram

Ri 0.452 0.026

Employment tertiary education  
(levels 5–8), thousand persons

Ei 0.931 0.095

Exports of high technology products in 
million euro

Hi 0.814 0.078

Enterprises in high-tech sectors, number Qi 0.749 0.071

Total government budget allocations 
for R&D, million euro

Ti 0.967 0.148

R&D personnel, people Pi 0.993 0.345

Expenses of enterprises for research and 
development, million euros (BERD, 

million euro)
Bi 0.954 0.144

Table	4

Values	of	the	integrated	index	of	innovative	potential	of	the	
European	Union	countries	in	2020

Country 3IP

Germany 98.61

France 61.09

Italy 32.49

Spain 30.03

Netherlands 28.95

Poland 20.01

Sweden 15.80

Belgium 15.66

Austria 11.30

Czech Republic 10.72

Denmark 9.26

Ireland 8.63

Finland 8.33

Hungary 7.36

Portugal 5.92

Greece 5.80

Romania 4.31

Slovakia 4.17

Luxembourg 2.92

Bulgaria 2.48

Slovenia 2.32

Croatia 2.11

Lithuania 1.65

Latvia 1.05

Estonia 0.99

Malta 0.92

Cyprus 0.67

Fig. 1 demonstrates the relationship between economic 
development and the values of the developed index for each 
of the countries of the European Union. 
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As can be seen from Fig. 1, there is a close direct rela-
tionship between the calculated values of the integrated 
index and the economic development of the countries of 
the European Union, which confirms the adequacy of the 
developed index and its model characteristics. Another of 
the conclusions is that there is a significant differentiation 
between the countries of the European Union, they can be 
visually divided into three main groups:

– “Innovative giants” demonstrate high results of in-
novation potential and economic development: Germany, 
France, Italy, Spain, and the Netherlands;

– “Innovative athletes” demonstrate the average values 
of innovation potential and economic development: Poland, 
Sweden, Belgium, Austria, Czech Republic, Denmark, Ireland, 
Finland, Hungary, Portugal, Greece, Romania, Slovakia;

– “Moderate innovators” demonstrate low innovation 
potential: Luxembourg, Bulgaria, Slovenia, Croatia, Lithua-
nia, Latvia, Estonia, Malta, Cyprus. 

Also, as can be seen from Fig. 1, in the first group of 
countries, Italy inefficiently uses its innovative potential 
while Germany and the Netherlands, on the contrary, are 
more effective. 

6. Discussion of results of assessing the level of 
innovation potential of the European Union countries

The obtained results based on the calculation of the in-
tegrated index of innovative potential of the countries of the 
European Union (Table 4) allowed us to divide the countries 
of the European Union into groups according to the level of 
innovation potential. This allows us to conclude that there 
is a significant differentiation between the countries of the 
European Union in terms of the level of innovation potential 
and the effectiveness of its use (Fig. 1). The obtained model 
of the integrated index (5) demonstrates that the locomo-
tives of innovative development are human resources and 
funding for research and development from various sources.

The advantages of the improved methodological ap-
proach, in contrast to the considered author’s indices [3‒5, 7] 
and indices of international institutions [22–24, 26], include 
a formalized approach to the selection of index components 
and the assessment of weighting coefficients. Thus, the 
methods in [22, 24, 26] are based on expert evaluation, the 
developed methodological approach makes it possible to 
reasonably choose the components of the innovative poten-
tial. And the procedure for assessing weighting coefficients 
allows to obtain more objective results of the system for 
monitoring innovative development, by formalizing the 
procedure for selecting and weighing the components of the 
level of innovation potential.

The obtained results of assessing the level of innova-
tion potential of the European Union countries and its 
key indicators (Table 4), as well as the considered current 
statistics [32‒34], allow us to form the following general 
conclusions:

1. Analysis of the existing world rankings of innovative 
development demonstrates that the European Union re-
mains one of the centers of global innovative development. 

2. In 2020–2021, the Covid-19 pandemic became the 
main challenge for innovative development, which affected 
economic growth rates and labor productivity but this, in 
turn, pushes for deeper digitalization of the infrastructure of 
the European Union countries.

3. In 2022–2023, the innovative development of the Eu-
ropean Union will be affected by instability in energy mar-
kets, Russia’s aggressive war against Ukraine, and changes 
in geopolitical guidelines.

4. From a review of the literary data [3–18] and the study 
of statistical indicators of innovative development [22–24, 
26, 32, 33, 34], it can be concluded that the restraining con-
ditions and negative factors of innovative development of the 
European Union are: 

– a significant gap in the pace of innovative development 
and the power of innovation potential between countries, 
which will deepen; 

Fig.	1.	Demonstration	of	a	direct	relationship	between	the	country’s	innovation	potential	(the	value	of	the	integrated	index	of	
innovation	potential)	and	its	economic	development	(the	level	of	gross	domestic	product)
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– existing “gravitational innovation centers” attract re-
searchers from other countries, which “washes out” the driv-
ing forces of innovative development; 

– incomplete consideration of problems and stimulating 
factors by countries with low indicators of innovation po-
tential; 

– distraction from innovative development goals due to 
external and internal instability. 

To address these problems, the governing bodies of the 
European Union and the participating countries need to 
form the following areas for improving innovation policy:

– strengthening state institutional support for priority 
areas of innovation;

– expansion of targeted programs to support science in 
academic institutions, increase in grant and program-tar-
geted funding;

– active support of programs for private financing of 
scientific and technical developments;

– increasing funding for state programs to order innova-
tive products;

– thorough analysis of individual accepted programs and 
projects of innovative development in order to increase the 
efficiency of innovation;

– stimulating the creation of innovation clusters, techno 
parks, technopolises, innovation centers;

– improvement of the information and analytical system 
of monitoring and forecasting at all stages of the innovation 
cycle at the level of the European Union states;

– development of innovative culture and stimulation of 
innovative entrepreneurship in society;

– revision of the choice of individual areas of financing of 
scientific developments due to their low efficiency;

– formation of educational programs and their popu-
larization in the field of innovative entrepreneurship and 
innovative management;

– increasing the budget and popularizing STEM spe-
cialties; 

– reduction of differentiation between countries accord-
ing to the level of innovative development;

– stimulating the development of venture funds and 
non-institutional investors;

– widespread use of state credit guarantees and risk 
sharing;

– expansion of direct financing programs through equity;
– strengthening ties between all subjects of innovation 

ecosystems of countries;
– improving the regulatory environment for innovation 

policy;
– careful monitoring of the country’s innovation eco-

system, dominant economic growth, negative factors, and 
innovation activity; 

– ensuring the dissemination of information on the state 
of innovation and key indicators of innovative development 
of states;

– professional development of civil servants at all levels, en-
suring the formation and revision of the state innovation policy;

– deepening international relations in the field of tech-
nology exchange and scientific and technical community;

– intensification of informational, educational and exhi-
bition activities in the field of new technologies, innovative 
products, and innovation activities;

– deepening digitalization into all components of the 
country’s innovation ecosystem to accelerate and stimulate 
economic growth.

Among the main limitations of this methodological 
approach is that it analyzes intragroup interaction in the 
innovation environment of the Member States of the Euro-
pean Union and does not allow comparing the innovation 
potential with other countries.

Among the shortcomings of the improved methodologi-
cal approach are the following:

– the choice of a key indicator significantly affects the 
results of selection and inclusion of indicators in the model 
of the integrated index;

– the need to adjust the components of the model and 
weighting coefficients, due to the fact that the simulation of 
the integrated index is based on time series;

– the index model is based on the absolute values of 
indicators, which complicates their comparison and further 
research. 

To solve these shortcomings of the methodological ap-
proach, in the future, the main directions of research devel-
opment related to the improvement of the developed inte-
grated index of innovative potential of the European Union 
countries are the following:

– transition to relative indicators of the components of 
the integrated index in order to eliminate the influence of 
the internal structure of capacities of the countries of the 
European Union;

– annual audit of the components of the index and adjust-
ment of weighting coefficients due to changes in the macro-
economic situation in the countries of the European Union;

– use of new tools and methods of analysis and modeling 
of the integrated index;

– updating and accumulating additional information, as 
well as taking into account dynamic data in the index.

7. Conclusions 

1. The peculiarities of existing world practices for assess-
ing the level of potential of countries are considered, which 
made it possible to highlight the main shortcomings of ex-
isting approaches, namely: rating assessments have a signif-
icant endogeneity of evaluation, and the coverage of a large 
number of indicators too averages the final results. Constant 
review of indicators makes it impossible to compare the 
results in retrospect. The selection of the components of the 
indicator and the determination of their weight coefficients 
by expert means introduces a high degree of subjectivism to 
the results of the calculation of the integrated index. 

2. An integrated index has been developed that demon-
strates the relative power of innovation potential within a 
group of European Union countries. Its features are that the 
procedure for obtaining it consists of a sequence of stages 
and allows you to formalize the process of selecting and 
evaluating the components of the integrated index of inno-
vation potential. Thanks to the developed integrated index, 
the conditions for the formation of the innovative potential 
of the European Union countries are investigated. The key 
factors for the success of using the innovation potential are 
the balance of all its components, that is, the developed 
innovation ecosystem of countries. The locomotives of in-
novative development are human resources and research 
and development financing. The restraining conditions and 
negative factors of innovative development of the European 
Union remain a significant gap in the pace of innovative de-
velopment and the capacity of innovation potential between 
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deepening countries. Existing “gravitational innovation cen-
ters” attract and “wash out” intellectual capital from other 
member countries. As well as increased distraction from 
innovative development goals due to instability in energy 
markets and Russia’s aggressive war against Ukraine. Ways 
to increase the level of innovative potential of the European 
Union countries on the basis of financial, institutional, and 
socio-economic levers are proposed.
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