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FOREWORD

Monitoring, Modeling and Management of Emergent Economy (M3E2) is a peer-reviewed international
conference dedicated to scientific achievements in the field of complex systems, the use of information
systems and technologies in the economy, interdisciplinary methods, methods of machine learning and
fuzzy logic, modeling of socio-economic systems, research global transformations and challenges facing
economist scientists. The M3E2 conference is a permanent scientific platform that was launched in 2008
and was formed thanks to the hard work of scientists, practicing researchers, post-graduate students who
present the results of their research and have the opportunity to fruitfully discuss them.

M3E2 topics of interest are:

• Complex Cyberphysical Systems, Synergy, Econophysics, Economy of Agents

• Economic Security

• Experimental Economics

• Information Systems and Technologies in Economics

• Innovation Models of Economic Development

• Machine Learning for Prediction of Emergent Economy Dynamics

• Management of the State’s Economic Safety and Economic Safety of Economic Agents

• Methods and Models of Artificial Intelligence in Economic Systems

• Modeling of Hospitality Sphere Development

• Models of Global Transformations

• Monitoring, Modeling, Forecasting and Preemption of Crisis in Socio-Economic Systems

• Monitoring, Modeling and Forecasting in the Banking Sector

• Optimal Management of Socio-Economic Processes

• Risk Management Models in Emergent Economy

• The Dynamics of Emergent Markets in Crisis and Post-crisis Period

• The Global Challenges for Economic Theory and Practice in Europe

The proceedings of the 10th International Conference on Monitoring, Modeling, and Management of the
Emerging Economy, held November 17-18, 2022, are presented in this book. The book contains 19 papers
that were examined by scientists from Ukraine, Poland, Israel, Georgia, the United Kingdom, Romania,
Latvia, Portugal, and Pakistan. Each article was examined by at least two program committee members,
with an average of 2.8.

We would like to thank all of the researchers of articles who submitted papers and attended the confer-
ence. We are also grateful to all of the program committee members who reviewed the submitted materials
and provided suitable objective feedback, which helped to improve the articles. Special appreciation to the
HotCRP system’s developers for allowing all conference attendees to work together in a coordinated and
efficient manner.
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Ukrainian Guest Workers in the Labor Market of Poland:
Changing Trends in Labor Migration Processes

Liudmyla V. Kalashnikova1 a, Victoriia O. Chorna2 b and Yana V. Zoska3 c

1Kryvyi Rih State Pedagogical University, 54 Gagarin Ave., Kryvyi Rih, 50086, Ukraine
2Petro Mohyla Black Sea National University, 68 Marines Str., Mykolaiv, 54003, Ukraine

3Mariupol State University, 6 Preobrazhenska Str., Kyiv, 03037, Ukraine
lvkalashnikova198@gmail.com, chornav2008@gmail.com, zoskayana@gmail.com

Keywords: Guest Workers, Labor Migration, Processes, COVID-19, Economic Factors.

Abstract: The movement of Ukrainian guest workers in the direction of Poland until 2019 was predominantly transna-
tional in nature, as there was a constant movement of labor migrants between the national spaces of Ukraine
and Poland with financial participation in the economies of the two countries at the same time. This fact
is confirmed by the results of empirical sociological researches conducted by the Ukrainian Institute of the
Future, the Cedos analytical agency, the Personnel Service employment agency, the Gremi Personal, and the
statistical data of the International Organization for Migration, the State Migration Service of Ukraine, the
State Statistics Service of Ukraine, the Ministry of Family and Social Development of Poland. However, the
trends changed dramatically due to the global COVID-19 epidemic, later in 2022 with the outbreak of the
war in Ukraine. The desire for temporary, pendulum labor mobility gave way to the desire to leave Ukraine
forever and settle abroad with the whole family. A new migration trend may be associated with the movement
to Poland of Ukrainian men who come after the end of the war to reunite with their families, who were moved
there earlier since the beginning of hostilities in Ukraine.

1 INTRODUCTION

The strengthening of the globalization of economic,
socio-political processes determines the expediency
of studying, both at the theoretical and applied levels,
of subjects, causes, consequences, peculiarities of the
intensification of labor migration processes, the speci-
ficity of which is outlined by socio-spatial and tempo-
ral characteristics. Modern transnational labor migra-
tion processes have socio-economic differences, con-
tribute to the development of the economic infrastruc-
ture of the countries involved in it. At the same time,
they create social problems, exerting an ambiguous
influence on the labor market, the investment climate,
the state of the most important social institutions, and
the foreign and domestic political situation. Changes
in the content and forms of external labor migration
are determined by the nature of the political, admin-
istrative and legal, economic and sociocultural deter-
minants that justify and regulate it.

a https://orcid.org/0000-0001-9573-5955
b https://orcid.org/0000-0002-6205-7163
c https://orcid.org/0000-0003-0407-1407

Poland’s accession to the EU in 2004 and acces-
sion to the Schengen area in 2007 contributed to the
elimination of a number of restrictions on the admis-
sion of migrant workers. According to the statis-
tics service for the period 2004–2014. amounted to
about 2.5 million Polish workers to other EU coun-
tries with relatively higher living standards (Minis-
terstwo Spraw Zagranicznych, 2014). Against the
background of successful economic development and
record low unemployment, the Polish labor mar-
ket experienced a shortage of workers, a niche was
formed, which was occupied by migrant workers from
post-Soviet countries, including Ukraine.

In addition to economic factors, socio-political
factors also contributed to the activation of labor mi-
gration processes. Thus, 2014 was a turning point
for migration, since the military events in the east of
Ukraine, the annexation of the Autonomous Repub-
lic of Crimea caused a new wave of migration. At
the same time, the directions of flows of Ukrainian
guest workers to Russia, to the west to the EU, in
particular to Poland, have changed significantly. The
introduction of a visa-free regime in 2017 signifi-
cantly simplified and reduced the cost of finding jobs

Kalashnikova, L., Chorna, V. and Zoska, Y.
Ukrainian Guest Workers in the Labor Market of Poland: Changing Trends in Labor Migration Processes.
In Proceedings of 10th International Conference on Monitoring, Modeling & Management of Emergent Economy (M3E2 2022), pages 5-14
ISBN: 978-989-758-640-8
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and study for Ukrainians abroad, which also helped
to strengthen their migration sentiments. The move-
ment of Ukrainian guest workers in the direction of
Poland until 2019 was predominantly transnational in
nature, as there was a constant movement of labor
migrants between the national spaces of Ukraine and
Poland with financial participation in the economies
of the two countries at the same time. However, the
trends have changed dramatically in connection with
the global COVID-19 epidemic and severe restric-
tions on human rights of movement.

2 RELATED WORK

The study of trends in the international movement of
Ukrainian labor force in the direction of Poland is rel-
evant from the point of view of coordinating the mi-
gration policies of both countries. That is why both
Polish (Jaroszewicz (Jaroszewicz, 2014), Iglicka and
Gmaj (Iglicka and Gmaj, 2011), etc.) and Ukrainian
scientists (Libanova and Pozniak (Libanova and Poz-
niak, 2020), Kulitskyi (Kulitskyi, 2020), Kulchytska
et al. (Kulchytska et al., 2020), Malinovska (Mali-
novska, 2015)) paid enough attention to the analysis
of recent trends in this area. Considering the numer-
ous publications covering the results of various kinds
of empirical studies, Polish colleagues studied the
problems of labor migration of Ukrainians in much
more detail. Whereas most of the Ukrainian devel-
opments relate to Poland indirectly, as the problems
of external mobility of Ukrainian guest workers were
studied only in the context of migration processes in
general.

3 RESEARCH QUESTION

The COVID-19 pandemic has made significant
changes in the situation of Ukrainian guest workers
in Poland, which is why there is an urgent need to
investigate the existing changes in labor migration
processes trends based on secondary analysis of data
of empirical sociological research conducted by the
Ukrainian Institute of the Future, the CEDOS an-
alytical agency, the Personnel Service employment
agency, the Gremi Personal analytical center of the
international employment company, and the statisti-
cal data of the International Organization for Migra-
tion, the State Migration Service of Ukraine, the State
Statistics Service of Ukraine, the Ministry of Family
and Social Development of Poland.

4 RESEARCH METHODS

The use of the secondary analysis method made it
possible to group the primary sociological informa-
tion presented in the form of linear distributions and
statistical tables in accordance with the objectives of
the study. In particular, we are talking about the pos-
sibility of comparing the results of empirical socio-
logical research with generalized statistical data pub-
lished on the official websites of state statistics bodies
in order to search for patterns, relationships between
variables, generalize data, and study the temporal and
spatial dynamics of labor migration processes. To in-
crease the reliability of the analysis of data that were
collected by different researchers using various meth-
ods of collecting social information, comparison and
triangulation methods were used, which made it pos-
sible to interpret the existing trends in the labor move-
ments of guest workers.

5 RESULTS

According to the results of 2019, among the countries
in the eastern part of Europe, Ukraine closes the four
leaders of the origin of emigrants in the region (Inter-
national Organization for Migration, 2020). Migra-
tion flows between Poland and Ukraine have always
been exceptionally active. The main prerequisites
for such trends are geographical proximity, developed
transport links, socio-cultural kinship between these
countries. An equally important factor in labor mi-
gration is the implementation of legislative initiatives
for liberalizing the Polish labor market and providing
visa privileges for foreigners.

Since the introduction of the visa regime for cross-
ing the border between Ukraine and Poland in July
2003, the flow of Ukrainians intending to visit the
neighboring country has gradually increased from
3.844 million people in 2003 to 9.886 million people
in 2019, having acquired its peak in 2017 – 10.410
million people (figure 1).

The data presented capture facts about border
crossings and may refer to migrants, tourists, relatives
and friends visiting Ukrainian migrants in Poland.

According to the data presented in table 1, in
2017 there were dramatic changes in the distribution
of migration flows associated with changes in the is-
suance – official consolidation of the right to stay for
6-9 months in Poland for foreign workers employed in
temporary and seasonal work depending on the sphere
of activity.

On the other hand, it should be noted that the na-
ture of employment has changed. In fact, according

M3E2 2022 - International Conference on Monitoring, Modeling & Management of Emergent Economy
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Figure 1: The number of Ukrainians leaving Ukraine for Poland during 2003–2019, million people (based on statistical data
(Malinovska, 2015; State Migration Service, 2016, 2017, 2018, 2020, 2019).

Table 1: Distribution of the number of Ukrainians leaving
Ukraine for Poland during 2010–2017 by the purpose of
their movement (based on statistical data (State Migration
Service, 2014, 2016, 2017, 2018).

Year Purpose of trip
Business Tourism Private Service staff

2010 210,6 85,6 3703,4 38,6
2011 207,5 113,6 4781,8 30,4
2012 174,0 69,6 5521,6 21,9
2013 120,2 31,9 6839,6 26,4
2014 98,7 10,9 7547,4 15,7
2015 103,5 10,4 9391,9 13,5
2016 105,1 9,4 9996,6 22,1
2017 1,8 5,1 9984,1 419,3

to the information from the National Bank of Poland,
in 2017, compared to 2013, the number of Ukraini-
ans who were seasonally employed in agriculture,
forestry, hunting, fishing and other jobs, which do
not require a high level of qualification, decreased by
more than three times. The number of guest work-
ers employed in industrial production almost doubled,
and employment in households, administrative and
support services increased by 37,0%.

However, it should be noted that there were rel-
ative shifts in such spheres as industrial production,
transport, professional, scientific and technical activ-
ities, households, administrative and support services
(table 2).

Mostly, Ukrainian guest workers in Poland were

employed in low-paid jobs, but in 2017 the number
of Ukrainians in management positions increased by
almost 2,5 times, and the number of legally employed
skilled Ukrainian workers increased as well (table 3).

The trends in the structure of the distribution of
Ukrainian emigrants by position at the place of their
employment, recorded by the data of official statis-
tics, are confirmed by the results of empirical soci-
ological research Polish Labor Market Barometer as
well. In fact, in the period 2018-2021, the number of
Ukrainian guest workers, who were working at Polish
enterprises, holding management positions, continued
to grow and increased from 7,4% in 2018 to 12,0% in
2021 (table 4).

Such shifts may be associated with the awareness
of the role of Ukrainian migrants in the Polish labor
market. Polish employers value Ukrainians for dili-
gence, adaptability, experience (table 5), the majority
(72,2%) of them believe that the level of competence
of Ukrainians is the same as that of Poles holding sim-
ilar positions (table 6).

According to the data of the Ministry of Foreign
Affairs of Poland in 2019, Polish consulates issued
more than 900 thousand visas to Ukrainians, of which
895,7 thousand were national. In 2019, the number
of work visas issued to Ukrainians for the first time
with a duration of 1 year or more in Poland was up to
44,0 thousand (compared to 28,1 thousand in 2017)
(Kulchytska et al., 2020).

The trend of short-term, pendulum or “shuttle”
migration of Ukrainian guest workers has given way

Ukrainian Guest Workers in the Labor Market of Poland: Changing Trends in Labor Migration Processes
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Table 2: The structure of legalized employment temporary/ seasonal work of Ukrainian guest workers in the Polish labor
market by the type of work permits, % of the total number (Ukrainian Institute of the Future, 2017).

Spheres of employment Year
2013 2017

Agriculture, forestry, hunting and fishing 53,67 17,70
Trade and car service 4,78 3,69
Industrial production 6,94 12,70
Transport 1,84 4,45
Households, administrative and support services 2,49 39,43
Professional, scientific and technical activities 0,55 1,67
Repair, construction and architecture 11,95 12,53
Catering and hotel management 1,47 2,44
Other services and works 16,31 5,41

Table 3: The number of registered Ukrainian employees by the place of work in Poland (Ministerstwo Rodziny i Polityki
Społecznej, 2018).

Place of work (profession) Year
2010 2011 2012 2013 2014 2015 2016 2017

Management positions 417 422 489 575 735 1152 2098 5093
Persons who are members of the board of legal organizations 124 126 137 150 142 130 102 675
Skilled workers 3552 6972 7830 5696 9197 22198 43523 79489
Unskilled workers 3397 4318 4665 4801 4744 13108 27337 99071
Information systems engineers, programmers 28 53 43 86 136 702 1245 1500
Artists 96 79 71 70 73 143 191 290
Junior medical staff 20 53 42 50 101 259 311 297
Doctors 10 13 6 5 6 11 119 16
Teachers 68 32 28 28 29 74 151 176

Table 4: Distribution of employers’ answers to the question
“What positions do Ukrainian citizens occupy in your com-
pany?”, % of the total number of respondents (Personnel
Service, 2017, 2020, 2021).

Positions at enterprises Year
2018 2019 2020 2021

Low-level employees 73,4 71,9 70,0 70,0
Skilled mid-level staff 27,4 20,2 21,0 14,0
Skilled senior staff 7,3 3,9 8,7 12,0
It is difficult to answer 6,4 4,1 0,3 4,0

to long-term and sometimes permanent movement.
Most manifestations of labor mobility have become
legal, but this has not completely excluded the pres-
ence of illegal employment. Not only the terms of
stay outside Ukraine have changed, but also the di-
rections of movement. If before the events of 2014,
mostly residents of the border regions of Ukraine
went to neighboring Poland in large numbers, then
after 2014 the center of gravity of labor movements
shifted slightly to the center of the country. In
fact, those Ukrainians who were forced to leave
their homes in the Autonomous Republic of Crimea,
Luhansk and Donetsk regions, as well as residents of
other regions fled outside the national space in search

Table 5: Distribution of employers’ answers to the question
“What is primarily assessed by your company in employees
from Ukraine?”, % of the total number of selected answer
options (Personnel Service, 2020, 2021).

Virtues of Ukrainian workers Year
2020 2021

Diligence 62,4 42,0
Rapid adaptation 47,4 32,0
Speed of learning 35,6 26,0
Knowledge 30,1 20,0
Creating a positive atmosphere 29,8 15,0
Experience 26,7 32,0
Modesty 24,0 21,0
It is difficult to answer 6,4 4,0

of a better life.
Nor should the assumption of a close two-way re-

lationship between labor and educational migration
be rejected. In some places, the existing migration
networks of Ukrainian guest workers, pursuing the
goals of reuniting parents and children, have caused
waves of educational migration. However, such ob-
jective factors as the European integration policy of
the Ukrainian state, the Bologna process, etc. have
also influenced the processes of educational migra-

M3E2 2022 - International Conference on Monitoring, Modeling & Management of Emergent Economy
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Table 6: Distribution of employers’ answers to the ques-
tion “How do you assess the competencies of workers
from Ukraine compared to Poles working in the same po-
sitions?”, % of the total number of respondents (Personnel
Service, 2019, 2020, 2021).

Level of competence Year
2020

More competent 4,7
Just as competent 72,2
Less competent 14,2

It is difficult to answer 8,9

tion.
Thus, the number of Ukrainian students study-

ing in Polish higher education institutions in the
2010–2011 academic year was 3,570 thousand peo-
ple, while in 2016–2017 – their number increased by
10 times, reaching a total of 355,584 thousand peo-
ple (Statistics Poland, 2020). According to the study
“Ukrainian students in Poland: policies of attrac-
tion, integration and motivation and students”plans”
conducted by the analytical agency CEDOS during
March-May 2018 (N = 1055), half of the surveyed
Ukrainian educational migrants combine study with
work. After completion of their studies in Poland,
only 6,0% of Ukrainian students want to return home,
23,0% of respondents intend to stay in this country,
32,0% of students plan to work in the EU countries or
outside of it, while all others have not yet decided on
their intentions (Stadny, 2019).

Under the conditions of quarantine, the possibili-
ties of e-learning have expanded (Kalashnikova et al.,
2022; Vakaliuk et al., 2022). It can be assumed that
this is why, in the competition for applicants, which
will take place between Ukrainian and Polish higher
education institutions, and most likely, the latter will
win. Remote forms of organizing the educational pro-
cess deepen the indicated trend in educational move-
ments, which, in turn, will lead to the emergence of
new trends in labor migration processes. Namely, it
will contribute not only to a significant rejuvenation
of Ukrainian guest workers, but also to intensification
of the outflow of highly skilled labor forces.

Many years of migration experience and the ex-
isting trends in labor migration processes of recent
years have contributed to the formation of migration
networks. They, being a form of social capital in the
transnational space, significantly increase the likeli-
hood of labor force movements, taking into account
the possibility of minimizing the risks associated with
finding a job, study, residence, etc. Such networks as
an independent factor in intensification of labor mo-
bility, regardless of its root causes (mass unemploy-
ment and impoverishment of the population) became

the impetus for Ukrainians to move to work to the EU
countries in the early 1990s and remain valid to this
day. According to the estimates of the State Statistics
Service of Ukraine for the period 2015–2017, among
Ukrainian labor migrants in Poland, there were 73,0%
of those who found a job through friends, relatives,
acquaintances, 16,7% – through private individuals,
5,5% – through employers, 5,4% – through private
agencies, 8,3% – in other ways (State Statistics Ser-
vice of Ukraine, 2017).

The data of the Polish Labor Market Barometer
(2017–2020) research also confirm the assumptions
about the self-continuation of migration through the
functioning of labor migration networks, as the most
effective way to find Ukrainian workers is family and
friend ties. In the second half of 2019, the number
of employers’ appeals to labor offices in Poland de-
creased sharply. Instead, searches through social net-
works and online services in Ukraine intensified. This
is confirmed by the fact that in the conditions of quar-
antine it was extremely difficult for employers to re-
turn illegal labor migrants who were forced to return
to donor-countries or decided to “sit out” the lock-
down in Poland (table 7).

The All-Ukrainian Association of International
Employment Companies reported that over the period
March-May 2019, about 5-10% of the total number
of labor migrants returned to Ukraine. Among them
there are mostly those who worked seasonally on
short-term contracts. Whereas those who had long-
term contracts as well as permanent residence permit
in the recipient-countries remained abroad, even hav-
ing lost their jobs due to the economic crisis caused
by the epidemic. Already in May 2020, after the end
of the lockdown, most of those who returned to their
homeland, went back to work (Libanova and Pozniak,
2020).

The main reason for this was that Polish em-
ployers, realizing the dependence of the success of
their business on the lack of Ukrainian labor forces,
quickly implemented a number of precautionary mea-
sures to return and retain workers (providing social
guarantees, raising wages, migration amnesty, which
provides automatic continuation of the term of work
visas for the period of the epidemic and 30 days af-
ter its completion, i.e. for two months if the quaran-
tine measures are extended). Thus, in Poland the state
program Crisis Shield was being implemented, within
the framework of which foreigners who were prop-
erly employed, but lost their source of income due
to the economic crisis, received social benefits in the
amount of about 1400–2080 zlotys (10.3–13.5 thou-
sand hryvnias) (Kulchytska et al., 2020).

According to the data of the Polish Labor Mar-
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Table 7: Distribution of employers’ answers to the question “How does your company look for or intend to look for employees
from Ukraine?”, % of the total number of these answer options (Personnel Service, 2019, 2020).

Ways to find Ukrainian workers Year
2017 2019 2020

Through families or friends from Ukraine 35,0 49,0 61,5
Through agencies 48,0 35,8 45,9
Through labor offices in Poland 38,0 7,2 33,4
On online services in Ukraine 23,0 39,3 30,3
Through social media 10,0 19,8 16,0
Through labor offices in Ukraine 15,0 0,5 7,4
It is difficult to answer 0 0 0,4

ket Barometer research during 2017–2021, Polish em-
ployers have significantly expanded the areas of so-
cial support for Ukrainian labor migrants. Thus, due
to quarantine measures in 2020, significantly more
companies offered assistance to workers in arrang-
ing formalities regarding their official stay in Poland.
In 2021, the list of areas of social support included
among other things testing for COVID-19, accommo-
dation for quarantine stay after returning to Poland,
free insurance in case of COVID-19 illness (table 8).

The analysis of the data shows that if earlier
for Ukrainians economic (uneven economic develop-
ment, desire for material well-being) and social (the
possibility of self-affirmation, decent working condi-
tions) motives of international labor force movements
prevailed, today it is about a shift towards political
(escape from persecution, avoidance of discrimina-
tion) and military (conducting military operations on
the territory of the native country) motives.

Migrants are more than other groups of the popu-
lation affected by the introduction of quarantine mea-
sures. Competition in the labor market has increased
significantly due to mass unemployment caused by
the partial suspension of activities or closure of en-
terprises. According to the assessment of the ex-
perts of the Personnel Service employment agency,
one in three Polish workers employed in Germany,
Austria, Britain and other Western European coun-
tries lost his/her job and returned to Poland. Accord-
ingly, the needs of the Polish labor market for cheap
labor force of foreign workers, including Ukrainians,
have decreased significantly.

This is confirmed by the decrease in the number of
vacancies in the Polish labor market, which in 2017
had 152 thousand offers, in 2018 – 165 thousand, in
2020 – 81 thousand. The manufacturing industry suf-
fered the most, where the number of vacancies de-
creased by 9,8 thousand people, which amounted to
36,0% of the indicators of 2019, construction – by 9,5
thousand (46,0% ) and trade – 7.6 thousand (40,0%)
(Fra̧czyk, 2020).

Along with socio-economic problems, the prob-

lems of xenophobia and intolerance, partially caused
by them, became relevant. In particular, we are talk-
ing about statements by both the representatives of the
indigenous population of the recipient-countries and
compatriots who accused labor migrants of spreading
coronavirus infection.

According to the results of the Polish Labor Mar-
ket Barometer research during 2017-2021 the nature
of the attitude of employers towards emigrants from
Ukraine has changed significantly. Thus, in 2021,
compared to 2017, the number of those who have a
negative attitude towards Ukrainian guest workers has
increased by 8 times. On the other hand, the num-
ber of Poles who evaluate them positively has doubled
(table 9). Such shifts took place mainly due to the de-
lineation of their personal attitude of those employers
who in 2017 characterized their attitude as neutral.

In order to verify the hypotheses about the exist-
ing shifts in the trends of international labor move-
ments of Ukrainians in the context of a pandemic,
an attempt was made to systematize the results of an
empirical sociological study conducted by the ana-
lytical center of international employment company
Gremi Personal (Poland) in February 2020 with the
usage of technologies of computerized telephone sur-
vey system CASI among 1,100 thousand Ukrainian
guest workers who worked in Poland (Our Poland,
2021).

The first shifts in the trends of transnational labor
migration are associated with the rejuvenation of the
contingent of guest workers, as the majority of the
working population is leaving – under the age of 39.
Ukraine continues to lose its intellectual elite, since
a third of migrant respondents have higher education
(28,4%) and every second informant has a vocational
or specialized secondary education (47,8%).

The vast majority of respondents (68,3%) are to
some extent satisfied with the working conditions in
Poland. Among the main reasons for leaving their
own homeland, respondents focused on significantly
higher wages compared to Ukraine (80,6%), the sta-
ble economic situation in Poland (27,9%) and the op-
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Table 8: Distribution of employers’ answers to the question “What additional types of assistance do you offer to your employ-
ees from Ukraine?”, % of the total number of these answer options (Personnel Service, 2019, 2020, 2021).

Types of assistance Year
2017 2019 2020 2021

Assistance in arranging formalities 37,0 49,3 67,2 35,0
Social payments 25,0 39,1 49,3 24,0
Accommodation 24,0 30,1 40,7 27,0
Transport to the workplace 19,0 18,4 25,4 22,0
Internet 12,0 10,9 16,5 15,0
Food 9,0 14,0 15,1 15,0
Accommodation for quarantine time - - - 20,0
Testing for COVID-19 - - - 16,0
Free health insurance against COVID-19 - - - 12,0
Food 9,0 14,0 15,1 15,0
We do not offer anything 24,0 15,0 10,0 8,0
It is difficult to answer 0 0 0,6 0

Table 9: Distribution of employers’ answers to the ques-
tion “What is the attitude of your company as an employer
to employees from Ukraine?”, % of the total number of re-
spondents (Personnel Service, 2019, 2020, 2021).

Attitude Year
2017 2019 2020 2021

Mostly positive 7,0 8,6 8,8 14,0
Positive 22,0 34,1 24,0 22,0
Neutral 71,0 46,8 56,0 49,0
Negative 0 0,3 1,7 5,0
Mostly negative 0 0,8 0,7 3,0
It is difficult to answer 0 9,4 8,8 7,0

portunity to get a work visa or temporary residence
permit, which is relatively easier than in other EU
countries (25,4%). Guest workers consider the lack
of jobs in Ukraine (70,9%), the poor economic situa-
tion (49,0%), the lack of prospects, opportunities for
self-realization (23,2%), political instability (22,8%),
and corruption (14,0%) to be the inhibitory factors for
returning home. At the same time, curiously enough,
the least of all informants are worried about the mili-
tary conflict in the east of the country (7,2%), loss of
business (4,1%), crime (1,2%) or poor quality medi-
cal care (3,1%).

One in five respondents (18,6%) is dissatisfied
with the attitude of Poles towards them at work, es-
pecially noting the growing trends of discrimination
in the context of a pandemic.

Speaking about integration intentions, it should
be noted that half of the respondents (46,4%) ex-
pressed a desire to stay and live in Poland. More
than a third of respondents (35,1%) do not consider
the possibility of returning to Ukraine at all. A di-
rect confirmation of these trends is the intention of
the majority of guest workers (66,5% in 2021, com-

pared to 60,0% in 2020) to obtain a permanent res-
idence permit in Poland. In addition, 51,7% (com-
pared to 41,0% in 2020) of Ukrainians plan to move
their families to Poland. Also significant is the de-
sire of Ukrainian migrant workers to open their own
business in Poland – in 2020, 25,0% respondents had
such intentions, while in 2021 there were significantly
more applicants (39,8%). The number of migrants
considering the possibility of buying their own hous-
ing and other real estate in Poland has doubled, from
34,0% in 2020 to 55,5% in 2021.

A noticeable increase in all these indicators tes-
tifies an increase in the integration sentiments of
Ukrainians, a significant expansion of transnational
spaces. More than half of the informants (54,1%) ex-
pressed their intention to continue moving to other EU
countries in search of work in the event of a worsening
situation in Poland due to the pandemic. This trend,
even taking into account the pandemic and lockdown,
has not changed compared to the results of similar
studies conducted in 2020. Among the most accept-
able areas of possible labor mobility, Ukrainians con-
sider Germany, Scandinavian countries, the Czech
Republic, Canada and the United States. In particu-
lar, interest in the Scandinavian countries has almost
doubled (42,5% of respondents in 2021 compared to
22,0% in 2020).

In the study “Foreign worker in the era of a pan-
demic”, conducted by EWL SA, the Foundation for
the Support of Migrants in the Labor Market “EWL”
and the Center for Eastern European Studies at the
University of Warsaw in the period April-May 2021
took part labor migrants who were in Poland during
the pandemic (N = 620 people, including 92,4% from
Ukraine, 4,2% from Belarus, 2,3% from Moldova and
1,1% from other countries) (table 10).
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Table 10: Distribution of employers’ answers to the question “What arguments prompted you to stay in Poland during the
epidemic?” (respondents who were working in Poland at the time of the outbreak of the pandemic) (Zymnin et al., 2021).

Answer options Year
2021

I worked in Poland before the outbreak of the pandemic and did not want to change my plans 50,0
I would like to continue employment in Poland as long as there is such a possibility 36,7
My permits for legal residence and work have been automatically extended 24,3
There is a job shortage in my country during a pandemic 23,0
During the pandemic I feel safer in Poland than in my country 12,8
No I will be able to come to Poland for a longer time 7,1
The health service in Poland functions better than in my country 6,2
The health service in Poland functions better than in my country 6,2
After returning to my home country I will be forced / forced to go to quarantine 4,9
My employer convinced me to stay 4,9
Other 4,4

The data obtained indicate that 27,0% of respon-
dents declare that due to the pandemic they had to
find a new job in Poland. 79,0% migrants will rec-
ommend work in Poland to their friends and rela-
tives. 91,0% foreigners do not regret that remained in
Poland during the pandemic. 55,0% respondents have
used or are planning to take advantage of the auto-
matic renewal of permits to stay and work in Poland.
For 36,0% of foreigners, the biggest difficulty dur-
ing work in Poland during a pandemic is separation
from their families. This is most likely related to this.
the reason, and also due to the introduction of rules
aimed at avoiding the quarantine, more and more for-
eigners decide to travel despite the ongoing epidemic.
In September 2020, every fifth respondent left Poland
during the pandemic. In May 2021, this figure was al-
ready 37,0% of the respondents. 51,0% of foreigners
are interested in working in Germany, Poland ranks
in second place – 48,0% of respondents want to work
with us. Are also rated high in the ranking Czech Re-
public (26,0%), USA (25,0%), Canada (23,0%) and
Norway (21,0%) (Zymnin et al., 2021).

6 CONCLUSION

The change in the trends of transnational labor migra-
tion of Ukrainians by the beginning of 2019 provided
a shift in the center of gravity towards the EU, in par-
ticular Poland, strengthening the relationship between
such types of movement as educational and labor mi-
gration, and a significant rejuvenation of guest work-
ers. The desire for temporary, pendulum labor mobil-
ity gave way to the desire to leave Ukraine forever and
settle abroad with the whole family. After 2019, in
the context of the COVID-19 pandemic, the situation
only worsened, because no more than 5-10% of the

total number of guest workers returned home. This, in
its turn, indicates a qualitative change in the motiva-
tion of labor movements, even despite the temporary
increase in xenophobia and intolerance.

Quarantine measures are unlikely to significantly
change the intentions of Ukrainians to leave Ukraine
for Poland. In fact, despite the existing panic among
Ukrainian guest workers, which was provoked by the
first lockdown in the spring of 2019, the number of
those who returned home did not exceed 5-10%. And
after the relative stabilization of the situation in the
EU, in particular in Poland, the majority of migrant
workers went abroad to work again. This is evidenced
by the steady increase in the number of Ukrainian
guest workers in Poland in the second half of 2020.

In contrast to the state bodies of Poland, the
Ukrainian authorities are showing outright inactivity
towards the regulation of labor migration processes.
Ukraine still does not even have an effective mech-
anism for recording international illegal labor move-
ments, not to mention projects to regulate labor flows
at the level of state migration policy. Despite sig-
nificant losses of human capital and deepening de-
mographic crisis, the Ukrainian government has re-
lied on increasing revenues to the country’s budget,
considering labor movements as a direction of invest-
ment in the Ukrainian economy and a way to reduce
unemployment, maintenance and social security of
low-income citizens. This is eloquently evidenced
by statistics – according to the data of the National
Bank of Ukraine, the volume of private remittances
in 2020 reached a record 12.1 billion dollars, which
is about 10,0% of Gross Domestic Product of the
country (National Bank of Ukraine, 2021). Until the
Ukrainian economy generates enough jobs, provides
decent working conditions and high wages, taking
into account the available human capital, Ukrainian
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employers will increasingly suffer from a lack of
skilled workers, losing the struggle for labor re-
sources in the global labor market, and Ukraine will
remain the main supplier of highly skilled workers for
the EU countries, including Poland.

The war in Ukraine actualizes a new round of la-
bor migration processes. New trends will be associ-
ated, firstly, with the return of male labor migrants
from the EU countries, the USA, Canada and other
countries to Ukraine, and secondly, with the activa-
tion of both internal and external forced displace-
ments of the labor force.

Active hostilities in Ukraine in 2022 caused a new
wave of migration to Poland, which is characterized
by the movement of mainly women with children for
an indefinite period of time. As a result of the move-
ment of such a specific socio-demographic group, the
demand for educational, medical and social services
has increased, and the number of workers employed
in these areas has increased. A new migration trend
may be associated with the movement to Poland of
Ukrainian men who come after the end of the war to
reunite with their families, who were moved there ear-
lier since the beginning of hostilities in Ukraine. The
new tendencies of labor migration, caused by the war,
require their detailed study, in particular with the help
of sociological tools.
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Abstract: The fuzzy expert decision support system for foreign direct investment was developed in the research. A
quality criterion was chosen for the proposed fuzzy expert system, which considers the created fuzzy expert
system’s specifics and allows assessing the probability of future decisions. A metaheuristic method was cre-
ated based on an adaptive gravitational search algorithm to determine the parameters of the proposed fuzzy
expert system. A numerical study was carried out; the parameters of membership functions for linguistic
input variables were determined; the parameters of the membership functions for the values of the linguistic
output variable were determined. The proposed optimization method based on swarm metaheuristics and a
fuzzy expert system make it possible to intellectualize the technology of making decisions on foreign direct
investment.

1 INTRODUCTION

The decision-making systems for foreign direct in-
vestment are very popular nowadays. The regres-
sion (Milovanović and Marković, 2022) and auto-
regressive (Kurecic and Kokotovic, 2017) methods
are usually used to create decision-making systems
for foreign direct investment based on machine learn-
ing. The construction of only linear models is the
disadvantage of such methods. The knowledge base
(most often in the form of production rules) and
an inference mechanism are used to create decision-
making systems for foreign direct investment based
on expert systems (Šamanović et al., 2010). The dis-
advantages of such systems include the fact that they
operate only with quantitative estimates, while it is
easier for the operator to work with qualitative esti-
mates.

The fuzzy expert systems are currently used to
simplify the interaction between a human and a com-
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c https://orcid.org/0000-0003-4519-3726
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puter system. These expert systems usually use the
Larsen, Mamdani, Tsukamoto, and Sugeno fuzzy
inference mechanisms (Ruan, 1997; Tsoukalas and
Uhrig, 1997).

The disadvantages of such systems include the
fact that the procedure for determining their param-
eters is not automated (Abe, 1997; Rotshtein et al.,
2001). The optimization methods are currently ac-
tively used to determine the parameters of fuzzy ex-
pert systems.

Modern optimization methods suffer from one or
more of the following disadvantages:

• have high computational complexity;
• fall into a local extremum with a high probability;
• do not guarantee convergence.

In this regard, there is an actual problem of opti-
mization methods’ insufficient efficiency.

Metaheuristics (modern heuristics) are used to
speed up finding a quasi-optimal solution to optimiza-
tion problems and reduce the probability of hitting a
local extremum (Talbi, 2009; Engelbrecht, 2007; Yu
and Gen, 2010; Nakib and Talbi, 2017; Yang, 2018a;
Subbotin et al., 2016). Metaheuristics expand the pos-
sibilities of heuristics by combining heuristic methods
based on a high-level strategy (Blum and Raidl, 2016;
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Glover and Kochenberger, 2003; Yang, 2018b; Martı́
et al., 2018; Gendreau and Potvin, 2019).

Modern metaheuristics suffer from one or more of
the following disadvantages:

• insufficient method accuracy (Alba et al., 2013);

• there is only an abstract description of the method
or the description of the method is focused on
solving only a specific problem (Doerner et al.,
2007);

• the procedure for determining parameter values is
not automated (Grygor et al., 2019);

• the influence of the iteration number on the so-
lution search process is not taken into account
(Bozorg-Haddad, 2017);

• there is no possibility to solve problems of condi-
tional optimization (Fedorov et al., 2019);

• there is no possibility to use non-binary potential
solutions (Radosavljević, 2018);

• the method convergence is not guaranteed
(Chopard and Tomassini, 2018).

In this regard, the problem of constructing effi-
cient metaheuristic optimization methods arises (Du
and Swamy, 2016; Brownlee, 2011).

One of the popular metaheuristics is the gravita-
tional search algorithm (Rashedi et al., 2009), which
belongs to swarm metaheuristics.

The task of building fuzzy expert systems that use
the method of parametric identification for adaptation
and tuning is actual for our research.

The goal of this research is to improve the effi-
ciency of decisions on foreign direct investment by
creating a fuzzy expert system trained based on meta-
heuristics.

The following tasks were set and solved:

1) to develop a fuzzy expert decision support system
for foreign direct investment;

2) to select a quality criterion for the proposed fuzzy
expert system;

3) to create a metaheuristic method based on an
adaptive gravitational search algorithm to deter-
mine the proposed fuzzy expert system parame-
ters;

4) to conduct numerical research.

2 THE FUZZY EXPERT
DECISION SUPPORT SYSTEM
FOR FOREIGN DIRECT
INVESTMENT

The foreign direct investment analysis is based on
the data of the GDP per capita volume, inflation rates,
goods and services exports volume, and labor force
indicators. To make decisions on foreign direct in-
vestment, a fuzzy expert system is proposed. It in-
volves the following steps:

1) linguistic variables formation;

2) fuzzy knowledge base formation;

3) Mamdani fuzzy inference mechanism formation:

• fuzzification;
• sub-conditions aggregation;
• conclusions activation;
• aggregation of conclusions;
• defuzzification.

4) identification of parameters based on metaheuris-
tics.

2.1 Linguistic Variables Formation

The following input variables were chosen:

• the volume of gross domestic product (GDP) per
capita (per year, US dollars), x1;

• the inflation indicator (according to the consumer
price index, which reflects the annual percentage
change in the cost for the average consumer of
purchasing a goods and services basket, per year,
%), x2;

• the volume of goods and services export indicator
(total volume, per year, USD), x3;

• the labor force indicator (labor force is people
aged 15 and over who provide labor for the pro-
duction of goods and services, per year, number
of people), x4.

The following indicators were chosen as linguistic
input variables. They are qualitative indicators:

• the GDP volume x̃1 with values α̃11 = little,
α̃12 = medium, α̃13 = much, where the
ranges are fuzzy sets Ã11 = {(x1,µÃ11

(x1))},
Ã12 = {(x1,µÃ12

(x1))}, Ã13 = {(x1,µÃ13
(x1))};

• the inflation indicator x̃2 with values α̃21 =
little, α̃22 = medium, α̃23 = much, where the
ranges are fuzzy sets Ã21 = {(x2,µÃ21

(x2))},
Ã22 = {(x2,µÃ22

(x2))}, Ã23 = {(x2,µÃ23
(x2))};
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• the volume of goods and services export indica-
tor x̃3 with values α̃31 = little, α̃32 = medium,
α̃33 = much, where the ranges are fuzzy sets
Ã31 = {(x3,µÃ31

(x3))}, Ã32 = {(x3,µÃ32
(x3))},

Ã33 = {(x3,µÃ33
(x3))};

• the labor force indicator x̃4 with values
α̃41 = little, α̃42 = medium, α̃43 = much, where
the ranges are fuzzy sets Ã41 = {(x4,µÃ41

(x4))},
Ã42 = {(x4,µÃ42

(x4))}, Ã43 = {(x4,µÃ43
(x4))}.

The volume of foreign direct investment (net flows
for the year, USD) was chosen as a clear output vari-
able ỹ. It is a qualitative indicator.

The volume of foreign direct investment was
chosen ỹ with its values β̃1 = little, β̃2 =

medium, β̃3 = much, where the ranges are fuzzy
sets B̃1 = {(y,µB̃1

(y))}, B̃2 = {(y,µB̃42
(y))},

B̃3 = {(y,µB̃3
(y))};

2.2 Fuzzy Knowledge Base Formation

Fuzzy knowledge is represented as the following
fuzzy rules that contain a linguistic output variable
Rn : IF x̃1 is ã1i AND x̃2 is ã2 j AND x̃3 is ã3k AND x̃4
is ã4p then ỹ is B̃m

In the case of linguistic variables specific values,
fuzzy knowledge is presented in relational form in ta-
ble 1.

Table 1: Relational form of fuzzy knowledge representa-
tion.

The rule x̃1 x̃2 x̃3 x̃4 ỹ
R1 α̃11 α̃21 α̃31 α̃41 α̃1
R2 α̃12 α̃21 α̃31 α̃41 α̃1
R3 α̃13 α̃21 α̃31 α̃41 α̃2
R4 α̃11 α̃22 α̃31 α̃41 α̃2
... ... ... ... ... ...

R81 α̃13 α̃23 α̃33 α̃43 α̃3

2.3 Mamdani Fuzzy Inference
Mechanism Formation

2.3.1 Fuzzification

We will determine the truth degree of each sub-
condition of each rule, using the membership function
µÃi j

(xi).
As membership functions of sub-conditions, we

chose:

• piecewise linear Z-shaped function, i.e.

µÃi1
(xi) =





1, xi ≤ ai
bi−xi
bi−ai

, ai < xi < bi

0, xi ≥ bi

, i ∈ 1,4

• piecewise linear Π-shaped function, i.e.

µÃi2
(xi) =





0, xi ≤ ai
xi−ai
bi−ai

, ai ≤ xi ≤ bi

1, bi ≤ xi ≤ ci
di−xi
di−ci

, ci ≤ xi ≤ di

0, xi ≥ di

, i ∈ 1,4

• piecewise linear S-shaped function, i.e.

µÃi3
(xi) =





0, xi ≤ ci
xi−ci
di−ci

, ci < xi < di

1, xi ≥ di

, i ∈ 1,4,

where ai, bi, ci, di - membership function param-
eters.

2.3.2 Sub-Condition Aggregation

The condition membership functions for each rule Rn

are determined based on the minimum value method:

µ⋃4
i=1 Ãi, f (n,i)

(x1,x2,x3,x4) = min
i∈1,4

{
µÃi, f (n,i)

(xi)
}
,

where f – a function that returns the value number of
the i-th linguistic input variable of the n-th rule and is
determined on the basis of table 1. For example, if the
linguistic input variable x̃1 rules R81 matters α̃13, then
f (81,1) = 3.

2.3.3 Activation of Conclusions

The membership functions of the conclusion for each
rule Rn are determined based on the minimum value
method (based on the Mamdani rule):
µB̃g(n)

(y) = min
{

µ ˜U4
i=1Ai, f (n,i)

(x1,x2,x3,x4),µB̃g(n)
(y)
}
,

where g – a function that returns the value number of
the linguistic output variable of n-th rule and deter-
mined on the basis of table 1.

For example, if the linguistic output variable ỹ of
the rule R81 is β̃3, then g(81) = 3.

A piecewise linear triangular function was chosen
as the membership functions of the conclusions, i.e.

µB̃m
(y) =





0, y≤ em
y−em

um−em
, em ≤ y≤ um

vm−y
vm−um

, um ≤ y≤ vm

0, y≥ vm

,m ∈ 1,3,

where em,um,vm – membership function parameters.
In the case of such a membership function, the

kernel of each fuzzy set B̃m is:
ker B̃m = {y ∈ Y |µB̃m

(y) = 1}= {um}.
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2.3.4 Aggregation of Conclusions

The membership functions of the final conclusion are
defined, which contains a linguistic output variable
based on the maximum value method:

µB̃m
(Y ) = max

n∈1,81
{µB̃g(n)(y)}

2.3.5 Defuzzification

The volumes of foreign direct investment are deter-
mined basedon the centroid method:

y∗ =
∑y∈Y µB̃(y)y

∑y∈Y µB̃(y)
,Y =

{
1,2,3

}

3 QUALITY CRITERION FOR
THE PROPOSED FUZZY
EXPERT SYSTEM

The objective function is chosen as a quality crite-
rion, representing the accuracy as probability of cor-
rect foreign direct investment

F =
1
P

P

∑
p=1

, [yp = dp]→max
θ

,

[p = q] =
{

1, p = q
0, p ̸= q ,

(1)

where dp – test foreign direct investment,
yp – foreign direct investment received as a result

of fuzzy inference,
P – number of test implementations,
θ = (a1,b1,c1,d1, ...,a4,b4,c4,d4,e1,u1,v1, ...,e3,

u3,v3) – parameter vector of membership functions.

4 METAHEURISTIC METHOD
BASED ON AN ADAPTIVE
GRAVITATIONAL SEARCH
ALGORITHM FOR
DETERMINING THE
PARAMETERS OF THE
PROPOSED FUZZY EXPERT
SYSTEM

The particle velocity (not the gravitational constant)
depends on the iteration number in this method, which
provides control over the convergence rate of the
method, as well as providing a global search at the

initial iterations, and a local search at the final itera-
tions. The parameter vector of membership functions
corresponds to the position vector of one particle x.
The quality criterion is used as the goal function (1).

1. Initialization.
1.1. Setting the gravitational constant G, the max-

imum number of iterations N, the population
size K, the length of the particle position vec-
tor M (it corresponds to the length of the pa-
rameter vector of membership functions and is
equal to 25), the minimum and maximum val-
ues for the position vector xmin

j , xmax
j , j ∈ 1,M,

the minimum and maximum values for the ve-
locity vector vmin

j , vmax
j , j ∈ 1,M .

1.2. The best position vector randomly generating
x∗ = (x∗1, ...,x

∗
M),

x∗j = xmin
j +(xmax

j − xmin
j )U(0,1),

where U(0,1) – a function that returns a uni-
formly distributed random number in a range
[0,1].

1.3. The initial population creation
1.3.1. Particle number k = 1, P = /0.
1.3.2. A position vector at random xk generating

xk = (xk1, ...,xkM),
xk j = xmin

j +(xmax
j − xmin

j )U(0,1).
1.3.3. Random velocity vector vk generating

vk = (vk1, ...,vkM),
vi j = vmin

j +(vmax
j − vmin

j )U(0,1).
1.3.4. If (xk,vk) /∈ P, then P = P ∪ {(xk,vk)},

k = k + 1.
1.3.5. If k ≤ K, then go to step 1.3.2.
2. Iteration number n = 1.
3. The computation of the best and worst particle of

a population from a target function

l = argmin
k

F(xk),xbest = xl ,

l = argmax
k

F(xk),xworst = xl .

4. The computation of all particles masses.
5. The computation of the gravitational force acting

between all pairs of particles

5.1. mk = G F(xk)−F(xworst )

F(xbest )−F(xworst )
,k ∈ 1,K.

5.2. Mk =
mk

∑K
s=1 ms

,k ∈ 1,K.

6. The computation of the gravitational force acting
between all pairs of particles

fkl = G
MkMl

d(xk,xl)+ ε
(xl− xk),k, l ∈ 1,K,

where d(xk,xl) – distance between particles k and
l (e.g. Euclid distance).
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7. The computation of the resulting force acting on
all particles

rkl =U(0,1),k, l ∈ 1,K

fk =
K

∑
l = 1
l ̸= k

rkl fkl ,k ∈ 1,K

8. Modification of the acceleration of all particles

ak =
fk

Mk
,k ∈ 1,K

9. Speed modification of all particles

rk =U(0,1),k ∈ 1,K

vk = rkvk +ak,k ∈ 1,K

10. Modification all of the particles’ position, taking
into account the iteration number
10.1. xk = xk + vk

(
1− n

N

)
,k ∈ 1,K

10.2. xk j = max{xmin
j ,xk j},xk j =

min{xmax
j ,xk j}, j ∈ 1,M,k ∈ 1,K

11. If n < N, then n = n+1, go to step 3
The result is x∗.

5 NUMERICAL RESEARCH

Numerical research was carried out using the Keras
submodule of the TensorFlow module. The Pandas
module was used to fill in missing values through lin-
ear interpolation, as well as for tabular data I/O oper-
ations. The Scikit-fuzzy module was used to create a
fuzzy expert system.

The fuzzy expert system was researched using
the World Bank economic indicators database (https:
//databank.worldbank.org/home.aspx). The economic
indicators of 145 countries for 10 years were used.
The size of the original sample was 1450.

For the proposed adaptive gravity search algo-
rithm, the gravity constant G was 100, the maximum
number of iterations was 1000, and the population
size was 50.

The comparison results of the proposed fuzzy ex-
pert system with the operator are presented in table 2.

Table 2: Comparison results of the proposed fuzzy expert
system with an operator.

Accuracy
fuzzy expert system operator

0.98 0.8

The comparison results of the proposed fuzzy ex-
pert system with the proposed meta-heuristic adaptive
gravitational search algorithm (AGSA) and the tradi-
tional meta-heuristic adaptive gravitational search al-
gorithm (AGSA) operator are presented in table 3.

Table 3: Comparison results of the proposed fuzzy expert
system of the proposed meta-heuristic and the traditional
meta-heuristic.

Accuracy
GSA AGSA
0.93 0.98

Figure 1 shows the accuracy for the proposed
fuzzy expert system trained based on the proposed
meta-heuristic adaptive gravitational search algorithm
(AGSA) and on the proposed meta-heuristic gravita-
tional search algorithm (GSA).

Figure 1: Accuracy of the proposed fuzzy expert system
with GSA and AGSA.

The comparison results of the proposed fuzzy ex-
pert system trained on the basis of back-propagation
(BP) and the proposed meta-heuristic adaptive gravi-
tational search algorithm (AGSA) are presented in ta-
ble 4.

Figure 2: Accuracy of the proposed fuzzy expert system
with BP and AGSA.

Figure 2 shows the accuracy for the proposed
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Table 4: Comparison results of the proposed fuzzy expert
system based on the back-propagation method and proposed
meta-heuristic.

Accuracy
BP AGSA

0.90 0.98

fuzzy expert system trained on the basis of back-
propagation (BP) and the proposed meta-heuristic
adaptive gravitational search algorithm (AGSA).

Figures 3-7 shows the membership functions for
the values of linguistic variables x̃1, x̃2, x̃3, x̃4 and y.

Figure 3: Membership functions for linguistic variable val-
ues x̃1.

Figure 4: Membership functions for linguistic variable val-
ues x̃2.

6 DISCUSSION

The traditional non-automatic approach to assessing
the foreign direct investment effectiveness reduces the
accuracy of a correct assessment (table 2). The pro-
posed method eliminates this disadvantage.

The traditional method of the gravitational search
algorithm ignores the iteration number during the par-
ticle position calculating; this reduces the accuracy of

Figure 5: Membership functions for linguistic variable val-
ues x̃3.

Figure 6: Membership functions for linguistic variable val-
ues x̃4.

finding a solution (table 3); requires a large number of
parameters associated with the gravitational constant
calculating. The proposed method eliminates these
shortcomings.

The traditional approach to training a fuzzy expert
system based on back propagation reduces the prob-
ability of correct estimation (table 4). The proposed
method eliminates this disadvantage.

7 CONCLUSIONS

1. Relevant optimization methods and expert sys-
tems were investigated as part of the decision-
making technology for foreign direct investment.
The research results showed that the most effec-
tive is the use of fuzzy expert systems, the param-
eters of which are identified by means of meta-
heuristic methods today.

2. A fuzzy expert decision support system for for-
eign direct investment has been developed. The
proposed system simplifies the interaction be-
tween the operator and the computer system
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Figure 7: Membership functions for linguistic variable val-
ues ỹ.

through the use of qualitative indicators, and also
allows to identify its parameters using the pro-
posed swarm metaheuristics.

3. A quality criterion is proposed; it considers the
specifics of the created fuzzy expert system and
allows assessing of the decisions accuracy.

4. A swarm metaheuristic algorithm based on an
adaptive gravitational search algorithm has been
created; it provides control over the rate of method
convergence, as well as providing global search at
the initial iterations, and local search at the final
iterations due to adaptive control of the particle
velocity.

5. The proposed optimization method based on
swarm metaheuristics and a fuzzy expert system
make it possible to intellectualize the technol-
ogy of making decisions on foreign direct invest-
ment. Prospects for further research involve test-
ing the proposed method and system on a wider
test database set.
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Abstract: The paper is a study of the educational indicators signifying the national economy innovative development.
The subject of the research is the processes defining the formation and advancement of prerquisites for edu-
cational and scientific breakthrough in Ukraine. The paper is aimed at working out the system for assessing
the educational constituent of the national economy innovative development, which is to ensure an effective
state regulation of educational processes as well as to prevent the risks of reducing the educational security of
the national economy. The study is performed by way of applying such general scientific methods as those
of systemic and complex analyses, research of indicators values’ dynamics, system generalization, statistical
methods and the method of taxonomic analysis. As a result of using these methods as well as on the basis
of a multidimensional analysis of educational indicators of the national economy innovative development, in
particular of the international practices of educational and scientific breakthroughs, the authors advance and
substantiate the measures necessary for the effective state regulation of educational processes.

1 INTRODUCTION

The ongoing processes of globalization, an inten-
sive scientific and technological progress taking place
on the basis of artificial intelligence development,
information technology and transdisciplinary scien-
tific knowledge, increase in the interpersonal and
inter-organizational competition that characterize the
present-day global economic system, etc. change dra-
matically not only economic processes but also the in-
dividual’s role and place in them as well as the nature
of the person’s relationships with other participants of
these processes.

Thus, modern society is on the verge of the fourth
industrial revolution, which embraces the process of
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c https://orcid.org/0000-0002-2339-0377
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formation of the society of knowledge and of the
Industry 4.0 (Kobets and Yatsenko, 2019), where
the total digitalization is accompanied by the emer-
gence of new professions that require new knowl-
edge and skills, and, consequently, innovative ap-
proaches to education and human resources develop-
ment. Clearly, in order to make an industrial break-
through 4.0, humanity must first secure an educational
breakthrough based on the new Education 4.0 system
through implementation of the 4th Sustainable Devel-
opment Goal: “Ensure inclusive and equitable quality
education and promote lifelong learning opportunities
for all” as defined by the UN in 2015.

2 LITERATURE REVIEW

The processes of formation and development of the
Education 4.0 system should be based, in our opin-
ion, on the provisions of innovation theory, the no-
tion of knowledge-based economy, the theory of life-
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long learning (LLL), of knowledge management, self-
study and other present-day theories and ideas.

Defining the knowledge society, Kok (Kok, 2004)
remarks that this notion encompasses all the aspects
of human activities beginning from high-tech produc-
tion up to artistic professions like in media and ar-
chitecture, where knowledge is provided as the basis
for added value creation. In his turn, Leiber (Leiber,
2018), while considering the knowledge society, em-
phasizes the crucial role of the quality of education
in general and that of higher education viewed as a
social, economic and environmental factor. Agrawal
et al. (Agrawal et al., 2021) highlight a high corre-
lation between information communication technol-
ogy (ICT) and knowledge management. Valero and
Van Reenen (Valero and Van Reenen, 2019) prove
that increases in the number of universities are pos-
itively associated with future growth of GDP per
capita. Supporting this view, Benešová and Tupa
(Benešová and Tupa, 2017) underline the impact of
technology not only on the emergence of knowledge-
intensive products and services, but also emphasize its
much greater impact on people’s education in general.
After all, only highly qualified and highly educated
specialists will be able to control these technologies.
It is clear therefore the increasing role of organiza-
tional education to adapt the people to changes that
occur as a result of technological and economic inno-
vation. The paper (Engstrand and Enberg, 2020) ex-
plores the role of relational power and discursive po-
sitioning in the knowledge integration process using
a definite interdisciplinary project as an example and
thus emphasises the necessity of carrying out more
research that explicitly explores power in the knowl-
edge integration process.

Thus, recent research (Thakur and Arora, 2022;
Mane and Miravet, 2016; Marchiori et al., 2022;
Kucherova et al., 2021) has shown that human capital
makes a significant contribution to economic growth
and technological development primarily through ed-
ucation, innovation and continuous growth. At the
same time, the limited development of human capital
leads to the use of natural resources as the main source
of income, thereby reducing the level of the countries’
economic development. In addition, the relationship
between human capital and innovation at the country
level is based on the fact that various forms of capi-
tal can be converted into resources and other forms of
economic benefit. However, it is only a properly qual-
ified human capital that can ensure the industrial and
technological development of the country as well as
can serve for its economic growth. Therefore, the as-
sessment of education through the prism of country’s
innovative development, in our opinion, should defi-

nitely include indicators of the level of development
of the country’s human capital.

Nedelko et al. (Nedelko et al., 2019), as a re-
sult of studying the strategies and tools for knowledge
management in innovation and Industry 4.0, empha-
size that the use of the notion of knowledge manage-
ment in Industry 4.0 should not only be encouraged
but rather necessitated. It is well known that for the
emergence of new knowledge and its commercializa-
tion, which is the essence of innovation, it is neces-
sary to ensure close ties between industry and sci-
ence and education (Trofymenko et al., 2021). Thus,
we can state that education and science today are the
starting point and the driving force to ensure the inno-
vative development of business and, consequently, of
national economies.

Considering the above-mentioned tendencies, the
issue of measuring the effectiveness of educational
process in accordance with the dynamic global socio-
economic environment has become quite acute. There
are a number of scientific papers substantiating the
indicators of education performance for individual
countries (Braunstein et al., 2022; Riley and Nuttall,
1994; Csomós, 2020) as well as methodologies pre-
sented by various international organizations, which
include educational indicators (IMD - International
Institute for Management Development, 2022; Dutta
et al., 2020; Schleicher, 2019; UNDP, 2019; World-
Bank, 2021; Schwab, 2018). However, given the ur-
gent need to reform education within the process of
Industry 4.0 formation, there is a necessity to search
for new approaches to assessing educational indica-
tors through the prism of their impact on the inno-
vative development of the state, which will serve the
increase in the efficiency of public administration and
control.

Therefore, this paper is aimed at working out the
system for assessing the educational component of
the national economy innovative development, which
will ensure the effective state regulation of educa-
tional processes as well as will prevent the country
form the risks of reducing the educational security of
the national economy. Accordingly, the main issue of
the study is the definition and analysis of educational
indicators, and the formation of recommendations on
the development of educational indicators at various
levels of state policy to ensure innovative develop-
ment of the economy based on the study of effective
global practices. The hypothesis lies in the idea that
the growth of the indicators of education quality will
lead to an increase in the metric of state innovative
development.
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3 METHODS

In the course of the study the authors employed gen-
eral scientific and statistical methods, as well as the
method of a taxonomic analysis. As is known, a
multidimensional statistical analysis is used to deter-
mine the largest number of features that will affect
the object of study. That is why to define the degree
of a cumulative impact of the factorial characteris-
tics on the level of the national economy innovative
development, the authors offered to apply the taxo-
nomic method. The necessity to opt for this method
is born out of the demand to search for a single in-
tegrating indicator out of the large number of indica-
tors that characterize innovative development, which
allows increasing the efficiency of public administra-
tion and control (Ilyash and Stefaniak, 2012).

As the data base for the use of a taxonomic analy-
sis we chose the educational indicators of innovative
development of the national economy of Ukraine as
of the years 2013–2019. Such indicators include the
Human Development Index (HDI), the level of expen-
diture on education of GDP, the Education Index, the
literacy rate (i.e. expected years of schooling), and
Ranking of national higher education system.

Thus, the human development index is a com-
bined index and an indicator of the educational
component of the country’s innovative development
(WorldBank, 2021). The index measures the coun-
try’s achievements in terms of life expectancy, access
to education, actual income of the citizens, and takes
into account changes in the indices of socio-economic
and gender inequality and multidimensional poverty.
In addition, the human development index is adjusted
by political, economic, social, and environmental fac-
tors, such as: human rights and civil liberties, par-
ticipation in public life, social security, the degree
of territorial and social mobility of population, the
level of cultural development, access to information,
health, unemployment, crime, environmental protec-
tion, environmental impact and others. It should be
mentioned this index comprises the following data:
the acquired human capital; the expected duration of
children’s education at school; results of the standard-
ised testing of schoolchildren; the percentage of adult
survivors and the proportion of children without any
developmental disorders (UNDP, 2019).

The literacy level of the country’s population (ex-
pected time of schooling) is set by authors as a sep-
arate indicator of educational development because it
indicates the general educational level of the popula-
tion.

The education expenditures is one of the key indi-
cators of innovative development. Innovative devel-

opment of the domestic economy and strengthening
the social component of state economic security can
be ensured only by increasing human capital expen-
ditures. Investing in education is a vital means of in-
creasing human capital and prospects of the country’s
economic growth. Therefore, the level of expendi-
tures on education of GDP was chosen as one of the
indicators for taxonomic analysis.

The Education Index, which is a sub-index of the
Human Development Index, should be also included
to the educational indicators.

It is the economic development and competitive-
ness of the country that serve as the indicators of the
country’s economic security and largely depend on
the number of educated and competent professionals,
as well as technologies that increase their productiv-
ity. The higher education sector contributes signifi-
cantly to realisation of these needs. In addition, in the
modern world of alterglobalism, those high-quality
higher education systems, which have broad links at
the international level and contribute to the country’s
global development through the exchange of students,
researchers, projects and ideas, demonstrate a high
level of national economy. Therefore, one of the in-
dicators of the educational component of the state in-
novative development at the global level is the rank-
ing of national higher education systems (U21 Rank-
ing of National Higher Education Systems) which en-
ables assessing the overall higher education system of
different countries at various stages of economic and
social development (Williams and Leahy, 2020).

To conduct a taxonomic analysis of the educa-
tional component of innovative development, it is ra-
tional to perform a sequence of the following method-
ological steps (Ilyash et al., 2021):

• to form a matrix with the initial data necessary for
the study of educational indicators of innovative
development;

• to standardize the values of the indicators matrix;

• to form a reference vector representing the growth
of the innovative development component under
study;

• to calculate the distance between individual vari-
ables and the reference vector; item to define the
taxonomic indicator of innovative development.

In accordance with the outlined algorithmic steps,
it is expedient to form an observation matrix based
on the input data. It should be mentioned that in our
study the units (Ii) are represented by the innovative
development educational indicators. Within the scope
of these indicated we single out the educational com-
ponent of innovative development (E), while the years
sand for characteristic features.
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The construction of the matrix respresenting the
initial data by components comprises the following
steps:

The first step presupposes the use of I(E) for the
matrix in order to reveal the educational component
of innovative development (size 5×7).

At the second stage, since the indicators of inno-
vative development have different measurement units,
it is necessary to form a matrix of standardized val-
ues. This procedure is performed by replacing the
criteria values with the coefficients standardized in-
dicators (Ilyash and Stefaniak, 2012) according to the
following formula (1):

Zi =
Ii

I
(1)

where:
Ii is the value of the ith indicator;
I is the average value of the ith indicator.
After indicators’ standardization, to carry out a

further taxonomic analysis, the features of the obser-
vation matrix are to be divided into those of stimula-
tors and destimulators that determine the direction of
the impact on the national economy innovative devel-
opment. In this case, stimulatory factos have a posi-
tive effect on the development level, while destimula-
tory factors restrain.

Differentiation of the studied factors into stimulat-
ing and destimulating ones is given in the table 1.

The division of the indicators into stimulators and
destimulators can serve as the basis for finding out
the ideal reference vector and forming the values of
the indicators (Ilyash and Stefaniak, 2012) in the fol-
lowing way:

{
Ioi = max Ii j (stimulator)
Ioi = min Ii j (destimulator) (2)

After that, we receive a vector-standard of the in-
novative development level within the framework of
educational component. To calculate the integrated
taxonomic index, it is necessary to find the average
distance (C0), the mean value of the square root of
the average square of the difference of values of char-
acteristics (S0), deviation of the distance between the
point-unit and the upper pole point from the value of
characteristics distance (di) for the educational com-
ponent of innovation development according to the
following formulas (3-6):

1) average distance:

C0 =
1
m

m

∑
i=1

Ci0 (3)

where:
m – the number of periods;

Ci0 – the distance between the point-unit and the
point EM4;

2) the mean value of the square root of the average
square of the difference between the values of charac-
teristics:

S0 =

√
1
m

m

∑
i=1

(Ci0−C0)2 (4)

C0 – the average distance;
Ci0 – the distance between the point-unit and the

point EM4;
3) deviation of the distance between the point-unit

and the point the reference vector from the value of
characteristics distance:

C0 =C0 +2S0 (5)

di =
Ci0

C0
(6)

where:
S0 – the mean value of the square root of the aver-

age square of the difference of values of characteris-
tics;

Ci0 – the distance between the point-unit and the
point EM4;

C0 – the distance.
On the basis of the obtained results, we can de-

fine the taxonomic indicator of the level of the system
economic security by the following formula (7):

K = 1−d (7)

where:
d – deviation of the distance between the point-

unit and the point EM4 from the value of characteris-
tics distance.

Thus, the obtained indicator can acquire higher
values with the higher values of stimulants, and, con-
sequently, lower ones with low values of stimulants.
By calculating this indicator, we will be able to an-
alyze the directions and scales of changes that occur
in the system under study, in particular, in the inno-
vation system of the national economy on the basis of
one synthetic feature of the educational component.

4 RESULTS

For the innovative development of the national econ-
omy, the development of human capital assets un-
doubtedly remains the driving force. That is why
the study of educational and scientific direction of in-
novative economic development, which is the basis
for ensuring the capital development, is of an urgent
need. At present, the model of education aimed at
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Table 1: Educational indicators of innovative development (stimulator / destimulator).

Symbol Indicator Stimulator or
destimulator

E Educational component
I1 Human Development Index Stimulator
I2 Level of expenditures on education of GDP, % Stimulator
I3 Education index Stimulator
I4 Literacy rate of the country’s population (expected years of schooling) Stimulator
I5 Ranking of the national higher education system Stimulator

training highly qualified industry personnel is almost
completely lost, while industrial enterprises cannot
function efficiently with a shortage of specialists hav-
ing an up-to-date training. In order to preserve the
industrial potential, the structure of innovative edu-
cation should form a symbiosis of higher education
institutions, research institutes, production facilities
of industrial enterprises and public authorities. How-
ever, the majority of organizations cannot make the
use of human capital resources since they are limited
by the approaches aimed at performing specific tasks
rather than being focused on research and develop-
ment. At the same time, industrial enterprises agree
that managing human capital development is one of
the priorities of innovation progress.

Unfortunately, in Ukraine there is a significant
gap between the knowledge and competencies of the
students who graduate almost without any practical
experience, forcing employers to spend time prepar-
ing them for a particular job (Kahkonen, 2018; Bhat-
tacharya, 2017). To build innovative human capital,
the educational system should include more practical
skills, in particular through the integration of busi-
ness into the educational process, and, thus, provide
the generation-to-come with the up-to-date theoreti-
cal and innovative practical tools.

The research results of the different countries’ ex-
perience on the development of education are given
below.

In particular, such countries as Singapore, China,
India, South Korea, USA, Japan, Finland, Brazil, and
others demonstrated the educational breakthrough
achieved through high quality STEM education, due
to increase in expenditures on education, by means
of supporting fundamental research and a number of
programs aimed at developing the level of general
public digital competence as well as thanks to the
growth in patent productivity in priority sectors of the
economy.

Singapore, for instance, has introduced programs
to set up technical schools and international corpo-
rations to train unskilled workers in the spheres of
information technology, petrochemistry and electron-

ics. The strategy of involving Singapore’s multina-
tional organizations in training its workforce has con-
tributed in the long run to the country’s economic
prosperity. As a result of the education system re-
form taken place in Singapore, minimum compul-
sory educational standards have been introduced for
all schools, English has become an obligatory disci-
pline for all types of schools and a number of other
subjects are tought in English. The government is
constantly investing in the education of Singaporean
students in the best universities world, while creat-
ing at the same time leading research and educational
centers in Singapore. Distinguished results in edu-
cation have been achieved due to implementation of
the Plan of Research and Innovation Enterprises com-
pleted by 2020 (Research, Innovation and Enterprise
Secretariat, 2016).

China’s economic reform program was based on
lowering government norms on prices in education
sphere and increasing investment in education of per-
sonnel (Santacreu and Zhu, 2018).

India initiated a policy of promoting the quality
of the workforce. The introduction of the language
law made English a second national language, which
contributed to the growth of the country’s technologi-
cal development and signing international agreements
with the leading companies in the IT sector.

South Korea, the USA, Japan, and China have
the policy of increasing the share of GDP in research
and development (R&D), which results in the growth
of intensity and quality of research and development
(World Bank, 2019).

In Finland, there are programs to expand cooper-
ation with foreign experts since due to the aging of
its population in some industries, there is a shortage
of workforce. There are also programs aimed at fi-
nancial support of innovations in R&D. One euro in-
vested in innovation for research brings about 10-20
euros net profit, which corresponds to 70% of invest-
ments (compare, for example, in Russia they spend
10% of investments, while in France 90%).

In Brazil, there is the Bolsa Familia Income Trans-
fer Programme (Family Assistance), which provides
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monetary benefits to families who send their chil-
dren to school. The government has also introduced
the policy of increasing investments in education to
strengthen human resources.

It seems inevitable that automation, digitalization
and other forms of technology will put an end to mil-
lions of jobs and will create new opportunities for the
workforce. At the same time, it is of vital importance
to prepare the next generation of workers to partic-
ipate in the development of Industry 4.0. It is ed-
ucation that should be the driver of future skills by
means of going beyond the traditional teaching, in-
cluding entrepreneurship, soft leadership, technology
and workforce readiness. Accordingly, it proves the
need to provide such the condition for the develop-
ment of human resources required to meet the chang-
ing demands of the twenty-first century as the im-
provement of quality of primary schools education.

Since the adoption of the Universal Declaration of
Human Rights in 1948, countries have been making
efforts to universalize primary education. However,
the quality of education is going down due to the low
quality of primary education. Thus, in 2019, Ukraine
demonstrates the lowest level of quality of primary
education as compared to the world’s leading coun-
tries. The percentage of students with the highest re-
sults in at least one field (reading, mathematics, and
natural sciences) is only 7.5%, which is from three
to five times lower than in China (49.3%), Singapore
(43.3%), South Korea (26.6%) and Canada (24.1%),
while it accounts for 50% of the quality of primary ed-
ucation in Denmark (15.8%). Some of the advantages
of high quality primary education in Singapore and
South Korea comprise effective leadership, quality
teacher advanced training, high salaries for teachers,
teachers’ professional development strategy, a high
percentage of modern equipment supply, the ability to
work with innovative interactive technologies as well
as social security of teachers (Schwab, 2018). In the
USA, the Regional Councils for Economic Education
and the State Federal Reserve offer the teachers an
annual weekly summer training program based on the
model “Key to Financial Success”. A comparison of
the main indicators of the educational and scientific
breakthrough of Ukraine with countries of progres-
sive development in 2019 is presented in the table 2.

Over the last two centuries, alongside the increase
in the number of students acquiring primary educa-
tion, there has been a steady increase in the level of
literacy of the world population. However, in some
African countries, the literacy rate among young peo-
ple is still below 50.0%. According to the level of
population literacy, Ukraine ranks 51st in the world
ranking of competitiveness. Thus, the average num-

ber of years spent on studying and the expected du-
ration of education in Ukraine is 10,4 years, which
sets it ahead of China (7,8 years) by 2,6 years and be-
low Germany (17,1 years), Canada (13,8 years) and
the United States (13,4 years). Among the possible
threats of insufficient literacy in Ukraine’s popula-
tion, to name but a few, are the state’s non-recognition
of other than official forms, formats and methods of
training, lack of the culture of dual education within
the framework of labor relations, lack of employers’
interest in financing employee training, the employ-
ees’ insufficient practical and soft skills (Karpenko,
2015).

As for the education in Japan, it is almost 32%
funded by private sources. The education in Denmark
is entirely funded by Danish government which guar-
antees free education for all (World Bank, 2019). In
the Netherlands and other countries of Northern Eu-
rope, the government has developed programmes to
provide opportunities to participate in formal and /
or informal education for adults and the unemployed
(64% and 57% of adults and the unemployed have al-
ready participated in these programmes).

A feature of the national education system is a rel-
ative high level of funding, i.e. the maximum amount
of expenditures is allocated on education. Thus, the
indicators of education financing in Ukraine in 2019
exceed the average indicators of the OECD countries
(by 6% of GDP) (Zhylinska et al., 2017), in particu-
lar Denmark (6,5% of GDP), the United States (6%),
Finland (5,7%) and are 2,5 times higher than in Sin-
gapore (2,7%), Japan (3,2%), and China (3,6%). A
common feature of the leading countries in terms of
financing higher education with the insignificant level
of public sector spending is a high share of of funding
provided by the private sources, in particular, in the
United States – 26%, Australia – 23%.

Digital competencies of the population play quite
an important role in the educational and scientific
breakthrough (Bondarchuk et al., 2022). However,
as of 2017, according to the Digital Skills Index
of the European Digital Economy and Society In-
dex (DESI), almost half (44,0%) of the EU popula-
tion does not have the necessary skills to use digi-
tal technologies (Russo, 2020). To ensure an educa-
tional breakthrough in Ukraine, the Digital Agenda
of Ukraine – 2020 was adopted with an aime to use
digital technologies, create a digital society and en-
sure the competitiveness of the country and its citi-
zens. Thanks to digitalization, Ukraine is able to re-
duce the gap in international indicators of competi-
tiveness (Kuybida et al., 2019), since in 2019 it ranked
56th with the index 4,5 economic units (EU) and as
compared to 2016 it increased the level by only 8
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Table 2: Indicators of educational breakthrough in Ukraine and the countries of progressive development in 2019 (based on
(WorldBank, 2021; UNDP, 2019; IMD - International Institute for Management Development, 2022; Schwab, 2018)).
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Quality of primary education (%
of students with the highest results
in at least one of the disciplines:
(reading, mathematics, natural sci-
ences, level 5 or 6)

7,50 21,00 19,10 15,80 17,10 24,10 18,90 26,60 49,30 43,30 23,30

The literacy level of the country’s
population (the average number of
years spent studying) and the ex-
pected duration of education

10,40 17,10 12,40 12,60 13,40 13,80 12,40 12,10 7,80 11,90 12,80

Index of digital competencies of
economically active population 4,50 5,10 5,80 5,40 5,30 5,10 5,00 5,00 4,70 5,60 4,40

Expenditures on education, % of
GDP according to IMD data 6,00 5,70 4,10 6,50 6,00 4,40 5,00 5,00 3,60 2,70 3,20

points. The leading countries are Finland (5,8), Sin-
gapore (5,6), Denmark (5,4) and the United States
(5,3). With the support of the National Library Coun-
cil and the Singapore Cybersecurity Agency, curric-
ula have been updated with a view to providing better
cybersecurity awareness and acquiring skills to detect
fake news and protect onself against it. Besides, the
government introduced a route map of teaching tech-
nology intensity, which is a three-year plan to help
small and medium-sized enterprises (SMEs) acceler-
ate technology implementation and help the popula-
tion expand their digital capabilities (e.g., a Memo-
randum on cooperation between SkillsFuture Singa-
pore and Microsoft has been signed aimed at help-
ing make profit for 5000 people and 100 small- and
medium-sized enterprises). Denmark has developed
the Digital Literacy Manifesto, which has inspired
politicians to reflect on digital skills and transforma-
tion.

We shall remark here that the process of monitor-
ing the educational component of innovation devel-
opment should be carried out within the system of in-
dicators: correlation between the level of education
expenditures to GDP, human development index, ed-
ucation level index, literacy level and the rating of
the higher education system. The system of the men-
tioned indicators is presented in the table 3.

According to the report submitted by UNDP in
2019, Ukraine ranked 74th in the human develop-
ment index among 183 countries surveyed. Given
the significant part of the population with higher edu-
cation (82%), Ukraine has an average human devel-
opment index among European countries, which is

0,779 points. At the same time, the share of people
engaged in scientific activities is only 0,34% out of
the total employed population.

It should be added that 66 countries of the world
belong to the category of high level of human de-
velopment, among which: Switzerland (2nd place,
0,955 points), Germany (6th place, 0,947 points),
Great Britain (13th place, 0,931 points), Canada
(16th place, 0,929 points), Estonia (29th place,
0,892 points), Lithuania (34th place, 0,882 points),
Poland (35th place, 0,880 points), Romania (49th
place, 0,828 points), Kazakhstan (51st place, 0,825
points), Russia (52nd place, 0,824 points), Belarus
(53rd place, 0,823 points), Turkey (54th place, 0,820
points), Bulgaria (56th place, 0,816 points), Georgia
(61st place, 0,812 points), Serbia (64th place, 0,806
points).

The World Bank estimates the human capital in-
dex in Ukraine at 0,63 points, so Ukraine ranks 50th
among 157 countries. Thus, a child born in Ukraine
can rely upon acquiring only 63% of the potential
level of human capital, being possible only under con-
dition of receiving complete education and having a
good health. In terms of figures, Singapore (88%),
Hong Kong (81%) and Japan (80%) have been ranked
first for several years in a row. The top ten countries
also include South Korea, Canada, Finland, Macau
and Sweden (about 88%), Ireland and the Netherlands
(79%). The lowest positions in ranking are occupied
by the CAR (29%), Chad (30%) and South Sudan
(31%).

The comparison of the index of human capital
with GDP per capita in the world allows us to trace
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Table 3: The rate of change of the educational component indicators signifying the innovative development of Ukraine
within the period of 2013–2019 (based on (WorldBank, 2021; UNDP, 2019; IMD - International Institute for Management
Development, 2022)).

No Indicators Years Growth rate, %
2013 2014 2015 2016 2017 2018 2019 2019/2018 2019/2015 2019/2013

Educational indicators
1. Human development index 0,74 0,75 0,74 0,75 0,75 0,75 0,77 102,67 104,05 104,0

2. Level of education expenditures
to GDP, % 5,90 6,20 6,70 6,70 6,00 5,90 5,00 84,75 74,63 84,75

3. Education level index 0,791 0,8 0,791 0,792 0,794 0,792 0,799 100,88 101,01 101,01

4.
Literacy level of the country’s
population (expected time of
schooling)

14,90 15,00 14,90 15,10 15,10 15,10 15,10 100,00 101,34 101,34

5. Ranking of the national higher
education system 49,9 43,9 44,0 42,1 47,7 47,4 45,1 95,15 102,50 90,38

the correlation between the level of the country’s eco-
nomic development and the level of education re-
ceived by human capital (figure 1). Thus, in gen-
eral, the countries with the highest human capital in-
dex have higher GDP per capita: Singapore (0,88
and 652333), Japan (0,80 and 40246), Canada (0,80
and 46194), Finland (0,80 and 48782), Switzerland
(0,80 and 51615), Ireland (0,79 and 78660,96). The
lowest positions are occupied by Congo (0,37 and
553), Yemen (0,37 and 774), Rwanda (0,38 and 820),
Ethiopia (0,38 and 855), Burundi (0,39 and 261). It
should be added that in 2019 the value of the human
development index in Ukraine was 0,63, while GDP
per capita amounted to 3656 (UNDP, 2019).

The total amount of education funding (from pub-
lic, local and private sources) varies from 5,0% to
6,7% of GDP and is characterized by declining dy-
namics. Although the Law of Ukraine “On Educa-
tion” states that education funding should comprise
at least 7% of GDP, in 2019 the amount of financial
support in this area was only 5,0% and the share of
expenditures on education in the budget of Ukraine
comprised 17,1% (State Statistics Service of Ukraine,
2021). Examining the dynamics of this indicator
changing throughout 2014–2019, we can single out
two periods: the 1st period of 2014–2016 is marked
by a decrease of 3,6 percentage points, while the 2nd
period (2016–2019) is characterised by an increase of
1,6 percentage points.

We should also point out that starting from the
year 2015, the consolidated budget expenditures on
education in GDP have also been decreasing. Thus,
despite its unstable dynamics, expenditures on educa-
tion as a percentage ratio of GDP amounted to 6,1% in
2019, while in 2016 it was 5,4%, which is 0,9% lower
than in 2014. At the same time, it should be noted
that in comparison with the EU countries, Ukraine
spends much more on education. Thus, the total ex-

penditure on education from GDP in Poland is 4,6%,
in Latvia – 4,7%, in Italy – 3,8%, Germany – 4,8%,
Estonia – 5,2%, Switzerland – 5,1%, and Romania –
3,0%. The high level of expenditures on education in
Ukraine is explained by the fact that the majority of
Ukrainian higher education institutions are financed
from the state budget (72%), while in other countries
a significant share is made up of private educational
institutions (43%).

Another key indicator of innovative development
in the context of ensuring the economic security of
the country is the Education Index, which is a sub-
index of the Human Development Index (WorldBank,
2021). The optimal value of the indicator for the de-
veloped countries is no less than 0,8 points. That is
why in 2019 Ukraine occupied the 46th rank (0,797
points) which testifies a significant achievement of the
country’s population in education in terms of adult lit-
eracy and the total number of students receiving edu-
cation. Figure 2 shows the general dynamics of the
education index among other indicators comprising
the educational component of innovative development
considered within the analysed period.

The education index also allows estimating the av-
erage number of, as well as the expected duration of
education of the population, which in Ukraine corre-
spond to 11,4 and 15,1 years respectively. Leading
positions in the world are occupied by Australia (22,0
years), Belgium (19,8 years), Sweden (19,5 years),
Finland (19,4 years), Iceland (19.1 years), Denmark
(18.9 years), New Zealand (18,8 years), Ireland (18,7
years), the Netherlands (18,5 years), and Norway
(18,1 years). We will emphasise that creation of con-
ditions for lifelong learning ensures the adaptation
of labor capital to rapid technological changes, and,
consequently, accelerates economic development and
serves for the growth of national economy competi-
tiveness.
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Figure 1: The ratio of the human capital index and GDP per capita of Ukraine and the world in 2019 (based on (UNDP,
2019)).

For instance, in 2020, Ukraine ranked 36th. If to
evaluate this indicator in terms of its individual con-
stituents, we can see that according to the degree of
investments from both the private and public sectors
Ukraine occupies the 27th place (52,6 points); as to
the public policy and regulation as well as the pos-
sibility of acquiring education, Ukraine takes 39th
place (70,6 points); according to the level of interna-
tional cooperation, which demonstrates the degree of
openness of the higher education system, Ukraine is
at the 38th place (40,4 points); considering the quality
of scientific research, scientific publications, compli-
ance of higher education with the demands of the na-
tional labor market, including further employment of
educational institutions’ graduates, Ukraine occupies
42nd place with a score of 28,7 points. At the same
time, the highest ranking include the USA, Switzer-
land, Denmark, Singapore, Sweden, Great Britain,
Canada, Finland, Australia, the Netherlands, and Nor-
way, where the overall indicator value is no less than
80 points.

It is worth noting that recently there has been a
tendency to reduce the number of higher education
institutions. Thus, in 2019, the Ministry of Educa-
tion and Science of Ukraine granted the right to carry
out activities in the field of higher education only to
281 educational institutions, which is 25% less than
in 2010. A similar tendency is typical of the indica-
tor “the number of students per 10000 of population”,
which during the last 9 years dropped 0,6 times from
476 to 302 students. The reasons for this negative
tendency is the decrease in the birth rate, which, in

its turn, led to a reduction in the number of university
applicants and consequently in a number of students
in 2019 by 63% as compared to 2010 (figure 3). Re-
garding the academic and teaching staff in the field of
education, it should be mentioned that there are 14,25
students per teacher in secondary schools, and 10,75
students per one teacher in higher educational insti-
tution, which is 1,5 times lower comparing with the
average indicator in the majority of economically de-
veloped countries.

As for education expenses, there has been a grad-
ual increase in private sector expenditures on R&D
(by UAH 177 billion or 66,6% within the period of
2013–2019), the following indices remain low: the
levels of expenditure on education (5,0% of GDP
in 2019 and a decrease by 0,9 percentage points
by 2013), implementation of scientific and techni-
cal work (0,43% and 0,27 percentage points, respec-
tively), ranking of the national system of higher edu-
cation (45,1% and a decrease by 4,8 percentage points
by 2013), the amount of scientific and technical work
being realized (0,3% to GDP and a decrease by 0,17
percentage points by 2013) and specialists who per-
form scientific and technical work (0,48% out of the
total number of employees and a decrease by 0,32
percentage points by 2013). It is also observed de-
clining in the level of patent productivity, reduction in
the number of specialists involved in R&D implemen-
tation, failing to maintain leading positions in pub-
lic funding of scientific and technical work, budget
funding including (State Statistics Service of Ukraine,
2021).
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Figure 2: Changes in the education index within the system of indicators comprising the educational component of Ukrainian
innovative development from 2013 to 2019 (based on (Williams and Leahy, 2020; UNDP, 2019; WorldBank, 2021)).

To overcome the negative phenomena in the field
of education, it is necessary, first of all, to build the
relevant skills and competencies in specialists-to-be
through a STEM-oriented approach to teaching and
learning (Le et al., 2021; Hrynevych et al., 2021).
Thus, in the UK, to meet the demands for specialists
in the STEM sphere it is necessary to have more than
100 thousand people graduate by 2020, while in Ger-
many there is a shortage of 210 thousand workers in
natural sciences, mathematics, technology and com-
puter science. However, to ensure the dynamic de-
velopment of the national economy, it is essential to
either significantly increase the intellectual potential
of STEM specialists, or there should be a transition
of the economic development to a new phase with the
use of technologies of a new generation (Kelley and
Knowles, 2016). For the development of digitaliza-
tion processes it is important also taking into account
such world experience as Digital Competence Pro-
gram, the Danish “Digital Literacy Manifesto” (Kuy-
bida et al., 2019).

Thus, modernisation of the education system must
be carried out taking into account the directions of the
international economy development as well as defin-
ing the role and place of the country in the global di-
mension. With such an approach to the education sys-
tem formation in a short period of time Ukraine will
have had the trained personnel of necessary special-

izations.
After studying the above mentioned factors influ-

encing education development in Ukraine as well as
in other countries, we have applied the taxonomic
analysis. First, we compiled a matrix of input data
IM4:




0,74 0,75 0,74 0,75 0,75 0,75 0,77
5,90 6,20 6,70 6,70 6,00 5,90 5,00
0,79 0,80 0,79 0,79 0,79 0,79 0,79
14,9 15,0 14,9 15,1 15,1 15,1 15,1
49,9 43,9 44,0 42,1 47,7 47,4 45,1




The next step was the formation of a matrix of
standardized values of ZM4:




0,99 1,00 0,99 1,00 1,00 1,00 1,03
0,95 1,00 1,08 1,08 0,97 0,95 0,91
1,00 1,01 1,00 1,00 1,00 1,00 1,01
0,99 1,00 0,99 1,00 1,00 1,00 1,00
1,10 0,97 0,97 0,93 1,05 1,04 0,99




According to the results of the chosen methodol-
ogy application, we received the vector of the educa-
tional component being the standard of the level of
innovative development within the framework of the
educational component:

EM4 = (1.03;1.11;1.01;1.00;1.10)
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Figure 3: Dynamics of the indicators of higher education in Ukraine in 2000, 2005 and during the period from 2010 to 2019
(based on (Williams and Leahy, 2020; UNDP, 2019; WorldBank, 2021)).

At the next step of our research we calculated the
taxonomic indicators of the educational component of
the country’s innovative development.

The closer the value of the taxonomic coefficient
to one, the greater is the impact of a particular ed-
ucational indicator on the national economy innova-
tive development. The calculations of taxonomic in-
dicators of the educational component of the national
economy innovative development within the period
from 2013 to 2019 are given in the table 4.

The taxonomic indicator’s dynamics in the context
of the educational component of the country’s innova-
tive development is shown in figure 4.

Despite the average value of the human develop-
ment index of European countries, the taxonomic in-
dicator of the educational component as a part of in-
novative development is characterized by a low share
(0,008).

Thus, the taxonomic analysis of the educational
component of the national economy innovative devel-
opment proves its negative dynamics, which signifies
the importance of taking into account the changes in
educational indicators as well as timely response to
these changes for the effective state regulation of the
human capital development, which serves as the ba-
sis for the development of innovation and prevention
from the risks of reducing educational security of the
national economy.

5 DISCUSSION AND
CONCLUSIONS

The developed in the paper advanced system for as-
sessing the educational constituent of the national
economy innovative development, performed on the
basis of taxonomic analysis allows taking into ac-
count the main indicators of the educational devel-
opment in the country, thus simplifying the analysis
of their impact on the national innovation system and,
thus, serves as an effective tool for finding optimal so-
lutions in the state regulation of educational processes
as the basis for innovative activities of all its partici-
pants.

As a result of the performed research, it was found
out that the potential of the educational and scientific
components of the national economy of Ukraine in-
novative development is not realized to its full. These
results elucidate the reasons for Ukraine’s weak po-
sition in the state innovative economic development,
at present being one of the most important factors of
economic security. Therefore, judging from the re-
search results, in order to guarantee the national econ-
omy innovative development, the primary task is to
ensure the growth of taxonomic indicators within the
educational component.

In particular, the lack of systematic managerial
decisions by state authorities in solving problems of
educational policy development requires scientific re-
search to put forward proposals and set primary func-
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Table 4: Values of taxonomic indicators of the educational component in the system of the country’s economic security within
the period from 2013 to 2019.

Title Indices Years Values2013 2014 2015 2016 2017 2018 2019

Educational component (M4)
C(4)

i0 0,139 0,157 0,136 0,173 0,128 0,146 0,300 C0 = 0,179
d(4)

i 0,499 0,564 0,488 0,620 0,459 0,522 0,992 S0 = 0,055
K(4)

i 0,501 0,436 0,512 0,380 0,541 0,478 0,008 C0 = 0,279

Figure 4: Dynamics of the taxonomic indicator of the country’s innovative development (from a perspective of an educational
component) within the period from 2013 to 2019.

tions of corresponding ministries and agencies in or-
der to ensure the innovative development of the na-
tional economy. According to the results of the
present study the primary functions of the state pol-
icy to ensure growing of the educational component
of the national economy innovative development have
been defined. In particular, at the level of the Ministry
of Education and Science of Ukraine it is expedient to
introduce the Strategy of accelerated formation of the
teachers’ educational potential. This will contribute
to the spread of innovation in the education system of
Ukraine in the context of global digitalization. Based
on the high indicators of education in Japan, Den-
mark and the Netherlands obtained in the process of
the conducted research and taking into account the
directions of their development,it is advisable to in-
troduce the programs of learning English as a first
foreign language into primary school; to develop, in
cooperation with private educational institutions, ed-
ucational programs aimed at introducing up-to-date
teaching methods and programs to provide the oppor-
tunities for adults and the unemployed to take part

in formal and / or informal education. A number of
programs should be initiated to start technical schools
and fee-paying international corporations to train un-
skilled workers in the field of information technology,
petrochemistry and electronics (those who could not
get industrial jobs, the government could increase the
number of labor-intensive retail services such as in
the sphere of tourism and transport). Taking into ac-
count the analysis of the development of human cap-
ital, it is advisable to take the experience of Singa-
pore as a basis,and to recommend to develop a Strat-
egy for Involving Multinational Organizations in La-
bor Training in Ukraine, and to work out a Strategy
for uniting the country’s largest technical universities
with the purpose to develop advanced clusters for the
research of future technologies and ensure the pres-
ence of the association members in public, political
and economic circles to warrant a high level of train-
ing of future personnel.

At the level of the Department of Scientific and
Technical Development and the Ministry of Economy
of Ukraine it is worthwhile to introduce a New Plan
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for the Development of Research Innovative Enter-
prises until 2025, that allows to take into account the
successful USA experience.

At the level of the Ministry of Finance of Ukraine,
alongside the Ministry of Economy of Ukraine, it
is important to assist small and medium enterprises
(SMEs) in accelerating technology implementation
and helping the population expand its digital poten-
tial.

At the level of the Cabinet of Ministers of Ukraine
it is expedient to introduce Programs of funding edu-
cational institutions regardless of the form of owner-
ship, to develop an effective formula of mixed financ-
ing in various proportions, which implies a gradual re-
duction of state funding while increasing the share of
private funding (Singapore experience), to stimulate
government to invest in the education of Ukrainian
students in the best universities in the world, while
creating leading research and educational centers at
home.

At the level of the Ministry of Digital Transfor-
mation of Ukraine, it is recommended to introduce
an online resource with a view to increasing the dig-
ital competence of citizens, following the example of
Digital Competence. The introduction of the ana-
logue of such a program will give impetus to digi-
tal initiatives, the increase in digital competencies of
Ukrainian citizens as well as the use of the Danish
“Digital Literacy Manifesto”, which will stimulate the
development of digital skills and critical thinking.

Implementation of the suggested measures within
the framework of achieving educational and scientific
breakthrough will allow to increase the overall indi-
cator of the educational component in order to ensure
the national economy innovative development.

The limitations of the study are impossibility to
take into account the state of education in Ukraine
during the war. In our opinion, the deterioration of the
state of the educational component of the state’s inno-
vative development is expected and obvious. Among
the positive expected educational trends is the growth
of digital literacy of the population and the develop-
ment of new technologies. Therefore, the study of
the educational component and the development of
mechanisms to ensure its strengthening in the post-
war period will be an important and priority area of
the future research.
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Abstract: In the conditions of the knowledge economy, the financial performance of high-tech enterprises largely de-
pends on the efficiency of the processes of creating and using intangible assets. To increase it, it is necessary
to build an effective intangible investment policy, which should be based on an understanding of the role of cer-
tain types of intangible assets in increasing financial performance. The hypothesis of the study is the existence
of a significant positive impact of intangible assets on the financial performance of ICT companies. A sample
of 180 Slovak ICT companies for the period 2015–2019 has been investigated. The primary research method
was the regression analysis of panel data, which was carried out using the GRETL software package. Four re-
gression models were formed based on using such dependent variables as Return on Assets, Net Profit Margin,
Assets Turnover, and Return on Equity. Each of the selected models included eight independent variables –
Research and Development Intensity, Research and Development Intensity Squared, Software, Intellectual
Property Rights, Acquired Intangible Assets, Leverage, Size, and Dummy variable for ICT sub-sectors. For
each of the models, an estimate panel data parameter was chosen based on the F-statistics test, Breusch-Pagan
test, and Hausman test (Model 1-3 – Pooled OLS model, Model 4 – Fixed Effects Method). Adequacy of
each of the models to the generated data was checked on the basis of the Normality test, Autocorrelation test
(Wooldridge test for autocorrelation), and Heteroscedasticity test (White test, Wald test). The hypothesis of
the study was partially confirmed, since only RDI, RDI2 and AIA have a significant positive impact on the
financial performance of Slovak ICT companies. The strength and direction of influence of independent vari-
ables vary depending on the indicator characterizing financial performance. Only the independent variable
AIA has a permanent inverse effect on all indicators of financial performance of Slovak ICT companies. It
was established that the level of influence of control variables on indicators of financial performance is partial
and multidirectional, and applies only to certain types of them.

1 INTRODUCTION

Over the last three decades, a significant number of
scientists have been actively discussing the change in
the role of different types of capital in the process of
creating economic value of enterprises and ensuring

a https://orcid.org/0000-0002-3975-1210
b https://orcid.org/0000-0001-6825-4697
c https://orcid.org/0000-0001-7702-8122
d https://orcid.org/0000-0001-6739-1278
e https://orcid.org/0000-0001-8592-0137

their sustainable and long -term success. In particular,
it is reminded on the determining role of intellectual
capital in this process by shift in the “production mix”
and management’s focus, moving from the industrial
focus (of capital and labour) to intellectual capital and
trade in ideas, based on intellectual property rights,
especially patents for its connection to technology
(Daum, 2002; Abeysekera, 2008; Moberly, 2014; Ull-
berg et al., 2021). Under these conditions, the value
of enterprises and their profitability become more de-
pendent on their ability to effectively realize their ex-
isting innovative potential and to use their capitalized
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Empirical Evidence of Intangible Assets Improve the Financial Performance of Slovak ICT Companies.
In Proceedings of 10th International Conference on Monitoring, Modeling & Management of Emergent Economy (M3E2 2022), pages 38-52
ISBN: 978-989-758-640-8
Copyright © 2023 by SCITEPRESS – Science and Technology Publications, Lda. Under CC license (CC BY-NC-ND 4.0)



intangible assets. This issue is even more relevant
in the period of overcoming the consequences of the
COVID-19 pandemic and in the context of the intro-
duction of a proactive sanctions policy of world lead-
ers, which results in a reduction in trade in traditional
goods and services, given the growth of the market
of unique intellectual technologies, which ensure the
formation of a stable value for enterprises.

In such new conditions, the economy of devel-
oped countries becomes increasingly dependent on
the development of national intellectual capital. And
for a large number of enterprises their financial per-
formance depends on the effectiveness of implemen-
tation of the policy on creation of new and use of
available intangible assets, ensuring their incorpora-
tion into the activity of the enterprise, the establish-
ment of their effective partnership, stewardship and
control. At the same time, the activity of enterprises
under such conditions is characterized by frequent oc-
currence of network effects, high probability of occur-
rence of market and technological risks, which pro-
vides the necessity of rethinking their business strate-
gies, which will include realization of strategic initia-
tives on intangible values. This is especially relevant
for high-tech enterprises, whose activity is character-
ized by high level of usage of intangible assets and
is aimed at creation of innovative technological prod-
ucts and services.

The presence of such economic changes in the
global business environment makes it necessary to
search for new theories and policies that would enable
the scientific substantiation of decisions and behav-
ior of management of companies with a high share of
intangible assets used in the process of development
and design of technological products and services to
ensure their strong financial performance.

To determine impact of impossible assets on com-
panies performance, the activity of Slovak compa-
nies from information and communications technol-
ogy (ICT) sector was analyzed. Such enterprises,
which relate to processes of processing, storage and
transfer of information, production of computers and
telecommuting devices, and also provision of related
services, belong to high-tech enterprises, the process
of creating value in which depends to a large extent on
effective use of intangible assets. Investing in high-
tech intangible assets of ICT sector enterprises should
lead to the improvement of their financial indicators.
However, as the studies Huňady et al. (Huňady et al.,
2019), Slovakia still has only very small proportion
of business R&D in ICT sector. This is evidence of
the cautious policy of Slovak ICT companies to im-
plement intangible investments as a result of the exis-
tence of significant risks and uncertainty as to the re-

turn of such investments. Therefore, in order to min-
imize such risks and eliminate uncertainty, in order
to build an effective intangible investment policy at
ICT enterprises need to identify features of relations
between different types of intangible assets and dif-
ferent financial performance indicators.

In the Slovak Republic over the past ten years,
there has been active development of the ICT sector.
In particular, the number of employees involved in the
information and communication technology services
sector in Slovakia increased from 28905 in 2009 to
53676 in the 2019 year (SARIO, 2021). This shows
an increase in staff almost doubled in 10 years. ICT
industry currently occupies an important place in the
structure of the Slovak economy, representing 4,2%
of GDP, and at the same time has a noticeable influ-
ence on other related industries. This industry is very
attractive for investors due to the presence of signif-
icant potential for growth due to a number of advan-
tages in comparison with other branches of economy
in Slovakia: High level of adaptation of ICT to the
activity of enterprises; high value added and wages
(1,2 – 4,0 ths. eur.); well-developed ICT related edu-
cational system; well-developed ICT institutional net-
work; diversification of telecommunication segment;
strategic geographical location from the perspective
of time zonation; high quality data and network cover-
age; attractive investment incentives for the ICT sec-
tor (SARIO, 2021). In addition, ICT sector is ac-
tively supported by Slovak government, as a result,
investors are offered attractive investment incentives
for the ICT sector (tax reliefs; cash grants; contribu-
tions for the newly created jobs; rent/sale of real estate
for a discounted price) and special R&D tax regime
(200% of the R&D expenses can be deducted from
the tax base) (SARIO, 2021). Thus, impact research
of intangible assets impact on financial performance
of Slovak ICT companies in modern conditions, there
is a particularly urgent need to define the directions of
development and ways of adjustment of their intangi-
ble investment policy.

Based on the important role of intangible assets
in ensuring the efficiency of high-tech companies re-
search hypothesis was formulated. The hypothesis of
the study is the existence of a significant positive im-
pact of intangible assets on the financial performance
of ICT companies. Because the force of such influ-
ence may also depend from company size, level of
borrowed capital and belonging to sub-sector of ICT
industry, these factors should also be taken into ac-
count in the analysis impact of intangible assets on the
financial performance, and the results obtained should
be used in formulating recommendations to manage-
ment of Slovak ICT companies for investments in in-
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tangible assets.

2 THEORETICAL BACKGROUND

Problems of influence of intangible assets in their
broad (economic) understanding on financial perfor-
mance of high-tech companies are paid considerable
attention of academicians. First of all, this is condi-
tioned by the decisive role of intellectual capital for
such enterprises in the context of the development of
knowledge economy, which is based on ideas, R&D,
innovations and technological progress. Scientists an-
alyze of the impact of different intangible values on fi-
nancial performance: intangible assets (the concept of
IAS 38 (Deloitte Touche Tohmatsu Limited, 2022)),
intellectual capital (as a combination of human, orga-
nizational, and client capital), or separate components
of two data. These studies cover different types of en-
terprises from different countries of the world, which
represent different sectors of the economy. Since in-
tellectual capital includes, to the most extent, all in-
tangible assets that are the result of human intellectual
activity, this article also analyzes the impact of intel-
lectual capital and its components on the financial per-
formance of ICT companies. In addition, a number
of researchers are conducting studies of the impact
of intangible assets both on individual components of
financial performance, in particular, on profitability,
and on broader categories, in particular, on total per-
formance of the company or companies value.

Table 1 lists the number of articles and their quota-
tions, which reveal the relationship between “Intangi-
ble assets” / “Intellectual capital” and “Financial per-
formance” in science-based databases of Scopus, Web
of Science and Google Scholar.

The results of analysis of scientific databases are
obtained (table 1) testify to the existence of a consid-
erable number of publications in this direction of re-
searches, as well as their influence on scientific works
of other authors, which is confirmed by a considerable
number of references to data of other authors and their
constant growth from year to year. The cluster analy-
sis of the key words of the articles from the databases
of the Scopus and Web of Science on the basis of the
use of VOSviewer allowed to confirm this conclusion.
There was also a large number of publications that
examined the impact of structural elements of intan-
gible assets or intellectual capital (research and devel-
opment, intangible resources, customer capital, struc-
tural capital, human capital, social capital, relational
capital) on financial performance (figure 1). In addi-
tion, publications have been identified that investigate
the impact of intangible assets or intellectual capital

on other types of indicators that characterize the per-
formance of the enterprise – firm performance, busi-
ness performance, corporate performance, firm value,
effectiveness, efficiency, profitability, ROA, competi-
tive advantage etc. (figure 2).

Little attention is paid directly to the issue of im-
pact of intangible values on financial performance of
ICT companies, although the presence of significant
positive relationships between with two variables is
confirmed in the vast majority of results. Gan and
Saleh (Gan and Saleh, 2008) the connection between
intellectual capital components was studied corporate
performance of high-techn companies listed on Bursa
Malaysia, in particular, profitability, and productivity.
Based on the use of regression analysis, it was found
that companies with larger intellectual capital as a rule
have better profitability (ROA) and more efficient pro-
ductivity (ATO).

Li and Wang (Li and Wang, 2014) investigated the
impact of different intangible assets (R&D expendi-
ture, employee benefit, sales training) on profitability
indicators (ROA) of Hong Kong Listed IT companies
using regression analysis. They found a positive rela-
tionship between intangible assets and ROA.

Dženopoljac et al. (Dženopoljac et al., 2016) ex-
amined the role of intellectual capital and its key com-
ponents in provision for financial performance (ROA,
ROE, ROIC, ATO) of Serbian ICT sector companies
during 2009–2013. They used Value-added intellec-
tual coefficient (VAIC) as a measure of the IC contri-
bution to value creation. The results obtained by the
authors revealed that only one component of VAIC –
CEE (capital-employed efficiency) had a significant
impact on financial performance indicators, except
for the indicator ROIC. Khan (Khan, 2018) also used
VAIC as firms intangibility measure when analyzed
the impact of intellectual capital on the financial per-
formance of the 51 Indian IT companies for the period
2006–2016. He found a significant positive associa-
tion of VAIC with profitability, and an insignificant
relationship with productivity, and significant positive
association of CEE with profitability and productivity
of Indian IT companies.

Zhang (Zhang, 2017) analysed the relationship be-
tween degree of intangible assets and profitability for
17 Chinese listed telecommunication firms’ for the
period from 2014 to 2016. He found a positive and
significant effect of Intangible assets ratio on ROA.
Also, he emphasized the possibility of the inaccuracy
of the obtained results due to the conservative nature
of Chinese accounting standards rules in measuring
intangible assets.

Huňady et al. (Huňady et al., 2019) examined the
role of innovations in performance of ICT sector com-
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Table 1: Number of scientific articles by direction of researches and their quotations in academic literature for the period
2018–2022 as of July 01, 2022 (via Scopus, Web of Science and Google Scholar databases).

Results found Sum of the times cited
Searching phrases Scopus Web of Google Scopus Web of Google

Science Scholar Science Scholar
“Intangible assets” and 161 576 21 894 16100 38

“Financial performance”
“Intellectual capital” and 329 970 494 2530 13904 2235
“Financial performance”

Figure 1: Bibliometric map of publications’ keywords on the query “Intangible assets”, “Intellectual capital” and “Financial
performance” according to Scopus database in 2018–2022.

panies from 24 countries during the years 2008–2016.
Using regression analysis for macro-level data, they
found positive effect of R&D expenditure on apparent
labour productivity and value added in ICT sector.

Qureshi and Siddiqui (Qureshi and Siddiqui,
2020) analyzed an effect of intangible assets on finan-
cial performance (ROA, ROE, ROIC, ATO and NPM)
of the 80 global technology firms for the period from
2015 to 2018. They confirmed a significant nega-
tive effect of intangible assets on ROE, ROIC, ATO,
and insignificant positive impact on companies’ prof-
itability. Moreover, the force of this influence consid-
erably varies depending on the country’s innovative
development.

Lopes and Ferreira (Lopes and Ferreira, 2021)
also investigated the impact of intangibles on the
performance indicators of major world technologi-

cal firms (Turnover, ROA, ROE, ROS, EPS), have
received evidence of existence of negative correla-
tion between all intangible variables, control variables
(Size, Leverage) with ROA. These conclusions are
also confirmed in labor Sundaresan et al. (Sundare-
san et al., 2021), which investigated the impact of
intangible assets on financial performance of 38 Tai-
wanese listed technology firms for the period 2015–
2019. The authors also revealed the existence of a
lack of a significant relationship between intangible
assets and ROA, but found significant influence of
size on ROA. At the same time, they confirmed signif-
icant impact of intangibles on ROE. Received Lopes
and Ferreira (Lopes and Ferreira, 2021), Sundaresan
et al. (Sundaresan et al., 2021) the results of the ROA
are in direct contradiction with most of the conclu-
sions obtained by the authors who studied impact of
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Figure 2: Bibliometric map of publications’ keywords on the query “Intellectual capital” and “Financial performance” ac-
cording to Web of Science database in 2018–2022.

intangibles on performance of ICT companies.
Radonić et al. (Radonić et al., 2021) studied the

role of intellectual capital components (human, rela-
tional, structural and innovation capital) in ensuring
the achievement of financial performance indicators
(ROA, ROE, Net Profit, etc.) of South-East Europe
IT industry companies. In their study, as a theoretical
background they used a resource-based view on intel-
lectual capital, which involves analyzing the impact
of its individual components on financial performance
indicators. In particular, the authors established that
innovation capital has the strongest impact and hu-
man capital has an indirect impact on the financial

performance of IT companies. A similar resource-
based approach was also used by Serpeninova et al.
(Serpeninova et al., 2022), who as a result of a study
of the impact of intellectual capital on the profitabil-
ity of Slovak software development companies (ROA,
NPM, GPM, EBITM) found an absence of a signifi-
cant relationship between them. The authors consid-
ered the main reason for this to be the imperfection
of the current accounting standards, for instance, IAS
38, in terms of criteria for recognizing and evaluating
the intellectual capital of enterprises.

The analysis of studies on the issues of the re-
search made it possible to establish the existence of
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mutually contradictory evidence regarding the impact
of intangible assets on the financial performance. In
general, this does not allow the management of enter-
prises to effectively control intangible values aimed
at creating internal value, and for investors – to re-
ceive clear signals for making effective investments.
Considering the above, the following objectives were
formulated: to measure the relationship between in-
tangible assets and the financial performance of Slo-
vak ICT companies; to investigate which components
of intangible assets have the most significant or in-
significant impact on the financial performance of
Slovak ICT companies; to form recommendations for
improving the investment policy of ICT companies,
based on the level of significance of the elements of
intangible assets from the point of view of increasing
financial results.

3 DATA AND METHODOLOGY

Sample selection. To determine whether intangible
assets stimulate financial performance, was analyzed
sample of 180 Slovak ICT companies for the period
2015–2019. In particular, the panel data information
from financial statements of such enterprises, avail-
able in the open access, as well as the information
from database “FinStat” was used to form panel data.
Only those companies, for which the necessary infor-
mation for the 5-year period was available, were in-
cluded in the sample. The selected 180 companies
provide a valid and complete set of data in order to
carry out relevant statistical analysis.

Investigated enterprises proceeding from EU Eco-
nomic Activity Classification and from the SK NACE
2 classification belongs to group 26 “Manufacture
of computer, electronic and optical products”, in-
cludes direct production of computers, computer pe-
ripheral equipment (input device, output device, in-
put/output device), communication equipment (public
switching equipment, transmission equipment, cus-
tomer premises equipment), measuring, medical, nav-
igation, radio, optical and other electronic equipment,
as well as production of various types of accessories
for such products (electrical boards, magnetic and op-
tical media, etc.). In order to take into account the
influence sub-sectors affiliation on financial perfor-
mance of ICT companies two groups were allocated
in their composition. The first group included enter-
prises dealing with the production of different types of
electronics and components, and the second group in-
volved enterprises producing communication equip-
ment and components.

Based on the form of ownership, most of the com-

panies investigated – 160, companies with limited li-
ability, 16 – is a joint-stock company, 2 – production
cooperative, 1 – limited partnership, 1 – general part-
nership. By type of ownership, the companies investi-
gated are divided as follows: private domestic – 64%;
foreign – 21%; international with a predominant pri-
vate sector – 13%; cooperative – 1%; state – 1%.

Variables. In the research for characteristics of
financial performance of ICT companies were used
four dependent variables – Return on Assets, Net
Profit Margin, Return on Equity, Assets Turnover,
and used in their work by researchers for simiral em-
pirical analysis of the relationship between intangi-
bles values and company financial performance (Gan
and Saleh, 2008; Dženopoljac et al., 2016; Qureshi
and Siddiqui, 2020; Sundaresan et al., 2021; Radonić
et al., 2021; Serpeninova et al., 2022). For explana-
tion of a relation between intangible assets and finan-
cial performance of ICT companies used intangible
assets variables – Research and Development Inten-
sity, Research and Development Intensity Squared,
Software, Intellectual Property Rights, Acquired In-
tangible Assets. The election of such independent
variable is justified by the financial statements of Slo-
vak ICT companies in the disclosure of information
about intangible assets. As it was revealed Huňady
et al. (Huňady et al., 2019), the firm’s ICT sector
account for significant share of total business R&D
expenditure in economy in most countries. There-
fore, in the analysis impact of intangible assets on fi-
nancial performance of ICT sector an important role
should be assigned to R&D indicators. As a result,
the study does not use the indicator of R&D costs
but uses two calculation ratios that characterize the
R&D of the companies. In addition, based on pre-
vious studies (Ievdokymov et al., 2020; Zavalii et al.,
2022; Serpeninova et al., 2022) in our study used three
control variables – Leverage, Size and Dummy vari-
able for ICT sub-sectors. Use of these variables will
allow to control for a significant effects of company
size, level of borrowing capital, and unseen role of
ICT sub-sectors affiliation.

Types, calculation procedures, and abbreviations
used in the Variables study are shown in table 2.

The dynamics of four indicators, that character-
ize financial performance of Slovak ICT companies
(ROA, NPM, ROE, ATO) for the period 2015–2019
showed in figure 3.

Figure 1 displays the change in time of financial
performance indicators for the 2015–2019 period. It
allows to identify a number of common trends: Si-
multaneous growth in all indicators for 2017–2018
years; decrease in ATO, ROA and NPM indicators for
2015–2016 years, their growth in 2016–2018 years,
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Table 2: Variable definitions and abbreviations.

Variable Calculation (Source) Abbreviation
Dependent Variables

Return on Assets Net turnover / Total Assets ROA
Net Profit Margin Net profit / Total Sales NPM
Assets Turnover Total Sales / Total Assets ATO
Return on Equity Net profit / Total Equity ROE

Independent Variables
Intangible Assets Variables

Research and Development Intensity Capitalized R&D Costs / Total Sales RDI
Research and Development Intensity Squared Squared function of RDI RDI2

Software Software (Intangible Asset) SOFT
Intellectual Property Rights Valuable Intellectual Property Rights IPR
Acquired Intangible Assets Acquired long-term intangible assets AIA

are charged until the time of their use
Control Variables

Leverage Total liabilities / Total Assets LEV
Size Logarithm of Total Assets l SIZE

Dummy variable for ICT sub-sectors 1 for electronic producers, DVICTSS
0 for communication producers

Figure 3: Dynamics of financial performance indicators of Slovak ICT companies for the 2015-2019 period.

as well as their simultaneous decrease in 2018–2019;
during 2018–2019 years only growth of ROE indica-
tor occurs. In general, common behavior was found

for ATO, ROA and NPM, as well as almost com-
pletely different behavior of ROE compared to these
indicators.
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4 RESEARCH MODELS

To understand the relationship between intangible as-
sets and financial performance indicators, this study
examined four following models:

Model 1: ROAit = α+ β1 ·RDIit + β2 ·RDI2it +
β3 ·SOFTit +β4 · IPRit +β5 ·AIAit +β6 ·LEVit +β7 ·
l SIZEit +β8 ·DVICTSSit + εit

Model 2: NPMit = α+β1 ·RDIit +β2 ·RDI2it +
β3 ·SOFTit +β4 · IPRit +β5 ·AIAit +β6 ·LEVit +β7 ·
l SIZEit +β8 ·DVICTSSit + εit

Model 3: ATOit = α+ β1 ·RDIit + β2 ·RDI2it +
β3 ·SOFTit +β4 · IPRit +β5 ·AIAit +β6 ·LEVit +β7 ·
l SIZEit +β8 ·DVICTSSit + εit

Model 4: ROEit = α+ β1 ·RDIit + β2 ·RDI2it +
β3 ·SOFTit +β4 · IPRit +β5 ·AIAit +β6 ·LEVit +β7 ·
l SIZEit +β8 ·DVICTSSit + εit

where: ROA, NPM, ATO, ROE – dependent vari-
ables, where i is entity and t is time;

α – Identifier;
µ – Variance introduced by the unit-specific effect

for unit i;
β – Regression coefficient;
RDI, RDI2, SOFT, IPR, AIA – independent intan-

gible variables, LEV, l SIZE, DVICTSS – indepen-
dent control variables;

εit – error term.
Figure 4 shows the conceptual framework of the

study.

5 RESULTS

5.1 Descriptive Statistics and
Correlations

The descriptive statistics (observation, mean, median,
standard deviation, minimum, maximum) of a full
sample are presented in table 3.

From table 3 it can be observed that the full sam-
ple is measured with 180 units. The largest devia-
tions in variables are related to SOFT (5,95·104), IPR
(2,89·104), AIA (1,61·105) and ROE (4,30). Large
differences between the minimum and the maximum
values of ROA, ATO, and ROE show that the finan-
cial performance levels of ICT companies are quite
distinct. For some variables (ATO, LEV, IPR, AIA,
l SIZE) the mean value is greater than the standard
deviation value, as a result, the data in these variables
have a small distribution. ROA, NPM, and ROE have
a higher standard deviation than their mean. This in-
dicates a relatively large set of ratios that will char-
acterize the normal distribution curve and will not be

outliers. The closeness of the mean (13,5) and me-
dian (13,3) values for l SIZE indicates a high level of
symmetry in the distribution of range values, that is,
the size of the studied enterprises. The mean value of
the LEV ratio is 0,438, and this means that approxi-
mately 44% of the total assets of ICT companies are
financed through borrowed resources.

In general, correlation matrix of variables used
in Models 1-4 (figure 5), testifies to absence multi-
collinearity problem, since in most cases, the corre-
lation coefficient is less than 0,5 (–0,5). The only
exception is the high correlation coefficient between
variables RDI and RDI2 (0,9), which is understand-
able given that RDI2 is a squared function of RDI.
However, as Özkan (Özkan, 2022) notes, the prac-
tice of applying such mutually-correcting indicators is
normal in the regression analysis performed to check
the effect of interrelated variables on financial perfor-
mance indicators. In particular, simultaneous use in
regression models of variables RDI and RDI2 allows
to detect presence U-inverted relation between R&D
and financial performance of a company.

5.2 Selection of Estimate Panel Data
Parameter

The choice of estimate panel data parameter for each
of the selected models plays an important role in
the regression analysis of panel data. This param-
eter should be adequately correlated with the data
used in the corresponding model. Proceeding from
F-statistics test for Model 1 F(179; 712) = 1,17767
with p-value 0,0766456, which is more than 0,05 and
confirms null hypothesis in relation to pooled OLS
model. The need for such a choice estimate pa-
rameter for Model 1 also confirmed the application
Breusch-Pagan test, according to which chi-square (1)
> 2,04561 p-value = 0,152645, which is larger than
0.05 and confirms zero hypotheses. The use of F-
statistics test and Breusch-Pagan test also confirmed
the need for use pooled OLS model as a quality esti-
mate parameter for Model 2. For Model 3 after ap-
plication F-statistics test it was received F(179; 712)
= 1,23387 with p-value 0,0331413, that is less than
0,05 and testifies to the adequacy of application Fixed
effects method (FEM). However, this conclusion is
refuted as a result Breusch-Pagan test, according to
chi-square (1) > 3,58479 p-value = 0,0583107, which
is larger than 0,05 and confirms zero hypothesis of
adequacy pooled OLS model. Considering the re-
sults Hausman test (p-value = prob(chi-square (8) >
4,34179) = 0,825045), according to which more ap-
propriate is the application of Random effects method
(REM) than FEM, for Model 3 more appropriate also
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Figure 4: Conceptual framework of the study.

Table 3: Descriptive statistics of variables (based on observations 1:1 – 180:5).

Variables Observation Mean Median St. Dev. Minimum Maximum
ROA 180 1,51 1,27 1,52 2,75e-005 24,9
NPM 180 -0,0325 0,00798 0,501 -6,80 2,97
ATO 180 1,70 1,39 1,61 6,88e-005 24,6
ROE 180 3,81 2,33 4,30 0,000120 38,2
LEV 180 0,438 0,429 0,265 0,000 0,988
RDI 180 0,129 0,000 0,652 -0,0346 9,91

RDI2 180 0,442 0,000 4,96 0,000 98,2
SOFT 180 2,00e+004 0,000 5,95e+004 0,000 5,18e+005
IPR 180 8,27e+003 0,000 2,89e+004 -2,57e+004 2,67e+005
AIA 180 2,00e+004 0,000 1,61e+005 0,000 3,20e+006

l SIZE 180 13,5 13,3 2,00 8,35 18,9

consider the application of pooled OLS model. For
Model 4 after application of F-statistics test F(179;
712) = 1,32394 of p-value 0,00693691, which is less
than 0,05 and shows the adequacy of application of
FEM. This is the test followed by the p-value = P(chi-
square (1) > 6,04321) = 0,0139599.

5.3 Assumption Test Results

To verify the adequacy of the Panel data for Mod-
els 1-4 that is collected about ICT companies, it
should be diagnosed using Normality test, Autocor-
relation test and Heteroscedasticity test. Normality
test for all Models 1-4 allowed to detect abnormal
distribution of the error. For example, for Model 1
for chi-square (2) = 4119,75 p-value = 0, which is
less than 0,05, and does not confirm zero hypothe-
ses about the normal distribution of balances. Re-
view null hypothesis about no first-order autocorre-
lation based on usage Wooldridge test for autocor-
relation allowed to confirm it for all four models.
In particular, for all Models 1-4 p-value it is more
than 0,05 (0,73367; 0,923389; 0,193049; 0,227822),
confirming null hypothesis. White test was used to
check the heteroscedasticity of a models 1–3. Since
the obtained p-value for each of the three models
(0,284134; 0,999935; 0,421088) is more than the crit-

ical value, the zero hypothesis about the absence of
heteroscedasticity is forgiven. For Model 4 with es-
timate parameter FEM was applied non-parametric
Walk test, which also was established the presence
of heteroscedasticity. In particular, chi-square(180)
= 78593,1 p-value = 0 was received. Since p-value is
less than 0,05, there is an inhomogeneous observation
and a different variance of a Model 4 random error,
which confirms the existence of heteroscodesticity.

To solve the problem of inadequacy of all Mod-
els 1–4 used by this data due to the problem of im-
proper distribution of the error and heteroscedasticity,
the use of robust estimators is proposed. They help
minimize or eliminate impact of outliers in a Mod-
els 1-4, improving the results of panel data regres-
sion analysis. Practice of use robust standard errors
in regression analysis was also used in research of sci-
entists who study the impact of intangible assets and
their components on the performance of enterprises
(Özkan, 2022; Serpeninova et al., 2022).

5.4 Panel Data Regression Results

Model 1 (ROA). Tables 4–5 show the results of
regression analysis performed using pooled OLS
model. They show how the independent variable will
affect the dependent variable, which of the regres-
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Figure 5: Correlation matrix of variables used in Models 1-4 (calculated via GRETL software package).

sions have significant influence, force and direction
of such influence.

Model 1 can be interpreted through the following
equation:

ŷ = 1,83324− 1,16410 · 10−6x1 + 0,110937x2 +
1,65440 · 10−6x3 + 1,34184 · 10−6x4 − 4,98766 ·
10−7x5 − 0,137738x6 − 0,0379800x7 + 0,168307x8
where: ŷ – ROA; x1 – RDI; x5 – AIA; x2 – RDI2;
x6 – LEV; x3 – SOFT; x7 – l SIZE; x4 – IPR; x8 –
DVICTSS.

Based on the results of the regression analysis,
const, RDI, RDI2, SOFT and AIA are statistically
significant (there are stars in the last column of ta-
ble 4), having the highest level of significance at the
1% level. Accordingly, these indicators have the high-
est impact on ROA. In addition to RDI and AIA, other
significant indicators have a direct impact on ROA
and RDI and AIA are rotating. The presence of a dif-
ferent direction of influence in RDI and RDI2 indi-
cates the presence of U-inverted relationship between
R&D and ROA (Lehenchuk et al., 2022). Similar
U-inverted behavior is common to most of the costs
of non-material nature, in particular, social and envi-
ronmental costs (Sokil et al., 2020). The results also

show that there is no significant influence of control
variables (Lev, l SIZE, DVICTSS) on ROA.

The overall content of the regression coefficient of
Model 1 is that with an increase of 1 directly influenc-
ing the ROA, the last increase in the ratio will be in-
creased. For example, if SOFT is increased by 1, the
ROA will increase by 1,65440 ·1006. And for indica-
tors that have a positive impact on ROA, their increase
by 1 for ICT enterprises will result in corresponding
decrease of ROA (depending on the coefficient of re-
gression).

Table 5 indicates that the coefficient of determina-
tion (R-squared) of Model 1 is 0,047173. This means
only that 4,7% of the variation of ROA can be ex-
plained by the variation of the independent variables
(const, RDI, RDI2, SOFT, IPR, AIA, LEV, l SIZE,
DVICTSS).

Model 2 (NPM). Model 2 can be interpreted
through the following equation:

ŷ = −0,274718 + 0,0626252x1 −
0,00669466x2 − 5,13111 · 10−8x3 + 2,00654 ·
10−7x4 − 5,88982 · 10−8x5 − 0,0630010x6 +
0,0269143x7−0,0517929x8

where: ŷ – NPM; x1− x8 – the same as in Model 1.
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Table 4: Model 1 (ROA). Pooled OLS model (Robust standard errors), using the observations 1–900.

Variable Coefficient Standard error z P-value Significance by t-statistics
const 1,83324 0,632512 2,898 0,0038 ***
RDI −1,16410 0,157720 −7,381 <0,0001 ***

RDI2 0,110937 0,0175566 6,319 <0,0001 ***
SOFT 1,65440·10−6 5,38521·10−7 3,072 0,0021 ***
IPR 1,34184·10−6 9,24827·10−7 1,451 0,1468
AIA −4,98766·10−7 1,38889·10−6 −3,591 0,0003 ***
LEV −0,137738 0,214780 −0,6413 0,5213

l SIZE −0,0379800 0,0454674 −0,8353 0,4035
DVICTSS 0,168307 0,105500 1,595 0,1106

Note: *** Significant at the 1% level.

Table 5: Model 1 (ROA). Pooled OLS model (Robust standard errors), using the observations 1–900.

Indicator Value Indicator Value
Mean dependent var. 1,511304 S.D. dependent var. 1,524745
Sum squared resid. 1991,445 S.E. of regression 1,495014

R-squared 0,047173 Adjusted R-squared 0,038618
F(8, 179) 21,20706 P-value (F) 1,86·10−22

Table 6: Model 2 (NPM). Pooled OLS model (Robust standard errors), using the observations 1–900.

Variable Coefficient Standard error z P-value Significance by t-statistics
const –0,274718 0,116547 –2,357 0,0184 **
RDI 0,0626252 0,0295138 2,122 0,0338 **
RDI2 –0,00669466 0,00314309 –2,130 0,0332 **
SOFT –5,13111·10−8 1,17552·10−7 –0,4365 0,6625
IPR 2,00654·10−7 1,99115·10−7 1,008 0,3136
AIA –5,88982·10−8 2,90523·10−8 –2,027 0,0426 **
LEV –0,0630010 0,0813673 –0,7743 0,4388

l SIZE 0,0269143 0,00838749 3,209 0,0013 ***
DVICTSS –0,0517929 0,0272405 –1,901 0,0573 *

Note: * Significant at the 10% level; ** Significant at the 5% level; *** Significant at the 1% level.

Table 7: Model 2 (NPM). Pooled OLS model (Robust standard errors), using the observations 1–900.

Indicator Value Indicator Value
Mean dependent var. -0,032511 S.D. dependent var. 0,501315
Sum squared resid. 222,9308 S.E. of regression 0,500203

R-squared 0,013291 Adjusted R-squared 0,004432
F(8, 179) 2,238141 P-value (F) 0,026686

Based on table 6, the most significant effect on
NPM is changed to l SIZE. Accordingly, with the
growth of the enterprise volume by 1 increases the
value of the NPM indicator by 0,0269143. Signifi-
cant at the 5% level in NPM explanation have regres-
sors const, RDI, RDI2 and AIA. Also significant at
the 10% level is the DVICTSS regression, which has
an indirect effect. Indirect effects on NPM are also
affected by the RDI2 and AIA indicators. This means
that, as investments in such types of intangible assets
increase, the corresponding (depending on the regres-
sion coefficient) reduction of the dependent variable

will occur. By comparing the coefficient of Model 2
with RDI and RDI2, it is possible to note the existence
of the upper limit of investments in R&D of Slovak
ICT companies, after which their negative impact on
NPM will already be observed.

Table 7 indicates that the R-squared of Model 2
is 0,01, a very low value and does not allow to speak
about the significant role of intangible assets in NPM
provision. This means that 1,33% of the variation of
the NPM can be explained by the variation of regres-
sors.

Model 3 (ATO). Model 3 can be interpreted
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Table 8: Model 3 (ATO). Pooled OLS model (Robust standard errors), using the observations 1–900.

Variable Coefficient Standard error z P-value Significance by t-statistics
const 2,80330 0,637648 4,396 <0,0001 ***
RDI –1,42622 0,174982 –8,151 <0,0001 ***

RDI2 0,134772 0,0192228 7,011 <0,0001 ***
SOFT 2,76920·10−6 6,38619·10−7 4,336 <0,0001 ***
IPR 4,61116·10−6 1,59970·10−6 2,883 0,0039 ***
AIA –4,38715·10−7 1,36505·10−7 –3,214 0,0013 ***
LEV –0,139781 0,233510 –0,5986 0,5494

l SIZE –0,0951285 0,0438796 –2,168 0,0302 **
DVICTSS 0,150857 0,124085 1,216 0,2241

Note: ** Significant at the 5% level; *** Significant at the 1% level.

Table 9: Model 3 (ATO). Pooled OLS model (Robust standard errors), using the observations 1–900.

Indicator Value Indicator Value
Mean dependent var. 1,703817 S.D. dependent var. 1,614880
Sum squared resid. 2212,759 S.E. of regression 1,575898

R-squared 0,056170 Adjusted R-squared 0,047696
F(8, 179) 15,95424 P-value (F) 1,15·10−17

through the following equation:
ŷ = 2,80330 − 1,42622x1 − 0,134772x2 +

2,76920 · 10−6x3 + 4,61116 · 10−6x4 − 4,38715 ·
10−7x5−0,139781x6−0,0951285x7 +0,150857x8
where: ŷ – ATO; x1− x8 – the same as in Model 1.

For dependent variable ATO except for LEV and
DVICTSS, all other regressions are significant. In
particular, l SIZE significant at the 5% level, and all
other regressions (const, RDI, RDI2, SOFT, IPR and
AIA) significant at the 1% level. Direct effects on
ATO from the regression data are RDI2, SOFT and
IPR, while others are affected. In particular, as in
Model 1 for ROA, making a small amount of invest-
ments in R&D of Slovak ICT companies has a nega-
tive impact on ATO. Only their implementation from
a certain volume, in particular, in the volume of RDI2,
ensures the growth of ATO. Based on an equal to
1,3 RDI2 growth by 1 increases the NPM value by
0,0269143. Table 9 indicates that the R-squared of
Model 3 is 0,056. This means that 5,61% of the vari-
ation of the ATO can be explained by the variation of
regressors.

Model 4 (ROE). Model 4 can be interpreted
through the following equation:

ŷ = −1,06067 − 2,79903x1 + 0,272431x2 +
5,89712 · 10−6x3 + 8,97938 · 10−7x4 − 1,27997 ·
10−6x5 +8,94081x6 +0,0265371x7 +0,392670x8
where: ŷ – ROE; x1− x8 – the same as in Model 1.

Model 4 has five statistically significant regres-
sors – RDI, RDI2, SOFT, AIA and LEV (table 10).
All of them have the highest level of significance –
1%, therefore they have the greatest influence on the
dependent variable (ROE). The equation of Model 4

shows that most of the independent variables (RDI2,
SOFT, IPR, LEV, l SIZE and DVICTSS) have a di-
rect influence, and only two variables (const, RDI and
AIA) have a rotational influence on the ROE. As in
Models 1 and 3, Model 4 has a U-inverted relationship
between R&D and ROA, characterized by the need to
increase investment in R&D of Slovakia ICT compa-
nies to ensure their positive impact on ROE.

Table 11 indicates that the LSDV R-squared of
Model 4 is 0,51. This is quite a high value compared
to the 1–3 models, but not enough to speak about the
significant role of intangible assets in providing of fi-
nancial performance of ICT companies. This means
that 51,61% of the variation of the ROE can be ex-
plained by the variation of the regressors.

6 DISCUSSION

The results obtained in the article partially confirm
the conclusions of the analyzed works on the role of
intangible assets in the promotion of financial per-
formance of high-tech companies. As for some re-
gressions, they are in conflict with such conclusions.
The existence of a positive and significant relation-
ship between intangible assets and some financial per-
formance measures was confirmed, which is also set
in the works of Li and Wang (Li and Wang, 2014),
Dženopoljac et al. (Dženopoljac et al., 2016), Zhang
(Zhang, 2017). The presence was also established of
negative and significant impact of AIA on all finan-
cial performance indicators, this confirms the results
of the research (Qureshi and Siddiqui, 2020; Lopes
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Table 10: Model 4 (ROE). FEM (Robust standard errors), using the observations 1–900.

Variable Coefficient Standard error z P-value Significance by t-statistics
const –1,06067 1,27812 –0,8299 0,4066
RDI –2,79903 0,466001 –6,006 <0,0001 ***

RDI2 0,272431 0,0565526 4,817 <0,0001 ***
SOFT 5,89712·10−6 2,18175·10−6 2,703 0,0069 ***
IPR 8,97938·10−7 3,30604·10−6 0,2716 0,7859
AIA –1,27997·10−6 3,62115·10−7 –3,535 0,0004 ***
LEV 8,94081 0,614350 14,55 <0,0001 ***

l SIZE 0,0265371 0,0848603 0,3127 0,7545
DVICTSS 0,392670 0,344744 1,139 0,2547

Note: *** Significant at the 1% level.

Table 11: Model 4 (ROE). FEM (Robust standard errors), using the observations 1–900.

Indicator Value Indicator Value
Mean dependent var. 3,812005 S.D. dependent var. 4,304137
Sum squared resid. 8058,382 S.E. of regression 3,364216
LSDV R-squared 0,516144 Within R-squared 0,348421

and Ferreira, 2021). At the same time, the direction
and influence of different types of regressions used in
the study are not the same in all formed models, but
depends on a particular kind of financial performance
indicator. One of the reasons for this is that the rela-
tionship between intangible assets on financial perfor-
mance may depend on macroeconomic factors, in par-
ticular, on the level of science capacity in the industry
and on the level of innovation in the country, which is
noted by Qureshi and Siddiqui (Qureshi and Siddiqui,
2020). Another reason for such results may be incom-
plete information about intangible assets disclosed in
the financial statements of Slovak ICT companies. In
turn, this is a consequence of the conservatism of
the current methodology of recognizing and evalu-
ating intangible assets, which Zhang (Zhang, 2017)
also points out, Radonić et al. (Radonić et al., 2021).
Therefore, the findings of this study confirm the pro-
posal of Serpeninova et al. (Serpeninova et al., 2022)
regarding the necessity of expanding the criteria for
recognizing and the structure of financial reporting for
high-tech companies regarding intangible assets.

The results of the survey refutes the conclusions
of Gan and Saleh (Gan and Saleh, 2008) on the pos-
itive impact of the company’s size on the improve-
ment of financial performance (ROA), but such an
impact was found with respect to NPM. The above
confirms the hypothesis of Del Monte and Papagni
(Del Monte and Papagni, 2003) that to increase the re-
turns from intangible investments should be provided
with their proper quality level, not quantitative imita-
tions. Therefore, an intangible investment policy of
ICT companies should be based not only on quanti-
tative parameters, that is, not on the basis of total in-

vestment in the company, but on the individual role
of certain types of intangible assets in improving of
financial performance.

The study has some limitations, which should be
taken into account by other scientists when evaluat-
ing the results of a study. Firstly, given the sufficient
breadth of the term “financial performance”, a list of
dependent variables used in the study can be speci-
fied. Second, the list of independent variables used
in a study can be expanded by uncapitalized intangi-
ble assets that also affect the financial performance
of Slovakia ICT companies. However, it is necessary
to separate from the composition of different types of
expenses of ICT companies those expenses connected
with creation of intangible assets (client, ecological,
social, etc.), as such data are not in financial state-
ments of companies. Third, to determine the role of
intangible assets in improvement of financial perfor-
mance, research can be carried out not only on the
examples of companies of ICT industry, but also on
the example of other branches of economy. This will
allow to carry out an interindustry comparison and es-
tablish in which areas of management of enterprises
should pay the most attention to development of an
intangible investment policy.

7 CONCLUSION

The present research was performed in order to study
the effects of intangible assets on the financial perfor-
mance of high-tech companies. For this purpose, the
activity of 180 Slovak ICT companies over the period
2015–2019 was analyzed. Such research is especially
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relevant in the conditions of the ICT sector’s impor-
tant role in the development of the Slovak economy.
As a result, Slovak Government creates the necessary
favorable institutional conditions for further develop-
ment of ICT companies and implements special pro-
grams to stimulate investment in this sector.

Panel data regression analysis was used as the ba-
sic method of research. Return on assets, Net Profit
Margin, Assets Turnover and Return on Equity were
selected as dependent variables that characterize fi-
nancial performance. For each of these indicators a
model was formed, which included eight independent
variables. It is intangible assets variables (Research
and Development Intensity, Research and Develop-
ment Intensity Squared, Software, Intellectual Prop-
erty Rights, Acquired Intangible Assets), and three –
control variables (Leverage, Size, Dummy variable
for ICT sub-sectors) for the 2015–2019 period. For
each of the models the estimate panel data parameter
was chosen based on F-statistics test, Breusch-Pagan
test and Hausman test (Model 1–3 – pooled OLS
model, Model 4 – FEM). The adequacy of each of the
models of the formed data was tested on the basis of
the Normality test, Autocorrelation test (Wooldridge
test for autocorrelation) and Heteroscedasticity test
(White test, Walk test) with the application of the
GRETL software package. Based on the incomplete
adequacy of the models to the generated data the ex-
pediency of robust standard errors use was substanti-
ated.

The hypothesis of the study was partially con-
firmed as a result of the conducted research. The re-
sults of panel regression analysis have shown that not
all types of intangible assets have a significant posi-
tive impact on the financial performance of Slovakia
ICT companies. Only RDI, RDI2 and AIA have sig-
nificant influence of different forces on all four types
of dependent indicators, which characterize the finan-
cial performance of the company. This is evidence of
the expediency of management making investments
in these types of intangible assets of the Slovak ICT
companies. The presence of different directions of
influence of RDI and RDI2 on indicators of the finan-
cial performance testifies to existence of U-inverted
relationship between R&D and such indicators of two
types. By the first type (Models 1, 3, 4) RDI is out of
the zone of return of investments in R&D, and RDI2
is within it. And by the second type (Model 2) RDI
enters the profit zone, and RDI2 is already outside it.
Based on these results, management of ICT compa-
nies may decide to make additional investments in
R&D or to reduce them in order to provide better
financial performance of the company. In all mod-
els studied, the independent variable AIA has a high

level of significance, but turns to the performance
of financial performance of Slovak ICT companies.
This shows that long-term intangible assets have not
yet been put into operation, and therefore need to be
more quickly brought into business processes of Slo-
vak ICT companies. In addition, there should be an
effective system of planning processes for acquisition
of intangible assets in accordance with the company’s
needs as an element of its intangible investment pol-
icy.

Research results also show that when using lever-
age, Size and Dummy variable for ICT sub-sectors
as a control variables only l SIZE has a significant
impact on NPM (1% level) and ATO (5% level),
DVICTSS on NPM (10% level) and LEV on ROE
(1% level). That is, the level of influence of control
variables on the indicators of financial performance is
partial and varied, and applies only to certain types of
them, in particular, not at all affecting ROA.
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Abstract: Theoretical approaches to the essence of human social security and the study of ideas about social security
among residents of the southern and eastern regions of Ukraine are considered. It made it possible to formulate
the essence of human social security under the war conditions. The institutional provision of human social
security and its components were studied: in the field of economic relations, in the field of institutionalization
of employment relations, in the field of the organizational mechanism for regulating the labor market, in the
field of migration. An analysis of foreign experience in ensuring human social security made it possible to
single out American, European and Ukrainian models. Since Ukraine has chosen the European integration
course, it is advisable to consider the European model of social security and the possibilities of its application
in Ukraine. At the same time, the American model has its own characteristics that may be useful for Ukraine.
The recommendations for improving the institutional and legal provision of human social security under the
war include the following: at the state level, it is necessary to ensure the integration of the social component
in the strategy for implementing socio-economic reforms; anticipate the norms of public democratic control in
legislative and regulatory documents; a modern system of public administration to ensure the social security
of Ukraine can be based on how to maintain the development of the economy, take in accordance with specific
principles for the implementation of the national social system.

1 INTRODUCTION

In the context of a complex and unpredictable
military-political situation in Ukraine, caused by a
deep full-scale Russian military invasion of Ukraine,
the problem of human social security deserves spe-
cial attention, which directly affects the effectiveness
of changes in all spheres of public life.

War is an extreme manifestation of social danger,
which is an extreme form of aggravation of social re-
lations – social, economic, political, religious, inter-
state. This is a very acute form of resolving conflicts
between states, groups of people using modern means
of destruction and accompanied by violence, large-
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scale destruction, death of people, components of na-
ture, technology.

According to the UN High Commissioner for Hu-
man Rights, since the beginning of the large-scale
invasion of Russian troops into Ukraine, more than
2,000 civilians have been killed, about 3,000 peo-
ple have been injured, and more than 15,000 have
gone missing since the start of Russia’s war against
Ukraine. Hundreds of cases of rape by Russian in-
vaders in Ukraine have already been recorded, includ-
ing underage girls, children and even a baby.

During two months of the war, about 5 million
people left Ukraine – mostly women and children, and
another 7 million Ukrainians became internally dis-
placed persons. This necessitates further steps to find
ways to improve the institutional and legal support of
human social security.

Given the relevance of the study, the purpose of
this paper is to analyze the institutional and legal pro-
vision of human social security under the war, re-
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search foreign experience and develop recommenda-
tions for its improvement in Ukraine. The object of
the research is the institutional and legal provision for
ensuring human social security; the subject is a set of
theoretical and practical aspects of institutional and
legal provision for ensuring human social security un-
der the war. In recent years, a number of informative
analytical studies have been published by domestic
and foreign experts, which examine the goals, mecha-
nisms, technologies and means of Russian aggression
in Ukraine and Europe.

2 RESEARCH METHODS

Human social security is the foundation of the funda-
mental research methodology. Systematic approach
was used in order to determine the mechanism, types
and indicators of human social security (Halytsa and
Hetman, 2017; Kharazishvili and Grishnova, 2018).
Methods of theoretical generalisation were applied to
study and systematise types of social security and
public policy concepts for ensuring social security
(Libanova and Paliy, 2004; Krokhtina, 2004).

Some authors used conceptual approaches to the
essence of human social security (Nikolaev, 2011;
Varnalii et al., 2022a). Groupings and tabular method
were used to characterize types of institutional risks
and treats in human social security (Iliash, 2011;
Kharazishvili and Grishnova, 2018), study informa-
tion and analytical systems of social protection of the
population in different countries (Kharazishvili et al.,
2020; Lebanidze, 2017; Yasutis, 2017), analyze state
policy of ensuring human social security (nsa, 2018;
Sydorchuk, 2019; Varnalii et al., 2022b). Scientific
and methodical approach was used to develop strate-
gic directions for improving human social security
(Yasutis, 2017; nsa, 2018; Sydorchuk, 2019; Varnalii
et al., 2022b).

Research data show that the problems of the insti-
tutional and legal provision of human social security
under the war are not sufficiently studied.

To achieve the goal of this paper, we used general
scientific and special methods, such as:

1) the structural-functional method (for disclosure
the treats of human social security). Thus,
we used this method for revealing the influence
mechanism of treats on main indicators of human
social security. First, we identified main groups
of threats to human social security and their com-
ponents, revealed their interconnection within one
system. Having identified the treats of human so-
cial security, we defined the directions for devel-

oping recommendations to prevent treats and min-
imize related risks;

2) the comparison method (for comparing the legis-
lation for ensuring human social security between
Ukraine and other countries). In turn, it gives im-
petus to the formation of directions for ensuring
human social security under the war.

3 THEORETICAL APPROACHES
TO THE ESSENCE OF HUMAN
SOCIAL SECURITY

The concept of “social security” in the scientific lit-
erature began to take shape in the late 90s of the last
century. This category was declared in the Copen-
hagen Declaration on Social Development (United
Nations, 1995), which touched upon the social aspects
of sustainable development, designed to ensure social
security in the world.

An important issue is the formation of appropriate
conditions for the implementation of one of the fun-
damental human needs – the need for security. Back
in 1994, a proposal appeared in the practice of the UN
to consider such components of security as political,
economic, personal, food, health, community and en-
vironmental security (UNDP (United Nations Devel-
opment Programme), 1994). And if in the past it was
believed that because of security at the state level, it is
possible to ensure the security of an individual, today
it works the other way around: the center of the new
concept of security is not the state, but the person.

The term “social security” first found its concrete
expression in an international document – the Copen-
hagen Declaration on Social Development adopted by
the World Summit for Social Development in 1995.

In a democratic society, the interests of the social
security of a person and the state should generally cor-
relate and be harmoniously balanced. In the legal field
of Ukraine there is no official definition of the cate-
gory “social security”, and the term “social security”
has recently entered the scientific and political circu-
lation.

Consequently, the individual, not the state, is in
the center of the new concept of security. An in-
creasing number of factors testify that if we start with
human security and build state policy and the work
of non-governmental actors around this, then the life
of society becomes more predictable and integrated.
Moreover, society’s ability to resist both internal and
external threats will gradually increase.

Human social security is the ability and readiness
of the state, society and individual to protect them-
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selves from dangers and threats to life, health, basic
social values – human rights and freedoms.

In modern democracies, the concept of “human
security” is gaining momentum. In fact, this is a
kind of transition from a very narrow to a broad un-
derstanding of security. The absence of war or other
threats to the life and health of citizens, the low level
of crime does not mean a safe environment in the
modern world. First, it is formed at different levels:
from personal security, security of life in a particu-
lar community to the national and international level.
Secondly, security is decomposed into various com-
ponents, and only their totality determines how safe
the citizen’s environment is.

Libanova and Paliy (Libanova and Paliy, 2004),
when revealing the essence of social security, also
holds the opinion that the state of human security, is
the result of the implementation of a social protection
policy. At the same time, she describes social security
as one of the components of state security, interpret-
ing it as a state of protection from threats to social
interests. According to Krokhtina (Krokhtina, 2004),
social security is formed in the system of legal and
social guarantees that allow a person to function most
effectively within a certain socio-political formation.

In our opinion, human social security should be
understood as the degree of protection of the vital
socio-economic interests of a person, his rights, free-
doms and values from internal and external, real and
potential threats. It is associated with the observance
of the most important social standards: overcom-
ing poverty, the growth of human potential (life ex-
pectancy and level of education), increasing the pur-
chasing power of the population, the quality of work-
ing life, the protection of the family, motherhood and
childhood; health services; environmental standards,
etc.

4 CURRENT SOCIO-ECONOMIC
SITUATIONS OF THE
POPULATION

According to the research of the sociological group
“Rating” in the framework of the project “Ukraine in
the conditions of war” (sur, 2022), among Ukrainians
who worked before the war, half of them (53%) do
not work today. 22% of them work as usual, 21% of
them work remotely or partially, and only 2% of them
have found a new job. This is an indicator of not only
economic problems, but also social and psychological
ones. Work is not only an economy, it is a habitual
way of life, communication and interaction with oth-

ers. A significant proportion of citizens have lost such
support and are more likely to have received a higher
level of maladaptation. Most of all, this affected resi-
dents of the east (74%), young people under 35 years
old (60%) and those who left their city (66%).

• The economic situation as a result of the war did
not change only for 18% of citizens, for 52% of
them it deteriorated significantly, for 28% of them
it rather deteriorated. Income “closes” the basic
needs of a person, gives security and reduces anx-
iety in front of an uncertain future.

• 40% of respondents believe that their savings
will be enough only for a month. However, the
COVID-19 pandemic taught Ukrainians how to
save money and the percentage of those who in-
creased their material security during the crisis in-
creased (during the first quarantine, 55% of them
believed that they would only have enough sav-
ings for a month). Therefore, given the socio-
economic and psychological importance of em-
ployment, it is now very important to resume work
as much as possible.

Scientists from the Institute of Industrial Eco-
nomics of NAS of Ukraine (nsa, 2018) have re-
searched, that human social security is manifested
mainly in favorable and safe living conditions
(63,8%), while a healthy lifestyle occupies the low-
est position at 1,9% (figure 1).

Figure 1: Assessment of external and internal factors of
manifestation of human social security (% to the number
of experts) (nsa, 2018; Sydorchuk, 2019).

It is important to note that even in the conditions
of war, security in the minds of people does not fo-
cus solely on ending the war or establishing law and
order, but covers various areas of their lives. Thus,
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in 2020, Heinrich Böll Foundation conducted a study
of security perceptions among residents of four south-
ern and eastern regions of Ukraine. The key task of
the researchers was to find out: what do the citizens
themselves in the front-line areas think about security,
what does it mean for them, and, most importantly,
what does it consist of?

It could be assumed that this part of the popu-
lation, like no other, would be inclined to a narrow
view of security, since along with war, the local pop-
ulation directly or indirectly suffers from the conse-
quences of the conflict. However, the study showed
very different results. Yes, citizens imagine security
in the broadest sense, that is, precisely as human se-
curity. Security, in their opinion, implies a set of con-
ditions, circumstances and opportunities under which
various spheres of public life fully function and cre-
ate comfort and a sense of security among citizens
(Mikheieva et al., 2020).

Thus, for the inhabitants of these regions, secu-
rity primarily consists of the following components:
physical, financial security, health security, proper
work of law enforcement agencies, freedom of polit-
ical or civil views, safety of movement in their local-
ity, and a number of others. This means that even in
the immediate vicinity of an area of long-term con-
flict, citizens understand security as a big jigsaw puz-
zle that spans various areas of their lives and does not
focus solely on the concepts of ending the war.

5 THE INSTITUTIONAL
PROVISION OF HUMAN
SOCIAL SECURITY AND ITS
COMPONENTS

Today, the current state of the social sphere is a cri-
sis and threatens human social security, produces la-
bor poverty, a decrease in the economic activity of the
able-bodied population and the expansion of econom-
ically forced labor, the stratification of the population,
the imbalance of the labor market, and, accordingly,
reduces the efficiency of the functioning of the com-
plex of social institutions.

The disadvantages of institutional support for the
development of the human social security system are
as follows:

• lack of prerequisites for ensuring expanded re-
production of high-quality and competitive labor
force through the formation and implementation
of national demographic, migration, career guid-
ance and educational strategies;

• low level of functioning of the social partnership
system, the role of trade unions in resolving con-
flicts between organizations representing differ-
ent interests in society through negotiations and
reaching compromises with the participation of
local executive authorities;

• excessive regulation of labor relations at the micro
level, which limits the resilience of social institu-
tions at the regional and national levels;

• the imperfection of the mechanisms of state sup-
port for the entrepreneurial initiative of citizens;
low level of economic activity of the population;

• the imperfection of the activities of state authori-
ties to address the problem of illegal labor migra-
tion of citizens of Ukraine outside the country;

• the unresolved problem of organizing a unified
national system of social, medical and pension in-
surance for the population;

• lack of experience in carrying out structural re-
form of the labor market by local government
bodies;

• insufficient level of autonomy of local executive
authorities and local governments in decision-
making on the development of social infrastruc-
ture.

In general, the existing system of social security is
characterized by a high level and significant scale of
institutional threats, which leads to the development
of directions for its strengthening (figure 2):
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Figure 2: Threats to human social security (Iliash, 2011).

• in the field of economic relations:

– increasing the efficiency of the motivational
component of the shadowing of labor, which
consists in further reducing the tax burden,
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simplifying tax legislation and regulating eco-
nomic activity, along with improving the qual-
ity of public services.

– the introduction of effective methods of attract-
ing workers to various forms of economic ac-
tivity, which will allow the legalization of hired
labor under an employment agreement;

– development of a regional sectoral program
for creating and maintaining jobs in the agro-
industrial complex, the implementation by re-
gional employment centers and local govern-
ments of social expertise of all investment and
other regional targeted programs in terms of
their impact on the creation and preservation of
jobs in the rural economy; in the field of insti-
tutionalization of employment relations:

– a decrease in the number of forcedly created in-
formal jobs due to a revision of the monetary
and non-monetary costs of employers associ-
ated with the hiring and dismissal of the work-
force;

– active informing the public through the me-
dia about social vulnerability in case of non-
registration of labor relations with the employer
officially, as well as the main articles of the cur-
rent legislation to which employees are entitled.

• in the field of the organizational mechanism for
regulating the labor market:

– strengthening state supervision and control
over compliance with the requirements of labor
legislation

– the creation of a regional system of labor
courts, the activities of which will allow em-
ployees to assert their rights easier and faster,
eliminate excessive red tape in the considera-
tion of cases, and ensure their prompt and im-
partial consideration;

– introducing specialists into the circle of social
partners who could offer an adequate method-
ology for calculating the tariff scale, taking
into account the characteristics of types of eco-
nomic activity and individual enterprises, tak-
ing into account the differentiation of levels of
regional development;

– the creation by the state and regional authori-
ties of appropriate initial conditions for the le-
galization of virtual labor capital, which will in-
crease the opportunities for the development of
the economy of border regions, significantly in-
crease the competition of specialists in the field
of intellectual and information services;

• in the field of migration:

– ensuring a high level of employment of the pop-
ulation through the formation of a ”flexible” la-
bor market in Ukraine through the development
of a joint action plan for the allocation by indi-
vidual EU members of a quota for the employ-
ment of citizens of Ukraine;

– ensuring legal protection of domestic workers
abroad by intensifying work in this direction by
the Ministry of Foreign Affairs. If the introduc-
tion of such control is recognized, consider cre-
ating a specialized body of state administration
(State Agency), whose competence included is-
sues related to the employment of Ukrainian
citizens in the EU member states;

– strengthening legal protection and providing
social guarantees to labor migrants during their
stay abroad, subject to return to their homeland;
providing assistance at the state level to protect
the interests of labor migrants in resolving la-
bor conflicts with foreign employers.

6 THE LEGAL PROVISION OF
HUMAN SOCIAL SECURITY

According to article 25 of the Universal Declaration
of Human Rights, “everyone has the right to such
essential things as food, clothing, housing, medical
care and social services” (Con, 1996). The Universal
Declaration of Human Rights, international covenants
on civil and political, economic, socio-cultural rights
legally guarantee citizens the right to life, inviolability
of the person, social protection, freedom of opinion
and belief, education and protection of social status
(Dec, 1948). The rights, freedoms and duties of citi-
zens are a necessary condition for the effective func-
tioning of society and are subject to its cultural, ma-
terial and spiritual norms.

A person, his life and health, honor and dignity,
inviolability and security, in accordance with Article
3 of the Constitution, are recognized as the highest so-
cial value (Con, 1996). That is why social security is
given special attention. It plays a key role in the entire
system of national security. As a social state, Ukraine
recognizes a person as the highest social value, dis-
tributes public wealth in accordance with the principle
of social justice and takes care of strengthening civil
harmony in society. According to part 4 of article 13
of the Constitution of Ukraine, the state ensures the
social orientation of the economy, which is the basis
for the realization of social rights of citizens, in par-
ticular to social protection and an adequate standard
of living.
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Ukraine seeks to implement the constitutional pro-
visions that define it as a social and legal state. Citi-
zens of Ukraine, in accordance with Article 46 of the
Constitution of Ukraine, “have the right to social pro-
tection, including the right to be provided for them
in case of complete, partial or temporary disability,
loss of a breadwinner, ... in old age”. This right
is guaranteed by compulsory state social insurance
(Con, 1996).

7 FOREIGN EXPERIENCES IN
ENSURING HUMAN SOCIAL
SECURITY

The social security of a person presupposes the pres-
ence of three models: European, American and do-
mestic. According to the Association Agreement be-
tween Ukraine and the EU, Ukraine has chosen the
European integration course, that’s why it is advisable
to consider the European model of social security and
the possibilities of its application in Ukraine. At the
same time, the American model has its own charac-
teristics that may be useful for Ukraine (figure 3):

Figure 3: Models for ensuring human social security (Ha-
lytsa and Hetman, 2017).

1. European model of ensuring social security is
characterized by high minimum living standards;
flexibility in defining the “parameters” of so-
cial security; gender neutrality; contains a wide
range of protective measures in the event of social
threats; has an extensive list of unforeseen social
circumstances, significant institutional support for
socially unprotected segments of the population.
Taking into account the experience of other coun-
tries, we believe that Ukraine should pay attention
to the following issues:

(a) Including the norm of public democratic con-
trol in all adopted documents. A democratic
political system and democratic control of the
armed forces play an important role in prepar-
ing for NATO membership. For example,

Lithuania fully complied with all the require-
ments, and this was legally proven. The norms
of public democratic control are indicated in all
adopted documents (Fundamentals of Lithua-
nian National Security, the Law on the Orga-
nization of National Defense and Military Ser-
vice, the Military Defense Strategy, the Na-
tional Security Strategy, the Military Strategy).

(b) The importance of the socio-economic devel-
opment of national security is recognized in
all strategic documents. In Georgia, the at-
tentiveness of the socio-economic development
of national security is recognized in all strate-
gic documents. Thus, the National Secu-
rity Concept of Ukraine (President of Ukraine,
2021) notes that sustainable economic develop-
ment is a key condition for ensuring the coun-
try’s national security. The National Security
Concept of Ukraine notes the threats regard-
ing low employment and economic backward-
ness, namely: social stratification, the absence
of a middle class, an increase in the crime
rate. Thus, improving the socio-economic liv-
ing conditions of the population has become a
key component of Georgia’s security (Leban-
idze, 2017; Sydorchuk, 2019).

2. American model of ensuring social security is
based on the predominant financing of the provi-
sion of unforeseen threats; has fixed social secu-
rity “parameters” and clearly defined social con-
tingencies; characterized by the alternative choice
of the social model of protection.

3. Ukrainian model of ensuring social security is
fragmented: from a legal point of view, it is sys-
temic and complex from the point of view of the
regulatory framework, and in fact, it is ineffec-
tive due to the bureaucracy of procedures for pro-
viding social assistance to all categories, the lack
of the necessary amount of funds for social assis-
tance through demographic and migration imbal-
ances and imbalances in the labor market, rein-
forced by an unformed social infrastructure.

4. The genesis of the mechanism for ensuring social
security in the European and American models is
characterized by the sequence: “social guarantees
� social obligations � social security � social
security”, and the genesis of the mechanism for
ensuring social security in the domestic model oc-
curs in the opposite direction (Halytsa and Het-
man, 2017).

The European Code of Social Security is the main
normative document of the Council of Europe in the
field of social security (ECS, 2022a). Although the
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Code was approved in 1964, it is a valuable tool in
defining common European social standards that can
be used in the process of reforms that are taking place
today in many European countries (especially in Cen-
tral and Eastern Europe). The main idea of these le-
gal instruments is to create a social security model
based on social justice that is unique for all European
countries. According to this model, the socially un-
protected strata (those who cannot earn a living due
to illness, old age, unemployment, work injury, occu-
pational diseases, pregnancy and childbirth, disability
or death of the breadwinner) should be guaranteed by
the state a decent standard of living and support from
society.

According to this code, the right to social security
is enshrined in one of the main human rights docu-
ments of the Council of Europe – the European So-
cial Charter (ECS, 2022b). The ratifying states are
obliged to maintain the social security system at a sat-
isfactory level. Thus, the promotion of the European
Code of Social Security is the main task of the Coun-
cil of Europe to create common values for the social
orientation of its member countries.

Unfortunately, war is always associated with vari-
ous forms of violence against women and girls. When
seeking refuge during conflicts, women and girls be-
come even more vulnerable to violence, sexual ha-
rassment and rape. Women and girls who are moving
out of conflict need special support and protection.
The Council of Europe Convention on preventing and
combating violence against women and domestic vio-
lence (Istanbul Convention) (Ist, 2011) therefore com-
plements the 1951 Geneva Convention relating to the
Status of Refugees (UNHCR, 2022) and requires its
35 member states to develop reception procedures and
support services for asylum seekers. At present, the
process of ratification of the Istanbul Convention must
continue.

8 FEATURES OF THE
INSTITUTIONAL AND LEGAL
PROVISION OF HUMAN
SOCIAL SECURITY IN
CONDITIONS OF THE WAR

First, it is advisable to note the priority areas of the
state’s activities to ensure social security according to
a survey of respondents (table 1).

Therefore, the state’s top priorities are to prevent
and minimize external and internal threats, as well as
to implement a strategic course for the development
of a social state.

Table 1: Measures taken by the state to ensure social secu-
rity (nsa, 2018; Sydorchuk, 2019)).

No Directions % to the number
of experts

1 Prevent and minimize
external and internal threats 66.7

2 Implement a strategic course
for the development of
a welfare state 52.4

3 Ensure effective social
management 44.8

4 Realize the social interests
of the citizens of Ukraine 42.9

5 Develop and implement
government decent work
programs 27.6

6 Create opportunities to
achieve the 2030 Sustainable
Development Goals 24.8

7 Ensure the efficiency
and fairness of the state
social insurance system 12.4

8 Increase the position of
Ukraine in international
rankings of social orientation 8.6

The events of recent years have shown a serious
crisis in the system of not only social, but also in-
ternational security due to Russia’s external interfer-
ence in the internal affairs of independent states, at-
tempts to destabilize their political systems and direct
forceful seizure of foreign territories. The hybrid war
that began in 2014 provided for a diverse and long-
term destabilization of the socio-economic and polit-
ical situation in Ukraine. Unfortunately, almost all
international security guarantees for Ukraine turned
out to be incapacitated in conditions where one of the
guarantors acted as the aggressor. The social dimen-
sion of the occupation of part of the Donbass and the
annexation of Crimea formed a number of new social
problems: the protection of human rights and coun-
tering racial discrimination against the population of
the occupied Autonomous Republic of Crimea, in-
ternally displaced persons (about 1,5 million), orga-
nization of their residence, employment, assignment
of social benefits to them, pensions, administrative
recognition of documents, issues of “political prison-
ers” and missing persons and their families, the proce-
dure for admission to higher education institutions of
applicants from the temporarily occupied territories,
provision of ATO participants and others.

On June 19, 2020, the UN General Assembly ap-
proved Resolution 74/168 “Situation of human rights
in the Autonomous Republic of Crimea and the city of
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Sevastopol, Ukraine” (Sit, 2020), which condemned
the temporary occupation by the Russian Federation
of part of the territory of Ukraine – the Autonomous
Republic of Crimea and the city of Sevastopol, con-
firmed the non-recognition of its annexation The war
in the East of Ukraine and the annexation of Crimea
negatively affected the social security of a person and
requires the adaptation of the social policy of the state
and the improvement of the mechanism for its im-
plementation, taking into account the socio-economic
state of the regions of Ukraine.

A new challenge for social security was the large-
scale war of Russia against Ukraine, which began on
February 24, 2022 (Hamaniuk et al., 2022). Thus,
with the increase in the scale and duration of aggres-
sive hostilities, an increasing number of threats arise
related to the observance of the necessary social se-
curity, society suffers heavy losses in the form of hu-
man casualties, material damage, environmental de-
struction and the threat of an ecological catastrophe.
Social security cannot meet the principles of social
solidarity, responsibility and partnership, resist exter-
nal and internal existing and potential threats and pro-
vide social protection and conditions for improving
the quality of life. The main prerequisite for observ-
ing human social security is to strengthen the power
of the Armed Forces of Ukraine. Ukraine continues
to follow the course of Euro-Atlantic integration and
membership in NATO, strives to become in the future
an element of a new European security architecture,
where its vital interests will be ensured collectively
with the direct participation of Ukraine itself. Without
joining the North Atlantic Alliance – a system of col-
lective security, Ukraine will not have effective levers
of influence on decision-making in the future, taking
into account its national interests.

9 DISCUSSION AND
LIMITATIONS

9.1 Discussion

On the one hand, since the beginning of Russia’s full-
scale invasion of Ukraine, a significant amount of re-
search using statistics and survey data has already
been done. At the same time, not all information is
significant, because under the information warfare af-
fecting the quality of the received information, it is
impossible to make a complete exhaustive assessment
of the current situation in the country. Therefore,
many aspects of human social security are debatable.

9.2 Limitations

Data for analysis is limited for a number of reasons:
firstly, insufficient statistical data (some information
is not available due to the fact that some official web-
sites with information about the state of affairs of
the government are closed due to cyber-attacks); sec-
ondly, not all people are willing to participate in the
survey because of the psychological effects of war and
post-traumatic stress disorder. In turn, this does not
make it possible to conduct a comprehensive empiri-
cal study.

10 CONCLUSIONS

In our opinion, the current legislation on ensuring so-
cial security in Ukraine is ineffective and has a pre-
dominantly declarative nature. In the context of a
deep socio-economic and political crisis, exacerbated
by the instability and uncertainty of the situation in
the East of the country, an increase in the level of
well-being of the population, and even more so – the
standard of living, strengthening social standards on
the European model in the context of the “defensive”
orientation of the budget and the galloping shadow
economy, it seems difficult. However, these recom-
mendations may include the following:

1. At the state level, it is necessary to ensure the in-
tegration of the social component into the strategy
for implementing socio-economic reforms. The
challenges of the time dictate the latest conditions
for the formation of information support for man-
agement in the field of merit in the social security
of the country.

2. Anticipate the norms of public democratic con-
trol in legislative and regulatory documents. The
considered foreign experience allows us to take
into account that in Lithuania the norms of pub-
lic democratic control are indicated in all adopted
documents, including the latest ones. In par-
ticular, according to the 2016 Military Strategy,
democratic public control is a fundamental princi-
ple in the implementation of the military strategy,
which notes that democratically elected civilian
authorities make decisions on Lithuanian defense
policy, the expansion of military potential and its
use.

3. The modern system of public administration to
ensure the social security of Ukraine should be
based on and meet the Sustainable Development
Goals, take into account the relevant conceptual
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principles for the implementation of an appropri-
ate national security system. At the same time,
one should take into account the latest technolog-
ical innovations in the developed countries of the
world, European standards of social development.
In this aspect, it is advisable to develop public
immunity to military, economic, political, medi-
cal, and informational challenges in Ukraine. The
long-term unresolved social problems in the vast
majority of society acts as one of the main factors
in the emergence and development of a number of
threats in various segments of national security.

4. In today’s conditions, Ukraine’s movement to-
wards the European model of ensuring social se-
curity is obvious. We consider it necessary to use
predominantly the scientific achievements of do-
mestic scientists to build the constituent subsys-
tems of the existing mechanism for ensuring so-
cial security in order to restore the logical chain
of the course of events in the sequence system:
“social guarantees� social obligations� social
security� social security”.

11 RECOMMENDATIONS FOR
FURTHER RESEARCH

Future research should include a comprehensive em-
pirical study of human social security and ways for its
improvement under the war. It is required to study the
area of institutional and legal support of human social
security in developed and developing countries. The
matter is that we need the experience of developing
countries to build a medium-term strategy for ensur-
ing human social security, and developed countries —
for a long-term strategy. Moreover, it is important to
take into account the various situations that have ap-
peared in the context of economic difficulties (finan-
cial and economic crises, pandemics and wars).
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Abstract: The use of Big Data is of particular interest to emerging markets, especially to business owners of enterprises
selling goods and services. Big data is one of the opportunities to increase business results while meeting
the needs of each client. Use of Big Data is especially actual during economic crises and in conditions of
growing competition. Purpose – The main purpose of the article is to use Big Data technology for maximizing
customers‘ satisfaction and business profits in Society 5.0 during crisis periods. Methodology – The study
was based on utility theory Jules Dupuit, firm theory by Dionysius Lardner, the economics of welfare, theory
Big Data. Findings – The low efficiency of discount loyalty programs is an incentive for the distribution of
personalized programs has been proven. Such programs allow you to monitor the impact of the enterprise mar-
keting policy in emerging markets on regular customers’ behaviors. They also allow you to study preferences,
purchasing power, and population migration. The impact of the rapid development of information technology
has been investigated; in particular, the impact of Big Data technology on loyalty programs in Society 5.0 has
been identified. Information component loyalty programs were classified. It will allow providing the most
effective processing of consumer benefits information and increase sales, considering the features of crisis
periods in economic development. Significance – The main competitive advantages of Big Data using have
been identified. The importance of this technology for businesses has been proven. It should be especially
used in the process of overcoming the crisis to form the optimal price for the product and maximize the results
of the activity.

1 INTRODUCTION

After overcoming the consequences of the Coron-
avirus disease (COVID-19) pandemic and the conse-
quences of the Russian-Ukrainian war there will be a
need to take advantage of the competitive advantages
of goods and services. It is necessary to be based
on the basic concepts of economic theory. Can the
concept of utility be used? Yes, the concept of util-
ity was proposed by Jules Dupuit (Numa, 2016) who
determined that the same product is sold at different
prices to different customers. Moreover, differences
in prices are irrelevant to the difference in costs. In ad-
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dition, Dupuit partially discovers the conditions that
are necessary for its implementation. A merchant can
conduct such activities only if he is protected from
competition, if he is a monopolist. This condition is
necessary so that the seller can control the price. Ac-
cording to Dupuit’s concept rising depends not only
on the interests of the monopoly seller. Prices also
depend on how buyers evaluate one or another thing.
Based on utility theory the same product has different
utility and different price that consumers are willing
to pay for it. Since there are separate groups of buy-
ers (rich, wealthy and poor), the monopolist is able
to recognize these groups and consider the different
willingness to pay for the product. Dupuit considered
the theory of utility, primarily from the point of view
of the consumer.

The issue of maximizing satisfaction of the needs
and interests of individuals was studied by another
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British engineer and economist Dionysius Lardner al-
most simultaneously with Dupuis. Lardner (Hooks,
1971) analysed the possibilities of maximizing in-
come from the perspective of the theory of the firm.
He argued that price competition can be used as a
means by which a firm is able to maximize profits.
The analysis of railway tariffs allowed him to sum-
marize the practice of their differentiation according
to the distance and nature of the carried goods. He ex-
plained this differentiation by differences in elasticity:
the different demands for rail transport services and
the heterogeneity of the transported goods. Lardner’s
real contribution is to reveal the role of demand elas-
ticity in the process of meeting the end consumers’
needs.

Why will we use the theory of the economics of
welfare? Pigou (Pigou, 1920) formulated the gen-
eral conditions for price competition and identified
its three types in the work “The economics of wel-
fare”. According to Pigou’s concept general condi-
tions fully contribute to the implementation of price
competition. This happens when the demand price
for any unit of goods does not depend on the selling
price of any other unit of goods. This is possible only
when no unit of goods can replace any other unit of
the same product.

For example:
• no unit of goods sold in one market can be trans-

ferred to another market;
• not a single unit of demand presented in one mar-

ket can be transferred to another market.
However, to achieve such equilibrium states infor-

mation about the benefits and the purchasing capacity
of buyers is necessary. This information must be ac-
cumulated considering domestic and foreign markets.
In practice, it is very difficult because there are a lot
of analogy products. Therefore, after overcoming the
consequences of the Coronavirus disease (COVID-
19) pandemic and the consequences of the Russian-
Ukrainian war, the struggle for the end consumer will
gain unprecedented proportions in the world.

The basic element of success will be positive
emergent properties, which are focused on the emer-
gence and development of innovations, especially
when it comes to the struggle for the end consumer
and emerging economy (Dzhedzhula et al., 2022;
Hurochkina et al., 2021; Hordei et al., 2021). Drivers
of positive emergent properties are at a high level
of human capital development. Considerable atten-
tion is paid to the study of the features of the inno-
vative development of human capital in the condi-
tions of developing economies, and each direction and
sphere of functional implementation of this resource
is detailed (Czyżewski et al., 2021; Czyżewski et al.,

2022). The processes of realizing human capital in
a developing economy are complicated by the conse-
quences of the coronavirus disease (COVID-19) and
the Russian-Ukrainian war. Since there are problems
with the number of permanent persons and internally
displaced persons both in the middle of the country
and outside its borders.

2 LITERATURE REVIEW

Industry 4.0 will contribute to the emergence of a new
Society 5.0. Innovative technologies of Industry 4.0
will contribute to the rapid recovery and overcoming
the consequences of the Russian-Ukrainian war.

Fundamental provisions of formation Society 5.0
and implementation of innovative Industry 4.0 tech-
nologies are considered in a number of work. Kit-
suregawa (Kitsuregawa, 2018) highlight the questions
of how Japan is launching Society 5.0 and the vision
for a future smarter society. The work of Aquilani
et al. (Aquilani et al., 2020) is devoted to the ad-
vanced manufacturing solutions, augmented reality,
the cloud, and big data in the emergence of a new level
of social development. Rahmanto et al. (Rahmanto
et al., 2021) note the potential of huge advantages of
big data technology in the emergence of a new level of
social development and a breakthrough revolution in
people’s lives thanks to the use of technologies taking
into account the humanitarian aspect.

Foresti et al.; Hayashi and Nagahara (Foresti et al.,
2020; Hayashi and Nagahara, 2019) highlight the role
of artificial intelligence in the functioning of auto-
mated planning and data analysis with the help of
smart programs, smart infrastructure, smart systems,
and smart networks.

Ellitan (Ellitan, 2020) focuses on the lack of HR
(human resources) skills and the existing problem of
security of communication technologies, and the in-
ability of stakeholders to change, while in society 5.0
there is a clear priority due to the reliable and stable
operation of production machines, which in turn leads
to the negative consequences of worker losses places
through automation. for the rapid adaptation of hu-
man capital for the benefit of improving public and
business services, achieving a high level of literacy
in working with data and its data analysis is an im-
portant condition. Simatupang (Simatupang, 2020)
noted that the slow progress of Society 5.0 can be
achieved through the development of integrated in-
formation technologies in universities and education.
De Felice et al. (De Felice et al., 2021) noted that
in order to achieve Society 5.0 it is important to man-
age the transition and identify the enabling factors that
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integrate Industry 4.0. According to Önday (Önday,
2019), digital transformation creates new values and
becomes a pillar of the industrial policy of many
countries. Therefore, in Society 5.0, the basis of qual-
ity functioning is the achievement of convergence be-
tween physical and cyberspace. But it should be noted
that the key drivers of the implementation of Industry
4.0 in Society 5.0 will contribute to rapid recovery in
the post-war period, new economies will emerge, the
only question will be the transfer of technologies for
recovery and adaptation at the fastest pace.

3 METHODOLOGY

If you determine the level of demand in various mar-
ket segments and in the markets of various countries,
you can set an individual price for each unit of a ho-
mogeneous product, which will be equal to the price
of its demand. This price is called the reserved price
of the buyer. In its pure form, such a pricing policy is
difficult to implement. The company does not know
the reserved price of each buyer, but also cannot know
its level from the buyer, since it is in his interests to
reduce its value. It is the lack of information that does
not allow the full introduction of perfect price compe-
tition and the largest financial effect.

The options (based on the collected data) for set-
ting different prices for certain consignments of goods
in accordance with the same demand function are
used today. In practice, it often takes the form of var-
ious kinds of discounts (depending on the size of pur-
chases, prepaid periods, etc.). In this case, the monop-
olist increases the volume of sales, and the consumer
can achieve certain economies of purchase volume.

Differentiation of buyers into groups with differ-
ent demand functions and subsequent pricing for each
such group occurs separately during market segmen-
tation. Segmentation is usually carried out by gender,
age, income level, social status. There is the practice
of setting different prices for students, senior citizens,
people with disabilities and people of working age.
Segmentation of end consumers is being made con-
sidering price and non-price ways of increase influ-
ence on sales (figure 1), which are reflected in loyalty
programs.

However, the discount loyalty programs have
some disadvantages:

• the ability to saturation and, consequently, de-
crease the efficiency of use;

• the complexity of how to form a group of support-
ers as well as the completion of the closure of the
current program;

• the remoteness of non-regular customers and the
usual price overpricing.

Nowadays discount accumulators and bonus cards
are mostly used. Among the reasons that led to a
change in the accounting policies of many enterprises
there is a possibility of:

• the creation of various offers for various groups of
clients;

• provision of discounts in the form of a certificate
is an incentive for the client to return to the pur-
chase of well-known goods and services;

• tracking the movement of regular customers and
changing their preferences.

Introduction of such loyalty programs became
possible thanks to the rapid development of informa-
tion technologies that are capable to solve new prob-
lems. In addition, these cards can significantly reduce
the turnover of small bills. But the main feature of
these changes is the personalization of discount pro-
grams.

Personalization of seller-buyer relationships, us-
ing data mining (OLAP technology), allows you to
analyze the dependencies of any values contained in
the database and respond to the situation quickly. Im-
portant information for the seller is not only attracting
new customers, but also controlling relationships with
regulars. Firstly, the sales increase may be a conse-
quence of a successful advertising company and, sec-
ondly, sales decrease for personalized discount cards
is a consequence of low level of service, which will
lead to a sharp decrease in sales in the medium and
long term.

Currently, in order to increase the effectiveness
of consumer segmentation the enterprise is trying to
group them according to the level of the product value
perception. In this case consumers are allocated:

• price-sensitive and thus easily change suppliers;

• sensitive to the quality of goods and services;

• are focused on creating long-term relationships
and, as a result, strive to establish long-term part-
nerships to improve the quality of goods and ser-
vices.

Internet trade has the greatest relevance during the
lockdown. It is devoid of such shortcomings that are
characteristic of the real sector of the economy:

• is not strictly connected with the territory of the
physical existence of the consumer;

• can be carried out without any territorial restric-
tions;
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Figure 1: Classification of loyalty programs.

• the rapid development of the information society
and information growth gave impetus to the de-
velopment of new methods of its implementation.

In particular the Big Data theory is rapidly devel-
oping (Market Research Future, 2022). The term “Big
Data” usually refers to a series of approaches, tools
and methods for processing of structured and unstruc-
tured large volumes and the different nature data to
obtain a consumer acceptable result. The introduc-
tion of the term “Big Data” is associated with Clif-
ford Lynch (Lynch, 2008) who was an editor of Na-
ture magazine and prepared a series of topical works.
Quite often the “triple V” criterion is used to describe
“Big Data”: volume, velocity, variety. Some leading
manufacturers of business intelligence software, such
as SAS (SAS Institute Inc, 2022), additionally use
two more: variability and complexity. In addition to
growing speeds and data varieties, data flows can also
be characterized by periodic peaks. Such peak data
loads can be difficult to manage. It is worth to note the
complexity factor as the most important factor when
you are working with Big Data. While increasing the
amount of data to variable n, the number of links be-
tween them grows in proportion to n! (n factorial). So
the problem is not limited only to the processing of
large amounts of data but also requires an additional
solution to the problem of analyzing connections’ n!.

To identify a consumer on the Internet data for
analysis is needed. The profile of the network is
formed not only with the registration data on partic-
ular Internet resources but also activity in social net-
works, forums, blogs and the like. Thus, data reflect-
ing the user is unstructured.

4 RESULTS

Leading corporations have developed platforms for
big data business analytics (Market Research Future,
2022). In particular IBM, creating a full profile from
social network data in the Big Data Analytical Sys-
tem, uses all the data that is more or less related to a
specific consumer (table 1). At the first stage analysis
of the texts takes place, at the second the linking of
attributes takes place, at the third formation of statis-
tical models and at the fourth formation of business
logic take place.

Table 1: The data structure that is used to form a complete
social user profile.

Fu
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le

Personal
characte-
ristics

Identifiers
Interests
Social status

Relation-
ships

Personal
Business

Chronolo-
gical
activity

Purchase intention
Current location
Feedback on products and services
Incident
Loyalty facts

Goods and
interests

Personal relation to goods
Shopping history
Recommendations

Politics
Attitude to power
Political views
Perception of reform

Life events Personal
Reactions to events

Economic-mathematical modeling of the socio-

M3E2 2022 - International Conference on Monitoring, Modeling & Management of Emergent Economy

66



economic system based on online Big Data algo-
rithms makes it possible to predict consumer behav-
ior based on the identification of business logic and to
form a consumer profile in the decision-making sys-
tem. This method is traditional, but the selection of
characteristic functional features for forecasting effi-
ciency and optimization of Slick-Through-Rate fore-
casting processes is special in view of machine learn-
ing as a tool for economic and mathematical modeling
of the management decision-making system.

Taking into account the presented data structure of
the full profile of a social network user and the model
of Big Data online algorithms, we have the possibil-
ity of flexible targeting of the target audience, adap-
tation of advertising content in accordance with user
interests, the possibility of forecasting the effective-
ness of advertising and its impact on consumer be-
havior. In addition, when building a model of Big
Data algorithms, it is worth taking into account traffic
segmentation and the Real-Time Bidding Exchange
RTB auction (corresponding to the business logic of
the consumer).

The use of Big Data in e-commerce provides such
competitive advantages:

1) customer service: Big Data helps to give the con-
sumer a sense of self-worth because his needs are
maximally met by creating a certain connection
between him and the brand. This cultivates con-
sumers’ loyalty and influence on their emotional
level;

2) dynamic and point pricing: analysis of market
data allows you to set an attractive price for each
specific consumer;

3) personalization: in the process of analyzing con-
sumers’ information, personalized solutions are
offered that become a competitive advantage for
the client;

4) predictive analysis: Big Data allows you to carry
out medium-term forecasting in the market and re-
spond accordingly to possible changes in the mar-
ket environment.

An example of this approach can be an application
developed for the clothing brand Free People which
provided sales growth of 38 percent (Dishman, 2013).
The application allows users to discuss the latest col-
lections, share their photos on Pinterest and Instagram
social resources and vote for the best photos. This in-
teraction is an example of the monetization of accu-
mulated data by retailers using social platforms. Point
discounts of Internet commerce can be divided by
analogy with traditional commerce into two types de-
pending on the technology that is used. The first type

is personalized which provides for mandatory regis-
tration on a web resource, the second is not person-
alized (does not require registration). The first option
of a point discount is for a price offer based on cus-
tomer data, a history of web surfing (viewing products
on a store page) and purchase history. Retailers often
use social media accounts to register. It simplifies the
registration procedure and gains access to user data.
This significantly increases the amount of data to be
analyzed.

Based on the data (table 1) on using Big Data, a
consumer profile is formed and its segment affiliation
is determined. In the future the client is offered an
individual price offer. The price that is offered is min-
imal in order for the fact of purchase. In addition,
goods are offered in accordance with the target audi-
ence. In other words, an individual approach to pro-
posals is formed based on the analytical processing of
unstructured data.

For convenience we have built EPC diagram
(Software AG, 2022), which is often used to describe
the workflow in ArisExpress environment (figure 2).
If the visitor is not a consumer of goods and ser-
vices, HTTP-cookie analysis of the web page is car-
ried out that allow carrying out authentication, storage
of personal user preferences and settings, session state
tracking of user access, maintain user statistics.

It is also possible when there is not enough data
to determine the profile of the visitor. This may be
due to both the low activity of the Internet user and
his conscious reluctance to “external tracking”. One
such way is to use an anonymous session. In this case
the basic offers are determined by the system.

For machine learning target audience targeting,
we use the Datch approach, taking into account the
social network user profile, to build a model of online
Big Data algorithms. The Datch approach is based
on two-level testing of Big Data algorithms: training
dataset and test dataset. The condition of the model is
the constancy of the data of the decision-making sys-
tem over time. At the same time, the dynamism of the
system and the resonance of news on the website can
become an emergent property of the socio-economic
system, which will contribute to a further change in
the trend. The model of Big Data algorithms for the
task of predicting CTR is based on the systematiza-
tion of the modeling process by stages and on a certain
set of parameters of the data structure of the complete
profile of a social network user.

Wscp+1 = argmin
t−1

∑
i=1

v(wp,wr,wch,wgi,wpol ,wl)

+R(wp, wr,wch, wgi, wpol ,wl)

(1)
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Figure 2: Structurally Logical Pricing Scheme in an EPC Chart.

where:
Wscp+1 – function social customer profile;
v(wp) – loss function for optimization Personal

characteristics (Identifiers, Interests, Social status);
v(wr) – loss function for optimization Relation-

ships (Personal, Business);
v(wch) – loss function for optimization Chrono-

logical activity (Purchase intention, Current location,
Feedback on products and services, Incident, Loyalty
Facts);

v(wgi) – loss function for optimization Goods and
interests (Personal relation to goods, Shopping his-
tory, Recommendations);

v(wpol) – loss function for optimization Politics
(Attitude to power, Political views, Perception of re-
form);

v(wl) – loss function for optimization Life events
(Personal, Reactions to events).

R(wp) – regularization function Personal charac-
teristics (Identifiers, Interests, Social status);

R(wr) – regularization function Relationships
(Personal, Business);

R(wch) – regularization function Chronological
activity (Purchase intention, Current location, Feed-
back on products and services, Incident, Loyalty
Facts);

R(wgi) – regularization function Goods and in-
terests (Personal relation to goods, Shopping history,
Recommendations);

R(wpol) – regularization function Politics (Atti-
tude to power, Political views, Perception of reform);

R(wl) – regularization function Life events (Per-
sonal, Reactions to events).

The loss function for optimizing the profile char-
acteristics of a social network user will have the fol-
lowing form:

vt
(
wp, wr,wch, wgi, wpol ,wl

)
= ∥w− xt∥ 2 (2)

Under the conditions of a linear loss function in
order to optimize the characteristics of the social net-
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work user profile, the formula will have the following
form:

vt(wp, wr,wch, wgi, wpol ,wl) = ⟨w,xt⟩ (3)

Under conditions of activation of emergent prop-
erties in the socio-economic system, such as dynamic
system changes or trend changes under the influence
of high-profile news on the site, which contribute to
the manifestation of binary dependence at the bifurca-
tion point, the function will have the following form:

vt(wp,wr,wch,wgi,wpol ,wl) =

(σ
((

wp, wr,wch, wgi, wpol ,wl
)

xt
)
−yt)xt

(4)

σ – sigmoidal function:

σ(α) =
1

1+ ea (5)

With the activation of emergent properties in the
socio-economic system, the regularization function
will have the following form:

R(wp, wr,wch, wgi, wpol ,wl) =
1
2n
∥w∥ 2 (6)

Under the conditions of if η > 0, then the iteration
of the machine learning algorithm will include a step-
wise gradient descent algorithm and will look like:

wscp+1 =−η
p

∑
i=1

zi =Wscp−ηzi =

Wscp−∇vt(wp,wr,wch,wgi,wpol ,wl)

(7)

The resulting formula for optimizing management
decisions, taking into account the parameters of the
data structure of the full profile of a social network
user, will look like this:

wp,i =

{
0 |xi| ≤ ε1

−
(

β+√ni
α

)
(xi− sign(xi)ε1) |xi|> ε1

(8)

where x and n iteration parameters, ε1, ε2 are regular-
ization intensity parameters according to the selected
type and α, β – are input parameters characterizing
the learning rate.

Since, based on the above, in order to achieve the
optimum at each step of the algorithm execution, the
optimal decision is made and the previous ones are
not foreseen, then this model belongs to the Greedy
algorithm. A characteristic feature of these algo-
rithms is relative simplicity and speed of execution.

This technique of point discount has been actively
developing over the past three years. One of the
first companies that offered this service was Fresh-
plum whose founder was Sam Odai. Later Fresh-
plum joined the TellApart company (SAS Institute

Inc, 2022), which operates in the market of services
for online stores. Moreover, the algorithm for po-
tential customers’ selection of this company uses a
number of “non-standard” indicators such as: place
of residence (city center or outskirts), weather, etc.
This allows you to increase the likelihood of making
a purchase up to 36 percent (Tanner, 2014).

For the first time the analysis of differential
pricing in online stores was conducted by the The
Wall Street Journal. The editors conducted a study
(Valentino-DeVries et al., 2012) of pricing in 200 on-
line stores.

The economic situation in the world is extremely
dependent on the geopolitical risks that can now be
observed (for example the corona virus pandemic
and the consequences of the Russian-Ukrainian war).
Therefore, the widespread use of Big Data concept
may increase the profitability of enterprises. The use
of Big Data methods will become an additional source
of budget revenues after taxation. This will maxi-
mally satisfy the needs of consumers whose incomes
have recently been declining due to devaluation and
inflationary processes. In order to increase competi-
tiveness of European goods and services markets the
use of big data is a mandatory requirement of our
time.

5 CONCLUSIONS

The economic situation of all countries of the world
is extremely dependent on the geopolitical risks that
can now be observed (for example, a COVID-19 pan-
demic and the consequences of the Russian-Ukrainian
war). Therefore, the widespread use of Big Data ba-
sics will increase the profitability of enterprises. The
use of Big Data methods will become an additional
source of budget revenues, after taxation. This will
maximally satisfy the needs of consumers whose in-
comes have recently been declining due to devalua-
tion and inflationary processes. In addition, in order
to increase competitiveness in European markets for
goods and services, the use of big data is a mandatory
requirement of our time. The use of the presented
economic-mathematical model will make it possible
to reach the optimum at each step of the algorithm
execution, the optimal decision is made according to
the Greedy algorithm type, which is characterized by
a fairly simple feature and speed of execution.
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Abstract: As part of the follow-up, the conceptual pipeline was developed to the stage of machine learning Q-leaning
with the method of eliminating the most effective strategy for the development of organizational capital in the
structure of intellectual capital and increasing the reliability of taking away the results. In the final work, the
modeling of alternative strategies for the development of organizational capital with the alternatives of machine
learning was modeled. This simulation made it possible to simplify the search and development of options
for strategies for the development of organizational capital, real alternative ways, and to simplify management
decisions. For a more correct operation of machine learning, coefficients were introduced that affect the
decision-making by machine learning. Results indicate that the capital of the strategy is the acquisition of
innovative information potential and the capital of alternatives without intermediary victorious main functions
of formation and the establishment of mechanisms for managing intellectual capital in the aggregate with other
types of capital in them.

1 INTRODUCTION

The modern economy practically proves the effective-
ness of intellectual capital as one of the most effective.
The concept of intellectual capital is broader than the
concepts of intellectual property and intangible assets.
At the same time, it is close in meaning to the concept
of intangible capital, which has been used in works
on economic theory and econometrics since the be-
ginning of the 1970s (Brooking, 1996).

Daum (Daum, 2002) gave the definition of intan-
gible capital based on connections structured knowl-
edge and abilities that have the potential to develop
and create value.

Leontiev (Leontiev, 2002) defined intellectual
capital as the value of the set of intellectual assets
available to the enterprise, including intellectual prop-
erty, its natural and acquired intellectual abilities and
personnel skills, as well as accumulated knowledge
bases and useful relationships with other entities.

Roos et al. (Roos et al., 2005) defined intellectual
capital as all non-monetary and intangible resources

a https://orcid.org/0000-0003-0820-8749
b https://orcid.org/0000-0003-2086-5004

that participate in the creation of the organization’s
value and are fully or partially controlled by it.

Intellectual capital is difficult to research and cal-
culate its value due to the difficulty in determining
the components that belong to it. However, intellec-
tual capital can be divided into several capitals that
are part of it: human capital, organizational capital,
customer or consumer capital.

Each component of intellectual capital can be
structurally detailed:

1. Human capital, the value that the company’s em-
ployees bring through the application of skills,
know-how and expertise. Human capital is inher-
ent in people and can belong to an organization.

2. Organizational capital consists of: technological
capital; branding capital; capital of business cul-
ture; capital efficiency of added economic value
– EVA; capital of the strategy of attracting inno-
vations of the information potential. The criteria
for evaluating are manufacturability; productivity;
innovativeness; cooperativeness; adaptability; ef-
ficiency.

3. Customer equity, consisting of elements such
as customer relationships, supplier relationships,
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trademarks and trade names (which have value
only through customer relationships), licenses and
franchises.

Therefore, the presence of a multi-criteria ap-
proach to the application of intellectual capital creates
the complexity of its assessment. If we consider the
methods of measuring intellectual capital, the follow-
ing are the most common four categories proposed
by Sveiby (Sveiby, 2010): Direct Intellectual Capi-
tal Methods; Market Capitalization Methods; Return
on Assets methods; Scorecard Methods. But each of
them has certain disadvantages that should be consid-
ered in conjunction with machine learning methods.
Then there is an opportunity to build a general math-
ematical model with a unified machine learning algo-
rithm, and this affects the accuracy of estimates of all
structural elements of intellectual capital.

2 RESULTS

If we consider the structure of Organizational Capi-
tal (OC) as a set of its qualities and properties, their
ratios, which directly affect labor productivity, which
increases the income for personnel, the company as a
whole, society, and the nation, then there is an oppor-
tunity to cover all possible options for its evaluation.

1. Assessment of the level of manufacturability
Let’s move on to the assessment of the properties

of the components of manufacturability capital. We
will use its structure, which consists in determining
the share ak

t of the t-th property in the formation of the
k-th type of components of manufacturability capital
(kt

k), which allows us to establish the probable level of
the k-th type of manufacturability capital:

KTtk =
nip

∑
k=1

kkt ∗akt , (1)

where
KTtk – technological capital;
kkt – exploitation and repair manufacturability of

the structure to k item for t-th indicator (materials,
energy, labor, compatibility, etc.);

akt – volatility of the injection of the t-th indicator
for manufacturability of k item.

2. Capital assessment of business culture

CCkt =
nip

∑
k=1

ckt ∗bkt (2)

where
CCkt is the capital of business culture;
ckt – organizational and corporate culture of a cer-

tain business model of doing business according to the

t-th indicator (liberty and democracy, monoactivity of
the business culture type; polyactivity of the business
culture type; reactivity of the business culture type,
etc.);

bkt – the importance of the impact of the t-th indi-
cator on the cultural capital of the k-th business model
of doing business.

3. The efficiency capital of added economic value
The productivity of the production process has a

significant range of properties, the characteristic fea-
tures of which are formed and reflected by a signif-
icant network of indicators that have branched rela-
tionships of quantitative and qualitative capital assess-
ment of performance. Among the important features
of performance, the following should be noted:

• Activation of human heuristic abilities and struc-
turing of discovered knowledge and verification
according to the criterion of objectivity;

• Orderliness of the communication process for the
exchange of information flows, emotions, social
and individual values, economic interests;

• Formation and growth of the fundamental and
market value of the enterprise as a criterion of per-
formance.

• Identification and elimination of dysfunctions in
enterprise management, which arise due to a mal-
function.
Capital assessment of efficiency of added eco-

nomic value. Performance is assessed as the level of
intellectual leverage (LIL) and is calculated according
to the formula:

LIL =
△EVA%
△NOPLAT %

(3)

where:
△EVA% is the rate of profit growth;
△NOPLAT % is the growth rate of economic

added value.
LIL – the degree of sensitivity of profit to changes

in economic added value.
The level of intellectual leverage shows: how

many times the growth rate of economic added value
exceeds the growth rate of profit. This excess is pro-
vided with the help of the effect of intellectual lever-
age, one of the components of which is its differen-
tial (the ratio of the involved intellectual capital to its
own).

4. The capital of the strategy of attracting innova-
tions of the information potential

The information capital of the strategy or the cap-
ital of the strategy of attracting innovations of the in-
formation potential determines the trajectory of intel-
lectual capital and the direction of the implementa-
tion of the proposed strategy within the framework
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of the implementation of innovations of the informa-
tion potential, which is aimed at increasing the value
of capital and depends on the speed of updating this
strategy. Informational capital and its potential act as
investment capital to maximize the value of intellec-
tual capital:

(
∑k

i=1EVA
ROIopt −WACC

−CAPITAL
)
→ max (4)

where
ROIopt is the economic profitability of intellectual

capital;
WACC – weighted average interest rate of the in-

volved intellectual capital;
CAPITAL – the capital of the strategy of attracting

innovations of the information potential.
5. Capital of turning knowledge into a result
The capital of the transformation of knowledge

into a result declares the path of transformations from
an idea to the formalization of knowledge in official
documents and its structuring for communicative use
(Porokhnya, 2009). Therefore, its components are
the following indicators that reflect the characteristic
properties of transformations: an idea as a creative
and spiritual message, and the level of formalization
of knowledge in official documents.

An idea has its own depth of penetration into the
macro or micro world (Roos et al., 2005). Based on
Einstein’s thesis that the development of society re-
quires the improvement of everyday thinking, it is ap-
propriate to consider an idea-concept as a complex of
properties and relationships that determine the char-
acteristics of the image of the object of research. we
can establish a connection between intellectual capital
(figuratively speaking, the mass of intellectual sub-
stance that is at rest or in motion, that is, in its use)
and the strategy of interaction of processes in an eco-
nomic object and its results. The question arises, does
the strategy have energy? It is known that the strategy
has different value, that is, weight. Suppose that, like
any economic potential, it has potential energy, and
when the process of its realization takes place, it also
has kinetic energy. That is, strategy is the energy of
capital that goes to the realization of an idea-concept.
Therefore, it can have its own dimension. Strategy,
like any energy, consists of the energy of rest and the
momentum of intellectual capital. As the speed of this
impulse, we will take the speed of the generation of
an idea-concept in the direction predetermined by the
strategy. To measure images-properties, that is, the
amount of intellectual substance, a unit is introduced,
– image.

Any image of intellectual substance contains the
same number of images-properties that reflect the

properties of the object of the real world. For exam-
ple, the number of images-properties that character-
ize a person is a constant value, a number that can
be established experimentally, as Avogadro’s number
was established at one time (the principle of equiv-
alence in nature). But each person has a different
number of images-relationships characterizing his in-
tellectual capital. This value of images-relationships,
corresponding to intellectual capital, will be assigned
the unit of measurement – intel. Intel measures the
level (mass) of intellectual capital of a person, enter-
prise, state.

The definition of images-properties is a conse-
quence of the same type of process properties during
the realization of an idea-concept in time, which con-
tain a certain number of these images in one unit. We
denote the number of images-properties by Nimg:

Nimg =
100

image
− const (5)

From here we can determine the amount of the
level (mass) of the intellectual capital of the economic
system, which corresponds to the capital of trans-
forming knowledge into a result:

ic =
N

Nimg
Mic (6)

where
N – the number of images-properties, respectively,

ideas-concepts,
Mic - the intellectual mass of image-properties per

image-property for a specific phenomenon, intel / im-
age.

The level of an idea-concept can be represented
in four quantitative measurements with the introduc-
tion of a unit of measurement – id, which contains a
certain integral number of images-objects that char-
acterize the properties of this very idea-concept using
established criteria:

• Elementary level (household, cognitive, which
does not require the formation of new knowl-
edge), where id = 1.

• The technological level associated with the emer-
gence of new technologies, etc., where id =
1000 = 1K.

• Conceptual level containing new knowledge and
discoveries, where id = 1000000 = 1M = 1000K.

• The planetary level is determined by the depth
of penetration of human activity into the macro
and micro world, where id = 1000000000= 1G=
1000M = 1000000K.

In fConvertt
k – informativeness as a measure of

usefulness. The level of structuring of knowledge of
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special and general scientific terms and its verifica-
tion according to the criterion of objectivity of the
k-th type of the indicator of capital transformations
according to the t-th component of this indicator.

In fCapt
k = In fConvertt

k/TotalExp – the level of
orderliness of the communication process for the ex-
change of information flows, emotions, social and in-
dividual values, economic interests of the k-th type of
the indicator of capital transformations according to
the t-th component of this indicator.

Evaluation of the capital of the transformation of
knowledge into a result

CPt
k =

nip

∑
k=1

(ict
k + In fConvertt

k + In fCapt
k)d

t
k (7)

where
CPt

k – the capital of transforming knowledge into
a result;

ict
k – the capital level of the transformation of

knowledge into the result of the k-th type of the indi-
cator of capital transformations according to the t-th
component of this indicator;

dt
k – the weight of the influence of the k-th indi-

cator of transformations on the capital of the trans-
formation of knowledge into a result according to the
t-th component of this indicator of transformations.

For a preliminary analysis of the capital criteria,
their importance, influence on the choice of the best
alternative for the development of the properties of or-
ganizational capital, we will use the method of hierar-
chical comparisons when evaluating the level of pri-
orities of alternatives, the results of which are shown
in the table 1.

The structure of OK is primarily related to brand-
ing capital, which is the main relative indicator of the
company’s attractiveness on the market and to some
extent attests to the fate of the firm’s market capital,
which is adjusted to its organizational, i.e., intellec-
tual capital.

The relevance of the use of machine learning in
the field of economics (Kobets and Novak, 2021) al-
lows us to consider many aspects of the strategy for
the development of organizational capital and ways
to optimize the cost of resources for its development
in different ways. Learning to find the most optimal
and less resource-intensive way of developing organi-
zational capital can be presented as a continuous cy-
cle that will end only after the specified conditions are
reached. (figure 1).

In the reinforcement learning algorithm, the
agent’s actions are directed to the steps to achieve suc-
cess with a reward estimate. After △t steps into the
next step, the human capital will decide some next
step. The weight for this step is calculated as γ△t ,

Table 1: Influence of criteria on a choice of alternatives
(properties) of improvement of the level of capital.
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Branding
capital 0.14 0.12 0.14 0.1 0.09

Technology
capital 0.12 0.14 0.13 0.14 0.1

Capital efficiency
of added economic
value

0.11 0.12 0.11 0.13 0.12

Capital of
business culture 0.11 0.12 0.13 0.11 0.12

The capital of the
strategy of
attracting
innovations of the
information
potential

0.1 0.12 0.13 0.12 0.1

General approach 0.11 0.12 0.13 0.115 0.11

where γ is the discount factor, which can take a value
from 0 and 1 (0 ≤ γ ≤ 1) and has the effect of eval-
uating actions that are aimed at achieving the human
capital goal. γ can be called the level of success in
achieving the desired state by human capital, when
the investment data changes at the△t step.

Thus, we can conclude that a function is required
that will determine the quality of combinations of the
state of human capital and the action aimed at it:

Q÷S×A→ R. (8)

At the beginning of training, Q is initialized, pos-
sibly with an arbitrary fixed value – 0. After initial-
ization, at each moment of time t, the agent selects an
action, observes a reward, enters a new state (that may
depend on both the previous state and the selected ac-
tion), and Q is updated. The core of the algorithm is a
Bellman (Bellman, 1957) equation as a simple value
iteration update, using the weighted average of the old
value and the new information(Watkins and Dayan,
1992):

Qnew(st ,at)← Q(st ,at)+α×
(rt + γ×maxQ(st+1,a)−Q(st ,at)), (9)

where rt is the reward received when moving from the
state St to the state St+1, and 0 < α≤ 1;

Note that Snew(st , αt ) is the sum of three factors:
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Figure 1: Machine learning of alternative development of human capital of the enterprise.

(1− α)Q(st ,αt): the current value weighted by
the learning rate. Values of the learning rate near to 1
made faster the changes in Q;

αrt : the reward rt = r(st ,at) to obtain if action at
is taken when in state st (weighted by learning rate);

αγmaxQ(st+1,α): the maximum reward that can
be obtained from state st+1 (weighted by learning rate

and discount factor).
Each action has its own parameters, and system

changes can be limited by parameters that can be cor-
related with the required resource costs to apply the
action chosen by machine learning. Thus, each itera-
tion of training implies two possible effects:

1. Changes in the coefficient of effectiveness of the
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action, depending on the state that the system ac-
quires as a result of the application of the action.

2. Return of the iteration to the initial state due to
non-compliance with the specified restrictions for
machine learning.
For the application of Q-Learning, the following

parameters were selected:
• Impact on the Intellectual Capital criteria

• Time spent in days

• Resource costs equivalent to monetary units

• The coefficient of the complexity of the action

• Risk ratio of failure to take action

• Inert influence on the system

• Coefficient of possibility of inert influence on the
system
Each action parameter is used in the calculation of

the effectiveness of the action taken at each training
step. Applied properties of actions can be represented
as a table of actions, which is presented in figure 2.

Figure 2: Action properties used in machine learning with
resource cost parameters.

Thus, at each iteration, the system calculates a
promising system that has already been acted upon
and recalculates the result of intellectual capital with
new parameters.

Thus, we can say that the calculation of the effec-
tiveness of the action is carried out according to the
following formula:

AE = IKt+n, (10)

where
AE – action efficiency;
IK – the cost of intellectual capital;
IKt+n — the cost of intellectual capital after ap-

plying the action.

So the value of AE will be rewards for moving to
the next machine learning state.

Qnew(st ,at)← Q(st ,at)+α×
(AE + γ×maxQ(st+1,a)−Q(st ,at)),

(11)

However, each action additionally has a time cost
parameter for performing this action, which can op-
tionally be included in the formula. For greater accu-
racy of calculations, you can use hours, days, months
or quarters. In this case, integer values of days were
used.

Thus, the new formula for calculating efficiency
can be represented as follows:

AE = IKt+n ∗T, (12)

where AE – action efficiency, T is the time spent on
applying the action

Also, an optional parameter can be resource costs,
which are presented in monetary terms. To simplify
the loads and quick calculations, all action parameters
can be divided by a certain coefficient Mk. In this
case, Mk = 1000.

Thus, if Action 1 has a resource cost (FE) of
1300000, then the resources spent can be represented
as RE and calculated by the formula:

RE =
FE
Mk
∗T. (13)

Taking into account resource costs, the action ef-
ficiency formula will look like this:

AE =
IKt+n

RE
∗T. (14)

The calculation of resource costs can also include
the coefficient of complexity of performing an action
(WI), which can be represented by a value in the range
from 0.1 to 1.0. Thus, now the resource costs can be
represented as:

RE =
FE
Mk
∗T ∗WI. (15)

Also, given the individuality of the systems to
which actions can be applied, it is worth considering
the risks of not performing an action (RoD) or its suc-
cess in execution.

The risk of investing in organizational capital is
the possibility that the accumulated organizational
capital will not bring the expected return, will not
be in demand in the market, or will not bring the
expected return. This value can be represented as a
range from 0 to 1. A low value of this coefficient
means a low level of success of the action and its high
risks. Given the risk ratio, the formula for the effec-
tiveness of action can be represented as follows:

RE = RoD
IKt+n

RE
. (16)
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The relationship of all parameters of intellectual
capital does not exclude the influence of the develop-
ment of some parameters on the possibility of devel-
oping other parameters as a result of these actions.

Thus, each action has the values of the inert de-
velopment of intellectual capital and the coefficient
of the possibility of this development.

Given these parameters, the formula for the effec-
tiveness of actions can be represented as follows:

RE = ROD
IKt+n

RE
+PIK ∗PP∗RoD, (17)

where PIK is the value of the possible inert devel-
opment of intellectual capital, PP is the probability
coefficient of the development of intellectual capital.

Thus, each iteration of training affects the value
of intellectual capital by changing the values of its
parameters. However, it is the efficiency values of the
action that are written to the state table, not the cost of
capital. Having an unlimited resource of investments,
achieving the desired value of the cost of intellectual
capital had a large set of action algorithms, but given
the parameters of each of the actions, machine learn-
ing will find the most optimal algorithm for this sys-
tem.

The development of Intellectual capital occurs
with the choice of an alternative to which the capital
must approach as a result of learning.

For more effective training and achievement of
the most favorable conditions for achieving the de-
sired alternative, development alternatives were intro-
duced. Development alternatives are coefficients for
each of the parameters of actions that affect the state
of capital. Using the hierarchy analysis method, the
following coefficients were introduced (table 2).

Table 2: Alternatives of the development method for man-
aging the choice of effective action.
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IK 0.21 0.26 0.31 0.2 0.32
T 0.23 0.12 0.2 0.08 0.13

FE 0.12 0.12 0.12 0.09 0.12
WI 0.12 0.16 0.13 0.32 0.1
RoD 0.1 0.07 0.08 0.09 0.13
PIK 0.1 0.19 0.1 0.08 0.08
PP 0.12 0.07 0.06 0.14 0.12

For this study, a risky alternative of the method of
developing capital for machine learning was chosen.

Thus, each iteration of learning and applying ac-
tions to the system will affect the state table and cal-

culate its new values according to the following for-
mula:

AE = (RoD a5)
IKt+n a1

(FE a3) (T a2)
+

(RoD a5) (PIK a6) (PP a7) (18)

After carrying out the calculations with the initial
data, the results describing the strategy for investing
in organizational capital shown in table 3.

Table 3: Factor of importance of action properties for learn-
ing.

IK T FE WI RoD PIK PP
a1 a2 a3 a4 a5 a6 a7

0.31 0.2 0.12 0.13 0.08 0.1 0.06

It should be noted that the coefficients of capital
alternatives and development alternatives affect value
preferences and spending.

The first stages of training provide impressive in-
dicators of cost optimization for investment in orga-
nizational capital. With an increase in training cycles,
obtaining a better result becomes more rare.

The data in the table 4 and in the figure 3 show
optimization costs of developing organizational capi-
tal to achieve the cost of organizational capital, taking
into account the chosen alternative. It can be con-
cluded that in order to achieve the best results, it is
necessary to conduct a sufficient number of training
cycles.

Table 4: Initialized data affecting machine learning training
in the search for optimal investments in organizational cap-
ital.
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16637 2219 52 286 313 45 333
25352 1431 155 121 95 128 318
74521 725 157 151 54 138 340

168348 684 184 115 74 123 286
2236341 485 133 87 33 142 118

14330450 336 197 90 51 165 114
17735547 294 127 44 201 153 134
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Figure 3: Machine learning of alternative development of
organizational capital of the enterprise.

Thus, after each stage of learning new indica-
tors, alternatives should be identified and calculations
should be made that determine subsequent invest-
ments in human capital. It should also be borne in
mind that each the alternative has its own character-
istic features and characteristics, behavioral connec-
tions and influence on the choice of options capital
investment.

Taking into account the dynamics of changes in
results, it can be concluded that subsequent train-
ing cycles can bring more optimized costs. Figure 4
shows the optimization of the costs of organizational
capital development, taking into account the same
level of organizational capital development.

It is also worth noting that when the input data
changes, machine learning will be able to rebuild and
generate calculations and optimize the result better
and faster than a person.

3 CONCLUSIONS

The study substantiates a conceptual approach to the
application of Q-leaning in order to obtain the most
effective strategy for the development of organiza-
tional capital in the structure of intellectual capital
and increase the reliability of the results obtained.

Consequently, the capital of the strategy for at-
tracting innovations of information potential and the
capital of alternatives directly perform the main func-
tions of the formation and application of intellectual

Figure 4: Machine learning of alternative development of
organizational capital of the enterprise.

capital management mechanisms in conjunction with
other types of capital and independently of them.

The main difficulty of this approach to choos-
ing alternative solutions for finding options for us-
ing organizational capital is the correct selection of
indicators of significance (return) of contributions to
the development of types of organizational capital,
on the basis of which systemic learning cycles oc-
cur. Such an approach can simplify the search and
development of options for organizational capital de-
velopment strategies, real alternative paths and sim-
plify management decisions.

It is worth noting that training tuning with chang-
ing the training parameters, namely the amount of
reward and the value of data optimization, training
constraints, can achieve better results by accelerat-
ing training and therefore obtaining data on a more
trained AI that can give better results.

Using machine learning to optimize organiza-
tional capital development costs is the best method.
Speed, lack of subjectivity and the ability to quickly
respond to external changes is an advantage over a
person.

To improve the results, it is worth making adjust-
ments to these actions and selecting the right alterna-
tives for choosing actions.
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Abstract: The paper deals with the actual problem of developing new insurance products in the conditions of hybrid
military actions and the application of economic sanctions. For modern Ukraine the “hybrid military actions”
from the “neighbor-state” are actually for nine years. However, there are some legal issues on the way to a
clear understanding of the difference between “insuperable force” and “force majeure”. It is also caused by
misreading of the legal system from the representatives of different sectors, despite a good history of national
insurance companies formation and development. Thus, in the paper authors present the results of correct
understanding and usage of mentioned categories, pay attention to risks with grants in project management,
and unclose ways for development of new products according to economic situation and market needs.

1 INTRODUCTION

Emergencies cause great losses, both to the country’s
economy, to companies (enterprises), and to individ-
uals. The means of avoiding emergencies are usually:
means of preventing their occurrence, means of min-
imizing their consequences and insurance (which can
also be partially attributed to the means of minimiza-
tion). Nevertheless, insurance still stands aside from
the means of minimization, since it has both the orig-
inal and the initial result is cash. While the rest of
the means of minimization is associated with the ad-
ditional expenditure of material resources.

In the practice of the EU countries, North Amer-
ica, Southeast Asia and Australia, the majority of
companies (enterprises) and individuals insure their
activities and property against the occurrence of
emergencies. However, in Ukraine, the share of fi-
nancing measures to minimize the impact of emergen-
cies through insurance payments made by specialized
insurance companies is still slowly growing, despite
the full-scale aggression of Russian Federation, and
projects to be realized instead of. This is mostly due
to the fact that protection from emergency situations
of the population (individuals) by means of insurance

a https://orcid.org/0000-0001-9578-9451
b https://orcid.org/0000-0002-0416-3857
c https://orcid.org/0000-0003-4101-7127

is provided on a voluntary basis (Code of Civil Pro-
tection of Ukraine, 2013), and most Ukrainians avoid
this (but legal entities (companies and enterprises) do
it). Therefore, each person must decide for him on the
need to insure his property (life, means of activity or
health) in order to receive compensation for damages
in the case of an emergency.

2 ANALYSIS OF THE PREVIOUS
PUBLICATIONS

In many scientific publications (Bublik, 2009; Roma-
nenko, 2007; Hargrave, 2022) and in practice, insur-
ance is considered as a means of minimizing the im-
pact of natural and man-made emergencies. Accord-
ing to Article 49 of the Code of Civil Protection of
Ukraine (Code of Civil Protection of Ukraine, 2013)
the purpose of civil protection insurance is:

1. property insurance of businesses and people
against damages caused by an emergency, acci-
dent or emergency response operations;

2. insurance compensation on behalf of businesses
operating high-risk facilities to third parties or
their property and other legal entities for the dam-
ages caused by a potential emergency that oc-
curred at such facilities.
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Regarding international level, the aspect of the in-
ternational cooperation presented in (Dorussen et al.,
2018; Barč et al., 2020). Assessing the capabilities
of civil protection and preparing recommendations on
how to implement these approaches presented in re-
search of Kalynenko et al. (Kalynenko et al., 2020)
only in 2020.

3 PROBLEM STATEMENT

Meanwhile, according to the above mentioned Code
of Civil Protection of Ukraine (Code of Civil Pro-
tection of Ukraine, 2013) there are also social and
military emergencies, which, namely, in Ukraine are
most often considered as “reasons of a force majeure
essence”, and therefore they are not the cause (rea-
son) of the “insured event”.

But there is a problem regarding correct under-
standing categories for the correct insurance. As
well as regarding correct implementation, especially
nowadays.

The scientific novelty of the research is in forma-
tion of fundamentals for the disclosing and searching
for the appropriate instruments of economic risks in
Ukraine, for the possibility of effective management
of emergent economy. It is due to the fact that “force
majeure” has no one definition in modern Ukrainian
legislation and it is the reason why such traditional
instruments like insurance are not widely spread on
the market of risks of economic emergencies, and this
problem should be solved especially nowadays.

4 RESULTS

As there were mentioned above, the term “force ma-
jeure” was not officially enshrined in the legislation of
Ukraine until recently, which gave rise to constant dis-
cussions about a clear interpretation of its definition
(Sosnin, 2014). Thus, in the Civil Code of Ukraine,
instead of the concept of “force majeure”, which has
a global perception, the concept of “force majeure
circumstances”’ appeared. In accordance with Art.
617 of the Civil Code of Ukraine, “A person who has
violated an obligation is released from liability for
violation of an obligation if he proves that this vi-
olation occurred as a result of an incident or force
majeure. It is not considered a case, in particular,
of non-compliance with its obligations by the coun-
terparty of the debtor, lack of goods on the mar-
ket necessary for the fulfillment of the obligation,
lack of necessary funds from the debtor” (Tsyvilnyi

kodeks Ukrainy, 2003). Art. 218 of the Commer-
cial Code of Ukraine also provides a definition of
“insuperable force” (“force-majeure”), and specifies
a list of circumstances that are not related to force
majeure: “A party to economic relations shall be li-
able for non-performance or improper performance
of an economic obligation or violation of the regu-
lations of economic activity, unless it proves that it
has taken all measures to prevent an economic of-
fence. Unless otherwise provided by law or agree-
ment, for breach of economic obligation an economic
entity shall bear economic and legal liability, unless it
proves that proper performance of the obligation was
impossible due to irresistible force, that is extraordi-
nary circumstances beyond control under these con-
ditions of economic activity. Breach of obligations by
the offender’s counterparties, deficiency of goods in
the market required to fulfill the obligation, absence
of required funds in a debtor shall not be classified as
such circumstances” (Hospodarskyi kodeks Ukrainy,
2003). Thus, in their essence and the circumstances
the appearance of the concept in both codes coincide.

However, the Supreme Economic Court of
Ukraine in its one letter No. 01-2.2/279 of 09.09.2001
“Remarks to the Commercial Code of Ukraine” ex-
plained that the concepts of “force majeure” and “in-
superable force” are not identical, since “the defini-
tion of the category of force majeure circumstances
in part 2 of this article may cover not only events
in public life, that is, the impossibility of fulfilling
obligations as a result of targeted actions of persons
who are outside the scope of the obligation (for exam-
ple, embargo on export-import operations, hostilities,
strikes, riots), but also natural phenomena that belong
to a different category of circumstances that exempt
from liability, namely insuperable force. Identifying
these fundamentally different reasons for exemption
from liability is legally wrong. The category of in-
superable validity embodies only natural phenomena,
which, due to their exclusivity, inevitability and un-
predictability, determine the limitation of liability for
damage in cases determined by law. Moreover, in-
superable validity as a basis for limitation of liability
can take place only in non-contractual (tort) legal re-
lations and in cases of violation of contractual obliga-
tions, if it is directly provided for by law (for example,
in cases provided for in Article 418 of the Commer-
cial Code). At the same time, the category of force
majeure covers only exceptional events of public life,
which the parties themselves on dispositive grounds
define in the contract as the right to exemption from
further fulfillment of the obligation by agreement, if
such events occur during the term of the contract. The
parties may provide in the contract innocent liability
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for non-fulfillment or improper fulfillment of obliga-
tions, but limit it to cases of force majeure provided
for in the contract. Common to the circumstances of
insuperable force and force majeure is only their ex-
ternal nature of influence on the causal-results chain
of activity of participants in specific legal relations,
that is, these circumstances are beyond the control
of the participants in legal relations” (Supreme Eco-
nomic Court of Ukraine, 2001). Consequently, there
was confusion about the interpretation of the terms
“force majeure” and “insuperable force”.

The concept of “force majeure circumstances (cir-
cumstances of insuperable force)”, that is, already re-
lated to each other, was defined only in 2020 in the
law, which is not directly related to this concept, – the
Law of Ukraine “On Amendments to Certain Legisla-
tive Acts of Ukraine Aimed at Preventing the Emer-
gence and Spread of Coronavirus Disease (COVID-
19)” (COVID-19, 2020). Due to this law, amend-
ments were made to the Law of Ukraine “On the
Chambers of Commerce and Industry in Ukraine”
(On Chambers of Commerce and Industry in Ukraine,
1998), by 1998. Since 2014, the law states that the
Chamber of Commerce and Industry of Ukraine “con-
firms force majeure circumstances (circumstances of
insuperable force) as well as trade and port customs
adopted in Ukraine upon the request of business en-
tities and natural persons; certifies force majeure cir-
cumstances in accordance with the terms and condi-
tions of agreements upon the requests of business en-
tities engaged in housing construction (customers, de-
velopers)”. And from 17.03.2020, Art. 14-1 of this
Law, defined: “Force majeure circumstances (force
majeure circumstances) are the extraordinary and un-
avoidable circumstances that objectively unable to
fulfil the obligations stipulated in the terms and con-
ditions of the agreement (contract, treaty, etc.), obli-
gations under the legislative and other regulatory acts,
namely: the threat of war, armed conflict or a serious
threat of such conflict, including but not limited to en-
emy attacks, blockades, military embargoes, actions
of a foreign enemy, general military mobilisation,
military actions, declared and undeclared war, actions
of a public enemy, indignation, acts of terrorism, sab-
otage, piracy, riots, invasion, blockade, revolution,
mutiny, insurrection, mass riots, curfew, quarantine
established by the Cabinet of Ministers of Ukraine,
expropriation, forced seizure, seizure of enterprises,
requisition, public demonstration, blockade, strike,
accident, illegal actions of third parties, fire, explo-
sion, long breaks in transport operation, regulated by
the terms of relevant decisions and acts of state au-
thorities, the closure of sea straits, embargo, ban (re-
strictions) of export/import, etc. as well as caused

by the exceptional weather conditions and natural
disasters, namely: epidemic, strong storm, cyclone,
hurricane, tornado, hurricane, flood, snow accumula-
tion, ice, hail, frost, freezing of the sea, straits, ports,
passes, earthquake, lightning, fire, drought, subsi-
dence and landslide, other natural disasters, etc.”.

In principle, such a definition has the power to
stop all insurance activities in Ukraine, because it
classifies almost all insurance incidents related to so-
cial, natural or man-made emergencies as force ma-
jeure circumstances.

In international practice, force majeure circum-
stances are determined in accordance with Article 79
of the UN Convention on Contracts for the Interna-
tional Sale of Goods (UN, 1980), according to which
“A party shall not be liable for non-fulfillment of any
of its obligations if it proves that it was caused by an
obstacle beyond its control and that it was unreason-
able to expect this obstacle to be taken into account
when concluding a contract or to avoid or overcome
this obstacle or its consequences”.

In the international courts’ practices regarding the
definition of “force majeure” the question often de-
pends on which system of law is applied – precedent
(Anglo-American) or constitutional (Roman, conti-
nental). For example, “English law distinguishes
between two main means of protection by a party
that has committed non-performance of the contract
due to insuperable force. These circumstances, al-
though they result in the release of a party from lia-
bility, are fundamentally different from force majeure
in that they are non-contractual instruments, while
force majeure is introduced by the contract” (Kurylo,
2019). That is, no “non-contractual means of pro-
tection against liability for improper performance of
the contract due to insuperable force under English
law do not work if the parties include a force majeure
clause in the contract”.

Thus, insurance requires the most clear definition
of force majeure in insurance contracts to develop
a single consolidated position of the insurer, policy-
holder and reinsurer (if necessary).

Contra Anglo-American law in the continental
law, force majeure exempts from liability for improper
performance of a contract only temporarily: “French
civil law, which follows Roman law, professes the
principle of liability for violation of a contractual
obligation in the presence of guilt (with certain ex-
ceptions). Reference to force majeure is not required
if the non-fulfillment of the contract occurred in the
absence of guilt on the part of the party to the con-
tract that violated it” (Kurylo, 2019). That is, from
the side of insurance companies, non-fulfillment of
the contract becomes possible only for a certain pe-
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riod of time, while the fault of the company itself is
absent. This actually makes it impossible to insure
economic risks, because when insuring funds against
depreciation of inflation, the insurance company will
not be to blame if it gives insurance payments with
impaired funds.

Despite the confusion of the “force majeure”
meaning in Ukraine, its definition in practice is sim-
pler, which greatly simplifies its recognition in the in-
surance market. The regulations for certification by
the Chamber of Commerce and Industry in Ukraine
and by it’s regional chambers of the force majeure
circumstances (insuperable force circumstances) pro-
vide that in order to recognize and confirm force
majeure circumstances (insuperable force circum-
stances), the documents provided by the applicant
must indicate:

1) “the extraordinary nature of such circumstances
(are exceptional and are beyond the influence of
the parties);

2) unpredictability of circumstances (their occur-
rence and consequences could not be foreseen, in
particular, at the time of the making of the rele-
vant agreement, before the term of the obligation
or before the occurrence of a tax duty);

3) inevitability (insuperability) of the circumstance
(of the event and / or its consequences);

4) causal-results chain between the circumstance /
event and the inability of the applicant to fulfill
his specific obligations (according to the contract,
agreement, law, regulation act, act of local gov-
ernmental institutions, etc.)” (On Chambers of
Commerce and Industry in Ukraine, 1998).

Thus, mentioned legal conflicts significantly affect
the sphere of insurance against emergencies, since the
sphere of liability, depending on the cause and con-
sequences of the emergency, may differ significantly.
Especially in specific types of emergencies.

In the publications (Trush and Gorovyi, 2018;
Trush et al., 2019) another type of emergencies is de-
fined depending on the cause of their occurrence –
economic emergency: “As an emergency of economic
character (economic emergency) can be considered a
situation that is the result of erroneous economic ac-
tions of the government, the action of economic sanc-
tions by other countries, hybrid hostilities, inflation,
impoverishment of the population and loss of savings,
unemployment and bankruptcy of enterprises and or-
ganizations, the exit of investors from the country, de-
preciation of the national currency and securities”.

For this type of emergencies the principles of in-
surance are not currently used, but ‘the signs’ of such
an emergency that cannot be used as force majeure

conditions in accordance with the current legislation
of Ukraine. Force majeure are social reasons that will
cause a social emergency, which in turn will entail
an economic emergency. And directly appearance of
economic emergencies – namely, inflation (and for
export-oriented countries, such as Japan, deflation),
bankruptcy, unemployment, loss of savings (accord-
ing to their purchasing power), exit of investors from
the country, depreciation of the national currency and
securities, – could be insured events, and are not con-
sidered as force majeure circumstances. At the same
time, “war, hostilities, invasion of troops, insurrec-
tion, civil unrest, confiscation, forced seizure, req-
uisition, seizure or damage to property by order of
the government or other authority are not insurance
events and exclude compensation for possible dam-
ages under an insurance contract” (Hroshi, 2022).
But, in practice in Ukraine these terms of the contract
apply only if martial law or a state of emergency is
introduced in the country or in its part in accordance
with the procedure described by the Law of Ukraine
“On the Legal Status of the State of Emergency” (On
the Legal Status of the State of Emergency, 2000).
That is, “until the statement and entry into force of
an official decision, insurers have no legal grounds to
refer to such cases (even if in fact those actions that in-
herently agree with the above definitions take place)”
(Trush and Gorovyi, 2018). Also, “attention should
be paid to the fact that in almost all contracts of vol-
untary land transport insurance, in the section of the
basements of refusing to pay insurance compensation,
there is a pp. stating that hostilities, riots, acts of ter-
ror, civil unrest are direct basements for the insurer’s
refusal to pay insurance compensation” (Protsenko,
2016).

Thus, if the condition of the contract was pre-
cisely the insurance of certain economic emergen-
cies, then the insurance company must compensate
for the losses. At the same time, some of the eco-
nomic emergencies are already included in the list of
circumstances of unforeseen force. Consequently, in
theory, you can insure against them in the insurance
company, but the receipt of payments from it can be
appealed, since they are included in the list of insu-
perable force. So, the ‘circumstances of economic
emergencies’ we divide into:
1. Can be insured:
1.1) erroneous economic actions of the government

(however, it must be clearly stated in the con-
tract what exactly should be considered as a
wrong action);

1.2) inflation;
1.3) impoverishment of the population and loss of

savings;
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1.4) unemployment;
1.5) bankruptcy of enterprises and organizations;
1.6) depreciation of the national currency and secu-

rities;
1.7) exit of investors from the country (but must be

clearly stated in the contract, what exactly is
meant).

2. Included in the list of irresistible forces in
Ukraine:

2.1) economic sanctions of other countries;
2.2) hybrid military operations.

Looking further, we should pay attention to infla-
tion, its dynamics, and emergencies.

Deeply, the categories of ‘cause’ and ‘effect’ gen-
eralize one of the concrete and specific forms of rela-
tions, from a philosophical point of view. Thus, every
event or group of events creates interacting phenom-
ena; meanwhile, phenomena act for/regarding other
reason. In its turn, the cause itself generates conse-
quence. That creates a chain of causal relations be-
tween individual groups, defined “emergencies”.

The economic impact of emergency is changing.
At the same time, exactly the same problem could
be solved as well during long time as immediately.
From national example, the government did not stop
quickly the sustainable growth rate of foreign curren-
cies during 2014 in Ukraine, – and it had been already
the period of war against Ukraine stared. Moreover,
the opposite case: panic on the currency market at the
end of December 2018 was resolved in a few days.

In general, the economic growths of emergency
can be represented as it shown in figure 1.

As it can be seen, there are two main
causes/reasons of the economic impact emergency de-
pends on the “source” – external or internal. The con-
sequences made on the base of (Pettinger, 2021), de-
fine the traditional causes of inflation, trade deficit,
loss of savings (uncontrolled printing of money, cur-
rency devaluation, fiscal deficit, excessive taxation,
monopolization of markets).

Consideration of the causes of significant fluctu-
ations Ukrainian hryvnia in 2017-2018 years makes
us identify another consequence of the economic
emergencies – ‘information invasion’. Huge changes
(‘jumps’) of the hryvnia / US dollar and euro dur-
ing the period are not fluctuating economic indica-
tors of the state (GDP, index of production, consumer
price index, etc.) or even obtaining or not of macro-
financial assistance from the IMF, the US, EU, etc.
However, it coincides with the declared opposition
protests and the spread of false information in the
media by country-aggressor. Comparison the change

of hryvnia / US dollar with information events in the
country is presented on figure 2.

That is, the preparation and sharing in the media
of an informational event (which may later lead to the
onset of an economic emergency) still leads to signif-
icant fluctuations in the exchange rate and creates the
ground for the economic emergencies.

For example, emergency from the reason of pan-
demic caused such changes of inflation in EU (fig-
ure 3) (Lane, 2021).

Related issues, namely in the context of shaping
the sustainable development, were deeply researched
by Ukrainian famous scientists (Semerikov et al.,
2020). Risk assessment on the mesoeonomics levels
(Pursky et al., 2021) are in the center of future re-
searches as well, especially for after-war reconstruc-
tion of Ukraine.

Today in Ukraine, insurance services are pro-
vided by many insurance companies. As a rule,
they offer a standard set of services for life insur-
ance against accidents, health insurance (including
tourist insurance), property insurance against emer-
gencies, movable property insurance (including car
owner’s liability), insurance of agricultural produc-
ers against adverse weather conditions, medical insur-
ance, etc. However, some insurance companies also
offer specific types of insurance comparable to eco-
nomic emergency insurance:

• credit limit insurance, flight cost compensation
for the passenger, notary liability insurance, third
party liability insurance (Credo, 2022);

• insurance of cases related to transportation: cargo
insurance, forwarder and transport operator lia-
bility insurance, carrier liability insurance (PZU
S.A., 2022);

• reimbursement of cases related to cyber incidents,
which caused stoppage of the production – cyber
risks, the need to recover data (INGO, 2022), etc.

However, quite rarely insurance companies agree
with the voluntary payment of insurance compen-
sation, taking into account inflation losses (av-
topomich.com, 2016). Although earlier it was infla-
tion that was the object of insurance. In the early
1990s, with the onset of Ukraine’s independence and
the rapid inflation of the old currency (‘karbovantsy’),
some insurance companies (for example, (Verbyanyi,
2012)), offered insurance of savings against deprecia-
tion caused by rapid inflation. Now there are no such
offers on the Ukrainian market.

Another option of the ‘lost’ instrument of insur-
ance of economic emergencies in Ukraine can be con-
sidered insurance of non-repayment of bank loans,
which can be used as a guarantee of loan repayment
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Figure 1: Scheme of emergency economic growths.

Figure 2: Comparison of change of hryvnia / US dollar with information events in Ukraine (charts.finance.ua, 2022).

(instead of a more common pledge of property or
guarantees of third parties) (Katranzhy and Maryna,
2020). However, this form has not found its distribu-
tion due to a number of reasons (Chaykovskiy et al.,
2001):

• “commercial banks cannot make extensive use
of loan insurance today because they have well-

founded doubts about the reliability and solvency
of insurance companies, although there is an an-
nual mandatory disclosure of balances;

• high insurance premiums demanded by insurance
companies cause an increase in production costs
due to insurance payments, which in turn leads to
an increase in prices for goods and services;
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Figure 3: Selected (B)MPE projections for inflation.

• the procedure for issuing an insurance contract
is complicated, which requires banks to work
responsibly analytically to reconcile insurance
rates, the nature of liability, and the transfer of in-
surance documents necessary for him to allow a
regression claim against the borrower”.

The interaction of commercial banks and insur-
ance companies today is more common in the con-
sumer market, where insurance companies reimburse
the bank that provided the consumer loan funds in
case of impossibility of returning funds by the bor-
rower in case of damage or malfunction of the goods
under which the loan was taken (Shchedryi, 2005).

We also appeal to insurance of projects’ grant
risks, as the last half of the year makes recipients
think: to do them or not. For example, 2

3 of socio-
economical grants were on the way to give money
back to grantholders. For example, we note what
exactly written in grant agreements, namely by the
British Council – “the party shall be released from re-
sponsibility for non-performance or improper perfor-
mance of its obligations under agreement, if this non-
performance or improper performance was caused by
unforeseen circumstances of force-majeure, occurred
after execution of the Agreement due to emergency
reasons, which could not be either forecasted or pre-
vented by reasonable measures. Such circumstances
include events that are in spite of the parties’ will,
i.e. on which the parties have no influence and/or
control and, therefore, for which they cannot be re-
sponsible. Such circumstances, inter alia, encompass
natural calamities (for instance, earthquakes, inunda-
tion, flood, freezing, etc.), fires, other natural catas-
trophes and social cataclysm, strikes, acts of terror-
ism, warfare, war, etc. Such circumstances also in-
clude civil disorders, acts/inauspicious acts of govern-
ment or other state bodies, blockade, embargo, other

international sanctions, other negative acts of states,
etc., which a respective party is not in connection
with and which it has no influence upon. The party
that is unable to perform obligations under this agree-
ment shall within five calendar days notify the other
party of the onset and cessation of force majeure. The
presence and duration of force majeure is to be con-
firmed by the competent and assigned authorities in
the manner prescribed by the applicable legislation
in force. In the event of force majeure execution of
the agreement shall be postponed for the time of du-
ration of force majeure circumstances. If the force
majeure lasts more than three months, either of the
party may terminate this agreement in respect of the
scope of outstanding services by serving the written
notice”. In contrast, in Ukrainian practice, accord-
ing to the rules of insurance companies, “emergency
states, special, or military emergences; civil disorders,
revolutions, insurrections, uprisings, strikes, putsch,
lockout, terrorist act; nuclear incident, exposure to
ionizing radiation, radiation pollution; illegal actions
of state bodies, local governments, officials of these
bodies” basicly were called “exclusion from insured
cases” (PZU S.A., 2022).

Regarding cases with insurance compensation the
National Bank of Ukraine fixed 127 non-life in-
surance companies (01.09.2022). The total signed
awards in the first half of 2022 compared to the first
half of 2021 decreased by almost a third (-28%) and
amounted to 17.8 billion. UAH. – at the same time,
the reduction in volumes to a greater extent took place
in the segment non-life (-29%); the volume of insur-
ance payments/reimbursements paid in the first half
of this year also fell proportionately in non-life seg-
ment (-32%). In the structure of the insurance port-
folio, the volumes of insurance of property and fire
risks (-60%), financial risks (-64%) and CASCO (-
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30%) decreased the most. The drivers of non-life in-
surance business support were “Green Card” (+ 76%),
MTPL (-13%), accident insurance (-16%). Insurance
portfolio for the first half of 2022 by type of insur-
ance presented in figure 4, and changes in activity vol-
umes (21.03-04.09.2022), non-life, presented in fig-
ure 5 (National Bank of Ukraine, 2022).

Figure 4: Insurance portfolio for the first half of 2022 by
type of insurance in Ukraine (National Bank of Ukraine,
2022).

Figure 5: Changes in activity volumes (21.03-04.09.2022),
non-life (National Bank of Ukraine, 2022).

The positive solutions for further development and
for giving the most relevant results depend on pos-
sibility to change fast, to modernize organisation of
all business-processes (Bogoyavlenska and Berezh-
nytskiy, 2020), being resilience to economic shocks
(Bruneckienė et al., 2018). Moreover, new finances
instruments, namely “innovation vouchers” develop-
ing too fast (Klı́mová and Žı́tek, 2020). In addition,
according to American experts “by 2025, cyber in-
surance volume is expected to reach 15to20 billion.
However, cyber liability insurance is a niche market,
with risks that are largely underinsured. (. . . ) The
COVID-19 pandemic took a toll on the decades-long
growth in merger and acquisition insurance. For in-
stance, in the first quarter of 2020 alone, deal value
and volume dropped by around 30%. Global premi-

ums income shrank by 3.8% in 2020 due to the pan-
demic. In addition, property and casualty premiums
went down by 2.9%. In a similar vein, life insurance
premiums were down by 4.4%. According to the Na-
tional Association of Insurance Commissioners, 83%
of all business interruption policies have virus ex-
clusions. Moreover, 98% of such policies include a
property damage requirement. However, the question
that remains is whether the virus itself can be equated
to physical damage to property. This will likely be
thrashed out in a lawsuit against the insurers and de-
cided on a case-per-case basis.” (Andre, 2022). In this
way, and because the insurance industry is a grow-
ing sector, we are thinking of the necessity of creat-
ing new products for the insurance market (in hybrid
military actions conditions it is very necessary).

5 CONCLUSIONS

Thus, partly due to the reasons and consequences of
economic emergencies today in Ukraine in one form
or another, it is possible to insure the risks associated
with inflation, unemployment, impoverishment of the
population and loss of savings, bankruptcy of enter-
prises and organizations, depreciation of the national
currency and securities.

The circumstances of insuperable force (force ma-
jeure) are hybrid military actions and the application
of economic sanctions by other countries.

And such reasons for economic emergencies as
the withdrawal of investors from the country and the
erroneous economic actions of the government have
not yet been offered by anyone as an object of insur-
ance. Therefore, they can be the direction of further
research of both scientists and practitioners in order
to find new insurance products.
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Abstract: War is a complex social and economic phenomenon which causes tragedy due to irreparable human losses.
Another implication of the war is a great damage to economy, which has its consequences in short-term,
medium-term, and long-term perspectives. In order to overcome the war consequences, it is important to
estimate, analyze and systematize the key impact for providing a comprehensive understanding of the state
of the economy. The article contributes to such a holistic understanding as its purpose is to identify and to
systemize the key economic consequences of the war in Ukraine. The authors systematized the key impact
of the war for business in Ukraine according to the following spheres: business activity of economic entities,
exchange rate, export, logistics, migration. It was defined that due to the scale of consequences and to the
ongoing (at the moment of the article preparation) hostilities on the territory of Ukraine the state cannot
overcome the damage on its own. This emphasizes the necessity of the international support. The key spheres
of international support were examined according to the countries. The Ukraine state support programs were
also revised in the article.

1 INTRODUCTION

Ukraine’s economy has suffered from a range of is-
sues for quite a long time. Political instability, incom-
pletion of supply chains, high level of competition,
vulnerability to the global crisis tendencies – all these
factors form a significant impact on the conditions of
Ukrainian economic entities functioning, thus, on the
state of the economy as a whole. According to the
calculations provided by Yakymchuk et al. (Yakym-
chuk et al., 2021) the level of economic security of
Ukraine during 2009–2019 can be defined as crisis
level. While fluctuating from year to year the cor-
responding level of economic security indicator has
never reached a secure level. The following – 2020 –
year has also brought severe shocks to the country’s
economy due to the COVID-19 outbreak. The year of
2021 was marked by some revival of business activity,
but, at the same time, business entities and the econ-
omy as a whole did not have time enough to recover
from the blow caused by the coronavirus pandemic.
After the full-scale invasion of Russia the immediate
result was GDP reduction by 40 % in the 2nd quarter

a https://orcid.org/0000-0003-2108-7347
b https://orcid.org/0000-0002-9985-0210

of 2022, and the forecast inflation level is set as 31 %
by the end of the year (National Bank of Ukraine,
2022a). Still, the medium-term and long-term conse-
quences remain uncertain, as hostilities continue, the
interaction of various factors causes effects of emer-
gence and resonance, complicating the processes of
forecasting and prediction. Therefore, we believe it is
extremely expedient to provide research in the sphere
of the war outcomes estimation in order to map out
the ways out of the crisis and determine the key mea-
sures for the post-war reconstruction of the country.
It should be mentioned that due to the complemen-
tary origin of the issue none of the researches can
provide holistic understanding and comprehensive an-
swers and solutions, but each research with its specific
stressed points will contribute to the final result.

It is worth noting that the importance of study of
the Russia-Ukraine war consequences is also deter-
mined by the role played by both countries in the
world economy. For example, both countries mu-
tually supply up to 25 % of world wheat export,
and some of the countries (e.g., Armenia, Georgia,
Turkey, etc.) import more than 75 % of the wheat con-
sumed from Russia and Ukraine (World Bank, 2022).
In addition to growing food insecurity risks, the war
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in the region has disrupted a lot of logistic channels,
making it difficult, impossible and / or expensive to
deliver goods internationally. While understanding
the immediate consequences of the war, it is also im-
portant to analyze and forecast the medium and long-
term impact in order to improve the effectiveness of
the activities management and the post-war recon-
struction of the country.

Thus, taking into account the importance of the
outlined issues, as well as the fact that the determi-
nation of potential consequences for the economy of
Ukraine is an important step on the way to the devel-
opment of complex programs for overcoming the re-
spective consequences, we believe that this study will
contribute to the implementation of a comprehensive
approach to the relevant range of problematic issues.

2 LITERATURE REVIEW

The Russia-Ukraine war has become a truly global
conflict, as its implications form a great influence
on most of the world’s countries. Issues of deal-
ing with such influence and overcoming the conflict
consequences are of a special importance nowadays,
that forms a significant scientific interest in the corre-
sponding sphere of researchers all over the world.

The hostilities on Ukraine’s territory have started
in 2014, however, they didn’t impact severely on the
world’s economy. Therefore, at that time, an insignif-
icant number of publications were devoted to the con-
sideration of issues related to the identification of the
war’s impact on economic relations. In particular,
Garzon Gordon and Hierro Recio (Garzon Gordon
and Hierro Recio, 2019) analyzed the impact of the
war in Ukraine on global oil prices, taking into ac-
count the fact that Russia is a powerful player in the
oil market. The study is devoted to determining the
relationship between events in Ukraine and the price
of oil. Bluszcz and Valente (Bluszcz and Valente,
2022) analyzed the costs of the hybrid war in Ukraine,
considering the period of 1995–2017. The scientists
defined that not only Ukraine, but also the neighbor-
ing countries suffer from the war consequences. The
main indicator which is analyzed in the research is
GDP per capita, and the authors state that Ukraine has
lost about 15.1 % of GDP per capita due to the war in
2013–2017.

Russia’s full-scale invasion of Ukraine in Febru-
ary 2022 had a significant economic, geopolitical, and
social impact not only on the parties to the conflict,
but also on other countries. This led both to the
growth and scaling of the war consequences, and to
the corresponding attempts to identify and predict the

impact of the war on socio-economic relations. Ac-
cording to Astrov et al. (Astrov et al., 2022) the war
has changed the world in many dimensions – military,
economic, financial, and geopolitical. The compre-
hensive study is dedicated to estimating both imme-
diate and medium-term implications of the war from
the standpoint of three perspectives: implications for
Ukraine, for Russia, and for the rest of Europe (As-
trov et al., 2022). Orhan (Orhan, 2022) states that the
consequences of the Russia-Ukraine war will affect
not only the region, but also the economy on a global
scale. The main spheres of impact include financial
sanctions, increase of commodity prices, and supply
chain disruptions. Glauben et al. (Glauben et al.,
2022) analyze the implications of the war from the
agricultural trade and food security standpoint. The
authors define that Russia and Ukraine are both im-
portant market players regarding agricultural products
and fertilizers, as their mutual market share was about
28 % for wheat, 15 % for corn, 66 % for sunflower
oil, and 16 % for fertilizers. Thus, war consequences
resulted in reduction of global supplies of mentioned
products forming prerequisites for food security cri-
sis in some countries and regions, especially countries
from the MENA region. According to the estimations
more than 300 million people are at critical high risk
of food insecurity (Glauben et al., 2022).

One of the most discussed issues in current pub-
lications is related to migration trends, particularly
refugees’ flows. Thus, Duszczyk and Kaczmarczyk
(Duszczyk and Kaczmarczyk, 2022) state that Poland
has faced an unprecedented flow of refugees, which
has created a lot of challenges for Poland as for the
receiving country.

Prohorovs (Prohorovs, 2022) defines that the fur-
ther consequences of the war should be examined
within the following spheres: shocks of price, sup-
plies, and supply chains; inflation; employment and
unemployment rate; the economy growth perspec-
tives; possible consequences of confrontation be-
tween the West and Russia. The research provides
a comprehensive analysis of the war impact on the
outlined spheres with a special stress put on the coun-
tries of the European Union. Markus (Markus, 2022)
focuses on the business implications of the war for
Russia. The implications for global business are also
reviewed in the study. The researcher indicates the
following consequences of the war: fuel global infla-
tion, commodity shock, long-term fracturing of the
global financial system. Korneyev et al. (Korneyev
et al., 2022) have provided a detailed study of the war
consequences for Ukraine. Particularly, the authors
examine business activity reduction (with a focus on
specific types of activity) and the governmental sup-
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port programs, as well as they define the key chal-
lenges faced by Ukrainian business. The key chal-
lenges, according to Korneyev et al. (Korneyev et al.,
2022) are as follows: supply chain disruption, ship-
ping surcharge, consumer demand, creating stocks of
products, the state of uncertainty among business rep-
resentatives.

Despite the significant amount of research in this
field, which makes a valuable contribution to creat-
ing a holistic understanding of the consequences of
the war both for Ukraine and for the whole world,
the outlined problem remains insufficiently covered
in view of its complexity and multifacetedness. This
determines the relevance of current research and de-
termines its purpose and tasks.

3 OBJECTIVE OF THE
RESEARCH

The purpose of the article is to identify and to sys-
temize the key economic consequences of the war in
Ukraine. The identification and systematizing of the
implications will contribute to performing a holistic
approach to the relevant issue, as well as they will
serve as a basis for understanding the priority direc-
tions of action for overcoming the relevant conse-
quences. The defined objective involves solving the
following tasks: to identify key spheres of the war
impact on business functioning in Ukraine; to ana-
lyze trends of changes in spheres selected for analy-
sis; to systematize the main directions of international
support of Ukraine; to consider existing governmen-
tal tools for overcoming crisis phenomena caused by
the war.

4 METHODOLOGY

The methodological basis of the study is a system ap-
proach based on the understanding of socio-economic
relations as a whole and, at the same time, structured
system, which is subject to the catastrophic impact of
military actions. During the research, the following
methods were also used: monographic – when study-
ing available publications and reports on assessing the
consequences of the war; analysis and synthesis – to
identify the key spheres of influence of the war conse-
quences on the economy of Ukraine; generalization –
for formulating research conclusions; ranking method
– to determine the positions of individual countries
in the overall ranking of aid to Ukraine; the deduc-
tion method – to determine the priority directions for

the development of measures to overcome the conse-
quences of the war; graphical and tabular – to visual-
ize the obtained research results.

5 RESULTS OF THE RESEARCH

War is a complex socio-economic phenomenon that
definitely affects all spheres of life, both in the coun-
tries participating in the conflict, and in the region
or even the world. In addition to irreparable human
losses, military actions also have a devastating effect
on the economy, endangering the functioning of so-
ciety. Wars can affect economic growth, the provi-
sion of production factors, the production structure,
the public budget, and public debt (Garzon Gordon
and Hierro Recio, 2019). Studying the consequences
of war is an important component of developing pro-
grams for overcoming the respective consequences,
because for the formation of adequate support pro-
grams, a clear understanding of the mechanisms of
the impact of war on various spheres and aspects of
the country’s economic life is necessary. S. Mariotti
states that the war is, on one hand, a result of grow-
ing global imbalances and instability and, on the other
hand, is a cause of further growth of such instabil-
ity (Mariotti, 2022). The globalization processes have
led to a situation when regional conflicts (the Russia-
Ukraine war particularly) affect a significant number
of the world’s countries, creating a negative impact on
economic, social, and geopolitical spheres.

The war in Ukraine will have immediate conse-
quences, as well as medium and long-term impact.
Moreover, this impact will affect not only the coun-
terparties of the war, but almost all countries of the
world. The EU countries will suffer from inflation,
price and supply chains shock, and likely will have to
face recession or even stagflation (Prohorovs, 2022).
The USA are not so vulnerable to the war conse-
quences but will also fall under the impact of destruc-
tive tendencies created by the war (Prohorovs, 2022).

However, the biggest and worst impact will be on
Ukraine. Since 2014 when the hostilities started at
the Eastern Ukraine, the country has suffered from
a considerable decline of economy (Bluszcz and Va-
lente, 2022). The full-scaled invasion has led to much
greater negative impact. The post-war reconstruction
of Ukraine will require not only significant financial
resources, but also a clear plan of action, like the Mar-
shall Plan. In turn, the implementation of a compre-
hensive approach to the formation of an appropriate
reconstruction plan requires a clear understanding of
the main spheres of the war consequences.

The study of scientific literature, reports of
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Ukrainian institutions and international organizations,
as well as our own experience provided an opportu-
nity to determine the key, in our opinion, spheres of
the formation of the war negative impact on the econ-
omy of Ukraine. We consider it expedient to provide
a description of the identified spheres.

5.1 Business Activity of Economic
Entities

Full-scale military operations on the territory of
Ukraine dealt an almost devastating blow to busi-
ness, which has not yet fully recovered from the coro-
navirus crisis. Business entities faced a significant
number of problems, starting from the physical threat
to existence and the destruction of capacities in the
areas of active hostilities and ending with the destruc-
tion of logistic channels and the reduction of solvent
demand. Even if not situated in the active hostil-
ities zone business entities experience all the con-
sequences of the war: destabilization of the econ-
omy, disruption of supply chains, decrease in sol-
vent demand, increase of inflation, etc. (Korneyev
et al., 2022). It is worth noting that the extent to
which business entities are affected can vary signif-
icantly depending on their field of activity. Accord-
ing to Korneyev et al. (Korneyev et al., 2022), the
most vulnerable are the following spheres: agricul-
ture, metallurgy, logistics, insurance. In particular,
the NGO “The Institute for Economic Research and
Policy Consulting” conducted a survey of represen-
tatives of domestic business in May-July to identify
expectations and to assess the current situation. In
July, 449 enterprises took part in the survey. Among
them are mainly industrial enterprises located in 21 of
the 27 regions of Ukraine, in particular in Vinnytsia,
Volyn, Dnipropetrovsk, Zhytomyr, Zakarpattia, Za-
porizhzhia, Ivano-Frankivsk, Kyiv, Kirovohrad, Lviv,
Mykolaiv, Odesa, Poltava, Rivne, Sumy, Ternopil,
Khmelnytskyi, Cherkasy, Chernivtsi and Chernihiv
regions, and in the city of Kyiv (Kuziakiv et al., 2022).
According to the results of the survey in July 2022,
31.9 % of respondents characterized the current finan-
cial and economic situation at the enterprise as bad,
and the share of those who assess the situation pos-
itively was only 10.3 % (Kuziakiv et al., 2022). It
is worth noting that such a share indicates the pres-
ence of significant crisis tendencies in the activities of
enterprises, which, in turn, negatively affects the dy-
namics of general economic development indicators.
According to the State Statistics Service of Ukraine,
real GDP in the II quarter of 2022 decreased com-
pared to the previous quarter by 19.1 % (taking into
account the seasonal factor) and compared to the II

quarter of 2021 – by 37.2 % (State Statistics Service
of Ukraine, 2022). The key factors that create risks
and threats to the existence of Ukrainian business en-
tities include physical threats, exchange rate fluctua-
tions, rising production costs, including due to rising
fuel costs, disruption of logistic channels, problems
with resource provision, including due to the emigra-
tion of the population, a decrease in solvent demand,
etc.

5.2 Exchange Rate

One of the most significant spheres that has suffered
a devastating impact as a result of military opera-
tions on the territory of Ukraine is the situation on
the foreign exchange market. Significant shocks al-
ways have a negative impact on the exchange rate, the
volatility of which increases significantly due to the
uncertainty of the situation. In turn, changes in the
exchange rate potentiate a significant number of fur-
ther consequences related to the solvency of the popu-
lation, inflation fluctuations, foreign trade policy, etc.
Therefore, the exchange rate is one of the key indica-
tors that has the property of emergence, that is, it af-
fects a significant number of socio-economic param-
eters. It is worth noting that at the beginning of the
full-scale war, in order to contain panic fluctuations
and speculative risks, the National Bank of Ukraine
(the NBU) fixed the official rate at UAH 29.25 per
dollar (National Bank of Ukraine, 2022b). This mea-
sure was part of the set of actions introduced by the
NBU to ensure reliable and stable functioning of the
country’s financial system. At the same time, the “re-
tail” rate of the dollar differed significantly from the
officially recorded one, which determined the need
to use foreign exchange reserves to balance the mar-
ket situation. According to official NBU data, gross
international reserves during this period decreased
from USD 29.087 billion equivalent (as of Febru-
ary 1, 2022) to USD 22.387 billion equivalent (as of
August 1, 2022), i.e., by almost $6.7 billion or by
23.03 % (National Bank of Ukraine, 2022b). In or-
der to preserve currency reserves, as well as to prevent
the devaluation of the national currency, the NBU was
forced to increase the discount rate from 10 % to 25 %
in June. At the same time, this measure did not lead to
stabilization of the currency market. In order to avoid
further rapid reduction of foreign exchange reserves,
on July 21, 2022, the NBU adjusted the exchange rate
by 25 % to UAH 36.57 per dollar (National Bank of
Ukraine, 2022b). It is worth noting that the official
rate of the NBU can differ significantly from the mar-
ket rate of commercial banks. This situation was es-
pecially critical in March-May 2022, when there was
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a significant increase in the rate of commercial banks
with the fixed rate of the NBU. The trend of changes
in the exchange rate of the hryvnia to the dollar in
commercial banks is shown in figure 1.

So, we can note a gradual, but significant decrease
in the cash rate of the hryvnia to the dollar. Such
a trend led to a significant number of negative con-
sequences, including: a decrease in the solvency of
the population, an increase in production costs, an in-
crease in foreign debt in the hryvnia equivalent, as a
result – a deterioration of macroeconomic indicators.

5.3 Export

One of the indicators of the socio-economic develop-
ment of the country most significantly related to the
hryvnia exchange rate is export. It is worth noting
that, in general, the devaluation of the hryvnia has a
stimulating effect on exports, but the military actions
that led to the disruption of logistics chains (first of
all, the blocking of ports) caused a significant reduc-
tion in exports.

According to the State Statistics Service of
Ukraine (State Statistics Service of Ukraine, 2022),
the export of goods in June 2022 amounted to 3177.5
million USD, and the value of exports for the cor-
responding period of 2021 was 5305.8 million USD,
i.e., there was a decrease in exports by almost 40 %.
The reduction in exports led to the formation of a
significant negative foreign trade balance – (–1549.4)
million USD. For comparison, the respective indica-
tor for June 2021 was (–258.4) million USD. The
following product groups experienced the greatest
reduction: grain crops (exports in June 2022 were
only 57.2 % of the level of June 2021); ready-made
food products (50.9 %); mineral products (36.8 %);
products of chemical and related industries (42.2 %);
low-value metals and products from them (35.7 %)
(State Statistics Service of Ukraine, 2022). One of
the most crucial not only for Ukraine, but also for
other countries (especially, of the MENA region) ex-
port products is wheat. As Glauben et al. (Glauben
et al., 2022) state the most vulnerable are Albania,
Egypt, Lebanon, Libya, Georgia, Mauritania, Sudan,
Tunisia, and Yemen as large parts of their population
are already subject to high risk of undernourishment.

The reduction in exports not only negatively af-
fected the economic condition of exporting enter-
prises, a significant number of which faced serious
difficulties with the sale of products and ensuring their
existence, but also increased the devaluation of the na-
tional currency due to the reduction in the inflow of
foreign exchange earnings to Ukraine. At the same
time, a positive trend emerged. In June 2022 com-

pared to May 2022 seasonally adjusted exports in-
creased by 18.6 %, and imports by 27.6 %. Season-
ally adjusted balance of foreign trade in June 2022
was negative and amounted to 1408.1 million USD. In
May 2022, it was also negative – 889.9 million USD
(State Statistics Service of Ukraine, 2022).

According to the official information of Min-
istry of Economy of Ukraine (Ministry of Economy
of Ukraine, nd), in August 2022, the volume of
Ukrainian exports increased by 25 % and amounted
to 7.29 million tons. The increase in exports is con-
nected with the partial unblocking of the ports of
Greater Odesa. This made it possible to significantly
increase the volume of export of Ukrainian goods.
As a result, transportation by sea transport increased
by 85 % and amounted to almost 2.9 million tons.
Ukraine exported more than 3 million tons of goods
by rail, 1.36 million tons by road. At the same time,
exporters receive the largest revenue from goods ex-
ported by road – $ 1.48 billion, sea cargo – $ 995
million, and rail cargo – $ 788 million.

The leaders in terms of export value in August
2022 were (Ministry of Economy of Ukraine, nd):

• sunflower oil ($ 443 million). Its export volumes
increased by 30 % to 366000 tons. Ukraine began
to export less raw materials – sunflower seeds –
and more processed products;

• corn ($ 347 million). Its export increased by 31 %
to 1.5 million tons. It was this export segment
that benefited the most from the unblocking of the
ports from which ships loaded back in February
left;

• rapeseed ($ 305 million). Ukraine has already ex-
ported 665000 tons of this crop of the new harvest;

• wheat ($ 213 million). In August, Ukraine ex-
ported 2.3 times more grain than in July, amount-
ing to 880000 tons (Ministry of Economy of
Ukraine, nd);

• ore ($ 172 million). As a result of the occupa-
tion and destruction of the south-eastern regions,
the volume of exports of metallurgical products is
decreasing. In particular, 1.4 million tons of ore
were exported in August;

• cable products ($ 89 million). Despite the de-
crease in export volumes by 9.8 %, this category
of goods remains one of the key ones;

• electricity ($ 73 million). Revenue from electric-
ity increased by 2 times compared to July. This
is the result of the successful integration of the
Ukrainian energy industry into ENTSO-E – the
energy system of the European Union;
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Figure 1: Dynamics of the weighted average exchange rate of the hryvnia to the dollar on the cash currency market of Ukraine
(National Bank of Ukraine, 2022b).

• sunflower seeds ($ 71 million). Gradually, this
segment of exports will decrease due to the
growth of processing;

• poultry meat ($ 67 million). The export of prod-
ucts showed a decrease compared to July;

• soybeans ($ 62 million). In August, its export
growth was +30 % to 148000 tons (Ministry of
Economy of Ukraine, nd).
It is important that confectionery processing prod-

ucts show stable upward dynamics: bakery +19.4 %,
sugar +9.1 %, chocolate +25 % (Ministry of Economy
of Ukraine, nd).

We have optimistic prediction from the First
Deputy Prime Minister, Minister of Economy of
Ukraine Yulia Svyrydenko (Shalal, 2022). She told
Reuters that Ukraine’s economy should stabilize over
the coming year and expand by as much as 15.5 % in
2023, depending on military actions development in
the war against Russia that began on February.

5.4 Logistics

The well-adjusted transport and logistics activities of
the country are determined not only by the direct
restoration of the national economy but also by the
preservation and further development of international
relations, which are of key importance for modern
economies of developed countries (Ohar et al., 2022).

During the war, the traffic flow increased. Since
the beginning of the war, the seaports have remained

virtually blocked, so the main part of trade flows has
been taken over by road and rail transport. Today
roads and transport points are usually the most dam-
aged and destroyed as strategically important objects
for the movement and storage of military equipment
and, consequently, as battlefields. As of May 2022,
as a result of hostilities on the territory of Ukraine,
about 23 % of railway tracks were damaged, includ-
ing 6.3 thousand km of main tracks. In the first quar-
ter of 2022 exports amounted to 102.9 % compared
to the first quarter of 2021, imports – 94.4 % com-
pared to the same period last year. At the same time,
foreign trade operations were conducted with partners
from 214 countries (Ohar et al., 2022). We must also
emphasize the breaking of chains, the destruction of
transport routes, the exclusion from operation of key
trunk roads that connected the West, Center, and East
(the Lviv-Kyiv and Kyiv-Kharkiv route); fuel short-
age and high fuel prices; frequent air alarms; highway
logistics stopped working at night due to curfews and
difficulties at roadblocks.

In general, it is worth noting that the war and
its consequences from the point of view of logistics
and infrastructure determined the understanding that
in the future, when rebuilding the state, localization
and the creation of alternative infrastructure are nec-
essary (Markus, 2022).
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5.5 Migration

Another painful issue for Ukraine as a whole, and for
the economy in particular, is population migration re-
lated to hostilities. Orhan (Orhan, 2022) states that
the most significant consequence of the war between
Russia and Ukraine is the lives lost and the humani-
tarian crisis associated with the large number of peo-
ple besieged and displaced. A great number of people
left the country (this trend was especially significant
at the beginning of the war), in addition, many peo-
ple were forced to move within the country (internal
displacement). Such a situation has significant neg-
ative consequences for the business activity of eco-
nomic entities, because the decrease in the number
of the population located on the territory of Ukraine
has led to both a reduction in demand (due to a de-
crease in the number of potential consumers) and to
problems with staffing of economic entities. Approx-
imately 2.75 million refugees from Ukraine are of
working age, of whom 1.2 million worked before the
start of the war in Ukraine and, accordingly, could
enter the EU labor market (Prohorovs, 2022). This
situation results in the absence of the respective hu-
man resources in Ukraine and complicates business
entities functioning. This was especially clearly visi-
ble in February-March, when enterprises and organi-
zations could not always adjust their work due to the
lack of employees (for example, pharmacies belong-
ing to critical infrastructure suffered from the lack of
pharmacists who could work, which, in turn, deter-
mined reduction of pharmacy networks even in rela-
tively “calm” regions).

According to the Office of the United Nations
High Commissioner for Refugees (UNHCR, 2022),
as of September 7, 2022, 7.16 million refugees from
Ukraine were registered in Europe. The largest num-
ber of refugees is registered in Poland (1.37 mil-
lion people), Germany (1 million people), and the
Czech Republic (0.43 million people). In total, since
the beginning of the war, according to the UNCHR,
11.9 million people crossed the borders with Euro-
pean countries towards Europe and 5.3 million peo-
ple moved towards Ukraine. In addition, according to
the estimation, almost 7 million people are internally
displaced within Ukraine. These trends cause prob-
lems with providing shelter for a significant number
of displaced persons (UNHCR, 2022). The closest
countries – Poland and Romania – faced a situation of
unpreparedness for such a large number of refugees, a
similar situation is observed in Ukraine in the western
regions. As Astrov et al. (Astrov et al., 2022) define
“For example, the population of Lviv – the largest city
in western Ukraine – is only about a quarter of the
size of Kyiv.... It is a logistical nightmare to find ac-

commodation for half of Kyiv’s population (or about
1.5 m people)”. However, Poland is playing the most
important role in providing sanctuary for Ukrainian
refugees. This phenomenon is caused by several rea-
sons. First of all, Poland is a bordering country which
is situated in the west, this creates a more or less safe
route for fleeing. Secondly, there is a long-lasting
tradition of labor migration from Ukraine to Poland,
which started long before the full-scale war started
(Duszczyk and Kaczmarczyk, 2022). Such tradition
made it easier to find shelter, to build logistics, etc.

5.6 Measures for Overcoming Negative
Consequences

The spheres of the negative consequences of the war
discussed above are not exclusive and exhaustive, be-
cause the large-scale military actions on the territory
of Ukraine had an extremely negative impact on all
spheres of socio-economic life. Destruction of in-
frastructure, reduction of business activity, decline in
GDP, significant increase in inflation, population mi-
gration are just some of the challenges that Ukraine
has faced. Overcoming the consequences of such
challenges requires significant efforts, coordination
and, first of all, financial resources. Suffering from
military operations, Ukraine is currently unable to in-
dependently overcome existing and projected prob-
lems, that actualizes the need and determines the im-
portance of international assistance. In the next sec-
tion of the article, we find it expedient to consider the
specifics of providing international aid to Ukraine as
well as governmental aid to business.

5.7 International Support

Under the war conditions, when the situation changes
every day, it is quite difficult to predict the conse-
quences of Russia’s aggression both for Ukraine and
for the world. Faced with the incredible desire of
Ukrainians to protect the country’s sovereignty and
fight back against the enemy, foreign partners provide
comprehensive assistance to Ukraine. Starting from
February 24, partner countries are helping Ukraine in
various ways.

We analyzed the amount of aid from foreign part-
ners and summarized the open sources of two plat-
forms – Ukrainian FORBES (Landa, 2022) and The
Kiel Institute for the World Economy (Antezza et al.,
2022b). Poland, Estonia, Latvia, United States, and
Lithuania took the first places in the updated rating of
“Friends of Ukraine” from FORBES. In general, the
authors have presented a rating for twenty countries,
including sixteen European countries. In the “Friends
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of Ukraine” rating (7) the authors have considered the
following indicators (Landa, 2022):

• voting at the United Nations General Assembly
for the withdrawal of Russian troops, the intro-
duction of sanctions against Russia and the clo-
sure of its airspace, participation in the conference
to support Ukraine on the basis of “Ramstein Air
Base”, the inclusion of Russia in the list of hostile
countries I(1),

• the recognition of the genocide of Russia/USSR
against Ukraine I(2),

• the expulsion of Russian diplomats I(3),

• the amount of aid to Ukraine, according to the
Kiel Institute, in monetary terms, C billion I(4)
and as % of GDP I(5),

• visits of high-ranking officials to Ukraine I(6).

In table 1 we have described the TOP-10 countries
in the “Friends of Ukraine” rating.

Forbes has determined the financial component of
the “Friends of Ukraine” rating based on the infor-
mation from The Kiel Institute for the World Econ-
omy. The Kiel Institute for the World Economy fo-
cuses only on government-to-government transfers to
Ukraine (Antezza et al., 2022b). The Ukraine Support
Tracker lists and quantifies military, financial, and hu-
manitarian aid promised by governments to Ukraine
between January 24, 2022, and currently through Au-
gust 3, 2022. It covers 40 countries, specifically
the EU member states, other members of the G7, as
well as Australia, South Korea, Turkey, Norway, New
Zealand, Switzerland, China, Taiwan, and India.

We have summarized the data of the Institute’s re-
port (Antezza et al., 2022a) of various types of assis-
tance to Ukraine. Some institutions are closed, and it
is very difficult to find reporting information on them
(such as the United Nations or the Red Cross). Sup-
port from major international organizations includes:

1. IMF programs: On March 9, the International
Monetary Fund announced and disbursed an
emergency assistance loan of $ 1.4 billion to
Ukraine under the umbrella of its Rapid Financ-
ing Instrument.

2. The World Bank: According to the data provided
by the Ministry of Finance of Ukraine, out of the
$ 2.467 billion $ 929 million have been disbursed
so far, a share of 37.66 %.

3. The European Bank for Reconstruction and De-
velopment (EBRD): On March 9 an international
organization half-owned by European countries,
announced a support package for Ukraine and
neighboring countries totaling $ 2 billion.

Total aid to Ukraine is C84.2 billion (from Euro-
pean Union and 40 countries from January 24, 2022,
until August 3, 2022). In table 2 we compare the type
of government support to Ukraine by type of aid: mil-
itary, humanitarian, and financial directions (TOP-10
countries in billion Euros).

Table 2 shows that The United States government
alone (C44.5 billion) committed almost four times as
much to Ukraine than all the individual EU country
governments combined (C16.22 billion). However,
the large commitments by the EU institutions bring
the total European support to a level closer to the US.
The United States clearly remains the largest donor to
Ukraine.

Table 3 shows the amount of aid provided to
Ukraine by other countries compared to the GDP indi-
cator. Considering the GDP indicator provides an op-
portunity to determine the contribution of each coun-
try taking into account the level of economic develop-
ment of the respective state.

Table 3 shows that Eastern European countries
stand out as particularly generous when consider-
ing the size of their economy, with Estonia, Latvia,
Poland, and Lithuania ranging among the top ten
donors. The United States (being the largest donor in
absolute terms) comes in 10th, with assistance worth
around 0.22 percent of its GDP. Also, Eastern Euro-
pean countries show even higher commitments rela-
tive to GDP if one were to account for support by
hosting Ukrainian refugees.

5.8 Ukrainian State Support for
Business During the War

Supporting Ukrainian businesses is an important task
to ensure the economic capacity of Ukraine to meet
the challenges of war. Revitalization of the en-
trepreneurial activity is a key factor to enhance the
country’s stability and to overcome the consequences
of the war (Korneyev et al., 2022). The state is taking
affordable steps to support companies that find them-
selves in difficult conditions. In table 4 we have sum-
marized the main state initiatives to support business
in wartime, presented on the “Diia. Business” gov-
ernment services portal.

The effectiveness of government initiatives is
varying. For example, according to the information
from The Ministry of Economy of Ukraine (Ministry
of Economy of Ukraine, nd), at the end of August,
725 enterprises moved from the regions of active hos-
tilities to safer ones, of which 528 have already re-
sumed their activities at the new location. Another
284 companies are currently searching for a suitable
location or method of transportation. Among the relo-
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Table 1: Top-10 countries in the “Friends of Ukraine” rating (Landa, 2022).

Country
Indicators

Rating (7)I(1) I(2) I(3) I(4) I(5) I(6)
Poland Yes Yes 45 5.1 0.88 President, Prime minister 100
Estonia Yes Yes 17 0.3 1.13 President 96
Latvia Yes Yes 16 0.3 1.03 President 96

United States Yes Yes 12 44.5 0.22 House speaker, Secretary of State 93
Lithuania Yes Yes 5 0.3 0.55 President 90
Portugal Yes Yes 10 0.5 0.24 Prime minister 90

United Kingdom Yes Partly 23 6.6 0.25 Prime minister 89
Italy Yes Partly 30 2.8 0.15 Prime minister 89
Spain Yes Partly 25 2.3 0.19 Prime minister 88

Slovakia Yes Partly 38 0.4 0.43 President, Prime minister 88

Table 2: Government support to Ukraine: type of aid, C billion (Antezza et al., 2022b).

Country
Type of aid, C billion

Total, C billionmilitary financial humanitarian
United States 25.0 9.2 10.3 44.5

EU Institutions 2.5 1.42 12.3 16.22
United Kingdom 4.0 0.38 2.10 6.48

Germany 1.2 0.75 1.15 3.1
Canada 0.96 0.26 1.82 3.04
Poland 1.80 0.10 0.99 2.89
France 0.23 0.12 0.80 1.15
Norway 0.21 0 1.03 1.24
Japan 0 0 0.59 0.59
Italy 0.15 0 0.31 0.46

Table 3: Government support to Ukraine: by donor GDP,
incl. refugee costs (Antezza et al., 2022b).

Country Bilateral aid
(percent of GDP)

Refugee costs
(percent of GDP,
rough baseline

estimate)
Estonia 0.8 0.4
Latvia 0.8 0.3
Poland 0.5 0.5

Czech Republic 0.2 0.4
Lithuania 0.3 0.3
Slovakia 0.2 0.2
Norway 0.4 0.02
Bulgaria 0.01 0.31

United Kingdom 0.2 0.01
United States 0.22 0.00

cated enterprises that have already resumed their ac-
tivities in the new place, the largest part is formed
up by enterprises operating in the sphere of whole-
sale and retail trade – more than 40 % (of the to-
tal number of relocated enterprises) and enterprises
in the sphere of processing industry – 30 %. Also,
among displaced companies, almost 7 % are active

in the sphere of information and telecommunications,
6 % – in professional, scientific and technical ac-
tivities, and 4 % – in the sphere of construction.
The most significant number of enterprises were re-
located to Lviv (29 % of relocated enterprises), Za-
karpattia (18 %), Chernivtsi (13 %), Ternopil (8 %)
and Khmelnytskyi (7.6 %) regions. Among the
large companies that were relocated are LLC “Pozh-
mashina”, LLC “CORUM Druzhkovka Machine-
Building Plant”, LLC “Staleks”, PJSC “Kramatorsk
Heavy Duty Machine Tool Building Plant” (Ministry
of Economy of Ukraine, nd).

Another important direction of state support for
business is preferential taxation, which made it possi-
ble to reduce the tax burden for enterprises and thus
mobilize additional reserves to ensure the survival of
business entities.

Based on open sources, we have summarized the
tax innovations information proposed by the govern-
ment:

1) individual entrepreneurs of the I and II groups
(simplified tax system) during the martial law
and within a year after its completion will be ex-
empted from paying a single social contribution;
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Table 4: Spheres of state support for business during wartime (Diia.Business, 2022).

Sphere Explanation
Compensation for em-
ployment of internally
displaced persons (IDP)
or 6,500 hryvnias within
eSupport

Compensation to the employer for labour costs for each internally displaced per-
son. The source is the state budget reserve fund. Ukrainians will be able to receive
UAH 6500 within the eSupport program in the areas where the most active hos-
tilities are taking place. These funds can be used to pay for any expenses without
restricting the type of business. Hired employees and individual entrepreneurs of
all groups will be able to receive assistance.

The Government program
of the enterprises evacua-
tion from the combat zone

The government has presented the program for the evacuation of enterprises from
the war zone to the west of Ukraine. Businesses will be provided with appropriate
conditions for work in the new place and employment opportunities for people.
Enterprises will be provided with assistance in selecting locations for their pro-
duction facilities, transportation and resettlement of personnel, and search for new
employees. The program is aimed at preserving the production and labour poten-
tial of Ukraine and is aimed at all enterprises that wish to move production to the
territory of the western regions of Ukraine.

The Government program
“eWork”

Any Ukrainian who does not work at other enterprises can take part. To receive
money, you need to submit an application through “Diia” or in the branches of the
OshchadBank together with the attached business plan. Money can be received by
anyone who has the desire, skills and plan to start their own business or expand
their business. For the grant, it will be possible to purchase equipment, buy raw
materials or pay for the rent of the premises.
For example:
– Grant for own business: up to UAH 250000
– Gardening grant: up to UAH 400000
– Greenhouse grant: up to UAH 7 million
– Grant for a processing enterprise: up to UAH 8 million.

State support “Credit pro-
gram for exporters”

Credit program for companies that, due to the aggression of the Russian Feder-
ation, need additional financing for the implementation of export contracts. The
affordable financing program for exporters during the war “Loans for the imple-
mentation of foreign economic contracts under a simplified procedure” will help
Ukrainian manufacturers enter new markets and become competitive.

Support of Ukrainian en-
trepreneurs under condi-
tions of war to preserve
business and jobs

The tool from the UA Anti-crisis initiative will help to gather information about
resources, build a strategy and take specific steps to start a business with the aim
of faster recovery of the Ukrainian economy.

2) enterprises and individual entrepreneurs of the III
group (simplified tax system) will be exempted
from paying a single social contribution for em-
ployees who joined the armed forces and other
armed groups (including territorial defense). The
fee will be paid by the state;

3) payment of taxes for all enterprises that are unable
to pay them is postponed;

4) the introduction of cash registers for all individual
entrepreneurs is postponed;

5) all measures of the market and consumer surveil-
lance in all matters, except for price regulation
and control over pricing, will be abolished. A
moratorium on inspections of all types for busi-
ness has already been established.
Tax innovations also involve the following mea-

sure: VAT and income tax have been replaced dur-
ing the wartime by a 2 % turnover tax (the transition
to this taxation system is voluntary). The taxation of
fuel is also diminished in order to constrain the prices
(Astrov et al., 2022).

Summarizing the above mentioned, we can con-
clude that currently a significant number of measures
to overcome the consequences of the war in Ukraine
are already being implemented by both foreign gov-
ernments and the government of Ukraine. However,
we should note that most of these measures are aimed
at ensuring business survival and ongoing support for
Ukraine, while spheres related to the post-war recon-
struction of the state are also important. We see the
prospects for further research in the formation of a
complex system of measures for overcoming the neg-
ative consequences of the war in Ukraine.
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6 CONCLUSIONS
War in Ukraine is a powerful trigger, significantly in-
creasing the level of inflation and exacerbating the
existing issues of economies. Companies and coun-
tries have needed to adapt their activities to the con-
sequences of the Russian war in Ukraine. The con-
sequences of the war for Ukraine are especially sig-
nificant (for objective reasons), because currently
Ukraine suffers not only from direct military actions,
but also from the economic consequences associated
with them. Therefore, it is extremely important to
understand the consequences of the war both in the
short-term and in the medium-term perspective. The
article identified the key directions of the formation
of the negative impact of the war on socio-economic
relations in Ukraine. It is worth noting that busi-
ness in Ukraine faced unprecedented challenges re-
lated to both the threat to existence (physical) and the
destruction of economic ties, the loss of sales mar-
kets, the increase in costs, and the decrease in the effi-
ciency of functioning. Based on the results of the re-
search, the main risks and threats were systematized
in the following spheres: business activity of eco-
nomic entities, exchange rate, export, logistics, pop-
ulation migration (refugees). The researched list of
directions of the formation of the war negative impact
on socio-economic relations in Ukraine is not exhaus-
tive, but it provides an opportunity to contribute to
the formation of a holistic understanding of the state
and prospects for the development of the situation in
Ukraine. In turn, such a comprehensive understand-
ing will serve as a basis for developing complex pro-
grams to overcome the negative consequences of the
war in Ukraine. Based on the analysis of the scale of
negative consequences, it was determined that, given
the current situation, Ukraine is unable to indepen-
dently overcome the existing problems, which deter-
mines the importance of international support. Cur-
rently international support should be analyzed in two
directions: diplomatic and financial (in terms of mili-
tary, humanitarian, and purely financial). The largest
contribution to total aid in absolute terms was made
by the USA, however, if the analysis is carried out in
comparison with the GDP of the respective country,
then the countries of Eastern Europe (Estonia, Latvia,
and Poland) take the first places in terms of aid. At
the same time, the government of Ukraine implements
measures aimed at supporting both business and the
population, which is extremely important from the
point of view of preserving the country’s potential.
We see the prospects for further research in the for-
mation of a complex system of measures aimed at
overcoming the consequences of the war in Ukraine,
which will be based on the data of the econometric

model for assessing the impact of individual factors
on the resulting indicator (for example, GDP).
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Abstract: The reflections undertaken, according to their authors, are an attempt to use the scientific achievements of the
new institutional economics to identify, analyze and evaluate global challenges for the European community.
They are an intellectual response to the development dilemmas of the contemporary world, which arouse the
interest of representatives of all contemporary currents of economic thought and practice. For the authors of
the article, the need and advisability of approximating and linking these two layers has also become an area of
research aimed at documenting the usefulness of an institutional approach to the study of complex problems of
the contemporary world – with emphasis on those concerning the European continent. With such expectations
in mind, the considerations were firstly focused on identifying the achievements of institutional economics as
an inspiration for solving the challenges of the contemporary world. In the second instance, the main focus is
on identifying, analyzing and assessing the challenges facing the European community in relation to human,
material and relational resources.

1 INTRODUCTION

The development challenges of the modern world
arouse the interest of many sciences – including all
contemporary currents of economic thought – and
prompt their representatives to address them. Their
persistence and even deepening proves the ineffec-
tiveness of generalizations of these problems by the
leading currents of classical economic thought. This
is the case when the practice of socio-economic life
forces the search for effective hints for their solu-
tion. This is the case when a set of challenge planes
is expanding, namely: political-military, social and
economic, natural-climate and ecological, technical-
technological, health, and cultural and civilizational
(Camdessus, 2019; Dziurny, 2020; Friedman, 2009;
Landes, 2015; Pobłocki, 2020; Randers et al., 2014;
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Stachowiak, 2004).

Many of the numerous development perturba-
tions of the modern world affecting changes in eco-
nomic activity and the well-being and prosperity of
the global community were recognized and identi-
fied in the Millennium Development Goals of the UN
Millennium Project - adopted at the UN Session in
2000 (Ośrodek Informacji ONZ w Warszawie, 2022)
– and the 2030 Agenda for Sustainable Development
– adopted by the UN in 2015 (OECD, 2017). These
perturbations have also affected the European com-
munity, becoming the premise for the formulation of
challenges to be addressed as a responsibility of the
entire European community.

Their solution rests with a whole range of scien-
tific disciplines, which are expected to develop theo-
retical generalizations as well as practical directives
for their solution. One of these scientific disciplines
is institutional economics – which in its contempo-
rary perception is referred to as new institutional eco-
nomics. Its theoretical output, built on an interdis-
ciplinary approach to solving social and economic
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problems, can become a source of inspiration for solv-
ing the challenges facing the European community
(Borkowska et al., 2019; Stanek, 2017; Stankiewicz,
2014).

2 INSTITUTIONAL ECONOMICS
AS AN INSPIRATION FOR
SOLVING THE CHALLENGES
OF THE MODERN WORLD

The logic of thinking reflected in the views of insti-
tutionalists, especially those representing the ‘new’
(as opposed to traditional) institutional economics, is
based on a paradigm referring to the scientific work
of leading neo-institutionalists. It refers to the tradi-
tional views of this current and the concepts used by
them, among which the category of “social institu-
tions” should be identified as the leading one under-
stood as dominant ways of thinking that take into ac-
count social conditions, the functions of the individ-
ual and the community, as well as habits of thought
and ways of apprehending phenomena by which peo-
ple are guided. Because they are products of the past,
adapted to new conditions, they are therefore never
in complete harmony with the requirements of the
present (T. B. Veblen1). The source of their transfor-
mation is to be found in the constant improvement of
technology (Veblen, 2008).

At the same time, institutionalists were aware – in
addition to the premises that determined the need to
articulate the paradigm of the new institutional eco-
nomics – of the demands placed on it, namely that: it
is not given once and for all – but should be adopted
by consensus of the majority of researchers. They as-
sumed that it could periodically undergo fundamen-
tal changes leading to profound changes in science
associated with the scientific revolution. They also
assumed that it should be characterized by: logical
and conceptual coherence; relative simplicity, i.e., it
should contain only those concepts and theories that
are genuinely necessary for the science in question;
and allow for the creation of detailed theories consis-
tent with known facts. This was followed by the for-
mulation of several fundamental questions, namely: is
reality objective or partly subjective? does one have
to be a participant in a social process in order to un-
derstand it well? and, does social reality undergo con-
stant change or is it still the same? The answers to all

1Thorsten Bunde Veblen (1857-1929) – American of
Norwegian origin, sociologist and economist, master of the
entire institutional stream. Author of “The Theory of the
Leisure Class” (1899).

of these questions provide a substrate for the identi-
fication and solution of Europe’s global and regional
development problems.

Useful for addressing the challenges of the mod-
ern world – according to the authors of the article – is
the fact that the institutionalists enriched the picture of
the process of socio-economic development with the
setting of ‘culture’, which they saw as an organized
system of human behavior in which there is an insti-
tutional (also called ceremonial) area on the one hand
and a technological area on the other (Stankiewicz,
2014). In their view, any economic system remains
under constant pressure, on the one hand from the
forces of various institutions (legends, customs, social
hierarchies) and on the other hand from the incentives
generated by technology (C. E. Ayres2).

Institutionalists, referring to the instrumental phi-
losophy dealing with the use of limited resources
to achieve individual and group goals, formulate the
postulate of adaptation of these opposing forces. The
area of this process is the economic system, which is
formed by two interrelated but contradictory blocks:
the first is the block of the price economy identified as
a complex of historically shaped institutions adopting
ceremonial behavior, whose value derives from power
based on the power of money; the second is the block
of the industrial economy based on technology, sci-
ence and the proliferation of labor tools. Each gen-
erates different values, the first price value and the
second industrial value. Their synthesis is the idea
of a rational society, whose determinants should be
abundance of goods, quality of life, freedom, security
and excellence. The progress of society, understood
in this way, should be aimed at, that is, the progress
that ensures the continuity of humanity through the
development of science and creativity, rather than the
progress that pursues the goals of maximizing utility
and satisfaction resulting from the aspirations of indi-
viduals. The correct direction of its evolution should
be supervised by the institution of social planning.

Views formulated on the basis of an analysis of
the disintegration of 19th century civilization char-
acterized by: balance of power, gold standard, self-
regulating market and liberal state (K. Polanyi3), sup-
ported by arguments from economic anthropology,

2Clarence Edwin Ayres (1891-1972) – American, pro-
fessor of economics and philosophy, representative of one
of the most important centers of evolutionary economics
(University of Texas at Austin). Author of many publi-
cations, including: “The Theory of Economic Progress”
(1944) and “Toward a Reasonable Society” (1962).

3Karl Polanyi (1886-1964) – Austrian, lecturer at the
universities of Oxford and London. The author of the work
“The Great Transformation; The Political and Economic
Origins of Our Time” (1944).
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should be considered useful and valuable, for the in-
vestigations undertaken. They proved that this civi-
lization collapsed because its economy was based on
self-interest and worked against the interests of soci-
ety (Stankiewicz, 2014).

Necessary for deliberations aimed at identifying
the challenges facing Europe and developing direc-
tives for solving them is to take into account the
methodological achievements of the representatives
of this current (I. Lakatos4), who, despite their often-
diametrical differences (K. R. Poper5, T. S. Kuhn6),
tried to bridge the gap between them. On the one
hand, the research procedure leading to a theory from
making a lot of observations and using inductive rea-
soning (K. R. Poper) was rejected, postulating a re-
search path according to the scheme: posing a certain
problem by the existing theory – eliminating the er-
rors of the old theory – posing a new problem. In this
connection, historicism was also fought against as a
view of being able to predict the inevitable course
of history. On the other hand, historical knowledge
was assigned an important role (T. S. Kuhn), believing
that it should not be regarded merely as a repository
of chronological descriptions of events, which seek
to reconstruct a continuous line of development, but
as a detection of the integrity of science in particular
periods. This was followed by the introduction as a
particular “matrix of scientific discipline”, which was
understood as a set of certain generalizations, models,
values and patterns accepted by scientists. Within it is
placed the practice of ‘normal’ science, whose task is
to solve various ‘puzzles and riddles’ until anomalies
emerge, that is, facts that cannot be explained on the
basis of the matrix. These views have tried to recon-
cile (I. Lakatos) by seeking a certain synthesis of their
approaches, while proclaiming their own reflections
(Stankiewicz, 2007).

With regard to economics, the concepts of sci-
entific research programmers are pointed out, in the
structure of which it is necessary to distinguish be-
tween a “hardcore” forming a set of fundamental and
conditionally unquestionable assumptions, the con-
tent of which is subject to slow changes; and a “pro-

4Imre Lakatos (1922-1974) – Hungarian of Jewish de-
scent. Methodologist. Author of the works: “Essays In
the Logic of Mathematical Discovery” (1961), “Criticism
and the methodology of scientific research Programmes”
(1968).

5Karl Rajmund Popper (1902-1994) – Austrian physicist
and logician. Author of the works: “Logik der Forschung”
(1935); “The Poverty of Historicism” (1957) and “Objek-
tive Knowledge ”(1972)

6Thomas Samuel Kuhn (1922-1996) – American histo-
rian and philosopher of science. The author of the work
“The Structure of Scientific Revolutions” (1962)

tective belt”, which surrounds the “hardcore” and
which consists of auxiliary hypotheses, modified ac-
cording to the needs of defending the foundations
of the scientific research program and whose content
must be frequent.

The resultant of all the views cited allows the
idea of the paradigm of the new neo-institutional eco-
nomics to be outlined. It refers to a holistic cogni-
tive approach imposing the need to use a modeling
method (more specifically, a benchmark model) al-
lowing to focus attention on the relations between the
parts and the whole, to search for a coherent unity of
phenomena and to follow the process of social evolu-
tion. It is based on a set of elements that constitute the
‘core’ of the paradigm and the ‘safety belts’ that con-
stitute its environment. This implies the need to make
interdisciplinary use of the contributions and achieve-
ments of other scientific disciplines, especially tech-
nology, law, sociology, social psychology, pedagogy,
or even neurology, anthropology and other sciences
(Stankiewicz, 2007).

At the core of the New Institutional Eco-
nomics paradigm are four structural elements: “so-
cial ceremonies” and “technology” (corresponding to
T. B. Veblen’s ideas of the business world and the in-
dustrial world); “philosophy” (referring to the views
of C. E. Ayres, J. Dewey’s7 pragmatism and instru-
mentalism) and “environment” (based on the views of
K. Polanyi and his economic anthropology). Each of
these elements has its own “safety belt” which is its
environment and characterizes its essential determi-
nants. “Social ceremonies” are described by the deter-
minants: institutions, beliefs and values. “Technolo-
gies”, in turn, are described by the determinants: tools
and qualifications. “Environment”, on the other hand,
is concretized by the determinants: flora, soil, fauna,
climate. “Philosophy”, on the other hand, is described
by the determinants of social legitimacy (referring to
the criteria of social legitimacy – “social legitimacy”
by W. C. Neale8); participatory democracy (based on
the essence of participatory democracy – “participa-
tory democracy” by M. T. Tool9) and sufficiency (re-
ferring to “sufficiency” by K. Polanyi).

7John Dewey (1859-1952) – American, supporter of in-
strumentalism (varieties of pragmatism). He brought his
ideas to institutionalism.

8Walter Castle Neale (1925-2004) – author of theorems
on the criteria of social legitimacy.

9Marc R. Tool (1921-2018) - creator of the concept of
participatory democracy. Author of “The Discretionary
Economy: A Normative Theory of Political Economy”
(1979), and “Essays in Social Value Theory: A Neoin-
stitutionalist Contribution” (1986). He was the editor of
“An Institutionalist Guide to Economics and Public Policy”
(1984).
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The formula of the presented paradigm of institu-
tional economics assumes that the observer of real-
ity who intends to study it cannot be neutral and will
not be objective, because he is always a representa-
tive of a particular culture. In doing so, he or she
must take into account the achievements of many sci-
ences in order to make value judgments. With this
in mind, attempts are being made to refine it (F. G.
Hayden10, G. M. Hodgson11). In the first instance,
the concept of a matrix array of the social system is
promoted, composed of streams and resources with
no single denominator, whose individual cells inte-
grate relations of free benefit, distribution and ex-
change (F. G. Hayden). Four issues are also intro-
duced into the paradigm of institutional economics:
the concept of exchange understood as the transfer of
property rights; the institutions of the market seen as a
set of social institutions in which goods are exchanged
with particular regularity; the enterprise as a creature
that ensures the reduction of opportunity costs, oper-
ating under conditions of uncertainty and practicing
economic calculation; expectations that boil down to
the demand for the creation of institutions conducive
to the formation of a mixed socio-economic arrange-
ment in the future, in which tradition, market and
planning will coexist (G. M. Hodgson).

An important aspect of neo-institutionalist
views is their orientation towards cultural premises
(S. Huntington12), which, alongside ideological and
economic premises, can be the generator of many
threats. The multidimensionality of culture, in their
view, increasingly causes the differentiation of the
world, strongly influencing ideology and economics,
succumbing also through feedback to their influence.
However, it should also be borne in mind that, despite

10F. Gregory Hayden – American, professor at the Uni-
versity of Nebraska. The author of the concept of the social
system matrix, composed of flows and resources, without
a uniform denominator. The individual cells of the matrix
integrate the relationships of free benefits, distribution and
exchange. He treated the matrix table as a helpful tool for
analysts and planners.

11Geoffrey M. Hodgson (1946-) – Englishman, lecturer
in economics at British, French, Austrian, Swedish, Amer-
ican and Japanese universities. Author of works: “Eco-
nomics and Institution. A Manifesto for a Modern In-
stitutional Economics” (1989); “Economics and evolution:
bringing Life back into Economics” (1993); “Evolution and
Institutions. On Evolutionary Economics and the evolution
of Economics” (1999); “The Evolution of Institutional Eco-
nomics: Agency, Structure and Darwinism in American In-
stitutionalism” (2004).

12Samuel Phillips Huntington (1927-2008) – American
political scientist, author of publications “The Clash of Civ-
ilizations?” (1993), “The Clash of Civilizations and the Re-
making of World Order” (1996).

the growing importance of cultural premises, there is
– as they point out – a persistence of national cultural
economics on the basis of psycho-physical and
organizational characteristics (Huntington, 2001).

The output of the institutional economics stream
was considered to be usable for a new view of eco-
nomic theory. The considerations undertaken in its
field should be focused both on the theory of the func-
tioning of the mechanisms of social economics, in-
cluding: the controversies and dilemmas around its
fundamental problems; and the institutional view of
their resolution. Such a logic of approach to eco-
nomics should be subordinated to addressing, inter
alia, such problems as: the theory of design of socio-
economic mechanisms, namely: the concept of mo-
tive congruence (L. Hurowicz13) – that is, the desired
state of behavior of participants in a social mech-
anism; the principle of disclosure (R. Myerson14)
treated as a technical concept, allowing the construc-
tion of general theorems on the feasibility of using
resource allocation under conditions of incentive con-
straints and economic problems burdened by adverse
selection and moral hazard; and implementation the-
ory (E. Maskin15) emphasizing the completeness of
the elements of a theory to ensure its effective coher-
ence. Opportunities are also indicated to invoke the
achievements of public choice theory and political cy-
cle theory, attempting to explain changes in the struc-
ture of institutions under the influence of competition
between individuals and organizations in the political
market.

Recalling the indicated determinants of the institu-
tional outlook on the challenges to civilization emerg-
ing before European society, the logic of their identi-
fication, analysis and characterization can be put into
a set of overlapping global development problems of
Europe within the idea defined by the framework of

13Leonid Hurowicz (1917-2008) – Polish-American
economist of Jewish origin. Nobel Prize winner. Au-
thor of the theory of designing mechanisms presented in
the works: “The Theory of Economics Behavior” (1945);
“On the Concept and Possibility of Informational Decen-
tralization” (1969); “The Design of Mechanisms for Re-
source Allocation” (1973); “Designing Economic Mecha-
nism” (2006).

14Roger B. Myerson (1951-) – American professor of
economics. Nobel Prize winner. It is one of the world’s
leaders in mathematical economics, econometrics, mathe-
matical economics and game theory. Author: “Game The-
ory: Analysis of Conflict” (1991), “Probabilistic Models for
Economic Decisions” (2005).

15Eric S. Maskin (1950-) – British professor of eco-
nomics. Nobel Prize winner. Author of fragments of works:
“Economic Analysis of Markets and Games” (1992); “Re-
cent Developments in Game Theory” (1999); “Planning,
Shortage, and Transformation” (2000).
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the paradigm of new institutional economics. In the
first place, they are formed by a core reflecting a set of
population resource factors, a set of capital resources
(material, financial) and a set of relations. The first set
includes demographic issues, population allocation
and migration, labor resource activity, and poverty
and malnutrition. Second, on the other hand, material
issues viewed through the prism of availability of raw
materials, industrial and agricultural production and
the conditions of its implementation and effects. In
turn, the third from a set of socio-cultural, scientific-
technical and balance sheet relationships (Dziurny,
2020; Rosling et al., 2018; Schwab, 2018).

3 GLOBAL CHALLENGES FOR
EUROPE

Focusing only on those challenges that relate to so-
cial and economic issues, it should be noted that
they have been addressed for more than half a cen-
tury by scholars, practitioners and politicians repre-
senting many of the world’s leading opinion form-
ers, such as the Club of Rome, the Rand Corporation
or the National Intelligence Council. Virtually every
country has established centers dealing with the is-
sue of civilizational challenges. In Poland this is the
Forecasting Committee “Poland 2000” at the Presid-
ium of the Polish Academy of Sciences. Opinions of
all these institutions have shown that the contempo-
rary world, at the stage of transition from the indus-
trial to the information and information age, reveals
clearly visible global development megatrends, which
outline the civilizational trends occurring in the con-
temporary world economy, characterized by relative
permanence, anticipation and universalism, towards
which an economic society cannot remain indifferent.
Their list must include phenomena relating to popu-
lation (demographic, migration, health, poverty, ...),
social reproduction (raw material, material, capital,
economic relations...) and civilization (scientific and
technological progress, cultural progress, ...) (Dzi-
urny, 2020).

The problems indicated, each of which generates
development challenges on the one hand and devel-
opment threats on the other hand, also concern Eu-
rope (Krzynówek et al., 2009; Żukrowska, 2015). The
continent, which currently numbers 46 internationally
recognized countries, 4 countries with limited inter-
national recognition and 7 dependent territories, is not
homogeneous according to the commonly accepted
criteria of their characterization and assessment. The
vast majority of them are in the group of more de-
veloped countries (high, medium), but some are also

in the group of less developed countries. In the land
area of the world, which is about 130.1 million km2

(of which only about 30% is inhabited), the European
continent covers over 22.1 million km2, which places
it on the third position in the world (Roc, 2021).

3.1 Challenges to Population Resources

The great challenge facing the European community
is to address the population problem at all levels of
its manifestation, that is, demographic, allocation and
migration, the productive capacity of labor resources,
and the vices of life such as poverty and malnutrition.
On most of them, it has more positive overtones than
in the world as a whole and in the group of less devel-
oped countries (table 1).

Primary among the population challenges for Eu-
ropean communities is adapting to the consequences
of demographic change on the continent and globally
(table 1). At present (beginning of 2022), there are
almost 8 billion people in the world, more than 780
million of whom live in Europe, i.e., 9.6% of the total,
compared to 59.5% in Asia, 17.2% in Africa, 8.3% in
Central and South America, 4.7% in North America,
0.6% in Australia and Oceania. The achievement of
such a large human population, despite frequent crop
failures, devastating wars and major epidemics of in-
fectious diseases, was largely the result of civiliza-
tional advances in medicine favoring the control of
many infectious diseases, improved life hygiene and,
consequently, a reduction in infant and child mortal-
ity and an extension of human life. On the other hand,
the uneven distribution of the world’s population, in
relation to the level of development achieved in the
various regions of the world, makes it necessary for
Europe to counter the excessive influx of emigrants
(Dziurny, 2020).

An analysis of demographic change in the 21st
century shows significant population growth both
globally and on individual continents (table 1). Pro-
jections (according to the UN medium projection
variant) assume that population growth will occur at
a rate of around 0.5 billion per decade. It is estimated
that the population will be over 8.5 billion in 2030 and
around 9.8 billion in 2050, rising to around 11 bil-
lion in 2100. This situation will occur despite the fact
that the growth rate of the world’s population over-
all is declining, while it is increasing significantly in
the regions least able to provide health, food, stabil-
ity, work and prosperity to an increasing number of
people (Simon et al., 2010; Roc, 2021).

The greatest population growth is and will con-
tinue to be in the developing world, which will exac-
erbate many of these countries’ development issues,
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Table 1: Characteristics of the European population in relation to world regions (Roc, 2021).

Description 2000 2010 2020
Population in millions
WORLD 6127 6958 7795
More developed regions 1171 1235 1286
Less developed regions 4956 5723 6509
Europe 726 737 748
Percentage of working people at risk of poverty by international poverty line (in %)
WORLD 18.91 14.0 6.6
Sub-Saharan Africa 50.51 45.5 36.7
South Asia 31.31 22.6 8.7
Europe 0.11 0.0 0.0
Prevalence of malnutrition (in %)
WORLD 12.41 9.2 9.9
Sub-Saharan Africa 24.61 19.4 24.1
South Asia 20.51 15.6 15.8
Europe <2.51 <2.5 <2.5
Percentage of people using drinking water distribution (in %)
WORLD 661 71 74
Sub-Saharan Africa 201 22 30
South-east Asia 521 54 57
Europe 901 91 94

Notes: 1 – year 2005

especially in the areas of education, housing, food and
water supply and employment. If at present, i.e., at
the beginning of the third decade of the 21st century,
the birth rate is 10.9 persons per 1 000 population in
the world (0.6 persons in more developed regions and
12.9 persons in less developed regions) and -0.7 per-
sons in Europe, then in the middle of the 21st century,
it is projected at 5.6 persons in the world (-1.8 per-
sons in more developed regions and 6.7 persons in
less developed regions) and -2.3 persons in Europe.
The emergence of this situation is influenced by the
level of socio-economic and cultural development of
society, which is conducive to a successive increase
in living standards. It has also become apparent that
a very low human birth rate is taking place - and will
continue to do so - primarily among people belonging
to the Western cultural sphere, who now account for
around 13% of the world’s population (Camdessus,
2019; Roc, 2021).

In countries with established consumer lifestyles,
high automation of production, high levels of educa-
tion and qualification of people, and satisfactory fi-
nancial opportunities, two negative correlations can
be seen. The first – the higher the standard of living,
the lower the birth rate and the second – the lower the
level of economic development, the higher the death
rate. These trends lead to an increase in people’s life
expectancy, albeit on a markedly different scale. Life

expectancy is projected to reach 77 years by the mid-
dle of the 21st century, with almost 84 years in more
developed areas and almost 76 years in less developed
areas (Roc, 2021).

Projections for Europe assume an average life ex-
pectancy of almost 83 years in this period. This means
the consolidation of the trend of aging of the Euro-
pean population, which is the result not only of low
birth rates, but also, in some countries of the conti-
nent – formerly belonging to the group of planned
economy countries – changes in the structure of the
economy, lack of life stability (no jobs, no housing,
low wages). Now, it is at the beginning of the third
decade of the 21st century, due to the effects of the
COVID-19 pandemic, that a trend is beginning to
emerge, reflected in a noticeable reduction in life ex-
pectancy in many countries (Gorynia and Mroczek-
Dąbrowska, 2021).

The population issue must also be viewed from
the point of view of its impact on the size and struc-
ture of the labor force (workforce), its age and la-
bor force participation and allocation. Countries with
a large post-working-age population and a relatively
small working-age population, as well as a small per-
centage of women and children, reveal aging ten-
dencies. Hence, this group of countries – which
also includes European countries – reveals a grow-
ing demand for labor generating, at the same time,
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large-scale migration processes from less developed
areas with larger working-age populations in under-
and medium developed countries constitutes the main
source of cheap labor for developed countries.

This direction of perceptions and evaluations of
this phenomenon is confirmed by analyses of the
state and projections of the demographic burden, i.e.,
the scale of the percentage ratio of the number of
non-productive (pre-productive and post-productive)
to productive people. Considered at the level of labor
force reproduction, they indicate that the population is
a function of natural increase, i.e. the difference be-
tween the number of births and the number of deaths.
It is influenced by many economic, social and cultural
factors. The birth rate is mainly determined by the
fertility rate and the length of a woman’s childbearing
years. Models of demographic change assume a 15-
or 25-year reproductive period. A 15-year reproduc-
tive period with an assumed 3.5-year birth interval re-
sults in a fertility rate of 4.3 children, while a 25-year
reproductive period with an assumed 1.5-year birth
interval results in a fertility rate of 16.7 children. In
practice, the highest fertility rates are eleven / twelve
children. Another important factor is the increasing
lifespan of people. The existing state and forecasts
of this phenomenon signal a growing threat expressed
in the necessity of securing the material basis of ex-
istence by a decreasing population of productive peo-
ple with a growing population of non-productive age
(Roc, 2021).

Analysis of old-age dependency estimates and
projections shows that since the third decade of the
21st century, the number of people of working age is
decreasing relative to the number of people of non-
working age. This situation is taking place both in
the group of more and less developed countries, with
quite significant differences in the total and in individ-
ual groups. In the group of more developed countries,
these proportions are the worst at present – accord-
ing to data for 2020, there are 45.7% and 46.4% of
the total working age population in Europe, with pro-
jections of this figure for the middle of the 21st cen-
tury at 25.4% in Europe and 36.2% in North America.
This situation is primarily a consequence of increas-
ing life expectancy, far less a consequence of popu-
lation growth expanding the stock of people of pre-
working age (Roc, 2021).

At the end of 2020, the world’s labor force (em-
ployed and unemployed) amounted to almost 3.5 bil-
lion people, with significant differences in territorial
allocation. Asia (excluding Central Asian and Arab
countries) and the Pacific had the largest share with
57.1%, followed by Africa with 14.3%, Europe and
Central Asia with 12.8%, Central and South America

with 8.6%, North America with 5.5% and Arab coun-
tries with 1.7% of the total labor force (Roc, 2021).

The existing population situation, also contributes
significantly to increasing migration phenomena –
both internal and external. On a global scale, exter-
nal migrations taking various forms of exile, above
all economic, political, military, cultural, ethnic and
religious, are particularly dangerous. Increasing dif-
ferences in demographic structure between devel-
oped countries, progressing globalization processes
and political and military tensions between the world
and developing countries contribute to their widen-
ing scale. They are also reinforced by civilizational
advances in digital communication and mobility and
the rise of nationalist attitudes in many regions of the
world.

External migration processes give rise to numer-
ous direct and indirect threats and are a breeding
ground for many social tensions and conflicts. Di-
rect threats include problems such as food, employ-
ment and unemployment, environmental devastation
and urbanization. Indirect effects, on the other hand,
are mainly: the severance of traditional social ties;
changes in the system of social norms and the value
system; a reduction in internal security; and an in-
crease in violence and crime.

The scale of the external migration problem is sig-
nificant. According to UN data, in 2020 the number
of migrants in the world will be over 270 million peo-
ple (almost 3.5 percent of the total world population),
which compares to 2000 (150 million people) and
2010 (214 million people) a marked increase (Wor,
2022).

An increasing proportion of the migrant popula-
tion are refugees, i.e., people who have been forced
to leave their home country because of wars and per-
secution. Estimates, according to the United Nations
High Commissioner for Refugees, place their size at
the beginning of the third decade of the 21st cen-
tury at around 85.5 million people, including 25.6
million men, 22.3 million women and 34.6 million
children and young people. Currently (at the end of
May 2022), the number of refugees has exceeded 100
million people. A significant proportion of them are
choosing Europe as their destination. The scale of the
problem on the European continent is currently being
expanded by the refugee situation from Ukraine. Ac-
cording to information from the country’s border ser-
vices, more than 6 million people have left the country
(as of the end of May 2022) – of whom more than 4.3
million have entered Poland. In addition to this, the
consequence of Russia’s barbaric assault on Ukraine
has resulted in a large internal refugee population es-
timated at over 6 million people (Wor, 2022).
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A certain novelty in the shaping of the external
migration flow is the so-called “climatic migration”,
which is increasing year by year, contributing to an
increase in the number of emigrants, for climatic and
natural reasons.

Migration patterns outlined in the first decades of
the 21st century indicate that the largest population
movements have occurred within individual regions
of the world, rather than between continents. Inter-
nal continental migration in Europe now significantly
exceeds the influx of Africans and Asians to the old
continent. It is generally characterized by a direction
from economically backward countries and countries
experiencing development difficulties to more devel-
oped countries. This means that the West is facing
increased migration and refugee flows from poor or
conflict-prone regions of the world. In addition to this
trend, some changes in migration routes can be ob-
served. One of the leading ones is the route of the
influx of migrants to France, Germany and the UK
(Sachs, 2009).

A major population problem at the turn of the 20th
and 21st centuries is meeting health and epidemic
challenges – both globally and in Europe. These
problems have accompanied man since the begin-
ning of his existence on earth. Infectious diseases
have proved to be the most important threat to hu-
man health, resulting in enormous human morbidity
and mortality. They have not lost their relevance even
today, just in the decades of the late 20th and early
21st century. If, worldwide, there were 1043 events
resulting in 19.3 million infected people, including
162 000 deaths, in Europe there were only 104 events
resulting in 189 000 infected people, including only
4 000 deaths. By far the greater health devastation
worldwide as well as on the European continent was
caused by the SARS-CoV-2 virus pathogen identified
in November 2019 as an epidemic, since March 2020
it has been referred to as pandemic COVID-19. It
has contributed to the illness of more than 368 mil-
lion people and the death of more than 5.6 million
people by the end of January 2022. Europe proved to
be the area of dominant outbreaks after the American
continent. Out of 121.7 million infected, more than
1 609 000 people died. Community To the greatest
extent, according to the number of deaths, this sit-
uation affected the communities of Russia, the UK,
Italy, France, Germany, Poland and Spain. It has
caused global social, political and economic disrup-
tion (Wor, 2022).

The COVID-19 pandemic revealed a wide range
of areas of potential risk. It has contributed not only to
high morbidity and mortality but also to the existence
of many negative economic impacts across sectors, all

entities and all forms of human activity. It has neces-
sitated many new phenomena, such as remote work-
ing, mandatory quarantines shortages of emergency
medical, health and safety equipment for citizens. In
the economic sphere, it has caused a global weaken-
ing of economic activity. Supply shortages, largely
caused by panic buying, became apparent. There have
been numerous disruptions in the supply chains of
consumer and investment goods. In succor of this
situation comes the concept of sharing resources and
services. In the social and living sphere, society has
revealed negligence in the provision of clean air in
dwellings, as well as overcrowding. The availabil-
ity of measures to improve this situation has become
an important issue. Numerous controversies were re-
vealed by the pandemic in the social sphere. Accord-
ing to a section of the world community, the pandemic
is being used to impose a unified vision of the world
and subject people to total control. These opinions
correspond to the facts in many countries of the mod-
ern world, where the freedom of their citizens has
been drastically curtailed. Fear of a pandemic has
set in motion processes of sanitization (segregation,
selection) and the practical abolition of fundamental
human rights and the imposition of total surveillance.
This is accompanied by the emergence of disinforma-
tion and conspiracy situations, giving rise to attitudes
of xenophobia and racism. They have also contributed
to the emergence of many anti-vaccine attitudes.

The consequence of the current and future health
and epidemic situation of the world is the accumu-
lation of numerous developmental barriers and risks.
These are psychological-biological, psychosocial, as
well as civilizational (technical, technological) and
spatial in nature. Their limitation and overcom-
ing forces the world community to creatively oppose
these phenomena in all areas of human life. Health
care and the pharmaceutical market were affected
first; the labor market and education followed (Solarz
and Waliszewski, 2020).

The pandemic also revealed many new areas of so-
cial activism. The response to the barriers and threats
in these areas has been the search for solutions to
the challenges they bring. Its practical implementa-
tion has been facilitated by the development of digi-
tal economy technologies. The exchange of resources
has taken on a completely different dimension by em-
bracing further sectors of the economy. The idea of
economic rationality, both in terms of consumption
and investment, has also returned.

An important problem of the contemporary
world – including Europe – that is directly related to
the population problem is the issue of poverty and de-
privation. They are a consequence of development
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inequalities, translated into differential labor income
and inequalities of ownership of capital and property.
They manifest themselves not only at the regional and
national levels, but also at the individual level. For
Europe, it is important to consider this issue first and
foremost at the individual level, as it leads to the gen-
eration of hunger and malnutrition (Landes, 2015).

Poverty is now defined as a systemic risk, deter-
mining the poverty level of all those whose income
barely exceeds the extreme poverty threshold and who
consequently form the poor layer. For them, the need
for social inclusion and the improvement of their liv-
ing conditions and cultural diversity is recognized. In
this process, appeals to the principles of: respect for
the dignity of every human being; equality and jus-
tice; respect for all human rights and the letter of the
law; and ensuring the sustainability of the democratic
system.

Poverty, as already pointed out, is always linked
to malnutrition (hunger) and also to development
(growth). These links and relations reveal both the
traditional approach (poverty – unsatisfied material
needs; hunger – insufficient food for all; develop-
ment – linear from tradition to modernity) and the
alternative approach (poverty – unsatisfied material
and immaterial needs; hunger – sufficient food, with
a poor system of distribution and right to food; de-
velopment – differentiated). Its externalization on a
global scale is the determinant of the level of GDP per
capita per day, referred to as the international poverty
line. According to the World Bank’s methodology,
a daily expenditure level of less than USD 1.90 per
capita (at purchasing power parity in 2011 prices) is
considered poverty (Roc, 2021). In Europe, on the
other hand, poverty is defined, following the defini-
tion in force since 1984, as a situation that refers to
individuals, families or groups of people whose re-
sources (material, cultural and social) are limited to
such an extent that it excludes them from a minimum
way of life in the country in which they live. Follow-
ing this approach, Eurostat has generated an indica-
tor of poverty and deprivation in Europe, correspond-
ing to nine points, namely: inability to incur unex-
pected expenses; inability to go on a week’s holiday
away from home; having arrears (e.g. mortgage, non-
payment of rent, etc.); inability to buy every second
home; and inability to live in a country where they
live; inability to buy a meal every other day that in-
cludes meat, chicken, fish or a vegetarian equivalent;
inability to heat the home adequately; not having a
washing machine; not having a color television; not
having a telephone; not having a personal car (Dzi-
urny, 2020).

A significant proportion of the global community

is affected by poverty, even though the number of peo-
ple living in poverty decreased by about 200 million
during the first decades of the 21st century, while the
world population grew by about 1.5 billion people.
According to the World Bank, in 2018 poverty lev-
els have fallen to 8.6 percent and are estimated to
continue to decline. Currently, the phenomenon of
poverty affects a large swathe of the population as at
least 750 million people were living on less than USD
1.9 a day (Wor, 2022).

An analysis of the level of poverty – measured
by the percentage of people at risk of poverty – on
a world scale, in the first two decades of the 21st cen-
tury, shows (table 1) a significant reduction.

The poorest region in the world remains sub-
Saharan Africa and South Asia. In 2020, these two
areas accounted for about 85% of global poverty, with
sub-Saharan Africa accounting for 36.7% (over 420
million people) and South Asia 8.7% (about 200 mil-
lion people). In the rest of the world, the percent-
age of poverty does not exceed 5%. The situation is
best in North America and Europe (Roc, 2021). The
prospect of eradicating poverty – according to the in-
stitutions responsible for this task – by 2030 does not
seem realistic. This is because it involves providing
the poor with humanitarian aid as well as investment
aid, especially in building human capital and promot-
ing growth that takes into account the interests of the
poor.

Population issues, largely as an aftermath of
poverty and deprivation, also involve feeding the
global community (Caparrós, 2016). Due to a mis-
match between food production and its desired con-
sumption, a significant proportion of the world’s pop-
ulation is undernourished or starving. Although these
phenomena manifest themselves in the practice of
most countries of the world, they are concentrated
only in certain regions of the world. The level of mal-
nutrition, as defined by the prevalence rate of mal-
nutrition expressed in %, although clearly decreasing
globally (table 1), remains high in sub-Saharan Africa
and South Asia. The best situation is in North Amer-
ica and Europe where it has remained below 2.5% for
years.

According to the FAO, the World Food and Agri-
culture Organization, there are currently more than
1 billion hungry people in the world. In turn, es-
timates by the UN Food and Agriculture Organiza-
tion cite a figure of 2 billion (about 30% of the total)
of the world’s population who are undernourished –
of whom more than 830 million people are starving,
of whom more than 650 million suffer from extreme
hunger – 150 million of them children. It is esti-
mated that the level of 400 million undernourished
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will not be reached until 2050. Sub-Saharan Africans
account for the largest proportion of the undernour-
ished. Hunger and malnutrition are characteristic of
less developed countries, but it also affects communi-
ties in developed countries. Estimates suggest that 16-
20 million people are affected in this group of coun-
tries. These include some countries in the West, as
well as in the East, especially those that are trans-
forming their economies (Stowarzyszenie Demagog,
2022).

Following the division made, it should be noted
that the problem of malnutrition mainly affects un-
derdeveloped countries, where the main cause of food
shortages in these countries is the rapid growth of the
population, disproportionate to the possibilities of in-
creasing agricultural production (Stachowiak and Sta-
chowiak, 2022).

The consequences of hunger are numerous dis-
eases, often leading to death. The FAO estimates that
around 30 million people die every year from hunger
and malnutrition. In practice, this means that some-
one dies of hunger every four seconds in the world.
This situation occurs not so much because there is a
physical shortage of food, but because poor countries
do not have the financial resources to purchase it from
countries with large stocks of agricultural commodi-
ties. For a large part of the world’s population, hunger
and malnutrition are no longer present in their lives,
but for the rest it is still present. Today, hunger is still
a daily reality and has many dimensions.

Given the large increase in population and per
capita income, the world’s ecosystem is threatened
by human activities, including those related to food
production, processing and storage. Its consequence
can be the phenomenon of the scarcity of healthy and
potable water. At the beginning of the 21st century,
some 1.1 billion people did not have access to it –
mainly in Africa and Asia. This situation is linked
to a decline in groundwater levels, which has be-
come apparent in large areas of China, western Asia,
the Middle East, the former USSR and the western
United States. More than half of the world’s rivers
are over-exploited and significantly polluted. A large
proportion of the world’s population (around 2.6 mil-
lion people) lives without sanitation. Analyses of the
availability of safely managed water distribution point
to this issue. These are characterized by far-reaching
variations across the globe. If this does not pose
a significant problem in North American and Euro-
pean countries, one does with regard to sub-Saharan
African countries. The solution to this problem in-
volves the need for official development assistance
(table 1). If the situation does not change in future
decades, the problem of water scarcity is likely to af-

fect hundreds of millions of people. Due to climate
change, it will be impossible to cultivate land in many
areas of the world.

Reduced availability of water, generates another
significant threat to the world which is soil erosion,
amplified by the impact of inappropriate farming
methods, inadequate irrigation and increased salin-
ity of the land. Manifestations of these threats are
increasing natural disasters on a global scale, caus-
ing significant material, financial and human damage
(Stachowiak, 2004).

3.2 The Challenges of Civilization to
Material Resources

The first of the problems to be addressed as a lead-
ing solution is the issue of the progressive processes
of diminishing and even depleting natural resources
worldwide. These have a significant impact on Eu-
rope’s economic development, raising the question of
how to obtain them, both physically and economi-
cally. Their characteristic feature is that they are lim-
ited and unevenly distributed. They are available from
only three zones of the Earth: the hydrosphere, the
atmosphere and, for the most part, the Earth’s crust.
They are renewable and non-renewable in nature. By
2030, cumulative resource consumption is not yet
expected to significantly compromise economic de-
velopment opportunities. While it is estimated that
there are still opportunities to reproduce renewable
resources through reproduction, assessments as to the
sufficiency of mineral resources vary widely and do
not present a clear-cut vision. They give both pes-
simistic and optimistic assessments. The former point
to their deepening scarcity, due to ongoing popula-
tion growth and economic development. The domi-
nant optimistic assessments, however, point to the po-
tential for expanding resource substitution and new
technologies, saving known and currently used raw
materials and creating new types of materials.

The Earth’s raw material resources, in addition to
being limited, are characterized by their uneven use.
Only 20% of the world’s wealthier people use 85%
of the world’s timber, 75% of its metals and 70% of
the world’s energy production. According to UN data,
around 80% of the world’s wealth is held by 15% of
the population. It is also legitimate to conclude that
the size of the world’s resources is limited, although
still not fully known, which should be seen as a warn-
ing. This situation is particularly noticeable with re-
gard to fossil energy resources. The structure of their
recognized resources, estimated at 1057 billion tons
of conventional fuel, is dominated by coal (around
63%), followed by liquid fuels (around 19%) and gas
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(around 17.7%) (Sachs, 2009).
At the beginning of the third decade of the 21st

century (2022), the recognized reserves of hard coal
and lignite were estimated at 860 billion tons, which
should ensure their availability: hard coal within a
horizon of 400 years, and lignite within a horizon
of 140 years. Oil reserves, on the other hand, are
estimated at around 182 billion tons, which should
last for around 160 years. In contrast, the world’s
proven natural gas reserves are estimated to be close
to 187 490 cm, i.e. its availability over the next 60
years. As for uranium, its proven reserves are es-
timated at 2.44 million tons. In the perspective of
the next few decades, the estimated resources will de-
crease, with a change in the structure of the use of
individual raw materials. Natural gas is expected to
play an increasingly important role in the economy
and may gradually displace hard coal, lignite and oil
(Wor, 2022). This trend is confirmed by an analysis of
changes in the supply and consumption (extraction) of
energy carriers and changes in the production (extrac-
tion) of major natural resources (table 2). A separate
group of energy raw materials are the so-called re-
newable sources, the resources of which are basically
stable.

The separate major problem of the world econ-
omy is the issue of the exhaustibility of many types
of natural resources as a consequence of their extrac-
tion caused by production needs. It is estimated that
currently identified estimated reserves of fossil raw
materials – treated as primary raw materials – will be
mostly exhausted in the next 60-140 years. A more
optimistic approach to the world’s natural resources
is a dynamic one, based on the belief that these re-
sources do not have a finite size, that they are essen-
tially a function of human knowledge and capacity.
This means giving priority not to the physical size of
natural resources at any given time, but to an aware-
ness of the possibility of meeting needs for them on
the basis of those resources that have already been
identified and those that are yet to be discovered, and
those that can be secondarily recovered.

The solution to the raw material problem – which
is at the same time a global problem – is only pos-
sible with a comprehensive approach to it, that is,
with a combined solution to the raw material prob-
lem with environmental, demographic, food and gen-
eral development issues. Being aware of the rarity of
non-renewable resources and their finiteness, it seems
expedient and desirable to direct human economic ac-
tivity, based on price mechanisms, towards rationality
of conduct, consisting in the search for new technolo-
gies using relatively cheaper resources, the activity of
economic authorities – i.e. the state – towards desir-

able ways of using the environment on the basis of
both administrative and economic instruments: and
towards all those activities which will lead to a physi-
cal reduction of their consumption and the generation
and absorption of energy- and material-saving tech-
niques and technologies (Toffler, 2003).

The problem of the exhaustibility of economic re-
sources at the same time as their increased consump-
tion has forced the reconciliation of economic devel-
opment with the solution of environmental problems,
also in its ecological dimension. At the same time,
this means that the use of the environment, which is
growing along with economic development, is lead-
ing to tensions not only as a result of the increasing
scarcity of natural resources, but also in view of its
destruction and pollution. The consequences of both
natural and technical catastrophes, as well as the con-
sumption behavior of households and investment be-
havior of businesses, contribute to this.

The processes of global economic reproduction –
in the material sphere – are significantly affected by
natural disasters, of which the following should be
mentioned: extreme temperatures and the resulting
droughts and fires, floods and storms, as well as vol-
canic eruptions. These generate considerable mate-
rial damage, often affecting large numbers of people,
some of whom lose their lives. This is indicated by
the data on this phenomenon for the period 1990-2011
(table 3).

One of the natural threats facing the world com-
munity is the phenomenon of warming. This climatic
phenomenon is the result of the world’s increasing in-
dustrialization, urbanization and the way people live.
The increase in heat on Earth is seen by climatolo-
gists as an anomaly caused by the impact of human
civilization and industrial carbon dioxide emissions.
It has been calculated that in 2000, the carbon dioxide
content was 30% more than in 1750. If carbon diox-
ide concentrations were to double by 2100, the Earth’s
average temperature would be expected to rise by 1.9
to 5.2 degrees Celsius. Such a significant warming of
the climate will exacerbate current climate threats and
lead to catastrophe on Earth. The years at the end of
the twentieth century brought an exacerbation of cer-
tain relatively new environmental phenomena, such
as urban air pollution, acid rain, the so-called ozone
hole, the greenhouse effect, sea pollution, drinking
water shortages, declining forest areas and changes in
the world’s biological resources. They are the conse-
quence of human activity and the means it uses. They
are characterized by the fact that they are mostly in-
ternational in scope and global in dimension. They
are all closely linked – in a feedback system – to
economic development and global population growth.
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Table 2: World production of fossil fuels, major natural resources, industrial products and electricity (Roc, 2021).

No Specification 2000 2010 2020
1. Hard coal in million tonnes 3587 6510 6723
2. Oil in million tonne 33447 3615 3928
3. Natural gas 97 127 155
4. Cement in million tonnes 1660 3280 4100
5. Crude steel in million tonnes 849 1034 1319
6. Refined copper in million tonnes 14.8 19 24.5
7. Primary aluminium in million tonnes 24 41.8 65.2
8. Bauxite in million tonnes 236 371
9. Wood (coarse) in hm3 3482 3587 3915
10. Electricity in TWh 15481 21516 27044

Table 3: Natural disasters in the world by type from 1990 to 2011 (Roc, 2021).

SPECIFICATION Number Fatalities Persons Damage value
of incidents in thousands affected in USD million

Flood 2858 161 2612487 430434
Drought 338 4,5 1192872 64907
Storm (tornado) 2092 386 659609 736218
Earthquake (seismic activity) 603 805 115543 637044
Fire 253 1,6 5548 43541
Extreme temperatures 350 158 96671 48703
Volcanic eruption 120 1,5 3699 559

They also have in common that their consequences
are not fully recognized (Stachowiak and Stachowiak,
2022).

A consequence of natural disasters has been the
growing threat of the extinction of some 11,000 an-
imal species as a result of irreversible environmen-
tal transformation. Specifically, this threat affects
around 25% of all mammal and reptile species, 20%
of aquatic animals, 30% of fish and 12% of birds. The
increase in this phenomenon is confirmed by analy-
ses of the extinction of endangered species. If the
global extinction rate for endangered species (based
on the Red List of Threatened Species) in 2020 was
0.73, the most alarming situation was in Central Asia
(0.93), North Africa (0.87), Europe (0.84) and North
America (0.84). Forests are also at risk of destruction.
According to the World (UN) Food and Agriculture
Organization (FAO), approximately 40 percent of the
world’s old-growth forests could disappear over the
next 10 to 20 years (Roc, 2021).

Numerous technical and technological disasters
also have a significant impact on environmental
degradation. They affect all areas of the globe. They
are the cause of industrial accidents, accidents in non-
industrial facilities and transport accidents (land, sea).
They also affect a significant proportion of the popu-
lation locally, often contributing to their deaths. They
caused damage of a high value, which also necessi-
tated further expenditures for their removal.

In view of this situation, the challenge of the fu-
ture is to address the economic, technical and techno-
logical development of individual national economies
and the global economy as a whole, without destroy-
ing its natural base. The challenge of the future should
be to act pro-ecologically. It is becoming necessary
to reorient the awareness that it is not the progress of
civilization that leads to an ecological disaster, but its
inappropriate use.

In the modern world, environmental degradation
is a threatening and real phenomenon, but not in-
evitable. Mankind has an opportunity to prevent it
effectively. In the first instance, it should learn about
the causes and consequences of environmental degra-
dation and strive to make proper use of the progress of
civilization on a global scale. It is also indispensable
to make full and effective use of all methods and pos-
sibilities of environmental protection. It is also desir-
able to work towards the elimination of technologies
that pollute the environment in a way that endangers
life and health, and instead to disseminate technolo-
gies that do not poison or pollute the environment.
However, this implies a cost. The most synthetic ex-
pression of these should be a reduction in the rate of
economic growth. However, solving the environmen-
tal problem is not only an economic issue, but also a
political and institutional one.

One of the important problems plaguing the world
at the beginning of the third millennium is the issue of
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the regional mismatch between food production and
consumption. If we have a situation of a balanced
world food market on a global scale, however, in some
regions we are dealing with its far-reaching dishar-
mony (table 4). This manifests itself – at close to
equilibrium physical availability – as economic inac-
cessibility to food. As such, it gives rise to numerous
regional and local pockets of malnutrition and hunger.
This situation is influenced by a range of factors, from
climatic to structural, economic and demographic.

When analyzing the physical side of agricultural
production and, consequently, food production, it is
necessary to point out the far-reaching variation in it
across the world. The situation on the African conti-
nent is the worst from this point of view. A far from
satisfactory situation also applies to many countries in
Latin America and Asia. The primary cause appears
to be climatic disturbances: harsh winters, droughts,
floods and storms. The second, also very important, is
the inability of agriculture to increase food supply due
to its backwardness, which is determined by the size
and structure of the stock of arable land and its trends,
technical equipment, mineral fertilization, land recla-
mation, and government food policy. The economic
unprofitability of production is also a frequent cause,
which occurs especially under conditions of increas-
ing energy intensity of production. The fact that agri-
cultural production capacity is being exhausted is also
not insignificant. All these stoppages are reinforced
by the persistence of poverty in many regions of the
world.

The causes of this situation are to be found in par-
ticular in unfavorable changes to climate and soil con-
ditions. They are therefore primarily objective in na-
ture. However, they have also been caused to a large
extent by the overexploitation of pasture and arable
land, increasing demographic pressure and the desire
to increase the production of pro-export monoculture
crops.

Combating these phenomena must be considered
humanity’s most urgent and important task. Solving
this problem is already posing many difficulties today.
It will be all the more difficult to solve in the future in
view of the demographic forecast scenarios. Meet-
ing this problem, even if it is technically possible,
will be limited by factors of an economic, infrastruc-
tural, political and also health nature. At present, the
most important barriers to the growth of agricultural
production are: the inevitable decrease in the area of
agricultural land and, consequently, in the food area;
the failure to comply with agrotechnical principles;
the growing deficit in fresh water; the persistence of
an archaic agrarian structure, as well as low agricul-
tural productivity in many regions of the world; the

occurrence, due to climate change, of the phenom-
ena of floods and droughts leading to food disasters;
the manner of food distribution and the general de-
velopment problems of the global economy (Małysz,
2009).

The phenomenon of hunger and malnutrition is
closely linked to the mismatch between regional food
production and consumption. On the production side,
a range of factors – from climatic to demographic
to economic – influence this. On a global scale, the
existing inequalities in food production and caloric
intake make it possible to divide all countries into
five groups according to food availability. These are:
first - established food powers (14 highly industri-
alized countries); second – new food exporters (in-
cluding Brazil, Uruguay, Paraguay, Argentina, Rus-
sia, Ukraine); third – self-sufficient countries (ba-
sically: China, India, Pakistan); fourth – importers
of expensive food (Japan, South Korea, Switzerland,
UK, Gulf kingdoms); and fifth – poor and food inse-
cure countries (countries in Central America, Central
Asia, North and Sub-Saharan Africa).

Addressing the food issue requires a number of
undertakings. reflected in the global community’s
pursuit of food security, which boils down to ensuring
the physical and economic availability of food and the
healthiness of food products.

Evaluations into physical access to food indicate
that solving this problem poses many difficulties, and
it becomes all the more difficult in the future. Indeed,
if demographic projections are taken into account,
global food production should increase by 75-100%
over the next 25 years if there is to be enough food for
the entire world population. If meeting this problem
from a technical-agronomic point of view (i.e. physi-
cal availability of food) is possible, it will be limited
by factors of an economic (distribution), infrastruc-
tural, as well as political and health (availability of
healthy food) nature (Górecki and Halicka, 2013).

3.3 Relational Challenges in Europe

By treating the relational challenges as a complement
to the two previously identified population and ma-
terial challenges, it is necessary to give them a bal-
ancing character. They must be seen at the level of
both internal development processes and external de-
velopment processes. They are closely interrelated
and interact with each other. The development of
the world economy is closely linked to the civiliza-
tional development of world society as measured by
scientific, technical, technological and organizational
progress. This is due to the economic international-
ization of the economy and the inclusion of ever wider
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Table 4: Production of the world’s major food resources (Roc, 2021).

SPECIFICATION 2005 2010 2020
WORLD

a. Cereals harvested in million tonnes 2266 2467 2979
b. Meat production from slaughter in million tonnes 260 295 337

Africa
a. Cereal harvest in million tonnes 142 167 204
b. Meat production from slaughter in million tonnes 13.6 16.5 20.7

Central and South America
a. Cereal harvest in million tonnes 57 187 284
b. Meat production from slaughter in million tonnes 39.2 46.1 56.0

Asia
a. Cereal harvest in million tonnes 1087 1227 1435
b. Meat production from slaughter in million tonnes 105.5 123 131

Europe
a. Cereal harvest in million tonnes 427.5 405.5 546
b. Meat production from slaughter in million tonnes 51.9 56.6 64.0

areas of the globe in comparative mechanisms. It is
associated with efforts to expand and increase com-
petitiveness and the search for even more innovative
development strategies. Achieving a civilizational ad-
vantage in these areas involves incurring correspond-
ingly large expenditures (table 5). Its expression is in
the reported inventions of new innovative technolo-
gies and techniques, as well as consumer and invest-
ment products.

The volume of investment in research and devel-
opment activities is constantly increasing. Higher
levels of outlays than the global average is taking
place in North America, East Asia and Europe. Lead-
ing countries (according to 2016 data) are South Ko-
rea (4.23%), Switzerland (3.37%), Sweden (3.25%)
(Japan (3.14%), Austria (3.09%), Germany (2.93%),
Denmark (2.87%), Finland (2.75%) and the USA
(2.74%). Significantly lower levels of outlays as a
proportion of GDP are in: France (2.25%), China
(2.11%), the UK (1.69%) and Russia (1.1%). In con-
trast, the lowest levels of outlays as a proportion of
GDP are in Central Asia, Sub-Saharan Africa, South
Asia and North Africa (Roc, 2021).

The variation in the number of outlays on research
and development activities is also evident in Europe.
The European Union countries (27) reached 2.23%
of GDP in 2020, with the euro area countries (19) at
2.26%, and Poland at 1.32% (in 2000 – 0.64%). Re-
ferring to these outlay figures, it should be noted that
an outlay figure of 1% of GDP only means maintain-
ing the current level of R&D activity. The world is far
from its target in this area: according to the Lisbon
Strategy, the European Union countries were to reach
outlays of the order of 3% of GDP by 2010, while ac-
cording to the OECD they should be of the order of

2% of GDP.
The structure of R&D outlays is also far from sat-

isfactory. In underdeveloped countries, outlays on
basic research have tended to dominate, followed by
those on applied research and, to the smallest extent,
on development work. In contrast, in highly devel-
oped countries, outlays on development work domi-
nated the structure of outlays.

Civilization progress has a direct impact on the
shaping of economic relations on an international
scale, the fullest expression of which is participa-
tion in the international division of labor, international
economic turnover and international economic rela-
tions.

In turn, the social reproduction of economic rela-
tions takes place in the area of relations within a given
country and in the area of foreign relations considered
through the prism of foreign trade (table 6), i.e., trade
exchange (imports and exports). In the first decades
of the 21st century, it showed an upward trend world-
wide, with the highest level of growth in exports. The
dominant generator of trade exchange (both on the
import and export side) was the countries of the eco-
nomically developed regions – the countries of Eu-
rope and North America.

They result in trade contacts and processes of in-
terdependence and developmental dependence.

All these hallmarks of civilizational relations af-
fect the processes of social reproduction – in personal
(human) as well as material and financial terms.

Among the important global problems of the con-
temporary world is the issue of world debt – both in
the global, regional and national (state, country) di-
mensions. It is seen in terms of external (foreign, in-
ternational) and internal debt (indebtedness). It re-
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Table 5: R&D expenditure in relation to GDP (in %) (Roc, 2021).

SPECIFICATION 2005 2010 2015 2020
WORLD 1.53 1.62 1.7 1.73
North Africa 0.28 0.38 0.50 0.63
Sub-Saharan Africa 0.41 0.40 0.42 0.37
Latin America and the Caribbean 0.55 0.66 0.70 0.81
North America 2.46 2.66 2.70 2.72
Australia and Oceania 1.85 2.18 1.79 1.76
Central Asia 0.26 0.16 0.18 0.12
South Asia 0.70 0.70 0.55 0.59
Southeast Asia 0.64 0.75 0.85 0.92
East Asia 2.04 2.17 2.41 2.47
West Asia 0.71 0.74 0.81 0.94
Europe 1.59 1.75 1.85 1.89

Table 6: Value of imports and exports in USD million (Roc,
2021).

SPECIFICATION 2005 2010 2020
WORLD

a) Imports 6579 15151 17589
b) Exports 6485 15116 17379
Economically developed regions (North America,

Asia and Pacific (Japan, Australia and
New Zealand), Europe (excluding

South-Eastern Europe and CIS countries))
a) Imports 4548 8640 9640
b) Exports 4177 8005 8910

Economically developing regions
(Africa, Asia, Oceania)

a) Imports 1927 6000 7350
b) Exports 2144 6515 7822

South-Eastern Europe and
the Commonwealth of Independent States

a) Imports 104 511 599
b) Exports 164 665 647

flects the financial side of the economic reproduction
process. The economic history of the world confirms
the facts of repeated occurrence of situations of exter-
nal debt of national economies in the socio-political
reality of the world. They have highlighted the de-
structive impact on the economies of individual coun-
tries, and even entire regions, of the consequences of
international capital movements.

If the global debt burden at the beginning of the
1970s was around USD 90 billion, by the early 1980s
it was already over USD 800 billion and by the early
1990s it exceeded USD 1.3 trillion. The 21st cen-
tury opened with debt reaching almost USD 2.1 tril-
lion. This trend continued in the subsequent decades
of this century. The volume of external debt at the be-
ginning of the third decade of the 21st century (early
2022) is estimated to be around USD 79 trillion. Both

more and less developed countries were burdened by
it. Currently, the leading countries in the rankings
of international debt are highly developed countries
(Millet et al., 2012; Gadomski, 2018). In the group of
the ten most indebted countries, alongside the world’s
superpowers, are five European countries (table 7).
Less developed countries are also saddled with less
debt in terms of value, but with greater economic im-
pact.

The emergence of an international debt crisis of
a magnitude not previously recorded in the world’s
economic history has been due to a number of causes,
both of an internal and external nature. In addition to
the external debt, the internal debt of a specific coun-
try, defined as the debt incurred towards the citizens
(residents) of a given country, is also important in
terms of the risks of the modern world. An even more
capacious category describing the indebtedness of an
economy is public debt, defined as the total sum of
nominal obligations incurred at home and abroad by
entities belonging to the public finance sector, after
eliminating all mutual obligations between its units.
Public debt is a problem for all countries in the mod-
ern global economy. This is evidenced by an analysis
of this problem from the point of view of its causes as
well as its consequences (table 8).

An important global problem of the contemporary
world has become the ability of the economy – both
world (global) and regional (continental and integra-
tion groupings), as well as national – to ensure the
continuity of the production of economic goods and
services, the supply of quantitatively and qualitatively
adequate labor resources and the expansion of inter-
national economic relations. In the practice of eco-
nomic life, the response to these aspirations became
the realization of social reproduction processes. The
search for ways to ensure it took into account four fac-
tors: natural capital (the value of land, water, miner-
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Table 7: External debt of selected countries of the world in 2020 (Słomski, 2020).

No Country & Debt volume Debt to GDP Volume of debt per in % capita in USDin USD billion
1. United States 26676 127.4 80958
2. Japan 12139 244 96494
3. China 7310 50 5214
4. United Kingdom 3489 128.8 60890
5. Italy 3055 162 51258
6. France 3011 111 49039
7. Germany 2928 76 35150
8. Canada 1872 108 49263
9. South Korea 762 47 14710

10. Belgium 568 110 48966

Table 8: Public debt of selected countries of the world in 2020 (Roc, 2021).

No Country Debt volume Debt to GDP Debt volume
in USD billion in % per capita in USD

1. United States 52501 128 63551
2. China 35558 67 10506
3. Japan 19458 266 40263
4. France 8948 116 42834
5. United Kingdom 7541 95 47260
6. Germany 6979 70 46171
7. Canada 5265 118 45842
8. Italy 5195 156 31644
9. South Korea 3819 43 31737

10. Spain 3737 120 27025

als, vegetation and other natural resources); material
capital (the value of machinery, buildings and public
establishments); human capital (the productive value
of people); and social capital (the value of the family,
community and the diverse organizations of society).
Their use, in line with the challenges of civilization,
was seen as essential to efforts to close the gap be-
tween rich and poor countries. Help was seen in gen-
erating economic growth on the subsoil of the idea of
a knowledge-based economy.

Considering as an expression of the reproduction
of material goods the indicator of the volume of do-
mestic material consumption per capita (in tons), i.e.
the total amount of materials consumed by the econ-
omy, which includes the sum of raw materials ac-
quired by the economy on the national territory plus
imports and minus exports of these raw materials, it
should be noted, It is highest in Australia and Ocea-
nia, North America and Europe – with a tendency
to decrease, which is the result of the introduction
of modern techniques and technologies. The lowest
level is in sub-Saharan Africa and South Asia, which
reflects the far-reaching civilizational backwardness
of countries in these regions.

The formation of reproductive processes is closely
linked to economic growth in the subsoil of the na-
tional economy and economic relations with the in-
ternational environment. These factors determine the
economic activity of the country as well as the region
and, consequently, the entire national economy. The
most frequently cited synthetic measure of changes in
economic activity, as well as the effects of the social
reproduction process, is total and per capita GDP (ta-
ble 9). If they showed an upward trend worldwide in
the first two decades of the 21st century, they revealed
a downward trend in the first half of the second decade
in the group of countries changing the type of econ-
omy and in the countries of Australia and Oceania and
Europe.

The outlined developmental tendencies of growth
and economic development processes in individual
regions of the world prove that in the modern world
economy each type of social reproduction occurs. The
dominant one in the analyzed period was expanded
reproduction, with GDP increasing by more than 2.6
times. Key factors in this situation were the global ex-
change of knowledge and techniques and technology,
international trade and capital flows.

Institutional Economics in the Face of Global Challenges in Europe

117



Table 9: Volume of domestic material consumption per
capita (tons) (Roc, 2021).

SPECIFICATION 2005 2010 2015 2017
WORLD 9.7 10.8 11.4 11.7
North Africa 6.3 9.1 7.4 7.8
Sub-Saharan Africa 4.1 4.3 4.1 4.1
Latin America
and the Caribbean 9.3 10.2 10.3 10.6

North America 29.8 23.0 20.7 19.6
Australia and Oceania 33.0 29.8 28.6 28.0
Central Asia 11.5 12.6 13.7 14.1
South Asia 4.1 4.7 6.3 5.4
South-East Asia 7.0 8.3 8.0 8.3
East Asia 12.6 18.0 21.4 22.8
West Asia 10.5 13.0 13.9 14.4
Europe 14.5 13.2 13.1 13.1

Table 10: Total and per capita GDP (current prices) (Roc,
2021).

SPECIFICATION 2000 2010 2019
WORLD

a. Total GDP in USD billion 33299 66010 87445
b. GDP per capita in USD 5436 9489 11339

Economically developed countries
a. Total GDP in USD billion 41676 49824
b. GDP per capita in USD 41194 47149

Economically developing countries
a. Total GDP in USD billion 22167 35141
b. GDP per capita in USD 3930 5545

Countries changing type of economy
a. Total GDP in USD billion 2167 2479
b. GDP per capita in USD 7115 7862

Africa
a. Total GDP in USD billion 647 1948 2461
b. GDP per capita in USD 796 1859 1884

Central and South America
a. Total GDP in USD billion 2277 5340 5434
b. GDP per capita in USD 4321 8936 8309

North America
a. Total GDP in USD billion 11029 16586 23185
b. GDP per capita in USD 35155 48365 62244

Australia and Oceania
a. Total GDP in USD billion 478 1477 1639
b. GDP per capita in USD 1552 40627 39169

Asia
a. Total GDP in USD billion 9281 20838 33082
b. GDP per capita in USD 2499 4968 7190

Europe
a. Total GDP in USD billion 9588 19882 21645
b. GDP per capita in USD 13170 26824 28896

However, the process of social reproduction also

came up against numerous constraints and barriers,
generating significant areas of risk for it and conse-
quently disrupting the continuous reproduction of ma-
terial goods, labor and economic relations. In the first
decades of the 21st century, their forced expression
became processes of deindustrialization in rich coun-
tries, expressed in terms of a reduction in economic
activity due to high labor costs, and processes of re-
location of economic activity to developing countries
due to lower labor costs, as well as attempts at pro-
cesses of defeminization. Reducing these negative
consequences has forced many countries, as well as
regional groupings and international economic orga-
nizations, to undertake a number of strategies as well
as economic policy measures. The nature of these de-
pended largely on the economic system operating in
the country in question (Lorenzi and Berrebi, 2018).

Another important problem affecting reproductive
relations is the clash, besides economic interests and
political-military conflicts, of the real interests of the
various groups of the world community at the level of
civilizational (cultural) conflict (“clash”). All of these
together affect the world economic situation and, con-
sequently, changes in economic activity, generating
concrete and developmental repercussions (Hunting-
ton, 2001; Randers et al., 2014). This fact seems to be
in line with earlier expectations formulated by many
futurologists (A. and H. Toffler16). It is related to the
fact that in the new world order that is taking shape,
the growing awareness of the civilizational, national
and religious affiliation of numerous peoples and na-
tions is becoming increasingly apparent. Each of the
known civilizations differs significantly from one an-
other in many respects. They are united by different
value systems, religions, worldviews, customs and so-
cial relations. They are also linked by territorial prox-
imity and similarities in historical experience. The
globalization processes leading to these changes have
given traditional and global civilizations a corporate
character (Kleer, 2019).

The cultural clash of ‘civilizations’ has also be-
come apparent within the market economy, reverber-
ating on issues such as economic growth and develop-
ment, demographic growth, hunger and poverty, the
environment, and the diseases afflicting global soci-
ety. This underlines the assessment that no reforms
can be carried out if the problem of culture is left to
the margins of the solutions undertaken. Changes in

16Alvin Eugene Toffler (1928-2015) – American writer
of Jewish origin, futurologist, author of works on the digi-
tal revolution, the communication revolution, the corporate
revolution and the technological singularity.

Heidi Toffler (1929-2019) – futurologist, linguist, edi-
tor of works and co-author of the works of her husband
A. F. Tofler.
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this area require a profound cultural reorientation that
strengthens the world community towards a different
approach to nature and all the values of civilization.
They should help to close the gap between the culture
of the past and the culture of the present and future.
Above all, the idea is not to reduce human beings only
to the economic dimension, but more broadly to the
institutional dimension (Robbins, 2008).

The above-mentioned background of civiliza-
tional (cultural) differences may give rise to danger-
ous phenomena – destructive ideologies that hierar-
chies people according to racial, national and reli-
gious affiliation. They generate chaos that must be
perceived as an expression of civilizational overstim-
ulation. The thesis that we are currently dealing with a
period of replacement of the old civilization by a new
one seems correct. The civilizational eclipse, how-
ever, is not a one-off and short-lived process. It gives
rise to a number of turbulences inherent in the aspi-
ration to impose one’s position (one’s ideas) through
violence and expansion. It leads to a process full of
contradictions in all spheres of society, including eco-
nomic, social, political as well as cultural.

These contradictions are already apparent in the
maturity of the civilizations being replaced – starting
with the agrarian, industrial and informational civi-
lizations to the hybrid one that is the sum of the best
features of the previous ones. Its substrate in the
global dimension is the dominant mode of economy,
which is the market economy.

The civilization of the modern market economy is
first and foremost a civilization of knowledge, refer-
ring to the idea of a knowledge-based economy, ex-
tensive social communication and visualization. The
changes it brings relate to the expectations of the na-
ture of the society of the future (A. Toffler) revealed
by the overlapping waves of political, economic and
systemic change – as brought about by the 1990s. In
their subsoil, the construction of a new civilization be-
gan, bringing with it a new family style, social and
economic life; a new awareness of people, their mu-
tual relations and relation to each other; changes in
the way they work; as well as new natural-climate,
social and political-military conflicts (Toffler et al.,
1995; Toeffler and Toeffler, 2006; Toffler, 2003).

The encroachment of the economy – both na-
tional, regional and global – into the areas of the new
civilization varies from country to country as well as
from region to region and from world to world. Ex-
isting religious denominations and churches have a
significant influence on this situation. The structure
of the world community – according to 2016 data –
is dominated by Christians (comprising Catholics,
Protestants and Orthodox Christians) - 32.9 percent;

followed by Muslims – 23.6 percent; Hindus – 13.7
percent; Buddhists – 7 percent; followers of Chinese
folk religions – 5.9 percent; followers of ethnic reli-
gions – 3.6 percent; followers of new religious move-
ments – 0.9 percent: Sikhs – 0.3 percent; Jews – 0.2
percent; spiritualists – 0.2 percent; and irreligious –
11.1 percent (Roc, 2021). Each of the designated re-
ligious groups adheres to different values, customs
and traditions. These also apply to the spheres of
the economy. Among these, there are also fanatical
movements with religious backgrounds in each of the
religions operating on a global scale. They manifest
themselves, albeit on a different scale, by dividing the
world exclusively into good guys and bad guys.

Nationalism can also be an expression of the clash
of civilizations. They are extreme expressions of the
national (civilizational) consciousness of numerous
peoples and nations, accompanied by an increase in
national aspirations. Often nationalism finds support
in a religious background.

An area of civilizational clash is also political plu-
ralism – reflected in respect for democracy. Its spread
means a systemic transformation for certain states and
nations. It now covers significant areas of Europe
(Central and Eastern) and Asia. However, experience
in this area shows that it can take on the character of
a ‘sham’, which in essence expresses a drive towards
the consolidation of elites and the emergence of re-
newed authoritarian systems. This has to do with the
fact that the process of systemic transformation itself
does not contain in itself a tendency towards the con-
solidation of real democracy and is accompanied by
various turbulences. It also means that, as such, it is
fraught with many risks and dangers.

Closely linked to the political transformation is
the change in the mode of economy, i.e., the expan-
sion of the market economy sphere. This area is in-
creasingly becoming an area of civilizational conflict.
This is due to the nature of the market economy sys-
tem, as it is not a model of closed national economies,
but a model of an economy participating in an open
international market. The phenomenon of the expand-
ing sphere of the market economy is perceived and
assessed differently. The prevailing opinion is that it
is beneficial to overall development. It is also possi-
ble to perceive opinions that the development of the
market system leads and will lead to the emergence
of great dangers. With the introduction of the rules
of the market economy, there are new challenges and
problems to be solved (Ross, 2017).

An important area of the cultural clash of civiliza-
tions is the education of society and its effects. Its
level creates numerous areas of barriers to the im-
plementation of the knowledge economy on a global
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scale. Its accessibility varies widely across the world.
In developed countries, education systems cover the
entire population of children and young people. By
contrast, in a significant number of developing and
underdeveloped countries, millions of children and
young people do not have the opportunity to attend
school. This situation is borne out by information on
organized learning. The lowest levels globally are in
Africa – especially Sub-Saharan Africa – and Cen-
tral, South and West Asia. The highest levels are in
Europe, Latin America and the Caribbean, Southeast
and East Asia and North America.

A certain proportion of the world’s population that
has not participated in the education process forms
an illiterate collective. In 2019, among the popula-
tion, aged 15 years and over, the % of the population
of given sex that could read was dominated by men
(89.9%) over women (83.0%). The situation of male
dominance over females also occurred for countries
placed in the middle (males 90.1%; females 82.7%)
and low development group (males 68.6%; females
53.5%) (Roc, 2021). High levels of illiteracy occur
primarily in Africa. The main reason for this situa-
tion is primarily poverty, as a result of which African
children in many countries have to work hard.

4 CONCLUSIONS

The reflections carried out, and on the basis of the
paradigm of the new institutional economics, on the
challenges facing the European community entitle us
to formulate a number of reflections.

First. The output of the new institutional eco-
nomics as an interdisciplinary science is proving use-
ful for the identification, analysis and assessment of
the challenges to civilization for the world commu-
nity – including the European community. This is
reflected in the growing range of analyses and inter-
pretations of institutional economic phenomena. It
remains a debatable issue, however, whether institu-
tional analysis of socio-economic phenomena is to act
as an alternative to the paradigm of mainstream eco-
nomics, or whether it is to perform only a comple-
mentary or enriching function to the

Second. European society – like world society –
subjected to the current of the greatest civilizational
revolution taking place, is burdened by the spread of
uncertainty, forcing a turn in thinking about the sur-
rounding world. The imbalance in it confronts peo-
ple with changes of a discontinuous nature, leading to
overlapping changes in the economy and politics.

Third. Europe and its society being in the main-
stream of the civilizational revolution reveal a better

situation than the other continents in all the analyzed
areas of civilizational challenges.
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tional Statistics Yearbook). http://stat.gov.pl/.

(2022). Worldometers. World Population Fore-
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Abstract: The instability of the price dynamics of the energy market from a theoretical point of view indicates the
inadequacy of the dominant paradigm of the quantitative description of pricing processes, and from a practical
point of view, it leads to abnormal shocks and crashes. Through the recurrence quantification analysis, we
analyze and construct indicators of intermittent events in energy indices, where periods of regular behavior
are replaced by periods of chaotic behavior, which could explain the emergence of crisis events. For further
analysis, we have chosen daily data of Henry Hub natural gas spot prices, WTI spot prices, and Europe Brent
spot prices. Our empirical results present that all of the presented recurrence measures respond in a particular
way during crashes and can be effectively implemented for risk management strategies.

1 INTRODUCTION

Global economic and financial systems rely on crude
oil to maintain stability, making it a strategic resource
for national economic development (Zhang and Wu,
2019; Dong et al., 2018). The importance of exam-
ining various factors that may affect crude oil prices
is therefore critical to investors, government agen-
cies, and other stakeholders. Many factors contribute
to crude oil price fluctuations, including fundamen-
tal factors (such as supply and demand of crude oil)
(Wu and Zhang, 2014) and non-fundamental factors
(such as speculations and investor sentiment) (Ji et al.,
2019). Specifically, the global economic environ-
ment, political security between oil-producing coun-
tries and their neighbors, and economic policy uncer-
tainty prove to have a significant impact on crude oil
prices.
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b https://orcid.org/0000-0002-4945-202X
c https://orcid.org/0000-0002-8090-9569
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Regarding the strategic role of crude oil in eco-
nomic progress, the market volatility of crude oil
prices has had a substantial negative effect on the
economy, specifically in those countries that are de-
pendent on imports of crude oil. The impact of many
drivers on crude oil price volatility has thus been in-
vestigated in a variety of publications, and crude oil
market mechanism has become a controversial topic
in academia (Coleman, 2012; Sari et al., 2011; Dées
et al., 2007). While this was going on, some studies
underlined the substantial risks associated with crude
oil price changes, as well as their complexity and
stochastic nature (Zhang and Wang, 2015; Shahzad
et al., 2022; Yin and Wang, 2022; Zhang et al., 2023).

Oil prices are generally referred to as benchmark
prices by both WTI and Brent contracts. Hedge funds
and traders typically select one or the other contract.
Consequently, there is considerable interest in the
WTI-Brent pricing structure, including the shapes of
the futures curves, the absolute price differences be-
tween the two benchmarks, and the degree of integra-
tion between the two markets. Hedge funds and finan-
cial institutions heavily trade these markets (directly
and indirectly). As a result, the prices of jet fuel, heat-
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ing oil, diesel, and gasoline are highly influenced by
these markets. The price spread between WTI and
Brent is also used as the basis for a number of deriva-
tive financial products, such as swaps and options.

The microeconomic theory states that the supply
and demand condition determines the fundamental
value of crude oil price assets. The financialization of
crude oil in the past decade, however, has increased
the role of speculation in crude oil prices, making the
process of determining crude oil prices more difficult
(Kilian, 2009; Flood and Hodrick, 1990).

The natural gas industry has achieved strong
growth in recent years because of the large demand
market, sufficient low-cost supply, and active global
natural gas trade. The forecasting of natural gas prices
is one of the most crucial topics in finance since
this resource is important for trading, electric power
production planning, and regulatory decision-making.
Nowadays, Henry Hub in the U.S., NBP in the U.K.,
and LNG in Japan represent major international trad-
ing centers of natural gas. These three centers have
become an important reference point for determining
the international level of natural gas prices. Among
them, Henry Hub has the highest market liquidity, the
largest influence, and the best reflection of the market
supply and demand. On the other hand, in addition to
the basic factors of supply and demand, the price of
natural gas is driven by multiple factors such as ex-
treme weather, wars, and geopolitics (Li et al., 2021).

Considering the highly nonlinear and non-
stationary characteristics of crude oil and natural gas
markets under the influence of complex factors, it is of
great research significance to improve the accuracy of
early identification of crisis phenomena in those mar-
kets. In this paper, we present indicators (indicators-
precursors) based on recurrence analysis.

2 METHODOLOGY OF
RECURRENCE ANALYSIS

In 1890 Poincaré introduced Poincaré recurrence the-
orem (Poincaré, 2017), which states that certain sys-
tems return to their arbitrarily close, or exactly the
same initial states after a sufficiently long but finite
time. Such property in the case of deterministic be-
havior of the system allows us to make conclusions
regarding its future development.

2.1 Time Delay Method

The state of the system can be described by the set
of variables. Its observational state can be expressed
through a d-dimensional vector or matrix, where each

of its components refers to a single variable that rep-
resents a property of the system. After a while, the
variables change, resulting in different system states.

Usually, not all relevant variables can be captured
from our observations. Often, only a single variable
may be observed. Thakens’ theorem (Takens, 1981)
that was mentioned in previous sections ensures that
it‘s possible to reconstruct the topological structure of
the trajectory formed by the state vectors, as the data
collected for this single variable contains information
about the dynamics of the whole system.

For an approximate reconstruction of the origi-
nal dynamics of the observed system, we project the
time series onto a Reconstructed Phase Space (Eck-
mann and Ruelle, 1985; Kantz and Schreiber, 2003;
Ott et al., 1994) with the commonly used time delay
method (Kantz and Schreiber, 2003) which relied on
the embedding dimension and time delay.

The embedding dimension is being the dimension-
ality of the reconstructed system (corresponds to the
number of relevant variables that may differ from one
system to another. The time delay parameter specifies
the temporal components of the vector components.

2.2 Recurrence Plot

Recurrence plot (RP) have been introduced to study
dynamics and recurrence states of complex systems.
When we create RP, at first, from recorded time se-
ries we reconstruct phase-space trajectory. Then, ac-
cording to Eckmann et al. (Eckmann et al., 1987), we
consider a trajectory X⃗(i) on the reconstructed trajec-
tory. The recurrence plot is an array of dots in a N×N
matrix, where dot is placed at (i, j) whenever X⃗( j) is
sufficiently close to X⃗(i), and both axes are time axes
which mathematically can be expressed as

Ri j = Θ(ε−
∥∥∥X⃗(i)− X⃗( j)

∥∥∥),
for i, j = 1, . . . ,N,

(1)

where ∥∥ is a norm (representing the spatial distance
between the states at times i and j); ε is a predefined
recurrence threshold, and Θ(·) is the Heaviside func-
tion. As a result, the matrix captures a total of N2

binary similarity values.
Typically, Lp-norm is applied to determine the

pairwise similarity between two vectors. According
to Webber and Zbilut (Webber and Zbilut, 2005), the
L1-norm (Taxicab metric), the L2-norm (Euclidean
metric), and the L∞-norm (Chebyshev metric) can
serve as candidates for measuring distance between
trajectories in phase space.

Also, as it can be seen from equation (1), the sim-
ilarity between vectors is determined by a threshold
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ε. The choice of ε > 0 ensures that all vectors that
lie within this radius are similar to each other, and
that dissimilarity up to a certain error is permitted
(Poincaré, 2017).

The fixed radius for recurrent states is the com-
monly used condition, which leads to equally sized
ε-neighborhoods. The shape in which neighborhoods
lie is determined by the distance metric. Applying the
fixed threshold with the distance metric, we define re-
currence matrices that are symmetric along the middle
diagonal. The self-similarity of the multi-dimensional
vectors reflects in the middle diagonal, which is com-
monly referred to as the line of identity (LOI). In
contrast, it is not guaranteed that a recurrence ma-
trix is symmetric if the condition of the fixed number
of nearest neighbors is applied. For specific purposes
(e.g., quantification of recurrences), it can be useful to
exclude the LOI from the RP, as the trivial recurrence
of a state with itself might not be of interest (Charles
et al., 2015).

2.2.1 Recurrence Plots and their Structures

The main purpose of RP is the visualization of tra-
jectories and hidden patterns of the systems (Marwan
et al., 2007; Charles et al., 2015).

The dots within RP, representing the time evolu-
tion of the trajectories, exhibit characteristic large-
scale and small-scale patterns. Large-scale patterns
of RP can be classified as

• homogeneous – autonomous and stationary sys-
tems, which consist of many recurrence points
that are homogeneously distributed (relaxation
times are short);

• periodic – long, uninterrupted, and diagonally
oriented structures that represent which indicate
periodic behavior. These lines are usually dis-
tributed regularly;

• drift – systems with patterns paling or darkening
from the LOI to the outer corners of RP;

• disrupted – systems with drastic changes as well
as extreme events in the system dynamics.

The small-scale clusters can represent a combina-
tion of isolated dots (abrupt events). Similar evolu-
tion at different periods in time or in reverse temporal
order will present diagonal lines (deterministic struc-
tures) as well as vertical/horizontal lines to inscribe
laminar states (intermittency) or systems that paused
at singularities. For the quantitative description of the
system, such small-scale clusters serve the base of the
recurrence quantification analysis (RQA).

2.3 Recurrence Quantification Analysis

The graphic representation of the system suits per-
fectly for a qualitative description. However, the
main disadvantage of graphical representation is that
it forces users to subjectively intuit and interpret pat-
terns and structures presented within the recurrence
plot. Also, with the increasing size of RP, they can be
hardly depicted on graphical display as a whole. As
a result, we need to work with separated parts of the
original plot. Analysis in such a way may create new
defects, which should distort objectivity of the ob-
served patterns and lead to incorrect interpretations.
To overcome such limitation and spread an objective
assessment among observers, in the early 1990s by
Webber and Zbilut (Webber and Zbilut, 1994; Zbilut
and Webber, 1992) were introduced definitions and
procedures to quantify RP’s complexity, and later, it
has been extended by Marwan et al. (Marwan et al.,
2002).

The first known measure of the RQA is recurrence
rate, which measures the probability that the studied
process will recur (RR):

RR =
1

N2

N

∑
i, j=1

Ri, j. (2)

Another measure is based on frequency distribu-
tion of line structures in the RP. First, we consider the
histogram of the length of the diagonal structures in
the RP

P(l) =
N

∑
i, j=1

(1−Ri−1, j−1)

× (1−Ri+l, j+l)
l−1

∏
k=0

Ri+k, j+k.

(3)

The percentage of recurrence points that form di-
agonal segments of minimal length lmin parallel to the
main diagonal is the measure of determinism (DET ):

DET =
N

∑
l=lmin

lP(l)

/
N

∑
l=1

lP(l). (4)

Systems that are characterized by long diagonal
lines are presented to be periodic. From chaotic
signals, we would expect short diagonal lines, and
stochastic processes would not present any diagonal
lines. Performing the RQA, typically, we rely on the
lines with minimal length, which excludes the shorter
lines, which may be spurious for characterizing deter-
ministic processes. In our case, lmin = 2 is considered.
In case when lmin = 1, DET and RR are identical.

Considering diagonal line segments, we can em-
phasize the longest one – Lmax. This indicator mea-
sures the maximum time that two trajectories remain
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close to each other and can be interpreted as the max-
imum prediction time:

Lmax = max({li | i = 1, . . . ,Nl}) , (5)

where Nl = ∑l⩾lmin P(l) is the total number of diago-
nal lines.

Divergence (DIV ) is the inverse of Lmax charac-
terizes the exponential divergence of the phase space
trajectory (Goldberger et al., 2000; Kirchner et al.,
2014):

DIV = 1
/

Lmax. (6)

For longer diagonal lines system is more deter-
ministic and, therefore, the measure of divergence is
also lower. The smaller Lmax, the more divergent are
trajectories and more chaotic the studied system. Ac-
cording to Eckmann et al. (Eckmann et al., 1987),
DIV can be used to estimate the largest positive Lya-
punov exponent.

Another measure which is related to the diago-
nal line segments is the average diagonal line length
(Lmean):

Lmean = ∑N
l=lmin

lP(l)
/

∑N
l=lmin

P(l) (7)

It can be interpreted as the mean prediction hori-
zon of the system, and it measures average time that
two trajectories remain close to each other.

Using the classic Shannon entropy, we can mea-
sure the hidden complexity of recurrence structures
in the RP. In accordance with this study, the entropy
of diagonal line histogram (DLEn) is of the greatest
interest. It can be defined as:

DLEn =−
N

∑
l=lmin

p(l) ln p(l) (8)

and

p(l) = P(l)
/ N

∑
l=lmin

P(l), (9)

where p(l) captures the probability that a diagonal
line has exactly length l, and DLEn reflects the com-
plexity of deterministic structure in the system. The
more uniform is the frequency distribution of diago-
nal lines, the higher the value of DLEn. If there is
predominant deterministic behavior with a particular
period l, then DLEn becomes lower.

As it was mentioned, the RP structure consists
of vertical (horizontal lines). For them Marwan and
Webber (Marwan and Webber, 2015) proposed addi-
tional recurrence measures. The first of them is the
laminarity (LAM) Analogously to the equation (4),
which measures the percentage of diagonal lines with
minimal length lmin in the RP, we can calculate the

fraction of recurrence points forming vertical struc-
tures of minimal length vmin:

LAM =
N

∑
v=vmin

vP(v)
/ N

∑
v=1

vP(v) (10)

with

P(v) =
N

∑
i, j=1

(1−Ri, j−1)

× (1−Ri, j+v)
v−1

∏
k=0

Ri, j+k

(11)

as the histogram of lengths of vertical lines.
Since it measures the overall amount of vertical

lines, it characterizes the percentage of laminar states
within the system. If LAM increases, then there are
more vertical or diagonal structures than isolated re-
current points.

Similarly to Lmax, we can define the measure
which will indicate the maximum time that a system
holds an unchangeable pattern – the maximal vertical
lines length (Vmax):

Vmax = max({vi | i = 1, . . . ,Nv}) , (12)

where Nv = ∑v⩾vmin P(v) is the total number of verti-
cal lines.

Vertical line divergence (V DIV ) is the analogous
to (6), which can be related to the rate of divergence
from laminar state:

V DIV = 1
/

Vmax. (13)

Consequently, we can define the average time that
two trajectories remain at a specific state – trapping
time (T T ):

T T = ∑N
v=vmin

vP(v)
/

∑N
v=vmin

P(v). (14)

For high T T values we would expect the system to
consist of more laminar states, whereas low T T val-
ues would indicate abrupt changes in the system’s dy-
namics.

The variability of laminar states with different du-
ration time can be measured in the same way as for
diagonal lines – using Shannon entropy. The com-
plexity of vertical lines can be measures according to
the following equation:

V LEn =−
N

∑
v=vmin

p(v) ln p(v) (15)

with

p(v) = P(v)
/ N

∑
v=vmin

P(v) (16)
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indicating the probability of a vertical line to have
length v ⩾ vmin.

In the same manner, we can quantify the variation
(complexity) of abrupt changes during the studied pe-
riods in the energy markets. Regarding equation (7),
we can quantify the average time of divergence when
two trajectories in the phase-space remain out of re-
currence threshold ε. This measure can be called as
average white vertical line length (WV Lmean):

WV Lmean =
N

∑
w=wmin

wP(w)
/ N

∑
w=wmin

P(w), (17)

where P(w) is the frequency of white vertical lines in
the RP. This measure can be interpreted as the mean
horizon of unpredictability of the system.

This kind of complexity is associated with the
white vertical lines in the RP and can be quantified
in the following way:

WV LEn =−
N

∑
w=wmin

p(w) ln p(w) (18)

with

p(w) = P(w)
/ N

∑
w=wmin

P(w) (19)

indicating the probability of a white vertical line to
have length w ⩾ wmin.

The further measure is based on the ration be-
tween DET and RR, and known as ratio (DET/RR):

DET/RR = N2 ∑
l=lmin

P(l)
/( N

∑
l=1

lP(l)

)2

(20)

In the same manner, we can define another mea-
sure which is based on the ratio between LAM and
DET :

LAM/DET =
N

∑
v=vmin

vP(v) ·
N

∑
l=1

lP(l)

/ N

∑
v=1

vP(v) ·
N

∑
l=lmin

lP(l).

(21)

This measures can be used to uncover hidden tran-
sitions in the dynamics of the system (Webber and
Zbilut, 1994).

3 RESULTS AND ANALYSIS

Regarding previous studies, we present additional
analysis on co-movement between 3 energy-related
indices and construct indicators or indicators-
precursors based on the using recurrence analysis.

The presented work uses daily data of Henry Hub
natural gas spot prices (US$/MMBTU) ranged from
7 February 1997 to 18 October 2022; Cushing, OK
WTI spot prices FOB (US$/BBL) ranged from 20
May 1987 to 17 October 2022; Europe Brent spot
prices FOB (US$/BBL) ranged from 20 May 1987 to
17 October 2022 (U.S. Energy Information Adminis-
tration, 1997, 1986).

In figure 1 are presented:

• the dynamics of the initial time series;

• standardized returns, where returns can be calcu-
lated as G(t) = [x(t + ∆t)− x(t)]/x(t) and their
standardized version as g(t) = [G(t)−⟨G⟩]/σ;

• probability density function of the standardized
returns.

(a)

(b)

(c)

Figure 1: Initial time series (a), standardized returns (b),
and pdf of standardized returns of WTI spot prices (WTI),
Europe Brent spot prices (Brent), and Henry Hub natural
gas spot prices (Henry Hub).
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We can see that most periods in energy markets
are defined by events that exceed±3σ. Both WTI and
Brent returns are characterized by much more exten-
sive crashes. Previous studies pointed out that such
events are located in fat-tails of the probability dis-
tribution. Such crashes are the main source of high
complexity and non-linearity in the studied systems.

Most of our results are based on the sliding win-
dow approach. The idea here is to take a sub-window
of a predefined length w. For that sub-window, we
perform recurrence quantification analysis, get neces-
sary indicators that are appended to the array. Then,
the window is shifted by a predefined time step h, and
the procedure is repeated until the time series is com-
pletely exhausted.

We have performed RQA under sliding window
procedure for standardized returns and standardized
initial time series (Soloviev et al., 2020; Bielinskyi
and Soloviev, 2018; Bielinskyi et al., 2022, 2021c,b,
2020). We have found that standardized initial time
series better expresses internal complexity and recur-
rent properties of the energy market indices.

RQA was performed for the following parameters:

• embedding dimension dE = 1;

• time delay τ = 1;

• recurrence threshold ε = 0.3;

• L2-norm as a candidate for measuring distance be-
tween trajectories in phase space;

• minimum diagonal line length lmin=2;

• minimum vertical line length vmin = 2;

• minimum white vertical line length wmin = 2;

• sliding window length w = 500 days;

• sliding window time step h = 1 day.

Worth to mention that the experiments were per-
formed for sliding window lengths of 250 days and
500 days. We have chosen the second option since it
represents a more reliable and smoother dynamics of
all the presented indicators. All described measures
result into highly volatile variation with the sliding
window of 250 days that difficult to interpret.

In figure 2 are presented RPs for the studied series.
Recurrence plots in figure 2 represent that the

studied energy markets are highly inhomogeneous.
As it was expected, nonlinear structure of WTI and
Brent is presented to be very similar, comparing to
Henry Hub. Recurrence structure of all indices varies
across time. They do not follow a certain pattern, pre-
sented to be non-periodic, and there are differences
in the patterns that concern the frequency of their ap-
pearance, shape, and size. It should be noticed that
for the oil markets first 4000 days are presented to be

(a)

(b)

(c)

Figure 2: Recurrence plots calculated for WTI (a), Brent
(b), and Henry Hub (c) standardized time series.
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highly recurrent, while the remaining days seem to be
more volatile, which is indicated by high proportion
of white regions. The recurrence structure of Henry
Hub index is presented to be more uniformly dis-
tributed. The variations of recurrence patterns should
be more noticeable during crashes. Recurrence quan-
titative indicators should give a more accurate repre-
sentation of the complex, chaotic structure of the stud-
ied markets.

Figure 3 represents recurrence measures of deter-
minism (DET ) and laminarity (LAM).

(a)

(b)

(c)

Figure 3: Recurrence measures of determinism (DET ) and
laminarity (LAM) calculated for WTI (a), Europe Brent (b),
and Henry Hub (c) indices.

In figure 3 we see that DET and LAM increase
during crisis events of all markets. We may conclude
that those critical states are characterized by high de-
gree of laminarity and determinism. Crashes are pre-
sented to be highly complex and deterministic. Their

degree of predictability becomes higher, and corre-
sponding recurrence measures seem to be indicators
or even indicators-precursors of such changes.

Figure 4 represents recurrence measures of ratios
DET/RR and LAM/DET .

(a)

(b)

(c)

Figure 4: Recurrence measures (DET/RR) and
(LAM/DET ) calculated for WTI (a), Europe Brent
(b), and Henry Hub (c) indices.

From figure 4 we can see that both measures de-
crease during crisis events of energy indices. For ratio
DET/RR we may say that the overall percentage of
recurrence points in RP becomes higher than the per-
centage of only diagonal structures in RP. For ratio
LAM/DET we see precisely the same behavior dur-
ing crashes, i.e., it starts to decline during crisis or
even in advance. Thus, it can be seen that the over-
all determinism of the system during crashes is much
higher than the degree of laminarity.

Figure 5 shows recurrence measures of diagonal
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(DIV ) and vertical line (V DIV ) divergences.

(a)

(b)

(c)

Figure 5: Recurrence measures of diagonal line divergence
(DIV ) and vertical line divergence (V DIV ) calculated for
WTI (a), Europe Brent (b), and Henry Hub (c) indices.

Figure 5 demonstrates that the divergence of deter-
ministic and laminar structure of energy-related mar-
kets becomes lower during critical states. Since both
measures are inverse quantities to maximum diagonal
and vertical line length (Lmax and Vmax), such behav-
ior has to be obvious. Previous measures have made
it clear to us that the crisis phenomena of energy in-
dices are characterized by a high degree of determin-
ism and laminarity. In this case, the lengths of diag-
onal and vertical lines should also increase, which in-
dicate an increase in the horizon of predictability and
immutability.

Figure 6 represents recurrence measures of recur-
rence rate (RR), average diagonal line length (Lmean),
and trapping time (T T ).

(a)

(b)

(c)

Figure 6: Recurrence measures of recurrence rate (RR), av-
erage diagonal line length (Lmean), and trapping time (T T )
calculated for WTI (a), Europe Brent (b), and Henry Hub
(c) indices.

In figure 6 we see that recurrence rate increases
during crisis phenomena. This means that the total
number of trajectories in the phase space that are close
enough to each other becomes larger on the eve of a
crisis or at the moment of its onset. Thus, the proba-
bility of recurrence state increases during crash. Re-
garding previous measures, RR and Lmean, we see that
the average degree of predictability during crisis in-
creases. The same can be seen for trapping time: aver-
age degree of changeability increases during crashes.
Based on this indicator, we may conclude that the sys-
tem is ‘trapped’ in a state of crisis.

Figure 7 presents recurrence measures of aver-
age white vertical line length (WV Lmean), and diago-
nal, vertical and white vertical line entropies (DLEn,
V LEn, and WV LEn).

From figure 7 we can see that all the presented

Recurrence Measures of Complexity in Energy Market Dynamics

129



(a)

(b)

(c)

Figure 7: Recurrence measures of average white vertical
line length (WV Lmean), diagonal line entropy (DLEn), ver-
tical line entropy (V LEn), and white vertical line entropy
(WV LEn) calculated for WTI (a), Europe Brent (b), and
Henry Hub (c) indices.

quantitative measures of recurrence begin to increase
during crises, indicating a special state of the market
at these points in time. The average white vertical
line length shows that crisis events are characterized
not only by the determinism of the dynamics of mar-
ket movement, but also by the dissimilarity of these
events to many previous ones, since the length of the
white vertical lines is becoming an increasing trend.
It can also be said that the market represents a much
more deterministic structure than a laminar one. Also,
the degree of volatility of these events can knock the
market dynamics out of the limits of the epsilon value.

The diagonal line entropy also shows an increas-
ing trend. Since the Shannon entropy is maximal with
a uniform distribution, it can be concluded that the
collapse events of energy indices are characterized by

different horizons of predictability. That is, in the pre-
crisis dynamics there is no black diagonal line of the
same length, which is the dominant one. During a cri-
sis, horizons of determinism appear, which gain even
more weight if compared with the rest.

The vertical line entropy increases similarly to
DLEn. We may assume that similarly to diagonal
lines laminar states have different horizons of invari-
ability during crash events, and these horizons of in-
variability have greater tendency to uniform distribu-
tion.

The white vertical line entropy increases similarly
to other entropies. This dynamics is consistent with
the WV Lmean measure.

4 CONCLUSIONS

In this paper, we have studied highly nonlinear and
nonstationary dynamics of oil and gas markets from
the perspective of the recurrence analysis. Taking
into account daily data of Henry Hub natural gas spot
prices from 7 February 1997 to 18 October 2022, WTI
spot prices from 20 May 1987 to 17 October 2022,
and Europe Brent spot prices for the same period as
WTI, we have drown some conclusions from the em-
pirical results.

Firstly, recurrence plots presented that the stud-
ied markets demonstrate highly inhomogeneous. As
it was expected, nonlinear structure of WTI and Brent
is presented to be very similar, comparing to Henry
Hub. Recurrence structure of all indices varies across
time. They do not follow a certain pattern, and there
are differences in frequency, shape, and size of black-
and white-dot patterns that appear across time.

From quantitative measures of complexity, we
have drawn the following conclusions:

1. Crash events of energy-related indices are charac-
terized by high degree of laminarity and determin-
ism. Crashes are presented to be highly complex
and deterministic.

2. The overall percentage of recurrence points in RP
becomes higher than the percentage of only diag-
onal structures in RP. At the same time, the per-
centage of diagonal lines in RP during crises is
much higher than the percentage of vertical lines.
Thus, the overall degree of determinism is larger
than laminarity.

3. The divergence of deterministic and laminar
structure of WTI, Brent, and Henry Hub becomes
lower during critical states that indicate higher de-
gree of repeatability in the dynamics of the stud-
ied systems. Also, it gives understanding that
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the phase-space trajectories become close to each
other during critical phenomena of financial sys-
tems.

4. Such measures as recurrence rate, mean diagonal
line length, and trapping time also increase dur-
ing crisis phenomena. This means that the total
number of trajectories in the phase space that are
close enough to each other becomes larger before
or during crash. Therefore, the probability of re-
currence state increases, and the average degree of
predictability becomes higher. A larger portion of
vertical lines indicates that the system is ‘trapped’
in a state of crisis for a particular period of time.

5. Entropy-based measures and, particularly, white
vertical line measures show that energy-related in-
dices represent complex nonlinear patterns that
combine not only horizons of determinism and
laminarity, but also some dissimilarity patterns re-
flected into white lines.

The applied approach to WTI, Brent, and Henry
Hub indices approve that the energy market is an
open, highly complex, chaotic, and nonlinear sys-
tem that depends on different technical and funda-
mental factors. Although RPs and RQA give promis-
ing results for crisis prediction and the construction
of early-warning indicators, it needs further develop-
ment to give applicable trading strategies relying on
recurrence indicators and further development of au-
tonomous trading bots.

Also, since the proposed recurrence measures are
only indicators (indicators-precursors) that give the
possibility to monitor crisis phenomena at a particular
moment of the market’s existence, forecasting of such
events requires integration of the proposed indicators
with the particular forecasting models (Yin and Wang,
2022; Fang et al., 2023; Li et al., 2021; Zhang et al.,
2023; Zou et al., 2023; Guliyev and Mustafayev,
2022; Kiv et al., 2021). It seems a promising direction
at the junction of artificial intelligence and fuzzy logic
methods (Bielinskyi et al., 2021a; Bondarenko, 2021;
Kmytiuk and Majore, 2021; Kobets and Novak, 2021;
Kucherova et al., 2021; Lukianenko and Strelchenko,
2021; Miroshnychenko et al., 2021).

At the same time, we intend to investigate cross-
recurrences between energy indices and different
technical and fundamental indicators using such ap-
proaches as cross- and joint-recurrence quantification
analysis (Ashe and Egan, 2023; He and Huang, 2020;
Romano et al., 2004).
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Abstract: Network analysis has proven to be a powerful method to characterize complexity in socio-economic systems,
and to understand their underlying dynamical features. Here, we propose to characterize the temporal evo-
lution of higher-order dependencies within the framework of high-order networks. We test the possibility of
financial crashes identification on the example of the Dow Jones Industrial Average (DJIA) index. Regard-
ing topological measures of complexity, we see drastic changes in the complexity of the system during crisis
events. Using high-order network analysis and topology, we show that, unlike traditional tools, the presented
method is the most perspective, comparing to traditional methods of financial time series analysis.

1 INTRODUCTION

The growing availability of extensive data, often with
time resolution, and coming from very different com-
plex systems, has led to the possibility of a detailed
study of their behavior, and in some cases also their
internal mechanisms. Complex systems of various na-
ture (biological, technical, financial, economic, etc.
(Barabási and Pósfai, 2016; Latora et al., 2017) con-
sist of numerous elementary units that interact het-
erogeneously with each other and in almost all cases
exhibit emergent properties at the macroscopic level.
Complex networks have become a powerful basis
for studying the structure and dynamics of such sys-
tems (Newman, 2010). However, despite notable suc-
cesses, their tools are limited to describing interac-
tions between two units (or nodes) at the same time,
which clearly contradicts the growing empirical data
on group interactions in many cases of heterogeneous
systems (Battiston and Petri, 2022). It turns out that
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connections and relationships take place not only be-
tween pairs of nodes, but also as collective actions of
groups of nodes (Battiston et al., 2021; Sun and Bian-
coni, 2021), having a significant impact on the dy-
namics of interacting systems (Battiston et al., 2020;
Majhi et al., 2022).

The idea of higher-order interactions is well
known in the framework of solid-state physics when
the approximation of paired interactions was replaced
by multiparticle potentials or quantum mechanical
calculations. Or in thermodynamics and statistical
physics, Tsallis’ efforts have built a theory of nonex-
tensive interactions (Lyra and Tsallis, 1998; Bielin-
skyi et al., 2022). However, in all these cases, rep-
resentations of higher-order interactions are simple in
the sense that they do not contribute to the emerging
complexity of the problem. In complex systems, usu-
ally described as networks, the situation is different,
and in many cases these interactions need to be taken
into account using more complex mathematical struc-
tures, such as hypergraphs and simplicial complexes.

To date, various models of higher-order net-
works have been developed (Bobrowski and Kri-
oukov, 2022), the number of which, including mod-
ifications, is growing rapidly, given the relevance and
topicality of the study. Let’s briefly consider the main
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models that have shown themselves positively (Ben-
son et al., 2018; Bick et al., 2021; Lambiotte et al.,
2019).

Multiplex Networks. Multiplex, multilayering,
and networks of networks have been proposed as
modeling paradigms for systems in which there are
different types of interactions (Boccaletti et al., 2014).
They are designed to account for links of different
types. However, in most cases, interactions are dyadic
in nature and therefore can be represented by tradi-
tional networks (Skardal et al., 2021). The use of
multiplex networks for financial analysis tasks is de-
scribed in detail in (Bardoscia et al., 2021; del Rio-
Chanona et al., 2020; Serguieva, 2016; Brummitt and
Kobayashi, 2015; Cao et al., 2021; Xie et al., 2022;
Gao, 2022; Aldasoro and Alves, 2018; Squartini et al.,
2018; del Rio-Chanona et al., 2020), and higher-order
networks in (Stavroglou et al., 2019; Jackson and
Pernoud, 2021; Saha et al., 2022; Battiston et al.,
2016; Huremovic et al., 2020; Franch et al., 2022;
Bartesaghi et al., 2022; Han et al., 2022).

Hypergraphs and Simplicial Complexes. Com-
putational methods from algebraic topology, hyper-
graphs, and simplicial complexes, which are sets of
nodes and hyperlinks, allow encoding any number of
units to explicitly consider systems beyond pairwise
interactions and extract any “shape” of the data (Bat-
tiston et al., 2020; Santoro et al., 2022; Battiston et al.,
2021; Berge, 1976).

Higher-order Markov Models for Sequential
Data. Markov models defined in networks have be-
come a popular way to describe and model the flows
of information, energy, mass, money, etc. between
various objects. If evolution is given by a Markov
process (of the first order), this process can be con-
sidered as a random walk through the graph (Masuda
et al., 2017). However, many empirically observed
flows in networks have some dependence on the path.
Thus, higher-order Markov chain models are required
(Lambiotte et al., 2019).

Higher-order graphical Models and Markov
Random Fields. Markov random fields, such as
the Ising model and more general graphical models,
have also been extended to higher-order models that
take into account the interaction between several ob-
jects (Shemesh et al., 2013; Komodakis and Paragios,
2009).

Finally, more recently, Santoro et al. (Santoro
et al., 2022) proposed a new structure for character-
izing instantaneous patterns of signal co-fluctuation
of all orders of interaction (pairs, triangles, etc.). To
study the global topology of such co-fluctuations,
they combined time series analysis, the theory of
complex networks, and the analysis of topological

data (Wasserman, 2018). They were able to show that,
unlike traditional time series analysis tools, higher-
order measures are able to reveal the subtleties of dif-
ferent space-time regimes in the case of three differ-
ent studies: brain activity at rest (measured by fMRI
data), stock option prices, and epidemic tasks.

In this paper, we consider the possibility of ap-
plying multiplex and higher-order network techniques
to modeling crisis states in the stock market. Sec-
tion 2 presents a graph representation of time series
based on the classically paired visibility – visibility
graph. Section 3 presents the theory of multiplex net-
works, which makes it possible to study systems of
subgraphs (layers) and their inter- and intra-layer con-
nections. Measures based on them are also provided.
Section 4 describes high-order network extensions,
various approaches to encoding high-order connec-
tions, and measures that will be used for both classical
and high-order networks. Section 5 presents empiri-
cal results, together with which a comparative anal-
ysis of measures based on classical networks, multi-
plex, and higher-order networks is carried out. Sec-
tion 6 presents the conclusions of the work done and
further prospects.

2 VISIBILITY GRAPH

Visibility graph (VG), which was proposed by Lacasa
et al. (Lacasa et al., 2008) is typically constructed
from a univariate time series. In a visibility graph,
each moment in the time series maps to a node in the
network, and an edge exists between the nodes if they
satisfy a “mutual visibility” condition.

“Mutual visibility” can be understood by imagin-
ing two points xi at time ti and x j at time t j as two hills
of a time series, which can be understood as a land-
scape, and these two points are “mutually visible” if xi
has no any obstacles in the way on x j. Formally, two
points are mutually visible if, all values of xk between
ti and t j satisfy:

xk < xi +
tk− ti
t j− ti

[x j− xi] , ∀k : i < k < j (1)

Horizontal visibility graph (HVG) (Luque et al.,
2009) is a restriction of usual visibility graph, where
two points xi and x j are connected if there can be
drawn a horizontal path that does not intersect an in-
termediate point xk, i < k < j. Equivalently, node xi
at time ti and node x j at time t j are connected if the
horizontal ordering criterion is fulfilled:

xk < inf(xi,x j), ∀k : i < k < j. (2)

Figure 1 is an approximate illustration of the con-
struction of visibility graphs.
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Figure 1: Schematic illustration of the VG (red lines) and
the HVG (green lines). Adapted from (Iacovacci and La-
casa, 2016).

3 MULTIPLEX ORDERNESS AND
MEASURES OF COMPLEXITY

Multiplex network (Kivelä et al., 2014) is the repre-
sentation of the system which consists of the variety
of different subnetworks with inter-network connec-
tions. For working with multiplex financial networks,
we set two tasks:

• convert separated time series into network that
represent a layer of a multiplex network. The pro-
cedure of conversion is presented in section 2;

• create intra-layer connection between each sub-
network.

Figure 2 represents an algorithm for creating a
three-layered multiplex visibility graph.

Figure 2: Illustration of the multiplex VG formation on the
example of three layers. Adapted from (Lacasa et al., 2015).

Multiplex network is the representation of a pair
M = (G,C), where {Gα |α ∈ 1, . . . ,M} is a set of
graphs Gα = (Xα,Eα) that called layers and

C =
{

Eαβ ⊆ Xα×Xβ |α,β ∈ 1, . . . ,M,α ̸= β
}

(3)

is a set of intra-links in layers Gα and Gβ (α ̸= β). Eα
is intra-layer edge in M, and each Eαβ is denoted as
inter-layer edge.

A set of nodes in a layer Gα is denoted as Xα ={
xα

1 , . . . ,x
α
Nα

}
, and an intra-layer adjacency matrix as

A[α] = (aα
i j) ∈ ReNα×Nα , where

αα
i j =

{
1, (xα

i ,x
α
j ) ∈ Eα,

0.
(4)

for 1 ≤ i ≤ Nα, 1 ≤ j ≤ Nβ and 1 ≤ α ≤ M. For an

inter-layer adjacency matrix, we have A[α,β](aαβ
i j ) ∈

ReNα×Nβ , where

ααβ
i j =

{
1, (xα

i ,x
β
j ) ∈ Eαβ,

0.
(5)

A multiplex network is a partial case of inter-layer
networks, and it contains a fixed number of nodes
connected by different types of links. Multiplex net-
works are characterized by correlations of different
nature, which enable the introduction of additional
multiplexes.

For a multiplex network, the node degree k is al-
ready a vector

ki = (k[1]i , . . . ,k[M]
i ), (6)

with the degree k[α]i of the node i in the layer α,
namely

k[α]i = ∑ j a[α]i j , (7)

while a[α]i j is the element of the adjacency matrix of
the layer α. Specificity of the node degree in vector
form allows describing additional quantities. One of
them is the overlapping degree of node i:

oi =
M

∑
α=1

k[α]i . (8)

The next measure quantitatively describes the
inter-layer information flow. For a given pair
(α,β) within M layers and the degree distributions
P(k[α]),P(k[β]) of these layers, we can defined the so-
called interlayer mutual information:

Iα,β = ∑∑P(k[α],k[β]) log
P(k[α],k[β])

P(k[α]),P(k[β])
, (9)

where P(k[α],k[β]) is the joint probability of finding a
node degree k[α] in a layer α and a degree k[β] in a
layer β. The higher the value of Iα,β, the more cor-
related (or anti-correlated) is the degree distribution
of the two layers and, consequently, the structure of
a time series associated with them. We also find the
mean value of Iα,β for all possible pairs of layers – the
scalar ⟨Iα,β⟩ that quantifies the information flow in the
system.

The multiplex degree entropy is another multiplex
measure which quantitatively describes the distribu-
tion of a node degree i between different layers. It
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can be defined as

Si =−
M

∑
α=1

k[α]i
oi

ln
k[α]i
oi

. (10)

Entropy is close to zero if ith node degree is within
one special layer of a multiplex network, and it has the
maximum value when ith node degree is uniformly
distributed between different layers.

4 HIGH-ORDER EXTENSION OF
TEMPORAL NETWORKS

4.1 Time-Respecting Paths

Financial networks are strongly influenced by the or-
dering and timing of links. In their context of their
temporality, we must consider time-respecting paths,
an extension of the concept of paths in static network
topologies which additionally respects the timing and
ordering of time-stamped links (Holme and Saramäki,
2012; Kempe et al., 2002; Pan and Saramäki, 2011).
For a source node v and a target node w, a time-
respecting path can be presented by any sequence of
time-stamped links

(v0,v1; t1),(v1,v2; t2), ...,(vl−1,vl ; tl), (11)

where v0 = v,vl = w and t1 < t2 < ... < tl . Time
ordering of temporal financial networks is important
since it implies causality, i.e. a node i is able to influ-
ence node j relying on two time-stamped links (i,k)
and (k, j) only if edge (i,k) has occurred before edge
(k, j).

Apart the restriction on networks to have the cor-
rect ordering, it is common to impose a maximum
time difference between consecutive edges (Scholtes
et al., 2016), i.e. there is a maximum time differ-
ence δ and, example, two time-stamped edges (i,k; t)
and (k, j; t ′) that contribute to a time-respecting path
if 0 ≤ t ′− t ≤ δ. If δ = 1, we are usually interested
in paths with short time scales. For δ = ∞, we impose
no restrictions on time-range and consider a path def-
inition where links can be weeks or years apart.

4.2 High-Order Networks

The key idea behind this abstraction is that the com-
monly used time-aggregated network is the sim-
plest possible time-aggregated representation, whose
weighted links capture the frequencies of time-
stamped links. Considering that each time-stamped
link is a time-respecting path of length one, it is easy

to generalize this abstraction to higher-order time-
aggregate networks in which weighted links capture
the frequencies of longer time-respecting paths.

There are several variants for encoding high-order
interactions (Majhi et al., 2022). The first concept of
high-order links represent hyperlink, which can con-
tain any number of nodes. Hypergraph is the general-
ized notion of network which is composed of nodeset
V and hyper-edges E that specify which nodes from
V participate in which way.

Simplex is another mathematical abstraction to
accomplish high-order interaction. Formally, a k-
simplex σ is a set of k + 1 fully interacting nodes
σ = [v0,v1, ...,vk]. Essentially, a node is 0-simplex,
a link is 1-simplex, a triangle is 2-simplex, a tetrahe-
dron is 3-simplex, etc. Since a standard graph is a
collection of edges, simplicial complexes are collec-
tions of simplices K = {σ0,σ1, ...,σn}.

Figure 3 demonstrates examples of simplices and
hyperlinks of orders 1, 2, and 3.

Figure 3: High-order connections in terms of simplices and
hyperlinks. Adapted from (Battiston et al., 2020).

For a temporal network GT = (V T ,ET ) we thus
formally define a kth order time-aggregated (or sim-
ply aggregate) network as a tuple G(k) = (V (k),E(k))

where V (k) ⊆ V k is a set of node k-tuples and E(k) ⊆
V (k)×V (k) is a set of links. For simplicity, we call
each of the k-tuples v= v1−v2− ...−vk (v∈V (k),vi ∈
V ) a kth order node, while each link e ∈ E(k) is called
a kth order link. Between two kth order nodes v and
w exists kth order edge (v,w) if they overlap in ex-
actly k−1 elements. Resembling so-called De Bruijn
graphs (De Bruijn, 1946), the basic idea behind this
construction is that each kth order link represents a
possible time-respecting path of length k in the un-
derlying temporal network, which connects node v1
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to node wk via k time-stamped links

(v1,v2 = w1; t1), ...,(vk = wk−1,wk; tk). (12)

Importantly, and different from a first-order repre-
sentation, kth order aggregate networks allow to cap-
ture non-Markovian characteristics of temporal net-
works. In particular, they allow to represent tem-
poral networks in which the kth time-stamped link
(vk = wk−1,wk) on a time-respecting path depends on
the k− 1 previous time-stamped links on this path.
With this, we obtain a simple static network topol-
ogy that contains information both on the presence
of time-stamped links in the underlying temporal net-
work, as well as on the ordering in which sequences
of k of these time-stamped links occur.

4.3 Degree Centrality

Network centralities are node-related measures that
quantify how “central” a node is in a network. There
are many ways in which a node can be considered
so: for example, it can be central if it is connected to
many other nodes (degree centrality), or relatively to
its connectivity to the rest of the network (path based
centralities, eigenvector centrality). One of the sim-
plest centrality measure is the degree of a node, which
counts the number of edges incident to an ith node.

For any adjacency matrix the degree of a node i
can be defined as

Di = ∑
j

Ai j. (13)

High-order degree centrality counts the number of
kth-order edges incident to the kth-order node i. To
get a scalar value which will serve as an indicator of
high-order dynamics, we obtain mean degree Dmean:

Dmean =
1
N

N

∑
i=1

Di. (14)

Except this measure, we can calculate nth moment
of the degree distribution, which can be defined as

⟨kn⟩=
∞

∑
kmin

kn pk ≈
∫ ∞

kmin

kn pkdk. (15)

In this study we will present the dynamics of the
first moment, which is the mean weighted degree of a
network, and its high-order behavior.

4.4 Assortativity Coefficient

Assortativity is a property of network nodes that char-
acterizes the degree of connectivity between them.
Many networks demonstrate “assortative mixing” on

their nodes, when high-degree nodes tend to be con-
nected to other high-degree nodes. Other networks
demonstrate disassortative mixing when their high-
degree nodes tend to be connected to low-degree
nodes. Assortativity of a network can be defined via
the Pearson correlation coefficient of the degrees at
either ends of an edge. For an observed network, we
can write it as

r =

(
M−1 ∑

i
jiki−

[
M−1 ∑

i

1
2
( ji + ki)

]2)

/(
M−1 ∑

i

1
2
(

j2
i + k2

i
)

−
[

M−1 ∑
i

1
2
( ji + ki)

]2 )
,

(16)

where −1 ≤ r ≤ 1; ji,ki are the degrees of the nodes
at the ends of the ith edge, with i = 1, ...,M, where M
is the number of edges of a network.

This correlation function is zero for no assortative
mixing. If r = 1, then we have perfect assortative mix-
ing pattern. For r = −1, we can observe perfect dis-
assortativity.

Studying financial networks, with time-respecting
paths, we can consider four type of assortativity:
r(in, in),r(in,out),r(out, in),r(out,out), which will
correspond to tendencies to have similar in and out
degrees. We can denote one of the studied in/out pairs
as (α,β). Suppose, for a given ith edge, we have got
the source (i.e. tail) node of the edge and target (i.e.
head) node of the edge. We can denote them as α-
degree of the source ( jα

i ) and β-degree of the target
(kβ

i ). Assortativity coefficient for degrees of a specific
type can be defined as

r(α,β) =
∑i
(

jα
i − jα

)(
kβ

i − kβ
)

√
∑i
(

jα
i − jα

)2
√

∑i

(
kβ

i − kβ
)2

, (17)

where jα and kβ are the average α-degree of sources
and β-degree of targets.

5 EMPIRICAL RESULTS

To build indicators (indicators-precursors) based on
multiplex and high-order networks, the following is
done:

• databases of 6 most influential stock mar-
ket indices for the period from 02.01.2004 to
18.10.2022 were selected for multiplex analysis
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(see figure 4). The data were extracted using Ya-
hoo! Finance API based on Python programming
language (Aroussi, 2022);

• the indicators described in the previous sections
were calculated using the sliding window proce-
dure (Bielinskyi et al., 2022; Soloviev et al., 2020;
Bielinskyi et al., 2021c,b; Kiv et al., 2021; Bielin-
skyi and Soloviev, 2018; Bielinskyi et al., 2020).
The essence of this procedure is that: (1) a frag-
ment (window) of a series of a certain length w
was selected; (2) a network measure was calcu-
lated for it; (3) the measure values were stored in
a pre-declared array; (4) the window was shifted
by a predefined time step h, and the procedure
was repeated until the series was completely ex-
hausted; (5) further, the calculated values of the
network measure were compared with the dynam-
ics of the stock index. Subsequently, conclusions
were drawn regarding the further dynamics of the
market. In our case, window length w = 500 days
and time step h = 10 day. The choice of step was
limited by the counting time for high-order net-
works;

• multiplex and high-order indicators are compared
with the Dow Jones Industrial Average (DJIA) in-
dex.

Figure 4: The dynamics of stock market indices for study-
ing multiplex characteristics.

In figure 5 presented the dynamics of inter-layer
mutual information (I) and multiplex degree entropy
(S) along with the DJIA index.

From figure 5 we can see that multiplex mutual in-
formation increases before the crisis of 2008. Also, it
noticeably becomes higher before COVID-19 crash.
For the last months, it demonstrates decreasing pat-
tern, which indicates that the economies of different
countries may be experiencing different evolutions
now. Nevertheless, it can be seen that, as a rule, this

Figure 5: The dynamics of inter-layer mutual information
(I) and multiplex degree entropy (S) along with the DJIA
index.

Figure 6: The dynamics of the mean degree (Dmean) and
overlapping degree (o) along with the DJIA index.

indicator is characterized by growth, indicating an in-
crease in the interconnection of the economies of dif-
ferent countries. In a crisis, this indicator usually de-
clines, demonstrating different resistance to the col-
lapse events of the stock markets of countries and the
difference in the actions that they take. Entropy indi-
cator shows asymmetric behavior

Next, we compare one of the multiplex measure,
overlapping degree (o), with the mean degree of a net-
work (Dmean). Figure 6 represents this result.

In figure 6 we can see that both Dmean and o are
characterized by similar dynamics. These indicators
increase near the crash, which indicates an increase
in the concentration of connections for some network
nodes, and further, based on the indicators during the
crisis, there is a decline in concentration both in the
dynamics of the DJIA and the inter-layer connected-
ness of stock indices. We may see that the multiplex
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approach does not significantly change the dynamics
of the concentration degree indicator in comparison
with the indicator based on the classical univariate
graph.

Figure 7 demonstrates the dynamics of mean
weighted degree (equation (15)) for order 1 and 2
along with the DJIA index.

Figure 7: The dynamics of first- and second-order mean
(weighted) degree along with the DJIA index.

In figure 7 we can see that the second-order Dmean
is slightly different from the first-order one. The
second-order Dmean starts to increase a slightly ear-
lier before the crisis of 2008. We can see that before
crisis of 2020 second-order Dmean declines more no-
ticeably comparing to the first-order one. However,
this difference between the first and second order is
still insignificant, what can we say about the fact that
the classical visibility graph can reflect all the infor-
mation that the series under study can represent.

Next, let us present high-order dynamics of the
assortativity coefficient for the DJIA index (see fig-
ure 8).

Figure 8 presents the assortativity coefficient for
first, second, and third orders. Assortativity declines
before crashes and increases during them. We see that
high-orderness does not change radically change the
dynamics of this indicator. Third-order assortativity
responds better for the crash of 2008, but worse for
the COVID-19 crisis, comparing to first- and second-
order assortativity.

6 CONCLUSIONS

In this article, we have presented methods to mea-
sure and model systems with casual, multiplex, and
high-order interactions. From our analysis, we have
found that typically non-Markovian, non-stationary,

Figure 8: The dynamics of first-, second-, and third-order
assortativity along with the DJIA index.

non-linear systems are characterized by long-range
spatio-temporal correlations which are better de-
scribed by the high-order paradigm. Typically, high-
order connectivity is described in terms of hyper-
graphs (Schölkopf et al., 2007; de Arruda et al., 2020;
Carletti et al., 2020) or simplicial complexes (Schaub
et al., 2020; Torres and Bianconi, 2020; Skardal and
Arenas, 2020). Such richer types of links bring new
possibilities to go beyond typical nodes and encode
into one node edges, triangles, tetrahedra, etc. to in-
vestigate higher-order clusters and temporal depen-
dencies.

We have presented indicators (indicators-
precursors) based on classic visibility graphs,
multiplex networks, and high-order networks. In
this study we have used such network measures
as the mean degree of a node Dmean, first-moment
degree (mean weighted degree) of a network, assor-
tativity coefficient, inter-layer mutual information I,
multiplex degree entropy S, and mean overlapping
degree of a network o. We have constructed the
visibility graph relying on the time series of the
Dow Jones Industrial Average (DJIA) index. We
have studied multiplex network dynamics using a
database that consists of 6 of the most developed
and capitalized stock indices of different countries
and which include companies from different sectors.
We have chosen the period from 02.01.2004 to
18.10.2022. Each indicator was calculated using
the sliding window algorithm. We have shown that
multiplex and high-order networks do not substan-
tially differ dynamically from the traditional pairwise
visibility model. This may indicate that the classical
visibility graph reflects all possible short-term and
long-term dependencies in the values of the DJIA
index. All the presented measures work similarly,
like indicators (indicators-precursors) of critical
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financial events, increasing or decreasing before and
during them. Although multiplex and high-order
network indicators give promising results, it still
needs further development and improvements for
studying complex financial time series. The solution
may lie in the framework that combines Markov
chains of multiple, higher orders into a multi-layer
graphical model that captures temporal correlations
in pathways at multiple length scales simultaneously
(Scholtes, 2017). Another perspective lies in the use
of neuro-fuzzy forecasting and clustering methods of
complex financial systems (Bielinskyi et al., 2021a;
Bondarenko, 2021; Kmytiuk and Majore, 2021;
Kobets and Novak, 2021; Kucherova et al., 2021;
Lukianenko and Strelchenko, 2021; Miroshnychenko
et al., 2021).
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Abstract: The paper is devoted to studying multidimensional statistical analysis tools for grouping regions by the level
of their investment attractiveness and identifying changes in the structure of regions in the context of the con-
tinued destructive impact of the COVID-19 pandemic. An analysis of approaches to assessing investment
attractiveness identified their strengths. Insufficient attention to the application of methods of multidimen-
sional statistical analysis to a grouping of regions is stated. The authors consider the clustering of regions of
Ukraine in the context of their level of investment attractiveness by the method of k-means and identify their
structure according to the level of investment attractiveness in 2019 and 2020 in the context of the COVID-19
pandemic. To verify the correctness of the conclusions, the method of principal components with the rota-
tion of the space of the selected factors by the quartimax technique. Further grouping of regions in the space
of selected principal components showed results identical to the application of the cluster analysis method.
Potential investors can use the research results to determine priority areas of investment. Also, the results
are useful for local self-government bodies, as they provide information on the relative level of investment
attractiveness of a specific region compared to other territorial units and also allow identifying weak points in
specific areas of activity.

1 INTRODUCTION

Sustainable socio-economic development of territo-
ries is associated with the need to intensify investment
activities. It is primarily aimed at forming the finan-
cial basis for improving the efficiency and effective-
ness of enterprises, creating new jobs, and achieving
high social standards of living. Achieving this goal
requires using analytical tools as part of appropriate
mechanisms for managing regional development. An
essential component of such tools is economical and
mathematical modeling. Using relevant data and fit-
ting models provides quantitative and qualitative as-
sessments of the state and socio-economic develop-
ment trajectories. One of the ways to create an ana-
lytical basis for determining the strategy of regional

a https://orcid.org/0000-0002-2732-5038
b https://orcid.org/0000-0002-9930-7023
c https://orcid.org/0000-0003-3047-2271
d https://orcid.org/0000-0002-7751-2923

policy in the context of financial support for socio-
economic development is to assess the investment at-
tractiveness of regions.

Significant structural and technological economic
changes caused by globalization, increasing compe-
tition in foreign and domestic markets, and the con-
sequences of the COVID-19 pandemic require in-
creased investment, which is limited financial re-
sources and a critical task. Therefore, ensuring the re-
gion’s investment attractiveness is a strategic task for
developing business structures, which will help attract
investment, primarily from foreign investors.

Therefore, in the current conditions of produc-
tion and economic activities, issues related to assess-
ing the investment attractiveness of regions and their
grouping to determine areas for intensification of in-
vestment processes, search and use of reserves to im-
prove the efficiency of regional investment are of pri-
ority importance.
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2 LITERATURE REVIEW

ssessing the region’s investment attractiveness is es-
sential in developing a strategy for innovation at re-
gional and national levels. Note that the investment
volume isn’t always directly determined by the high
level of investment attractiveness. This is due to
many other factors that determine investor decision-
making. In particular, such factors are various in-
dices and ratings regularly published by international
institutions and characterize the business environ-
ment, business conditions, actual investment activ-
ities, and the attractiveness of countries for invest-
ment. In particular, it can be used such evalua-
tions like the World Bank Ranking “Doing Business”
(World Bank, 2021); Index of Economic Freedom,
provided by the Heritage Foundation (Heritage Foun-
dation, 2020); Corruption Perceptions Index (CPI),
compiled by the international anti-corruption orga-
nization ”Transparency International” (Transparency
International, 2020); Foreign Direct Investment Con-
fidence Index (Kearney, 2020); Global Innovation
Index (WIPO, 2020); European Business Associa-
tion Investment Attractiveness Index (EBA, 2020);
Credit rating developed by Moody’s Investors Ser-
vice (Moody’s, 2020); World Countries’ Ranking on
the Global Competitiveness Index, provided by the
World Economic Forum (WEF, 2020); World Com-
petitiveness Ranking, provided by the International
Institute for Management Development (IMDWCC,
2020); The KOF Globalization Index, published by
the KOF Swiss Economic Institute, reflects the scale
of the country’s integration into the world (KOF,
2020) and many others.

These ratings provide the necessary information
for potential investors on the characteristics of the
country’s business environment and possible invest-
ment risks. Naturally, countries with high ratings are
more attractive regarding return on investment. On
the other hand, countries with low ratings may also
be attractive to investors, particularly for short-term
investments, resulting from competition for coverage
of developing countries.

These ratings should be noted that characterize the
country’s business environment. At the same time, in-
vestors are usually interested in specific areas, territo-
rial units, markets, sectors of the economy, and busi-
ness entities. Such assessments of the investment at-
tractiveness of certain regions of Ukraine are provided
by the State Statistics Service of Ukraine (SSCU,
2003) and the Ministry of Development of Commu-
nities and Territories of Ukraine (MCTDU, 2021).

The issue of investment attractiveness is also the
focus of research. The formation of the theoretical ba-

sis for the study of the category of investment attrac-
tiveness in the context of its relationship with the in-
vestment climate, and investment risks, taking into ac-
count current trends in economic development, is re-
flected in the works (Kaminskyi et al., 2019; Stadnyk
et al., 2020; Korenyuk and Kopil, 2018; Kyshakevych
et al., 2020; Godlewska-Majkowska, 2018; Jac and
Vondrackova, 2018). Researchers presented a mod-
ern understanding of the category of investment at-
tractiveness, its content and essential characteristics,
and the impact on the socio-economic development
of individual regions and the country as a whole.

An important issue in modeling investment at-
tractiveness is forming an information base for cal-
culating various estimates of the studied character-
istics. The solution to such problems is considered
in (Kyshakevych et al., 2020; Jac and Vondrackova,
2018; Bushynskyi, 2020; Leshchuk, 2020; Lagler,
2020; Swidynska and De Jesus, 2020). It should be
noted that the results of scholars’ investigations in this
field are differed both in the number of indicators and
their focus in the context of reflecting certain aspects
of investment activities. At the same time, the au-
thors’ positions coincide with the views that the indi-
cators should reflect the economic, financial, and so-
cial aspects of regional development.

Modeling the investment attractiveness of regions
is mainly based on statistical methods. Their ap-
plication is based on quantitatively measurable indi-
cators that reflect social, economic, environmental,
and investment development components. This ap-
proach uses regression models, that presented in pa-
pers (Windhyastiti et al., 2020; Blahun et al., 2017;
Vartsaba and Leshuk, 2017; Kikkas and Krasnozhen-
ova, 2018); correlation analysis techniques (Blaschke,
2022; Dorozynski and Kuna-Marszałek, 2016); mod-
els based on neural networks (Bruneckiene et al.,
2019). At the same time, the issue of identifying the
level of investment attractiveness and comparing re-
gions on this indicator is out of the attention of re-
searchers. The approach based on comprehensive in-
dex assessment technology is quite common. It is
successfully used in solving the problems of ranking
regions by socio-economic development (Hryhoruk
et al., 2019b,a; Mazziotta and Pareto, 2014; Meyer
et al., 2016). The application of this approach to as-
sessing investment attractiveness is reflected in stud-
ies (Swidynska and De Jesus, 2020; Kyshakevcyh
and Nakhaeva, 2021; Yelnikova, 2020; Sizova et al.,
2017).

Among the shortcomings of the comprehensive
index assessment technology application presented in
these investigations, it should be noted that they use
a fairly large set of initial indicators. This makes it
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difficult to identify the significance of their impact on
the final result and eliminates the differentiating abil-
ity of the designed composite index. These shortcom-
ings negatively affect the ability to group the set of
studied objects due to the high density of values on
the composite index scale. Also out of consideration
is the definition of the level of investment attractive-
ness of regions, which complicates the assessment of
differences between regions on the calculated index.

The problems of rating regions can also be solved
with the application of multidimensional statistical
analysis technology, that described, in particular, in
papers (Tenreiro Machado and Mata, 2015a,b; Meyer
and De Jongh, 2018; De Jongh and Meyer, 2019;
Walesiak, 2017; Gorbatiuk et al., 2019; Hryhoruk
et al., 2020b,a; Andrusiak et al., 2022). Adaptation of
multidimensional analysis methods to assess invest-
ment attractiveness is considered in studies (Cheba,
2017; Danylchuk et al., 2019; Shinkarenko et al.,
2019; Musolino and Volget, 2020; Roszko-Wójtowicz
and Grzelak, 2021).

At the same time, applying these methods is fo-
cused mainly on solving the problem of grouping re-
gions in terms of investment attractiveness. The anal-
ysis of structural shifts within the constructed homo-
geneous groups remains out of the attention of sci-
entists, as well as the comparison of grouping results
obtained by different techniques.

According to the results of the analysis of pub-
lications, it can be concluded that there is significant
diversity in approaches to assessing the investment at-
tractiveness of regions. Among the disadvantages, we
can note that the calculations are carried out without
considering the dynamic and qualitative changes in
the environment.

Also, the use of a large number of baseline par-
tial indicators, to some extent, blurs the study’s re-
sults and gives only a general description of the socio-
economic condition of the region and the characteris-
tics of investment activities.

The significant variety of calculated estimates and
the lack of clear conclusions and recommendations
for their practical application necessitates the further
study of the problem of assessing the investment at-
tractiveness of regions in the context of their group-
ing by using different techniques to solve this prob-
lem with the further comparison of grouping results
and structural changes within groups.

The solution to these problems has led to the di-
rection of research in this study.

3 PROBLEM DESCRIPTION AND
METHODOLOGY

A large number of different indicators characterize
modern investment processes. This multidimension-
ality of the description makes it difficult to solve
problems of assessing the various characteristics of
these processes, particularly the grouping of regions
by the level of investment attractiveness. As noted
earlier, one way to solve classification problems is
using cluster analysis techniques. Unlike combina-
tional grouping, this approach allows you to create
groups of similar objects of observation, considering
all the features at once. The degree of similarity, in
this case, is usually the Euclidean distance between
objects in the multidimensional space of primary in-
dicators. One of the cluster analysis methods is the
k-means method, which belongs to the group of itera-
tive clustering ones.

Consider a brief description of the mathematical
model of the k-means method (Hryhoruk et al., 2021).
Suppose there are m observations, each characterized
by n indicators X1,X2, . . . ,Xn.

We need to divide these observations into k clus-
ters that do not intersect. At the initial stage, we
choose k points-objects that will act as centers of
clusters. Denote them by C(0)

1 ,C(0)
2 , . . . ,Ck

(0). The
weight of each cluster will initially be equal to one:
w(0)

1 = 1,w(0)
2 = 1, . . . ,wk

(0) = 1. The index of the
corresponding center will be considered the index of
the corresponding cluster. Although the selected cen-
ters may move to other clusters during the subsequent
iterative procedure, the indexing of the clusters will
not change.

In the first step, each of the (n− k) objects that
are not the clusters’ centers is included in one of the
formed clusters. The criterion for such movement is
the minimum distance to the cluster’s center. The cen-
ter of the cluster and its weight are recalculated. For
example, for a point Mk+1 with coordinates (Xk+1,1;
Xk+1,2;. . . ; Xk+1,n) the recalculation is performed ac-
cording to the formulas:

C(0)
j =

w(0)
j c(0)j +Mk+1

w(0)
j +1

, (1)

w(0)
j = w(0)

j +1. (2)
In the case of equality of two or more distances

to the centers of clusters, the point-object joins the
cluster with a smaller sequence number. Note that in
practice, such a situation is unlikely.

The resulting centers and corresponding cluster
weights are taken as the initial values of the related
characteristics for the next iteration.
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All stages of the further iterative process use for-
mulas (1) and (2) and the whole set of initial data
M1,M2, ...,Mm. At the same time, the weight of clus-
ters continues to increase.

The objects can also be grouped by expanding
them in some new space of latent scales, which re-
flect the generalizing characteristics. In particular, the
principal components method can be constructed in
such a space.

In matrix form, the model of the method is de-
scribed by the formula:

ZT =W ·FT , (3)

where Z is an initial standardized indicators matrix;
W – factor loadings matrix; it reflects relations be-

tween initial indicators and principal components;
F – principal components matrix.
Factor loadings matrix is calculated using eigen-

values and appropriate eigenvectors of R – initial in-
dicators correlation matrix:

W =V ·Λ(−1), (4)

where W – factor loadings matrix;
V – normalized eigenvectors matrix;
Λ – eigenvalues matrix.
The rule obtains the initial indicators correlation

matrix:

R =
ZT ·Z
m−1

, (5)

where R – correlation matrix;
Z – initial standardized indicators matrix.
The standardization procedure for initial indica-

tors uses a formula:

Zi j =
Xi j− X̄ j

s j
, (6)

where Zi j – initial standardized indicators values;
Xi j – initial indicators values;
X̄ j – average sample value of the indicator X j;
s j – sample standard deviation of the indicator X j;
i = 1..m; j = 1..n.
The formula obtains the principal components ma-

trix:
F = Z ·W ·Λ−1. (7)

This matrix contains the coordinates of objects un-
der study in a principal components space.

Not all the principal components are selected for
practical application, but only the most essential part
in explaining the variance of the initial indicators (in-
formation contained in the initial indicators). Given
that the eigenvalues of the correlation matrix are con-
sidered to be ordered in descending their values in the
calculation procedure, the weight of each subsequent
principal component is reduced. Usually, the first two

principal components are sufficient to achieve an “ac-
ceptable” level of explanation of the information con-
tained in the set of initial indicators, at least 70 %.

Meaningful interpretation of the selected principal
components (search for names for them) is carried out
by considering the absolute values of the respective
factor loads. The initial indicators that will be used to
interpret the appropriate principal component include
those for which the factor loadings absolute value be-
tween them and the corresponding principal compo-
nent is not less than 0.75. The factor load reflects
the correlation between the principal component and
the related indicator. To improve the procedure of in-
terpretation of the principal components by the prob-
lem’s content, the constructed factor space is rotated
with a corresponding change in both factor loadings
and values of the principal components. The result is
a “simple structure” space where the principal com-
ponents are closely related to some initial indicators
and weak to others.

4 RESULTS AND DISCUSSIONS

Consider the application of cluster analysis of the
grouping of Ukraine’s regions by indicators that re-
flect their investment attractiveness. The choice of the
initial indicators set will be made based on the follow-
ing considerations:

• indicators should reflect both the characteristics of
investment activities of the region’s business enti-
ties and the socio-economic development of the
region;

• indicators should be comparable by the values for
different regions;

• the indicators must be standardized, i.e., have a
sample mean equal to zero and a sample stan-
dard deviation equal to one. This procedure is
needed because clustering is based on a matrix
of differences between the studied points-regions
in the multidimensional space of the initial indi-
cators, which is essentially a matrix of Euclidean
distances between them. Therefore, for the objec-
tivity of the calculations, it is necessary to remove
the measurement units’ influence on estimates of
distances between objects.

Based on the recommendations of scholars pre-
sented in studies (Korenyuk and Kopil, 2018;
Kyshakevych et al., 2020; Godlewska-Majkowska,
2018; Jac and Vondrackova, 2018; Bushynskyi, 2020;
Leshchuk, 2020; Lagler, 2020; Vartsaba and Leshuk,
2017; Dorozynski and Kuna-Marszałek, 2016) and
taking into account the above considerations, we have
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formed the following set of initial indicators for cal-
culations:

X1 – Volume of capital investments per capita,
UAH;

X2 – Volume of foreign direct investment per
capita, USD;

X3 – Gross regional product (at actual prices) per
capita, UAH;

X4 – Disposable income per capita, UAH;
X5 – Volume of exports of goods per capita, USD;
X6 – Volume of sold industrial products per capita,

UAH;
X7 – Total of construction work per capita, UAH;
X8 – Employment rate of the population aged 15-

70, in percent;
X9 – Unemployment rate of the population aged

15-70 years (according to the methodology of the
ILO), in percent.

We use data for 2019 and 2020 from the materi-
als of the State Statistics Service of Ukraine (SSSU,
2022) and the Ministry of Development of Commu-
nities and Territories of Ukraine (MCTDU, 2021) for
calculations. Obtained results will also be compared
to assess changes in regions’ position in the groups in
which the regions are located. To present the region’s
names conveniently and briefly, we point out the cor-
respondence between each region’s name and the ap-
propriate code (table 1). Initial data for calculations
are written in table 2 and table 3.

Table 1: The relationships between the quantitative values
of the desirability scale and qualitative development levels
of group.

Code Region Code Region
C 1 Vinnytsia C 13 Mykolaiv
C 2 Volyn C 14 Odesa
C 3 Dnipro C 15 Poltava
C 4 Donetsk C 16 Rivne
C 5 Zhytomyr C 17 Sumy
C 6 Zakarpattia C 18 Ternopil
C 7 Zaporizhzhia C 19 Kharkiv
C 8 Ivano-Frankivsk C 20 Kherson
C 9 Kyiv C 21 Khmelnytskyi
C 10 Kyrovohrad C 22 Cherkasy
C 11 Luhansk C 23 Chernivtsi
C 12 Lviv C 24 Chernihiv

Let us cluster Ukraine’s regions according to the
selected set of indicators using the k-means method.
Define the number of clusters for grouping regions as
equal to three: a cluster of regions with a high level
of investment attractiveness, a cluster of regions with
a medium level of investment attractiveness, and a
cluster of regions with a low level of investment at-
tractiveness. We make calculations using “Statistica”

software. The results of clustering are shown in fig-
ure 1 and figure 2. The numbering of clusters, in this
case, is determined by the used software arbitrarily.
Let us provide a meaningful description of each clus-
ter according to 2019 data.

Cluster number 1 contains 6 regions: Volyn,
Donetsk, Zakarpattia, Kyrovohrad, Luhansk and
Ternopil. In our opinion, this cluster can be called
a group of regions with a low level of investment at-
tractiveness. Note that the regions of this cluster are
not industrially developed, which negatively affects
their attractiveness for investment. In addition, the
effects of the COVID-19 pandemic have had a sig-
nificant negative impact on the development of these
regions. Cluster number 2 contains regions with an
average level of investment attractiveness. It is the
most complete and consists of 14 points, which is
quite natural in compliance with the essence of the di-
vision of the typical characteristics. The cluster with a
high level of investment attractiveness includes clus-
ter number 3, which includes Dnipro, Kyiv, Zapor-
izhzhia, and Poltava regions. For these regions, there
are high values of the indicators presented in table 2,
particularly the volume of foreign direct investment
and relatively high employment rate, which allowed
to give the cluster just such an interpretation. In addi-
tion, these regions have developed industries, which
is also reflected in the indicator’s values.

Comparing the cluster’s structure obtained from
2020 data (figure 2), we can conclude that the full-
ness of clusters has not changed compared to the pre-
vious year. This indicates that there have been no
significant changes in the investment attractiveness of
Ukraine’s regions in 2020. Although several norma-
tive acts have been adopted at the legislative level to
facilitate attracting investments into Ukraine’s econ-
omy, their positive impact has not yet manifested it-
self. On the other hand, it is possible to state a certain
stabilization of indicators of socio-economic develop-
ment of Ukraine’s regions during the COVID-19 pan-
demic.

Let us consider the data of application of the prin-
cipal components method for grouping Ukraine’s re-
gions by the level of investment attractiveness. We
create the two-dimensional space of latent indicators
obtained by applying this method and project points-
regions on this space. To construct latent indicators,
we use the quartimax method for rotations of factor
space, which will contribute to an adequate represen-
tation of points in the new space and the identification
of meaningful interpretation of new axes.

Calculations also are performed using Statistica
software. The calculations’ results of factor loadings
are presented in table 4, and the values of points-
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Table 2: Initial data for calculation for 2019 (MCTDU, 2021; SSSU, 2022).

Code Values
X1 X2 X3 X4 X5 X6 X7 X8 X9

C 1 9196.8 153.2 71104 64729 937.3 52478.4 6650.5 58.0 9.4
C 2 11800.5 297.5 58297 52879 671.6 30585.3 2259.4 50.9 10.6
C 3 19841.6 1191.1 114784 87130 2477.8 142289.0 6291.1 59.5 7.7
C 4 6789.2 338.4 45959 39141 1116.8 68439.6 1691.2 50.9 13.6
C 5 6095.3 202.7 62911 61961 592.3 37457.1 2227.8 58.5 9.6
C 6 7010.9 288.1 41706 47495 1186.9 19086.0 1770.8 55.4 9.1
C 7 8246.3 538.3 85784 75407 1815.8 114981.1 2270.5 58.1 9.5
C 8 5969.9 529.3 57033 55537 665.1 48750.1 2701.6 56.6 7.2
C 9 27299.0 930.2 112521 75146 1098.1 68058.8 5833.2 59.3 5.9
C 10 7536.1 80.0 67763 58290 752.7 34338.9 2194.2 55.6 11.0
C 11 1303.0 209.0 16301 24477 71.3 10219.1 310.2 58.8 13.7
C 12 10137.4 446.8 70173 65691 874.9 41829.4 4391.2 57.8 6.5
C 13 10394.4 271.6 70336 63685 1912.6 55148.1 3864.1 59.1 9.3
C 14 8372.1 540.3 72738 72805 581.9 25815.1 7557.4 58.3 5.9
C 15 15316.4 841.3 123763 71627 1508.9 120922.5 5472.7 56.6 10.6
C 16 5225.1 116.7 49044 54183 381.1 37058.2 2872.8 58.4 8.3
C 17 6399.4 184.6 62955 65310 821.9 44941.0 1448.5 59.8 7.7
C 18 8016.4 47.7 46833 49843 416.7 19914.5 2325.0 53.8 10.0
C 19 7953.8 287.6 86904 65534 530.6 69605.2 5603.2 62.1 5.0
C 20 11420.8 237.9 52922 57110 259.6 29604.1 1777.3 58.9 9.6
C 21 6812.2 161.6 59583 58008 509.9 34392.0 3061.2 57.0 8.0
C 22 8143.2 298.7 76904 58808 720.1 61514.6 1732.7 59.3 8.3
C 23 3716.9 58.9 37441 48255 236.8 15093.2 2347.4 59.0 6.9
C 24 7965.9 447.4 69725 58904 808.6 34334.3 1907.2 58.9 10.2

Figure 1: Clustering results of Ukraine‘s regions for data 2019.

objects in the new space – are in table 5. Note that in
this case, the degree of explanation of the variance of
the initial indicators by selected factors (degree of la-
tent indicators informativeness) is 77 % for 2019 and
79 % for 2020 data. These indicators indicate the
sufficiency of allocating exactly two principal com-

ponents as latent indicators for further analysis.
Table 4 analysis allows us to provide such an inter-

pretation of the selected principal components. Com-
ponent F1 has high factor loadings values for the ini-
tial indicators X1−X6, and low for X8 and X9. There-
fore, we can conclude that F1 is an economic compo-
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Table 3: Initial data for calculation for 2020 (MCTDU, 2021; SSSU, 2022).

Code Values
X1 X2 X3 X4 X5 X6 X7 X8 X9

C 1 6226.8 249.9 83175 70691 896.3 50771.9 7042.7 56.2 10.7
C 2 9319.5 240.8 73215 56603 624.7 31231.1 2465.0 48.9 12.5
C 3 15208.9 1426.0 122379 92083 2403.0 135366.4 5723.9 58.0 8.6
C 4 5355.9 424.0 49422 41662 956.0 62158.9 2470.6 49.2 14.9
C 5 5615.5 266.6 70247 67187 567.0 39163.6 1783.2 55.3 10.9
C 6 3192.3 193.3 48861 51073 1078.1 19249.3 1546.7 53.7 10.6
C 7 5864.6 851.4 91498 81949 1743.8 111716.8 1871.0 56.0 10.7
C 8 3630.9 402.0 63254 60276 555.3 45016.0 2822.3 54.1 8.4
C 9 12929.1 735.8 123267 79263 1102.6 70505.2 7089.9 57.8 6.9
C 10 5562.3 188.4 77816 63472 985.0 37684.9 1486.2 53.1 12.7
C 11 1086.3 74.4 18798 26714 60.9 8904.5 339.1 56.4 15.4
C 12 5880.9 639.3 85198 71150 927.4 44425.4 5709.3 56.0 7.6
C 13 5422.3 318.8 82149 68289 2018.3 55878.6 3017.5 57.3 10.7
C 14 6757.9 470.7 82903 80164 573.4 29687.1 12078.5 56.8 7.1
C 15 11829.0 1411.6 134449 77547 1680.3 115483.4 5940.1 54.8 12.0
C 16 3165.9 229.4 58332 58814 408.0 38908.7 2862.1 56.1 9.3
C 17 4763.8 321.9 70576 71117 918.7 43165.9 1612.1 56.8 9.4
C 18 5510.9 47.5 54833 55570 433.2 20508.6 2511.5 51.6 11.5
C 19 6178.4 344.0 92864 73218 556.1 66393.8 5509.5 59.9 6.2
C 20 3536.8 155.6 59987 63073 275.3 32008.3 1279.4 56.8 11.3
C 21 5784.0 94.8 65916 64824 531.1 37850.9 5301.7 54.8 9.9
C 22 4627.2 176.7 86319 64254 684.1 64414.0 2171.5 57.0 9.5
C 23 2533.5 61.8 46136 53875 187.5 15525.8 2428.7 56.5 8.9
C 24 5599.5 455.0 78118 64933 905.4 35004.1 2501.6 56.4 11.9

Figure 2: Clustering results of Ukraine‘s regions for data 2020.

nent of investment attractiveness, as the correspond-
ing indicators X1−X6 are characteristics of economic
activity. For indicators X8 and X9 there are high val-
ues of factor loadings for component F2 and low for
F1. Based on the essence of indicators X8 and X9,

we can conclude that F2 can be interpreted as a social
component of investment attractiveness. For indicator
X7, the value of factor loadings for the principal com-
ponent F1 in 2019 exceeds the corresponding value
for component F2, although this excess is insignifi-
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cant. In 2020, the situation was reversed. Based on
the essence of indicator X7, we can conclude that it
can characterize both the economic and social com-
ponents of regional development; that is, the interpre-
tation of the results is not essentially affected by this
indicator.

Table 4: Principal components’ factor loadings values for
data 2019 and 2020.

Principal components
2019 2020Indicators

F1 F2 F1 F2
X1 0.82 0.08 0.89 0.07
X2 0.89 0.01 0.93 0.01
X3 0.93 0.22 0.90 0.31
X4 0.83 0.44 0.77 0.53
X5 0.84 -0.25 0.87 -0.15
X6 0.89 -0.13 0.93 -0.02
X7 0.65 0.49 0.41 0.64
X8 0.14 0.78 0.16 0.75
X9 -0.25 -0.88 -0.21 -0.90

Table 5: Principal components’ values for data 2019 and
2020.

2019 2020Code
F1 F2 F1 F2

C 1 -0.55 0.49 0.04 0.53
C 2 1.31 -1.74 -0.02 -1.46
C 3 -6.03 -1.21 2.75 0.02
C 4 1.94 -3.29 -0.03 -2.32
C 5 0.90 0.38 -0.32 -0.11
C 6 1.59 -0.61 -0.70 -0.56
C 7 -1.98 -1.24 1.23 -0.58
C 8 0.42 0.29 -0.46 0.20
C 9 -4.30 0.56 1.13 1.24

C 10 1.25 -0.69 -0.10 -0.94
C 11 4.42 -0.63 -1.68 -1.16
C 12 -0.75 0.91 0.14 0.87
C 13 -0.92 -0.33 0.42 -0.16
C 14 -1.30 1.93 -0.08 2.09
C 15 -3.60 -1.78 2.25 -0.85
C 16 1.44 0.93 -0.75 0.42
C 17 0.47 0.92 -0.22 0.31
C 18 2.19 -0.49 -0.73 -0.67
C 19 -1.36 2.47 -0.07 1.84
C 20 1.14 0.51 -0.79 0.11
C 21 0.96 0.65 -0.47 0.42
C 22 0.09 0.40 -0.20 0.35
C 23 2.22 1.68 -1.28 0.65
C 24 0.44 -0.10 -0.07 -0.23

Graphic representations of the regions in the space
of the identified principal components according to
the data of 2019 and 2020 are respectively presented

in figures 3 and 4.

Figure 3: Grouping results of Ukraine‘s regions in the latent
scale space for data 2019.

Figure 4: Grouping results of Ukraine‘s regions in the latent
scale space for data 2020.

Figure 3 analysis allows us to conclude that we
can also identify three clusters of regions. The re-
sulting clusters in terms of content correspond to the
formed clusters obtained by the k-means method. A
similar situation occurs in figure 4. The results of a
grouping of regions obtained using the principal com-
ponents method are identical to those obtained from
the clustering method.

However, it is worth noting. Figure 3 shows that
cluster number 1 can be divided into at least two
smaller clusters, including points C 7 (Zaporizhzhia
region) and C 15 (Poltava region) to one of them and
points C 3 (Dnipro region ) and C 9 (Kyiv region)
to the other. Similarly, points C 7 and C 15 can be
allocated from cluster number 2 to a separate clus-
ter. In the third cluster, we can distinguish points C 4
(Donetsk region) and C 11 (Luhansk region), which
form two different clusters. So, the cluster structure
may be more complex and require a more complex in-
terpretation of the results. A similar situation occurs
in figure 4.

However, according to the task, our study pro-
ceeded from a predetermined number of clusters. And
the methods used in the study gave identical results.
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5 CONCLUSIONS

Investment activity is always associated with a spe-
cific risk. Decision-making by potential investors
requires a comprehensive study of the object of in-
vestment, mainly through the various assessments of
the investment climate, business environment, and
business conditions provided by multiple institutions.
However, such estimates characterize the business en-
vironment of countries as a whole, while investors
are usually interested in the separate territories and
business units that are located there. Therefore, it is
necessary to conduct a comprehensive analysis of the
investment object to reduce the potential risks when
investing. One of the approaches is to assess its in-
vestment attractiveness. For individual territorial en-
tities, which are regions, it is advisable to determine
the quantitative measures of the level of investment
attractiveness and group them according to this in-
dicator. This will identify regions with roughly the
same investment climate. Given the significant multi-
dimensionality of the description of the studied phe-
nomenon, the solution of the grouping problem can
be solved by applying the methods of multidimen-
sional statistical analysis. In our study, we used the
k-means method of clustering, which allowed us to
divide the regions of Ukraine into relatively homo-
geneous groups according to the level of investment
attractiveness.

Data for 2019 and 2020 were chosen for the study.
These periods are characterized by the fact that at
this time, the economy of Ukraine, like most other
countries, came under the destructive influence of the
COVID-19 pandemic. We limited ourselves to the se-
lection of three clusters, which were given a meaning-
ful interpretation: the first one is a cluster with regions
that have a high level of investment attractiveness, the
second cluster contains regions with a medium level
of investment attractiveness, and the third cluster in-
cludes regions with a low level of investment attrac-
tiveness. Comparing clustering results for selected
periods showed that the cluster structure of Ukrainian
regions has not changed. To verify the correctness
of the obtained grouping of regions, the regions of
Ukraine were deployed in the space of latent indica-
tors, which were calculated on the same data set by
the method of principal components. A meaningful
analysis of factor loads showed that one latent axis
of the new space characterizes the economic compo-
nent of investment attractiveness, and the other - is the
social component. The results of grouping Ukraine’s
regions turned out to be identical to those obtained
by the k-means method. It was also concluded that it
would be more appropriate to allocate more clusters,

which would provide a more accurate picture of the
grouping of regions by the level of investment attrac-
tiveness. Such an assessment can be helpful for local
governments, as they provide information on the rel-
ative level of investment attractiveness of a particular
region compared to other territorial units and identify
weaknesses in the areas of activity on which the as-
sessment was based. Such results can be used to cre-
ate and adjust regional socio-economic development
programs, particularly in terms of planning to attract
investment into the region’s economy.
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Abstract: The purpose of the article is a research of the level of inflation in Ukraine based on the analysis of the dynamics
of the annual consumer price index. In connection with the crisis phenomena in the economy, which are
the consequences of the COVID-19 pandemic and Russian military aggression, the problem of restraining
excessive price growth becomes the most important condition for the implementation of the socio-economic
and monetary policy of the state. The impact of macroeconomic indicators such as gross domestic product,
the hryvnia exchange rate against the US dollar, and the average wage in Ukraine on the growth of consumer
prices is studied. With the use of application packages, it is substantiated that the dynamics of the consumer
price index is characterized by a random component and cannot be approximated by elementary functions that
depend only on time. With the help of MS Excel spreadsheets, a mathematical model of the dependence of
the consumer price index on the rates of growth and decline of the main macroeconomic indicators was built
in the form of a multiple regression equation and its adequacy was proven. Based on the constructed model,
it was concluded that the exchange rate of the national currency has the greatest influence on the consumer
price index. The results of the study can be used in forecasting the annual inflation rate for the next period.
Forecasting of the consumer price index for 2022 was made based on the constructed model.

1 INTRODUCTION

The coronavirus pandemic and the quarantine restric-
tions aimed at containing it have had a negative im-
pact on the global and domestic economy. The begin-
ning of 2022 shocked the whole world with the open
military aggression of the Russian regime, which led
to crisis phenomena in Ukraine and the world. At the
current stage, one of the most urgent problems is the
prevention of excessive price growth. In macroeco-
nomics, the situation in Ukraine is called stagflation.
Stagflation is characterized by rising prices during cri-
sis phenomena in the economy. The implementation
of measures to support a stable level of inflation be-
comes the most important condition for the imple-
mentation of the monetary policy of the state.

In the research, inflationary processes are stud-
ied on the basis of the annual consumer price index
(CPI) in Ukraine for the period from 2002 to 2021
according to the official website of the State Statis-
tics Service (SSSU, 2022). The consumer price in-
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dex demonstrates the general level of inflation in the
economy and is an indicator of the population’s stan-
dard of living and social-economic development. The
CPI takes place in a center of the indicators of price
statistics system and is calculated in Ukraine, starting
from August 1991, as part of the program for devel-
oping a number of macroeconomic indicators based
on international standards. The CPI has become an
important economic indicator since its introduction.
The value of the CPI is difficult to overestimate, as it
directly or indirectly affects the standard of living of
the country’s population (State Statistics Service of
Ukraine, 2022). To curb excessive price growth, the
mathematical modeling of the level of inflation based
on a scientific analysis of the dynamics of the cost of
goods and services, the volume of GDP, the exchange
rate of the domestic currency, the level of wages and
other macroeconomic factors are needed.
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2 PROBLEM STATEMENT AND
SOLUTIONS

Considering the impact of inflation on socio-political
and economic life, various aspects of its research are
presented in the works of many domestic and foreign
scientists. The mutual influence of the growth of con-
sumer prices and inflationary expectations in Ukraine
was studied in the work of Khokhych (Khokhych,
2020). In the work of Gitis et al. (Gitis et al., 2020),
the problem of the impact of rising consumer prices
on the level of income of the population is raised. In
the article by Kuzheliev et al. (Kuzheliev et al., 2020),
the impact of inflation and other monetary policy in-
struments on key economic indicators in Ukraine dur-
ing periods of stability and crisis is considered.

Sarel (Sarel, 1996) analyzed the possibility of a
nonlinear impact of the CPI on economic growth,
when this indicator is critical – 108. Below this value,
the CPI does not affect growth, or may even have a
slightly positive effect.

In the works of Macovei and Scutaru (Macovei
and Scutaru, 2016; Macovei, 2020), the influence of
the consumer price index on the economic growth of
Romania was investigated on the basis of annual data
from 1991 to 2018 and it was proposed to use a non-
linear regression model. The results of the study show
a close relationship between the consumer price index
(CPI) and the gross domestic product (GDP).

The analysis of the use of the value unit index for
curbing inflation in Latin American countries was car-
ried out by Yereshko and Hafarov (Yereshko and Ha-
farov, 2020).

Shinkarenko et al. (Shinkarenko et al., 2021) ex-
amines the behavior of the consumer price index in
Ukraine for the period from January 2010 to Septem-
ber 2020 by month. The characteristics of the ini-
tial time series, the analysis of auto-correlation func-
tions made it possible to reveal the trend of their
development and the presence of annual seasonality.
To simulate the behavior of the consumer price in-
dex and forecast for the following months, 2 types
of models were used: the additive ARIMA*ARIMAS
model, better known as the Box-Jenkins model (Box
et al., 2015) and the exponential smoothing model
with Holt-Winters seasonality estimation (Gardner
Jr., 1985). As a result of using the STATISTICA pack-
age, the most adequate models reflecting the monthly
dynamics of the consumer price index in Ukraine
were built. However, the rapid deterioration of the
economic situation in Ukraine in connection with
open Russian military aggression does not allow the
application of these models.

3 MAIN RESULTS

Inflationary processes are studied on the basis of
the following macroeconomic indicators: the annual
consumer price index in Ukraine (CPI), the annual
gross domestic product (GDP) calculated in US dol-
lars, the exchange rate of the hryvnia against the US
dollar (HR) and the level of average wages (AW),
converted in US dollars for the period from 2002
to 2021. The array of data was compiled on the
basis of the reports of the State Statistics Service
of Ukraine (SSSU, 2022) and the National Bank of
Ukraine (NBU, 2022). The resulting array of data is
shown in table 1.

To build a model and forecast the level of inflation,
we first find the main statistical characteristics of the
dynamic series under investigation. They are shown
in table 2.

Numerical characteristics of the CPI range show
that the consumer price index fluctuated in the interval
from 99,4% to 143,3% during the studied period. The
mean square deviation of 6,63 shows that the variation
of the consumer price index for the studied period is
quite small.

The characteristics of the GDP series show that
during the studied period the volume of the gross do-
mestic product gradually increased from 50 133 mil-
lion US dollars to 183 310 million US dollars. The
mean square deviation of 32130,572 indicates the ab-
sence of anomalous values of the indicator except for
certain years.

The statistics of the HR series show a gradual de-
preciation of the national currency from 5,05 to 27,2
per US dollar. The mean square deviation of 8,344
shows that hryvnia exchange rate jumps in some years
were quite insidious.

Numerical characteristics of a number of wage
earners show that the average wage in Ukraine grad-
ually increased from USD 70,59 to USD 430,21. The
mean square deviation of 83,025 indicates that the
growth of the indicator occurred gradually.

In order to clearly display the dynamics of the
consumer price index in Ukraine during 2002-2021,
a diagram of the indicator was constructed (figure 1).

The constructed trend equation shows that CPI
forecasting using standard time series forecasting
methods is not possible, as the correlation coefficient
is very small. The series has neither a trend nor a
seasonal component, therefore, in order to make an
adequate forecast, it is necessary to identify the fac-
tors that have the greatest influence on the dynamics
of the CPI.

Since the indicators chosen for the model have
fundamentally different dimensions, it is impossible
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Table 1: Some macroeconomic indicators in Ukraine for 2002-2021.

Years CPI GDP HR AW CPI GDP HR AW
2002 99,4 59286 5,29 70,59 - - - -
2003 108,2 50133 5,33 86,74 1,082 1,183 0,992 1,229
2004 112,3 64883 5,32 111,02 1,123 1,294 0,997 1,280
2005 110,3 86142 5,12 157,3 1,103 1,328 0,963 1,417
2006 111,6 107753 5,05 206,51 1,116 1,251 0,985 1,313
2007 116,6 142719 5,05 267,87 1,166 1,325 1,000 1,297
2008 122,3 179992 5,27 343,43 1,223 1,261 1,043 1,282
2009 112,3 117228 7,79 245,05 1,123 0,651 1,479 0,714
2010 109,1 136419 7,94 283,12 1,091 1,164 1,019 1,155
2011 104,6 163160 7,97 331,24 1,046 1,196 1,004 1,170
2012 99,8 175781 7,99 379,42 0,998 1,077 1,003 1,145
2013 100,5 183310 7,99 409,59 1,005 1,043 1,000 1,080
2014 124,9 131805 11,89 292,32 1,249 0,719 1,487 0,714
2015 143,3 90615 21,84 162,60 1,433 0,687 1,838 0,556
2016 112,4 93270 25,55 203,02 1,124 1,029 1,170 1,249
2017 113,7 112154 26,60 267,16 1,137 1,202 1,041 1,316
2018 109,8 130832 27,20 325,99 1,098 1,167 1,023 1,220
2019 104,1 153781 25,85 406,40 1,041 1,175 0,950 1,247
2020 105,0 155568 26,96 430,21 1,050 1,012 1,043 1,059
2021 110,0 200090 28,78 506,42 1,100 1,286 1,068 1,177

Table 2: Characteristics of dynamic series for 2002-2021.

Indicator Average value Average deviation Minimal value Maximal value
CPI 112,3 6,630 99,4 143,3
GDP 126419,1 32130,572 50133 183310
HR 13,2 8,344 5,05 27,20
AW 272,7 83,025 70,59 430,21

to build a function that will accurately reflect the im-
pact of GDP, HR and SP on the CPI. In such cases, it
is necessary to standardize the data. Methods of stan-
dardization of research factors are described in detail
in works (Shinkarenko et al., 2019; Matskul et al.,
2020). The method of eliminating different dimen-
sions is also used, which is based on the comparison
of growth rates of time series (for example, (Kozak
et al., 2017)). This is what we used in our work to
analyze inflationary processes.

When modeling relationships in dynamic series,
relative values are widely used. This is due to their
greater elasticity in time compared to absolute val-
ues. In addition, it helps eliminate multicollinearity
and autocorrelation of the residuals. We will assume
that the CPI is modeled by a function of the Cobb-
Douglas-Tinbergen type (Yankovoy and Yankovoy,
2019):

I = γ ·Qα ·Gβ ·Kλ · eµt . (1)

where I is the consumer price index (%), Q is GDP
(millions of US dollars),G is the hryvnia exchange
rate (US dollars), K is the average wage (US dollars).

Parameters α,β,γ and µ are elasticity coefficients: α
characterizes the increase in the CPI per unit of GDP
growth at unchanged HR and SP, β is the increase in
CPI per unit of increase in HR at unchanged GDP and
SP, Λ is the increase in CPI per unit of increase in SP
at unchanged GDP and HR, µ — CPI growth due to
factors not included in the model.

Applying logarithmic differentiation to the Cobb-
Douglas-Tinbergen function, taking into account that
each factor depends on time, we obtain a linear model
that describes the relationship between growth rates:

i = µ+α ·q+β ·g+λ · k. (2)

where i,q,g,k are the growth rates of CPI, GDP, HR
and AW, respectively. In the future, the rate of growth
of the indicator will be understood as the ratio of its
next level to the previous one. Note that this approach
avoids reducing the indicators to one dimension. Ta-
ble 1 shows the growth rates of each of the studied
indicators.

To determine the general trend of the behavior of
the time series, a diagram was constructed that reflects
the dynamics of the growth rates of the consumer
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Figure 1: Dynamics of the consumer price index in Ukraine for 2002-2021.

price index, the gross domestic product, the hryvnia
exchange rate, and the average wage (figure 2).

The analysis of the constructed trend lines shows
that fluctuations in the level of the consumer price in-
dex are closely related to the behavior of the volume
of the gross domestic product, the hryvnia exchange
rate, and the average wage. To confirm the hypothesis
about the presence of a close relationship between the
specified factors, the correlation coefficients between
the indicators were calculated. The obtained coeffi-
cients are shown in table 3.

Table 3: Correlation matrix of CPI, GDP, HR and AW.

CPI GDP HR AW
CPI 1 -0,43485 0,790091 -0,54429
GDP -0,43485 1 -0,87949 0,954285
HR 0,790091 -0,87949 1 -0,91172
AW -0,54429 0,954285 -0,91172 1

The calculated coefficients allow us to conclude
that the rate of growth of the consumer price index is
most affected by fluctuations in the hryvnia exchange
rate (a 1% devaluation of the hryvnia leads to an in-
crease in the CPI by 0,79%). The influence of the
growth rates of the gross domestic product and av-
erage wages is moderate and negative, that is, an in-

crease in the GDP growth rate by 1% will lead to a
decrease in the CPI by 0,43%, the consequence of an
increase in the growth rate of GDP by 1% is a de-
crease in the CPI by 0,54%.

A regression equation was built using the MS Ex-
cel:

i =−0,335+0,545 ·q+0,764 ·g+0,007 · k. (3)
where i,q,g,k are the growth rates of CPI, GDP, HR
and AW, respectively (figure 3).

The equation has good statistical indicators of cor-
relation and regression analysis. The multiple corre-
lation coefficient R = 0,961 shows that the volume
of GDP, the hryvnia exchange rate and the average
salary directly affect the change in the CPI (cover-
ing about 9% of the influencing factors). The stan-
dard error of the regression Sy = 0,031 is quite small,
which indicates that the model corresponds to the eco-
nomic process. The calculated value of the F-criterion
is F = 55,766, its significance is F = 4,97 ·10−8. The
calculated value is significantly less than 0,01, there-
fore, with a 99% level of reliability, it is possible to
assert, according to Fisher’s test, that the constructed
model is adequate to the empirical data.

Let’s check the reliability of each of the coeffi-
cients of the constructed equation: for the first coeffi-
cient

t1 = 4,564, p1 = 0,0004 < 0,005,
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Figure 2: Growth rates of the CPI, GDP, HR and AW in Ukraine for 2003-2021.

Figure 3: Results of Regression statistics and Analysis of variance.

therefore, according to the Student’s criterion, the co-
efficient is statistically reliable with a level of 99%,
for the second coefficient

t2 = 0,077, p2 = 9,89 ·10−8 < 0,005,

therefore, according to the Student’s test, the coeffi-
cient is statistically reliable at the 99% level, for the

third coefficient the value

t3 = 0,124, p3 = 0,957 > 0,005,

therefore the coefficient is not statistically reliable at
the 99% level. It is more likely that the problem arose
as a result of the close connection between the factors
of GDP and AW.
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To check the reliability of the built model, we will
calculate the forecast value of the consumer price in-
dex for the end of 2022, using the data on the gross
domestic product, the hryvnia exchange rate and the
average salary, which are given on the websites of the
Cabinet of Ministers of Ukraine (Ministry of Finance
of Ukraine, 2022) and the National Bank of Ukraine
(NBU, 2022). According to the given data, a decrease
in GDP is expected by 40%. The hryvnia exchange
rate is set at UAH 40,0 per USD, up 38,7% from the
previous period. The average salary at the end of 2022
is forecast to be UAH 18,535, which at the exchange
rate of UAH 40,0 is 440,48 USD, the growth until
2021 is 12,9%. Let’s calculate the predicted value of
the CPI:

i =−0,335+0,545 ·0,6+0,764 ·1,39+
0,007 ·0,87 = 1,417. (4)

The calculated value shows that the consumer
price index in 2022 will increase by 41,7% compared
to 2021.

4 CONCLUSION

The built mathematical model of the dependence of
the growth of the index of social prices on the growth
of the annual volume of the gross domestic product,
the exchange rate of the hryvnia and the level of the
average salary is adequate and reliable. Using the re-
gression equation, it is possible to estimate the influ-
ence of factors on the change in the CPI and calculate
the predicted values of the social price index.

The processing of the array of the consumer price
index with the help of application programs proved
that the indicator is characterized by a random com-
ponent and cannot be approximated by elementary
functions.

The forecast of the indicator for the end of 2022
showed that, taking into account the crisis in the econ-
omy associated with the Russian military aggression,
a significant increase in the level of inflation is ex-
pected in Ukraine.

For a more detailed study of the causes and rates
of growth of the consumer price index, one should
consider the change in the value of its individual com-
ponents (food, non-food, services and other groups of
goods), the relationship of the indicator with a sim-
ilar indicator in neighboring countries (price growth
on the world market), the influence of the state debt
to the level of inflation in the country.
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Abstract: This paper describes Deep Learning approach of sentiment analyses which is an active research subject in the
domain of Natural Language Processing. For this purpose we have developed three models based on Deep
Neural Networks (DNNs): Convolutional Neural Network (CNN), and two models that combine convolutional
and recurrent layers based on Long-Short-Term Memory (LSTM), such as CNN-LSTM and Bi-Directional
LSTM-CNN (BiLSTM-CNN). As vector representations of words were used GloVe and Word2vec word em-
beddings. To evaluate the performance of the models, were used IMDb Movie Reviews and Twitter Sentiment
140 datasets, and as a baseline classifier was used Logistic Regression. The best result for IMDb dataset
was obtained using CNN model (accuracy 90.1%), and for Sentiment 140 the model based on BiLSTM-CNN
showed the highest accuracy (82.1%) correspondinly. The accuracy of the proposed models is a quite accept-
able for practical use and comparable to state of the art models.

1 INTRODUCTION

The rapid development of electronic mass media and
social networks has given a new impetus to the de-
velopment of automated Natural Language Process-
ing (NLP) systems.

NLP is an interdisciplinary field at the intersection
of Computer Science, Artificial Intelligence and Lin-
guistics, dedicated to how computers analyze natural
(human) language models.

The range of tasks that NLP solves is quite wide.
For example, NLP can be used to build automatic
systems like machine translation, speech recognition,
named entity recognition, text classification and sum-
marization, sentiment analysis, question answering,
autocomplete, predictive text input, and so on (N1,
2021; Mayur et al., 2022; N43, 2018).

One of the important tasks of NLP is Sentiment
Analysis (SA), also known as opinion mining. SA is
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an attempt to extract subjective characteristics from
the text: emotions, sarcasm, confusion, suspicion etc.

The main goal of SA is to classify the polarity of a
given document, and to determine whether the opin-
ion expressed in a document or sentence is positive,
negative, or neutral.

It is a very popular text classification technique
because sentiment can convey a wealth of informa-
tion about one’s point of view on a subject under dis-
cussion. It helps to conduct a comprehensive anal-
ysis of feedback, polarity of messages or reactions.
SA is widely used among businessmen, marketers and
politicians.

In the analysis of public opinion on sensitive so-
cial and political issues, identifying common themes
and tone of discussion can greatly simplify the work
of experts in the field of sociology, political science
and journalism (Iglesias and Moreno, 2020; Pozzi
et al., 2016).

Due to the permanent increase in the amount of
information, previously developed technologies lose
their effectiveness. The ability to quickly monitor and
control public opinion is still the key to success.

Traditionally, this problem has been solved by
dictionary or rule-based approaches (Karamollaoğlu
et al., 2018; Dhaoui et al., 2017; Khoo and Johnkhan,
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2018; Alessia et al., 2015). These approaches are sta-
tistical methods that use pre-assembled sentiment dic-
tionaries containing different words and their corre-
sponding polarities for determining a given word as
“positive” or “negative”.

However, construction complete dictionaries for a
large amount of unstructured data generated by mod-
ern electronic media and social networks are quite a
tedious task.

Machine Learning (ML) methods help solves this
problem. Such approaches are based on algorithms
for classifying words according to the corresponding
sentiment marks. That’s why ML models are pre-
ferred for SA due to their ability to processing with
the large amount of texts compared to dictionary-
based approaches.

In recent decade, Deep Neural Networks (DNNs)
have been actively used to solve many NLP tasks, in-
cluding SA (Li, 2017; Trisna and Jie, 2022; Kamath
et al., 2019). This became possible due to:

• the progress in designing DNNs of various ar-
chitectures (recurrent, convolutional, encoder-
decoder, transformer, hybrid);

• an increasing in computing performance, includ-
ing through the use of graphics processors units
and the availability of various cloud computing
services;

• the creation of labeled datasets for various NLP
tasks;

• development such models of pre-trained vector
representations of words (word embedding) as
Word2vec, FastText (Mikolov et al., 2013; Pen-
nington et al., 2014; Bojanowski et al., 2017)
which are available for many languages.

In the last few years, large pre-trained models
based on the Transformer architecture and Attention
mechanism such as GPT-3, BERT, ELMo etc. has had
a significant impact in the solving of various NLP
tasks (Durairaj and Chinnalagu, 2021; Geetha and
Karthika Renuka, 2021; Deng et al., 2022; Tabinda
Kokab et al., 2022). These models can be interpreted
as language models which formed probability distri-
butions over sequences of words.

Such models are universal and capable of “extract-
ing” features from the text that are useful for solving
many problems of text analysis. But they are quite
“heavy”, contain hundreds of millions parameters and
require significant computational resources.

Therefore, for the most NLP practical applica-
tions, traditional approaches based on ML and Deep
Learning (DL) have been successfully used.

The purpose of our research is to develop set
models for sentiment classification based on different

DNNs architecture and compare their performance on
IMDb and Sentiment 140 Twitter datasets.

2 RELATED WORKS

Drus and Khalid (Drus and Khalid, 2019) provided a
report of review on sentiment analysis in social media
that explored the common methods and approaches
which used in this domain. This review contains an
analysis of about 30 publications published during
2014-2019 years. According to their results most of
the articles applied opinion-lexicon method to analy-
ses text sentiment in social media in such domain as
world events, healthcare, politics and business.

Recently Jain et al. (Jain et al., 2021) published re-
port on ML applications for consumer sentiment anal-
ysis in the domain of hospitality and tourism. This re-
port based on 68 research papers, which were focused
on sentiment classification, predictive recommenda-
tion decisions, and fake reviews detection.

They have shown a systematic literature review to
compare, analyze, explore, and understand ML pos-
sibilities to find research gaps and the future research
directions.

Sudhir and Suresh (Sudhir and Suresh, 2021) pub-
lished comparative study of various approaches, ap-
plications and classifiers for sentiment analysis. They
have discussed the advantages and disadvantages of
the different approaches such as Rule-based, ML and
DL approaches used for SA as well as compared
the performances of the classification models on the
IMDb dataset.

The authors note that, in general, ML-based ap-
proaches provide greater accuracy than Rule-based
ones. At the same time, Conventional ML models
(Support Vector Machine, Decision Trees, and Lo-
gistic Regression) provide classification accuracy at
the level of 85-87% for the IMDb dataset. DL-based
models (CNN, LSTM, GRU) shows higher accuracy:
about 89% on the IMDb dataset.

Trisna and Jie (Trisna and Jie, 2022), presented
a comparative review of DL approaches for Aspect-
Based SA. The results of their analysis show that
the use of pre-trained embeddings is very influential
on the level of accuracy. They also found that ev-
ery dataset has a different method to get better per-
formance. It is still challenging to find the method
that can be flexible and effective for using in several
datasets.

There are several papers devoted to developing
new methods of word embeddings.

Thus, Biesialska et al. (Biesialska et al., 2021)
proposed a novel method which uses contextual em-
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beddings and a self-attention mechanism to detect and
classify sentiment. They performed experiments on
reviews from different domains, as well as on lan-
guages (Polish and German).

Authors have shown that proposed approach is on
a par with state-of-the-art models or even outperforms
them in several cases.

Rasool et al. (Rasool et al., 2021) proposed a
novel word embedding method novel word-to-word
graph (W2WG) embedding method for the real-time
sentiment for word representation. He noted that per-
formance evaluation of proposed word embedding ap-
proach with integrated LSTM-CNN outperformed the
other techniques and recently available studies for the
real-time sentiment classification.

Recently have been published several research pa-
pers devoted using DNNs different architecture based
on CNN-LSTM models for SA task (Elzayady et al.,
2021; Hernández et al., 2022; Khan et al., 2022;
Priyadarshini and Cotton, 2021; Haque et al., 2020).

Elzayady et al. (Elzayady et al., 2021) presented
two powerful hybrid DL models (CNN-LSTM) and
(CNN-BILSTM) for reviews classification. Experi-
mental results have shown that the two proposed mod-
els had superior performance compared to baselines
DL models (CNN, LSTM).

Khan et al. (Khan et al., 2022) evaluated the
performance of various word embeddings for Roman
Urdu and English dialects using the CNN-LSTM ar-
chitecture and compare results with traditional ML
classifiers. Authors mentioned that BERT word em-
bedding, two-layer LSTM, and SVM as a classifier
function are more suitable options for English lan-
guage sentiment analysis.

Priyadarshini and Cotton (Priyadarshini and Cot-
ton, 2021) proposed a novel LSTM-CNN grid search-
based DNN model for sentiment analysis. As to the
experimental results they observed proposed model
performed relatively better than other algorithms
(LSTM, Fully-connected NN, K-nearest neighbors,
and CNN-LSTM) on Amazon reviews for sentiment
analysis and IMDb datasets.

Haque et al. (Haque et al., 2020) analyzed differ-
ent DNNs for SA on IMDb Movie Reviews. They
have compared between CNN, LSTM and LSTM-
CNN architectures for sentiment classification in
order to find the best-suited architecture for this
dataset. Experimental results have shown that CNN
has achieved an F1− score of 91% which has outper-
formed LSTM, LSTM-CNN and other state-of-the-art
approaches for SA on IMDb dataset.

Quraishi (Quraishi, 2020) evaluated of four ML
algorithms (Multinomial Naı̈ve Bayes, Support Vec-
tor Machine, LSTM, and GRU) for sentiment anal-

ysis on IMDb review dataset. He found that among
these four algorithms, GRU performed the best with
an accuracy of 89.0%.

Derbentsev et al. (Derbentsev et al., 2020) also
explored the performance of four ML algorithms (Lo-
gistic Regression, Support Vector Machine, Fully-
connected NN, and CNN) for SA on IMDb dataset.
They used two pre-trained word embeddings GloVe
and Word2vec with different dimensions (100 and
300) as well as TF-IDF representation. They reported
that the best classification accuracy (90.1%) was per-
formed by CNN model with Word2vec-300 embed-
ding.

3 BASE CONCEPT OF NLP
APPLYING TO SENTIMENT
ANALYSIS

3.1 ML Approach of NLP

To solve NLP problems using ML methods, it is nec-
essary to represent the text in the form of set fea-
ture vectors. The text can consist of words, numbers,
punctuation, special characters of additional markup
(for example, HTML tags). Each such “unit” can be
represented as a vector in various ways, for example,
using unitary codes (one-hot encoding), or context-
independent (depended) vector representations.

The base idea of applying ML to NLP was intro-
duced by Bengio et al. (Bengio et al., 2003). They
proposed to jointly learn an “embedding” of words
into an n-dimensional numeric vector space and to use
these vectors to predict how likely a word is given its
context.

In the case of text, features represent attributes
and properties of documents including their content
and meta-attributes, such as document length, author
name, source, and publication date. Together, all doc-
ument features describe a multidimensional feature
space to which ML methods can be applied.

Thus, in the most general terms, the application
of ML to SA problems consists of the following: text
data preprocessing, feature extraction, classification,
and interpretation of results.

3.2 Data Pre-Processing

The quality of the result depends on the input data.
Therefore, it is important that they are prepared in
the best possible way. In general, pre-processing
stage consists of the following steps (Brownlee, 2017;
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Hobson et al., 2019; Camacho-Collados and Pilehvar,
2018):

• Text cleaning. First of all, we need to clean up the
text. Depending on the task, cleaning includes re-
moving non-alphabets, various tags, URLs, punc-
tuation, spaces, and other markup elements;

• Segmentation and tokenization. They are relevant
in the vast majority of cases, and provide division
of the text into separate sentences and words (to-
kens). As a rule, after tokenization all words are
converted to lower case;

• Lemmatization and stemming. Typically, texts
contain different grammatical forms of the same
word, and there may also be words with the same
root. Lemmatization is the process of reducing
a word form to a lemma - its normal (dictio-
nary) form. Stemming is a crude heuristic pro-
cess that cuts off “excess” from the root of words,
often resulting in the loss of derivational suffixes.
Lemmatization is a subtler process that uses vo-
cabulary and morphological analysis to eventually
reduce a word to its canonical form, the lemma;

• Definition of context-independent features that
characterize each of the token, which not depen-
dent on adjacent elements;

• Refining significance and applying a filter to stop
words. Stop words are frequently used words
that do not add additional information to the text.
When we apply ML to texts, such words can add
a lot of noise, so it is necessary to get rid them;

• Dependency parsing. The result is the formation
of a tree structure, where the tokens are assigned
to one parent, and the type of relationship is es-
tablished;

• Converting text content to a vector representation
that highlights words used in similar or identical
contexts.

3.3 Features Extraction

ML algorithms cannot work directly with raw text, so
it is necessary to convert the text into sets of numbers
(vectors) – construct a vector representation. In ML
this process is called feature extraction.

Vector representation is a general name for vari-
ous approaches to language modeling and represen-
tation training in NLP aimed at matching words (and
possibly phrases) from some dictionary of vectors.

The most common approaches for construction
vector representations are Bag of Words, TF-IDF, and
Word Embeddings (Hobson et al., 2019).

3.3.1 Bag of Words

Bag of words (Bow) is a popular and simple feature
extraction technique used in NLP. It describes the oc-
currences of each word in the text.

Essentially, it creates a matrix of occurrences for
a sentence or document, ignoring grammar and word
order. These frequencies (“occurrences”) of words
are then used as features for learning.

The basic idea of applying Bow is that similar doc-
uments have similar content. Therefore, basis on con-
tent, we can learn something about the meaning of the
document.

For all its simplicity and intuitive clarity, this ap-
proach has a significant drawback. The Bow encoding
uses a corpus (or set, collection) of words and repre-
sents any given text with a vector of the length of the
corpus. If a word in the corpus is present in the text,
the corresponding element of the vector would be the
frequency of the word in the text.

If individual words are encoded by one-hot vec-
tors, then the feature space will have a dimension
equal to the cardinality of the collection’s dictionary,
i.e. tens or even hundreds of thousands. This dimen-
sion rises along with the increasing of the amount of
dictionary.

3.3.2 N-Grams

Another, more complex way to create a dictionary is
to use grouped words. This will resize the dictionary
and give Bow more details about the document.

This approach is called “N-gram”. An N-gram
is a sequence of any entities (words, syllable, letters,
numbers, etc.). In the context of language corpora, an
N-gram is usually understood as a sequence of words.

A unigram is one word, a be-gram is a sequence
of two words, a trigram is three words, and so on. The
number N indicates how many grouped words are in-
cluded in the N-gram. Not all possible N-grams get
into the model, but only those that appear in the cor-
pus.

3.3.3 TF-IDF

Term Frequency (T F) is the ratio of the number of
appearing a certain word to the total number of words
in the document. Thus, the importance of a word t
within a single document di is evaluated:

T F(t,di) =
nt

∑k nk
, (1)

where nt is the number of occurrences of the word
t in the document di, and in the denominator of the
fraction is the total number of words in the document.
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But frequency scoring has a problem: words with
the highest frequency have, accordingly, the highest
score. There may not be as much information gain for
the model in these words as there is in less frequent
words.

One way to remedy the situation is to downgrade a
word that appears frequently in all similar documents.
This metric is called T F − IDF (short for Term Fre-
quency – Inverse Document Frequency).

In this metric IDF is the inverse of the frequency
with which a certain word occurs in the documents of
the collection:

IDF(t,di,D) = log
|D|

|{di ∈ D|t ∈ di}|
. (2)

Here |D| is the number of documents in the collec-
tion (corpus), {di ∈ D|t ∈ di} is the number of docu-
ments in the collection D that contain word t.

There is only one IDF value for each unique word
within a given collection of documents. IDF metric
reduces the weight of commonly corpusused words.

T F − IDF is a statistical measure for estimating
the importance of a word in a document that is part of
a collection or corpus:

T F-IDF(t,di,D) = T F(t,di)× IDF(t,di,D). (3)

T F − IDF scoring increases in proportion to the
frequency of occurrence of the word in the document,
but this is compensated by the number of documents
containing this word.

The disadvantage of the frequency approach based
on this metric is that it does not take into account the
context of a single word. Moreover, it does not dis-
tinguish the semantic similarity of words. All vectors
are equally far from each other in the feature space.

3.3.4 Word Embedding

Word embedding is one of the most popular represen-
tations of document’s vocabulary. This is a technique
that maps words into number vectors, where words
which have similar meanings will be close to each
other with their vector representation in terms of some
distance metric in the vector space.

Word embedding gives the impressive perfor-
mance of DL methods on challenging NLP problem.
Recently, several powerful word embedding models
have been developed:

• Word2vec (short from Words to Vectors, provided
by Google in 2013 (Mikolov et al., 2013);

• GloVe (short from Global Vectors, provided by
Stanford University in 2014 (Pennington et al.,
2014);

• FastText (provided by Facebook in 2017 (Bo-
janowski et al., 2017);

• BERT (short from Bidirectional Encoder Repre-
sentations from Transformers, provide by Google
in 2018 (Devlin et al., 2018).

These models are pre-trained on large corpuses of
texts, including Wikipedia and specific domain.

Word2vec is a set of ANN models designed to ob-
tain word embedding of natural language words. It
takes a large text corpus as input and maps each word
to a vector, producing word coordinates as output. It
first generates a dictionary of the corpus and then cal-
culates a vector representation of the words by learn-
ing from the input texts.

The vector representation is based on contextual
proximity: words that occur in the text next to the
same words (and therefore have a similar meaning)
will have close (by cosine distance) vectors.

Word2vec implements two main learning algo-
rithms: CBoW (Continuous Bag of Words) and Skip-
gram (figure 1).

Figure 1: Simplified representation of the CBoW and Skip-
gram models (Mikolov et al., 2013).

CBoW is an architecture that predicts the current
word based on its surrounding context. Architecture
like Skip-gram does the opposite: it uses the current
word to predict surrounding words.

Building a Word2vec model is possible using
these two algorithms. The word order of the context
does not affect the result in any of these algorithms.

GloVe focuses on words co-occurrences over the
whole corpus. Its embeddings relate to the proba-
bilities that two words appear together. So, GloVe
combines features of Word2vec and singular co-
occurrence matrix decomposition.

In the present study, we applied both Word2vec
and GloVe models to obtain vector representations of
words.

The main application effect of using pre-trained
language models is to obtain high-quality vector rep-
resentations of words that take into account contex-
tual dependencies and allow you to achieve better re-
sults on targets.

Sentiment Analysis of Electronic Social Media Based on Deep Learning

167



4 DNNs Classification Models
Design

After previous stage, we can start building a clas-
sification model. The model type and architec-
ture depends on the research task of SA which can
be performed at different hierarchical levels of text
documents (document-level, sentence-level, word or
aspect-level), domains (reviews about travel agencies,
hotels, movies, election opinion prediction, analysis
of public opinion on acute social and political issues),
binary or multiclass classification.

If we have a dataset of texts with class labels
(for example, with binary labels “positive” and “neg-
ative”), we could apply Supervised ML techniques, in
particular, binary classification algorithms.

Mathematically, this problem can be formulated
as follows: given training sample of texts X =
{x1,x2, ...xm}, for each text there is a class label Y =
{yi}, yi ∈ {0,1}, i = 1,2, ...m.

It is necessary to build a classifier model
b(X ,w) : X → Y , where w is a vector of unknown pa-
rameters or weights.

At the same time, it is necessary to minimize the
Loss function that determines the total deviation of
real class labels from those predicted by the classifier.
For binary classification problems, the most common
is binary cross-entropy:

Loss =− 1
N

[
N

∑
i=1

(yi log(pi)+(1− yi) log(1− pi))

]

(4)
where N is the size of the training sample, yi = {0,1}
is the true class label for the i-th data sample, pi is the
probability of belonging to the positive class for the
i-th data sample provided by the classifier.

4.1 Logistic Regression

Since the task of SA in the general case is reduced to
the binary classification problem (negative, positive),
we chose the Logistic Regression (LR) model as the
baseline classifier b(·):

b(X ,w) = σ(⟨w,x⟩) , (5)

where ⟨w,x⟩ - denotes the scalar product, σ(·) is a
Sigmoid (logistic) function

σ(z) =
1

1+ exp(−z)
. (6)

LR has such advantage as it can be used to pre-
dict the probability to belong a training sample (in our
case, tokenized and vectorized text) to one of the two
target classes.

4.2 CNN Model

CNNs are a class of DNNs that were originally de-
signed for image processing (LeCun and Bengio,
1998). But these models have shown their efficiency
for many other tasks, such as time series forecasting
(LeCun et al., 2015).

Kim (Kim, 2014) has shown that CNNs are ef-
ficient for classifying texts on different datasets. Re-
cently, they have also been used for various NLP tasks
(speech generation and recognition, text summariza-
tion, named entity extraction).

The architecture of CNNs consists of convolu-
tional and subsampling layers (figure 2).

Figure 2: Convolutional Neural Network (CNN) Architec-
ture for Text Processing (Kim, 2014).

The convolutional layer performs feature extrac-
tion from the input data and generates feature maps.
The feature map is computed through an element-
wise multiplication of the small matrix of weights
(kernel) and the matrix representation of the input
data, and the result is summed.

This weighted sum then passed through the
non-linear activation function. One of the most
common is the function ReLu, which is given as
ReLu(x) = max(0,x).

The pooling (subsampling) layer is a non-linear
compaction of the feature maps. For example, max-
pooling takes the largest element from the feature map
and extracts the sum of all its elements.

After max-pooling, feature maps are concatenated
into a flatten vector, which will then be passed to a
fully connected layer.

The input data for the most NLP problems is text
which consists of sentences and words. So we need
represent the text as an array of vectors of a certain
length: each word mapped to a specific vector in a
vector space composed of the entire vocabulary.

As these vectors, we can use word frequencies
(for example, obtained using the T F − IDF metric),
or pre-trained embeddings (Word2vec, GloVe, Fast-
Text).
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Unlike images processing, text convolution is per-
formed using one-dimensional filters (1D Convolu-
tion) on one-dimensional input data, for example,
sentences, using convolution kernels of different size
(widths).

Applying of multiple kernels widths and feature
maps is analogous to the use of N-grams.

For image processing, convolutions are usually
performed on separate channels that correspond to the
colors of the image: red, green, blue. Set of different
filters is applied for each channel, and the result of
this operation is then merged into a single vector.

For text processing as channels we can consider,
for example, the sequence of words, or words embed-
dings. Then different kernels applied to the words can
be merged into a single vector.

The final result of sentiment analysis is obtained
by applying Sigmoid activation function (binary clas-
sification task) or Softmax (in the case of multi-class
task).

4.3 LSTM and BiLSTM Model

Sequential information and long-term dependencies
in NLP traditionally performed with Recurrent Neu-
ral Networks (RNNs) which could compute context
information, for example, in dependency parsing.

The most common and efficient for many ML
tasks, including NLP, were architectures based on
LSTM (Long Short Term Memory) or GRU (Gated
Recurrent Unit) cells (Brownlee, 2017; Kamath et al.,
2019).

4.3.1 LSTM

LSTM model proposed by Hochreiter and Schmidhu-
ber (Hochreiter and Schmidhuber, 1997) introduces
the concept of a state for each of the layers of a RNN
which plays the role of memory.

The input signal affects the state of the memory,
and this, in turn, affects the output layer, just like in
a RNN. But this state of memory persists throughout
the time steps of a sequence (for example, time series,
sentence, or text document). Therefore, each input
signal affects the state of the memory as well as the
output signal of the hidden layer.

LSTM cell includes several units or gates: the in-
puts, output, and forget gates (figure 3). These gates
are used to control a memory cell that is carrying the
hidden state ht to the next time step.

The LSTM cell is formally defined as:

ft = σ(W f · (ht−1,xt)+b f , (7)

it = σ(Wi · (ht−1,xt)+bi, (8)

Figure 3: Diagram of a LSTM cell.

C̃t = tanh(Wc · (ht−1,xt)+bc), (9)
ot = σ(Wo · (ht−1,xt)+bo), (10)

at = it ⊗C̃t , (11)
Ct = ft ⊗Ct−1 +at , (12)

where xt – is the vector of input sequence at time
t; Ct−1, ht−1 – state (long-term content) and hidden
state in previous time step (t − 1) respectively; σ(·),
tanh(·) are the Sigmoid and Hyperbolic tangent ac-
tivation functions; ⊗ – the Kronecker product; W f ,
Wi, Wo – the weight matrices for input, forget, out-
put of the gates respectively; b f , bi, bo – biases for the
gates.

The input gate it determines which values need to
update. Then the hyperbolic tangent layer builds a
vector C̃t of new values that can be added to the state
of the cell Ct .

The forget gate ft controls how much is remem-
bered (what part of the information is kept and what
is erased) from step to step. Decision what informa-
tion can be thrown out of the cell state is made by a
sigmoid layer.

The output gate ot receives an input signal (which
is the concatenation of the input signal at time step
t and the cell output signal at time step (t − 1) and
passes it to the output. Thus, this gate determines
which part of the long-term content Ct should be
transferred to the next time step.

Each of these gates is a feed-forward neural net-
work layer consisting of a sequence of weights fitted
by the network with an activation function. This al-
lows the network to learn the conditions for forget-
ting, ignoring, or keeping information in the memory
cell.

Due its structure LSTM can learn and remember
representations for variable length sequences, such as
sentences, documents, and speech samples.

4.3.2 BiLSTM

Unidirectional (standard) LSTM only preserves in-
formation of the past because the only inputs it has
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seen are from the past. Unlike standard LSTM, in
BiLSTM (Bidirectional LSTM) model the input flows
in both directions and it’s capable of utilizing infor-
mation from both sides.

So BiLSTM is a sequence processing model that
consists of two LSTMs layers: one taking the input
in a forward direction (from “past to future”), and the
other in a backwards direction (from “future to past”)
(figure 4).

Figure 4: Diagram of a BiLSTM model.

For example, if we want to predict a word by
context (the central word), the network takes a given
number of words to the left of it as the context – the
Forward layer performs it, as well as the words to the
right of it – Backward layer performs it.

Then we can combine the outputs from both
LSTM layers in different ways: as sum, average, con-
catenation or multiplication. This output contains the
information or relation of past and future word.

BiLSTM increase the amount of information
available to the network, improving the context.

It’s also more powerful tool for modeling the se-
quential dependencies between words and phrases in
both directions of the sequence than standard LSTM.

BiLSTM is usually used when we have the se-
quence to sequence tasks but it should be noted that
BiLSTM (compared to LSTM) is a much “slower”
model and requires more time for training.

4.4 CNN+LSTM Model

Both basic DNNs architectures CNN and LSTM have
own advantages and disadvantages. Thus, LSTM net-
works can capture long-term dependencies and find
hidden relationships in the data. CNNs are able to ex-
tract features using different convolutions and filters.

Therefore, the combination of convolutional and
recurrent layers in the model turns out to be effec-
tive in many applied problem such as simulation of
various natural processes, image processing, time se-
ries forecasting, and different NLP tasks (Chen and

Wang, 2018; Derbentsev et al., 2021; Islam et al.,
2020; Khan et al., 2022; Rasool et al., 2021; Shang
et al., 2020).

So we developed two models based on modifi-
cations of CNN+LSTM architecture which final de-
sign and hyperparameters settings are given in the
Section 6.

Our proposed models exploit the main features of
both LSTM and CNN. In fact, LSTM could accom-
modate long-term dependencies and overcome the
key issues with vanishing gradients. For this reason,
LSTM is used when longer sequences are used as in-
puts. On the other hand, CNN appears able to under-
stand local patterns and position-invariant features of
a text.

5 DATASETS AND SOFTWARE
IMPLEMENTATION

All developed DNNs (CNN, CNN-LSTM, BiLSTM-
CNN), and LR as the baseline, were implemented in
the Python 3.8 programming language using Scikit-
learn library for LR, estimation classification accu-
racy, and for designing DNNs models we used Keras
library and TensorFlow as backend.

We evaluate the performance of our models on
two datasets: Stanford’s IMDb dataset (Stanford’s
Large Movie Review Dataset), which contains 50,000
movie reviews as well as Sentiment 140 dataset (Kag-
gle, 2022) with 1.6 million tweets.

Both datasets are intended for binary classifica-
tion: they contain for each text (review or tweet) a
sentiment class binary label. They are also balanced,
i.e. contain the same number of texts for the positive
and negative classes.

6 EMPIRICAL RESULTS

6.1 Pre-Processing and Words
Embeddings

For text pre-processing the Python library package
NLTK (NLTK Project, 2022) was used, as well as cus-
tomers regular expressions.

The pre-processing stage included removing
punctuations, markup tags, html and tweet addresses,
removing stop words and converting all words to
lower case.

Tokenization was performed by using Keras pre-
processing text library. After tokenization we got the
length of the vocabulary in 92393 unique tokens for
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IMDb dataset and 507702 for Sentiment140 respec-
tively to which one token was added for representa-
tion out of vocabulary words.

It should be noted that the selected datasets are
characterized by different average length of texts
(number of words). Thus the length of most reviews
does not exceed 500 words, and tweets – 50.

Since DNNs work with fixed-length input se-
quences we padded zero tokens all reviews and tweets
which length are less than average to fixed length 500
and 50 words (tokens) respectively, and cut longer
texts to these fixed sizes.

For words vector representation was used GloVe
word embeddings with word vectors of dimension
100 provided by Gensim library (Řehůřek, 2022).

6.2 DNNs Models Design and
Hiperparameters Setting

To initialize the weights of the first layer (Embedding
Layer) for all models, pre-trained GloVe embeddings
of size 100 were used. These weights were frozen and
did not change during training.

The first model, CNN, consists of three sequential
Convolutional layers with filter sets of different ker-
nel widths. These layers are interspersed with Max-
pooling layers. Behind them are a Flatten and a Fully
connected (Dense) layer.

The second, CNN-LSTM model differs from the
CNN by the presence of an LSTM layer instead of
a Flatten after Convolutional and Maxpooling. The
base idea of such architecture is that CNN can be used
to retrieve higher-level word feature sequences and
LSTM to catch long-term correlations across window
feature sequences, respectively.

The third, BiLSTM-CNN model contains two
BiLSTM layers (forward and backward), followed by
a Convolutional and Maxpooling layers. After that,
two Fully connected layers were used to reduce the
output dimension and make prediction.

For all models Dropout layers were also used
to prevent overfitting. As the Loss-function Binary
Cross-Entropy (4) was chosen, which can be calcu-
lated as the average cross-entropy over all data sam-
ples (Geron, 2017).

The final parameters of DNNs architecture are
shown in table 1.

6.3 Evaluating Performance Measures

The datasets were divided in the proportion of: 64%
for training, 20% for validation, and 16% for test sub-
sets respectively.

All DNNs models were trained over 5 epochs with
a minibatch size of 256 and 1024 samples for IMDb
and Sentiment 140 respectively. To compare classifi-
cation performance of the developed models we used
the Accuracy metrics given by:

Accuracy =
T P+T N

P+N
×100%, (13)

where T P and T N are the number of correctly pre-
dicted values of the positive and negative classes, re-
spectively; P and N are the actual number of values
for each of the classes.

We also calculated F1-score which is harmonic
average between Precision (the percentage of objects
in the positive class, which were classified as posi-
tive, are correctly classified), and Recall (percentage
of objects of the true positive class which we correctly
classified):

F1-score =
2T P

2T P+FP+FN
, (14)

Precision =
T P

T P+FP
, (15)

Recall =
T P

T P+FN
. (16)

Here FP (False Positive) and FN (False Negative) are
numbers of times (data samples) where the model in-
correctly classified these samples as belonging to the
positive and negative classes respectively.

The final results of classification performance are
presented in tables 2-3.

Classification performance on IMDb dataset for
all developed DNN models is better than baseline.
The best Accuracy metric was obtained using the
CNN model (90.09%). At the same time, mod-
els based on the combination of Convolutional and
LSTM layers showed an Accuracy of 2-3% less
(table 2).

It should be noted that obtained results are compa-
rable or even superior in accuracy to the results given
by other researchers (Haque et al., 2020; Quraishi,
2020; Ali et al., 2019) for IMDb dataset.

All models showed significantly lower accuracy
(on average 10% less) on the dataset Sentiment 140
(table 3). The best result was achieved for the
BiLSTM-CNN model – Accuracy 82.1%.

At the same time, the complication of models by
adding new layers did not lead to a significant in-
crease in accuracy, but prolonged the training time.

In our opinion, lower accuracy may be due to the
fact that Sentiment 140 dataset contains many slang
words that are out of vocabulary. So, if for IMDb
dataset the part of the missing words was about 30
percent, then for the Sentiment 140 this part was more
than 70.
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Table 1: Final DNNs models hyperparameters setting.

Model Layers Parameters
CNN Embedding emb dim 100, sent len 500(50)

Dropout 0.3
Convolutional 1D 100 filters of size 2, act func ReLu
Max pooling pool size 2
Convolutional 1D 100 filters of size 3, act func ReLu
Max pooling pool size 2
Convolutional 1D 100 filters of size 4, act func ReLu
Max pooling pool size 2
Flattent
Dropout 0.3
Fully connected 1 neuron, act func Sigmoid

CNN-LSTM Embedding emb dim 100, sent len 500(50)
Dropout 0.3
Convolutional 1D 50 filters of size 2, act func ReLu
Max pooling pool size 2
Convolutional 1D 100 filters of size 2, act func ReLu
Max pooling pool size 2
Convolutional 1D 200 filters of size 2, act func ReLu
Max pooling pool size 2
LSTM 64 neurons, reccur dropout 0.3
Dropout 0.3
Fully connected 32 neurons
Fully connected 1 neuron, act func Sigmoid

BiLSTM-CNN Embedding Emb dim 100, sent len 500(50)
Dropout 0.3
Bidirectional LSTM with 100 neurons
Dropout 0.3
Bidirectional LSTM with 100 neurons
Dropout 0.3
Convolutional 1D 100 filters of size 3, act func ReLu
Global Max pooling 1D
Fully connected 10 neurons, act func ReLu
Fully connected 1 neuron, act func Sigmoid

Table 2: Classification performance on IMDb dataset,%.

Models Precision Recall F1-score Accuracy
LR (baseline) 86.62 85.54 86.08 85.90

CNN 90.04 90.31 90.18 90.09
CNN-LSTM 90.90 84.84 87.76 88.08

BiLSTM-CNN 83.08 93.25 87.87 87.03

Table 3: Classification performance on Sentiment 140
dataset, %.

Models Precision Recall F1-score Accuracy
LR (baseline) 71.61 74.63 73.09 74.23

CNN 76.17 79.47 77.78 77.24
CNN-LSTM 78.98 77.47 78.23 78.37

BiLSTM-CNN 79.54 84.41 81.91 82.10

7 DISCUSSION AND
CONCLUDING REMARKS

Our research has shown that for sentiment analysis of
social media texts, at least for binary classification,
DNNs of relatively simple architecture with a small
number of layers provide, in general, a level of accu-
racy acceptable enough for practical use.

For the selected English-language datasets IMDb
and Sentiment 140, the classification accuracy using
the Logistic regression model (Baseline) was 85.9%
(74.23%), the CNN – 90.09% (77.24%), CNN-LSTM
– 88.01% (78.36%), and BiLSTM-CNN – 87.03%
(82.10%).

It should be noted that the accuracy of the clas-
sification can be increased if at the stage of pre-
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processing to execute lemmatization (or stemming)
which allow converting the words to their normal
form. This is especially true for tweets that contain
a large amount of user-generated vocabulary.

Also, it may be appropriate to use word embed-
dings weighted by their TF-IDF metric. It is also
possible for out of vocabulary words try to use the
weighted average value of the embeddings of the
neighboring words with a certain window length, or
replace the missing words with normalized TF-IDF
embeddings transformed using the principal compo-
nent method (SVD decomposition of the sparse TF-
IDF matrix to reduce its dimensionality).

In our opinion, a promising direction for carrying
out sentiment analysis of texts in social media is the
use of models based on deep convolutional networks,
or the synthesis of convolutional and recurrent net-
works, and applying the pre-trained embeddings (in
particular, based on GloVe, Word2vec, FastText mod-
els).

At the same time, the use of pre-trained embed-
dings allows to start learning DNNs not from ran-
domly generated values of model parameters, but al-
ready to some extent adapted to the task of text classi-
fication. Moreover, the learning process is accelerated
and the generalization abilities of classifiers based on
deep networks are improved.
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Abstract: This research is applied. The article attempts to model and analyze the impact of the war in Ukraine on the
world’s globalization processes. This topic is relevant, but still little researched. Using the wavelet entropy
method, models were built for the markets of natural gas, oil, gasoline, currency pairs EUR/USD, GBP/USD.
Wavelet entropy is an indicator-precursor of crisis phenomena. The obtained results allow us to conclude that
the war in Ukraine is a factor of crises in the studied markets and a factor that led to the reformatting of the
world economic space.

1 INTRODUCTION

At the turn of the 20th-21th century, the problems and
theoretical and methodological approaches of fore-
casting, analysis, and modeling of globalization pro-
cesses under the influence of crisis phenomena of
various etymologies are the objects of scientific re-
search by scientists. The genesis of globalization the-
ories from the Keynesian to the neoliberal model in
the 20th century, which led to the construction and
development of the post-industrial economy, testifies
to its crisis in the modern world, as humanity faced
such problems and manifestations of social life as po-
litical, social, economic instability (wars, the coron-
avirus crisis, the realization of the rights of nations
to self-determination, the fight against hunger, the so-
cial stratification of the population by income level)
and the challenges of human interaction with nature –
ecological, energy, raw material, food, demographic
crises.

All these challenges led to the conclusion that in
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the 21st century economic growth trends will remain,
but they will acquire a new direction due to the fact
that services and their role in the world economy will
change qualitatively, and their rapid digitalization will
take place, and the vector of scientific and technolog-
ical progress will change.

To date, globalization processes are associated
with such trends as the division of world markets
into core and periphery, which leads to the emer-
gence of conflicting interests between hegemon coun-
tries and “peripheral” countries; integration of na-
tional economies and peoples into a single system
with the emergence of powerful regional associations;
polarization of incomes in connection with the objec-
tive tendency to increase production volumes, growth
of labor productivity; efficient and quick movement of
capital and speculative activities of the financial elite;
the emergence of contradictions between the virtual
and real sectors of the economy; the need to unite in
order to oppose international terrorism, world crises,
etc.

Thus, according to the famous French economist,
Nobel Prize laureate Maurice Alle, “the comprehen-
sive globalization of trade between countries with sig-
nificantly different wage levels (according to the ex-
change rate of currencies) cannot but ultimately lead
everywhere – both in developed and less developed

176
Danylchuk, H., Kibalnyk, L., Kovtun, O., Pursky, O., Kyryliuk, Y. and Kravchenko, O.
Analysis and Modeling of Globalization Processes in the Period of Crisis: The Impact of Military Actions in Ukraine on World Financial Markets.
In Proceedings of 10th International Conference on Monitoring, Modeling & Management of Emergent Economy (M3E2 2022), pages 176-184
ISBN: 978-989-758-640-8
Copyright © 2023 by SCITEPRESS – Science and Technology Publications, Lda. Under CC license (CC BY-NC-ND 4.0)



countries – only to unemployment, falling rates of
economic growth, inequality, poverty. It is neither in-
evitable, nor necessary, nor desirable” (Vedernikova,
2017).

We can partially agree with this statement, since
globalization processes, in addition to positive effects
on the development of the world economy, in particu-
lar monetary and financial systems, also have negative
ones, namely: a decrease in the degree of sovereignty
and economic, political, energy independence of in-
dividual countries; the rapid spread of financial crises
from one region to another, the significant impact of
political, food, and energy crises on the economy of
dependent countries (for example, since the begin-
ning of the war in Ukraine and with the blockade of
its seaports, the possibility of a food crisis in grain-
importing countries has arisen), an increase forced
migration, rising unemployment.

Today, the highest level of globalization is ob-
served in the financial and investment sphere, when
financial flows in the world economy are redistributed
through financial markets, which are mostly not re-
lated to real markets for goods and services – all this
periodically leads to the emergence of financial crises
that practically destroy individual financial systems
and markets, lead to socio-economic, demographic,
financial instability. For example, the current re-
gional financial crises in the USA, China and other
major players, the global coronavirus crisis, the con-
sequences of which are felt in all spheres of society to
this day.

The financial crisis at the beginning of the 21st
century was partially offset by the financial invest-
ments of various regions of the world in the US econ-
omy and the wars in Afghanistan and Iraq launched
by NATO countries in response to the terrorist acts
of September 11, 2001. These wars led to the active
development of the military industry of the United
States and, through inter-industry connections, had a
positive effect on their economy.

Because of the war in Ukraine and in connection
with the provision of military aid to it, the military-
industrial complex of the United States and certain
European countries are currently increasing their pro-
duction volumes, therefore they need additional fi-
nancial investments, which cannot but affect the state
of global and regional financial markets. Therefore,
the relevance of the proposed research topic is be-
yond doubt, and scientists and state managers need to
have a toolkit that will allow them to follow the trends
of the further development of the globalized financial
system, and in particular, financial markets.

Therefore, the issues of analysis and modeling of
globalization processes in crisis periods, which affect

the state and development of financial markets, are be-
coming particularly relevant. Considerable attention
is paid to the outlined scientific problem in the publi-
cations of both foreign and domestic scientists. Thus,
the relationship between the bankruptcy rate of bank-
ing institutions and the deepest financial crisis in the
emerging market of Turkey was investigated with six-
teen different performance indicators using two alter-
native methods of stochastic analysis – frontier analy-
sis (SFA) and data coverage analysis (DEA) (Isik and
Uygur, 2021). The authors prove that efficiency indi-
cators, as a rule, gradually deteriorate before a crisis,
reach a “bottom” during a crisis and recover after a
crisis.

Statistical analysis of financial relationships dur-
ing the European sovereign debt crisis is used to
model the movement of yields on the bond market
(Campos-Martins and Amado, 2022). The resulting
model allowed the authors to draw conclusions about
the long-run and short-run contagion effects. Namely,
it has been proven that in peripheral countries after
the most acute phase of the sovereign crisis, there is a
long-run contagion effect.

Many studies are devoted to the modeling of yield,
volatility, the profitability of various financial instru-
ments and the degree of their risk in financial mar-
kets using a wide range of methods. Thus, in the
article (Labidi et al., 2018), the authors investigate
the cross-quantile relationship between stock returns
in developed and emerging markets with the study
of time-varying characteristics using recursive sample
estimates. The obtained results, based on the cross-
quantile approach, show a heterogeneous quantile re-
lationship of US, UK, German and Japanese stock re-
turns to the returns of emerging market stocks. Sys-
tematic risk, according to the authors, as a rule, does
not explain the dependence structure of regional and
local markets, as it remains practically unchanged in
the conditions of financial, geopolitical and economic
uncertainties. Moreover, the cross-quantile correla-
tion varies over time, especially in the low and high
quantiles, indicating its tendency to jumps and breaks
even in a stable dependence structure.

The multiplicative error model (MEM) is pro-
posed for modeling the dynamics of illiquidity in fi-
nancial markets (Xu et al., 2018). The authors em-
pirically investigated the side effects of illiquidity and
volatility in eight developed stock markets during and
after the global financial crisis. It was found that
the stock markets are interdependent both in terms of
volatility and illiquidity, and in most of them, there
is an increase in their side effects during the crisis.
The authors conclude that illiquidity is a more impor-
tant channel of shocks in stock markets compared to
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volatility, and that the impact of illiquidity in US mar-
kets on other stock markets is significant.

GARCH models (ARMA-GARCH, ARMA-
EGARCH and ARMA-FIGARCH) were used to
study the impact of COVID-19 on the precious
metals market (Bentes, 2022). The results of the
study showed the presence of long memory in this
market in the periods before and during the crisis.
Conclusions were made regarding the significant
impact of COVID-19 on the volatility of the precious
metals market.

The high-dimensional conditional Value-at-Risk
(CoVaR), which is based on the LASSO-VAR model,
is used to study the systemic risks of financial conta-
gion in crisis situations using the example of oil mar-
kets and G20 stock markets (Liu et al., 2022). The au-
thors proved that in the event of a crisis in the oil mar-
kets, the stock markets of those countries that are con-
nected with oil production will experience the greatest
shocks.

Changes in the environment and depletion of nat-
ural resources have led to investment in renewable
energy sources, and therefore to the need to analyze
herd (collective) behavior in this market (Chang et al.,
2020). In the article, the authors presented the results
of testing the collective behavior of the renewable en-
ergy market using an empirical model during the pe-
riods of the global financial crisis and the coronavirus
crisis. The authors proved the herd behavior of mar-
ket participants during periods of crises in the oil mar-
kets. As a result, there is an invigoration of collective
behavior in the stock markets as well. Attention is
also paid to the study of contagion and the emergence
of risks from fossil fuel energy markets to renewable
energy stock markets.

One of the modern trends in monitoring, model-
ing and forecasting financial markets in crisis periods
is the use of tools of nonlinear dynamics – fractal,
recurrent, entropy, wavelet analyses, quantum model-
ing, etc. Thus, fractal and entropy analysis methods
were used when modeling the cryptocurrency mar-
ket in the conditions of the corona crisis (Danylchuk
et al., 2020). The use of these methods made it pos-
sible to draw conclusions about cryptocurrency mar-
ket trends and identify crisis situations. The wavelet
entropy method, which was also used in the study,
made it possible to conduct predictive analysis of the
cryptocurrency market. The authors emphasized the
universality of the methods for identifying crisis phe-
nomena regardless of the nature of the crisis.

The article (Bielinskyi et al., 2021) is devoted to
the identification of special conditions in the cryp-
tocurrency market. The authors classified and adapted
quantitative indicators to this market, analyzed their

behavior in the conditions of critical events and well-
known cryptocurrency market crashes.

Danylchuk et al. (Danylchuk et al., 2019) use en-
tropy methods to determine the investment attractive-
ness of countries. For this purpose, regional stock
markets are studied, as they are a reflection of the
economies of countries.

Quantum modeling, namely the heterogeneous
economic model, has been applied to stock markets
(Kuzu et al., 2022). With the help of “measurement
of the temperature of the series” crisis periods in the
markets were detected. This model made it possible
to adequately compare the features of the flow and
consequences of various crises.

Modeling the impact of geopolitical risks on the
state and dynamics of financial markets under condi-
tions of crises of various natures is a little-researched
field. This issue becomes especially relevant in the
context of the creation of political and economic al-
liances and recent political crises. The article (Choi,
2022) presents the results of using the method of mul-
tiple and partial wavelet-coherent analysis regarding
the influence of geopolitical problems on stock mar-
kets in the countries of Northeast Asia. Abdel-Latif
and El-Gamal (Abdel-Latif and El-Gamal, 2020) in-
vestigate the global dynamic interrelationship be-
tween the prices of petroleum products, oil, financial
liquidity, geopolitical risk and economic indicators of
the economies of countries dependent on oil exports.
For this purpose, the authors use the global vector au-
toregression (GVAR) model.

In the conditions of a full-fledged war in Ukraine,
a special vector of scientific research is aimed at iden-
tifying the impact of the political and socio-economic
crisis on the state and dynamics of world financial
markets, which is reflected in a number of publica-
tions. Boungou and Yatié (Boungou and Yatié, 2022)
provide empirical evidence of the negative impact of
the war in Ukraine on the profitability of the global
stock market. The largest decrease in the indicator
was demonstrated by the markets of those countries
geographically bordering Ukraine and Russia, as well
as countries that condemned the war.

The impact of the war in Ukraine on financial mar-
kets is studied in the article (Lo et al., 2022) from the
point of view of the dependence of the studied coun-
tries on Russian goods. The authors note that the war
has increased instability in markets for all countries,
but its degree is directly proportional to a country’s
dependence on Russian goods.

Boubaker et al. (Boubaker et al., 2022) came
to the conclusion that more globalized markets were
more affected by the war in Ukraine. However, the
US market showed growing trends, Asian markets did
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not react to this crisis.
So, modern crises of political, social, military and

pandemic nature have led to a certain change in glob-
alization trends in financial markets, which requires
more detailed research and analysis from scientists.
Classical methods of analysis and modeling do not
always allow adequate assessment and forecasting of
these processes, and therefore, there is a need to use
a complex, interdisciplinary approach to solving this
scientific task.

2 RESEARCH METHODS

In this study, the wavelet entropy method is used to
model and analyze the impact of the war in Ukraine
on globalization processes using the example of the
gas, oil, petroleum products, and currency markets.
The method of wavelet transformations is proposed
for the analysis of periods in time series with the
aim of detecting the evolution of parameters (Foster,
1996). Wavelet analysis based on wavelet entropy al-
lows obtaining information about dynamic complex-
ity (Sello, 2003).

We can describe wavelet entropy based on the
work of Zunino et al. (Zunino et al., 2007). When
studying the time series, which consists of sample val-
ues xi, i = 1, ...,M, when using a set of scales 1, ...,N,
we will get a wavelet transformation (expansion)

X(t) =
N

∑
j=1

∑
k

C jψ j,k(t) =
N

∑
j=1

r j(t), (1)

r j(t) contains information about the series X in scale
2 j−1 and 2 j.

Application of the theory of Fourier expansions
allows us to determine the energy on each scale using

E j = ||r j||2 = ∑
k
|C j(k)|2. (2)

The total energy of the series can be calculated by

Etot = ||X ||2 =
N

∑
j=1

∑
k
|C j(k)|2 =

N

∑
j=1

E j. (3)

The next step is to determine the relative wavelet
energy

p j =
E j

Etot
, (4)

which provides hidden characteristics of the series in
time and frequency spaces.

Using the concept of Shannon entropy, we can de-
termine the normalized total wavelet entropy

EWT =
−∑N

j=1 p j ln p j

Xmax
. (5)

The improvement of the wavelet entropy calcu-
lation algorithm was the use of a window procedure
(Quiroga et al., 1999). The following formula is used
to calculate the wavelet energy for a time window

E(i)
j =

i·Ł
∑

k=(i−1)L+1
|C j(k)|2, i = 1, ...,NT . (6)

The total energy in the window is calculated by

E(i)
tot =

−1

∑
j=−N

E(i)
j . (7)

The change in time of relative wavelet energy and
normalized total wavelet entropy is obtained by

p(i)j =
E(i)

j

E(i)
tot

,E(i)
WT

−1

∑
j=−N

p(i)j ·
ln p(i)j

Xmax
. (8)

3 RESULTS AND DISCUSSIONS

Oil is considered to be the benchmark of world eco-
nomic activity. The price of crude oil reflects such
market properties as stability/volatility and liquidity.

The article examines the oil, gas and gasoline
market. The most popular grades of oil are Brent
and West Texas Intermediate (WTI). For this purpose,
daily values of Brent and WTI brand oil indices, natu-
ral gas and gasoline for the period from January 2015
to September 2022 were used. All calculations were
performed in Matlab. Calculation parameters: win-
dow width 100 points, step – 10 points. Calculations
were made according to the official website Yahoo Fi-
nance (Yahoo Finance, 2022).

In figures 1, 2 shows the dynamics of indices. Ar-
rows indicate the periods of 2020 (the beginning of
the coronavirus pandemic) and 2022 (the beginning
of the war in Ukraine).

From figures 1, 2 we can note 2020 a drop in oil
and gasoline indices. And in 2022, all indices expe-
rienced a rapid decline. The situation regarding 2020
is quite obvious and understandable. The announce-
ment of the pandemic halted and slowed down eco-
nomic activity. Demand for oil and gasoline fell.

The fall in 2022 is due to various factors, but in our
opinion, the war in Ukraine should be considered the
main one. Although the events unfold on the territory
of Ukraine, the consequences are felt by almost all
countries. European Union countries, Great Britain,
the USA, Turkey, etc. support Ukraine not only with
military aid, but also with the introduction of political
and economic sanctions. Russia was a strong player
in the oil and gas markets. The introduction of sanc-
tions, the refusal of Russian gas forces the market and
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Figure 1: Comparative dynamics of oil (Brent and WTI)
and gas indices.

Figure 2: Dynamics of the gasoline index.

all market participants to quickly reorient themselves
and reformat connections (e.g. increasing oil produc-
tion in Norway, expected deliveries from Nigeria and
Venezuela).

The use of wavelet entropy is due to the illustrative
nature of this indicator and its predictive properties.
The formation of three increasing entropy wavelet
waves is a proven indicator-precursor of crisis phe-
nomena of various natures (Soloviev et al., 2010). As
soon as the third wave exceeded the maximum of the
second wave, it can be argued that the market is wait-
ing for a crisis ahead. The maximum of the third wave
is a crisis itself. Therefore, the use of such an indica-
tor allows for predicting a crisis and having time to
take measures that can mitigate the consequences of
the crisis. In addition, the wavelet transform provides
a time-frequency representation of the signal, which
allows you to obtain additional information that is not
reflected in the time representation of the signal.

In figures 3–10 shows the results of wavelet en-
tropy calculation for the gas, oil, and gasoline mar-

kets.

Analysis of the energy surface of the wavelet coef-
ficients (figure 3) allows us to draw conclusions about
the crisis situation in the gas market. On a small scale,
there is a manifestation of disturbance. In wavelet
analysis, small scales correspond to high frequencies.

Figure 3: Wavelet coefficient energy for gas index.

Figure 4 shows the dynamics of wavelet entropy.
We observe the formation of three waves in a neigh-
borhood of 1750-2000 points, which is an indicator of
the crisis. This crisis is the market’s reaction to Rus-
sia’s refusal to supply natural gas to Europe and the
introduction of sanctions.

Figure 4: Wavelet entropy and dynamics of the gas index.

In figures 5, 6 shows the results of calculations for
Brent oil, and figures 7, 8 – for WTI oil.

The energy of the wavelet coefficients shows a dif-
ferent situation for these two oil brands. This can be
explained by the fact that Brent oil is traded on the
markets of Europe and Asia, while WTI oil is traded
on the US markets. But for the current time, the sit-
uation for these two brands of oil is similar. We see
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Figure 5: Wavelet coefficient energy for oil Brent index.

Figure 6: Wavelet entropy and dynamics of the oil Brent
index.

Figure 7: Wavelet coefficient energy for oil WTI index.

the formation of stable three waves, which indicates
a crisis. What is happening in the oil market? It can
be seen that the price of Brent and WTI oil bench-
marks continue to fall. In our opinion, this is related
to the war in Ukraine and the risk of recession. The

Figure 8: Wavelet entropy and dynamics of the oil WTI
index.

European Union in the eighth package of anti-Russian
sanctions “included a ceiling” on oil prices. In addi-
tion, the EU plans to ban sea imports of crude and
refined oil from Russia. In response to the EU sanc-
tions, Russia decided to reduce oil production by 3
million barrels per day, arguing that this is a lever to
increase oil prices on the market. For Russia, the im-
position of sanctions is a blow, as this is a budget-
forming article (about 40% of budget revenues are in
the form of taxes on hydrocarbon exports, and direct
and indirect revenues related to this export make up to
60%). That is, the consequence of the introduction of
sanctions will be a reduction in revenues from oil and
gas. That is, it is precisely in this sector that Russia’s
“Achilles’ heel” is, but the refusal of Saudi Arabia and
other large Middle Eastern players to replace the Rus-
sian share of the oil market leads to fluctuations in its
price, which in some way neutralizes the measures of
the EU and the US countries regarding the oil em-
bargo against Russia. They are trying to regulate the
oil market. Thus, OPEC+’s decision is to reduce oil
production by 2 million barrels per day, which should
lead to an increase in oil prices. However, such a de-
cision by OPEC+ has a reverse side. In particular, the
United States began selling oil from reserves.

So, according to the results of the calculations, it
can be stated that the oil and gas market is in a state
of crisis, which was formed as a result of the war in
Ukraine and the efforts of the main players to carry
out its transformation, blocking Russia and reducing
its influence on the world market. One such move
by the global anti-Putin coalition (producing coun-
tries account for 60% of global GDP) is the declared
creation of a buyers’ cartel that has set a “price ceil-
ing” for Russian oil and oil products. Even if India
and China do not join the “price ceiling”, the path
of Russian oil to the world market will be difficult
in December 2022, as the EU, Switzerland and Great
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Britain will not only ban their factories and traders
from buying it, but will also introduce sanctions on
insurance, financing and ship freight, which will lead
to the need for Russia not only to look for new sales
markets, but also to build alternative supply chains to
the world market from scratch.

In figures 9, 10 shows calculations for the gasoline
market. Gasoline is a derivative of oil. Therefore, the
behavior of the gasoline market should be similar to
the behavior of the oil market. If oil becomes cheaper,
then the price of gasoline should also fall.

Figure 9: Wavelet coefficient energy for gasoline index.

Figure 10: Wavelet entropy and dynamics of the gasoline
index.

Comparing figure 9 from figure 5 and figure 7, we
see that the energy surface for the gasoline market dif-
fers from the energy surfaces for oil. As you can see,
the gasoline market is not stable. But starting from
around the point of 1800, which corresponds to the
year 2022 (figure 10), we observe the appearance of a
triad of growing waves. And from this period, the be-
havior of the gasoline market becomes similar to the

oil and gas market. And we state the crisis state of
the market. What is the impact of the war in Ukraine?
The world market of oil, oil products, and gas is being
reformatted, and connections are changing. Ukrainian
markets are also undergoing transformation, reorient-
ing themselves towards the EU. It is obvious that the
change of players in the market (both strong and not
so) leads to instability, problematic issues of redistri-
bution of resources.

The foreign exchange market is an important com-
ponent of the financial market. Modeling and analy-
sis of the currency market will allow an understanding
of the economic and organizational relations between
the participants.

In figure 11 shows the comparative dynamics of
currency pairs EUR/USD and GBP/USD. These cur-
rency pairs are the most traded, which influenced the
selection for the study.

Figure 11: Comparative dynamics of indices of currency
pairs EUR/USD and GBP/USD.

Figure 11 shows the sharp decline of currency pair
indices in 2020. As for 2022, there is a drop in in-
dices, but it is not of a rapid nature.

Applying the wavelet entropy method to the cur-
rency market allows you to get an answer to the ques-
tion of the existence of a crisis in it. For both cur-
rency pairs, the formation of three waves, which is an
indicator-precursor of the crisis phenomenon, was ob-
served during 2015-2017 (within points 50-520, see
figures 13, 15). The same situation is observed for the
currency pair GBP/USD during the pandemic period
(figure 15). The current situation for both currency
pairs is marked by a gradual drop in the index val-
ues. The reasons for the subsidence may be the war
in Ukraine, sanctions against Russia, the dependence
of European states on Russian gas supplies, the politi-
cal crisis in the EU regarding the support of sanctions
and aid to Ukraine. The euro is the base currency, but
it is also a tool for speculation.
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Figure 12: Wavelet coefficient energy for the currency pair
EUR/USD.

Figure 13: Wavelet entropy and dynamics of the currency
pair EUR/USD.

Figure 14: Wavelet coefficient energy for the currency pair
GBP/USD.

Therefore, the simulation results indicate the ab-
sence of a crisis state at the time of the study. This
market needs further monitoring, as the next wave is
still in the process of formation.

Figure 15: Wavelet entropy and dynamics of the currency
pair GBP/USD.

4 CONCLUSION

So, based on the results of modeling and analysis of
oil, gas, oil products and foreign exchange markets
using the wavelet entropy method, we can conclude
that the war in Ukraine can be considered an influ-
ential factor in the crisis phenomena that are already
present or are forming in these markets. Wavelet en-
tropy models demonstrated the existence of a crisis
in the oil, gas and gasoline market. In the currency
market, the main currency pairs show a gradual, but
rather long-term, decline. The currency market has
its own characteristics and requires constant monitor-
ing. Using the wavelet entropy method to model this
market will allow early identification of a crisis state.
The obtained results do not contradict the conclusions
that the oil market has a heterogeneous effect on all fi-
nancial assets, the peak of its influence falls precisely
during the war in Ukraine (Adekoya et al., 2022), and
globalized markets are more affected by the war in
Ukraine (Boubaker et al., 2022) and others. Global-
ization processes in the world economic space carry
with them, in addition to advantages, certain threats.
Today, these threats exist in the market of oil, gas and
other energy carriers. The war in Ukraine, unleashed
by Russia for its own self-assertion, a huge desire for
world domination and an overwhelming fear of los-
ing what it has, forced the international community
to review the structure, connections and processes of
globalization in world economic activity.
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Abstract: The article is devoted to the research of the dynamics of sales of electric automobiles in the Chinese market
using non-linear analysis tools. The relevance of the work is due, on the one hand, to the sharp development
of the electric vehicle segment in the global automobile market, in which China’s market share was 45% of
sales in 2020. On the other hand, the use of different approaches to forecasting the sales of electric vehicles
leads to unsatisfactory results. The article analyzes the nature of the properties of the dynamics of sales of
electric automobiles in the Chinese market using non-linear analysis tools. The initial data for the analysis
is the time series of monthly sales volumes from January 2016 to June 2022 of the leading manufacturers of
electric vehicles. For the research, three methods of nonlinear dynamics were used: the Hurst normalized
range method, phase analysis, and the recurrence plots method. The calculations were carried out in the R
software environment. As a result of applying the Hurst normalized range method, the fractal nature of time
series, the property of trend stability, and the presence of long-term memory were revealed. The use of phase
analysis made it possible to reveal cyclicity in dynamics, to evaluate the characteristics of attractors (quasi-
cycles) and their features for each agent on the market. The construction of recurrence plots, their topological
and quantitative analysis confirmed the deterministic nature of the dynamics. The results of the research can
be used to select relevant forecasting methods and their parameters.

1 INTRODUCTION

The policy of developed countries regarding the trans-
formation of the fuel and energy market indicates
that transport (one of the main consumers of energy)
has begun to move rapidly towards reducing the con-
sumption of fossil fuels. The most important indica-
tor of change in this process has been an increase in
the production of electric vehicles, which is increas-
ing amid high expectations of pent-up demand.

The main reasons that favor the increasing popu-
larity of electric vehicles in the world can be divided
into three groups. The first group includes legislative
factors: sales are stimulated in different countries by
various methods. The most popular of them: subsi-
dies or discounts when buying the automobile free
parking spaces (as opposed to paid spaces for cars
with internal combustion engines), free charging of

a https://orcid.org/0000-0003-0717-0291
b https://orcid.org/0000-0002-0473-7195
c https://orcid.org/0000-0001-6705-6381
d https://orcid.org/0000-0003-2161-037X

cars in specially designated places. The second group
of factors is concern for the environment: govern-
ments encourage citizens to buy automobiles that do
not produce carbon dioxide during operation, and so-
cially responsible citizens tend to buy such automo-
biles. The third group of factors includes energy se-
curity: the price of oil and gasoline depends on the
global market. The number of countries that produce
and export them is small; a large number of countries
may suffer as a result of unpredictable phenomena in
the oil market or supply disruptions. In contrast, elec-
tricity generation is more diversified in terms of its
generation capacity.

Competition in the field of electric transport gives
rise to new technologies, enterprises, business mod-
els, and, finally, new markets. Today, at the stage of
formation of the global market for electric vehicles,
the total volume of investments in the production of
electric vehicles and the creation of an infrastructure
for it is rapidly increasing all over the world. The se-
quence of decisions that will be made during this pe-
riod is laid the foundation for the future architecture
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of the global market: from educational and produc-
tion standards, the organization of urban infrastruc-
ture to new business models and market regulation
conditions.

The automotive market is an object that is de-
veloping quite actively, and the importance of the
transport business for the global economy and the
economies of individual countries is constantly grow-
ing. According to Bloomberg rating agency estimates
by 2040 (in less than 20 years) electric automobile
sales will account for 2/3 of the global automotive
market (McKerracher and Wagner, 2021). Therefore,
the study of the nature of the dynamics of the electric
vehicle market is of significant scientific and practical
interest.

The global market for electric vehicles is devel-
oping, so it is necessary to determine the models for
its development. Based on the statistical analysis of
the electric vehicle market, it can be revealed that
China is today the main player in electric vehicle
sales and market penetration. In particular, in 2013,
China achieved phenomenal growth in vehicle sales
specifically in the segment of battery electric vehicles
(BEV) and hybrid vehicles (PHEV). For six consecu-
tive years from 2012 to 2017, the annual growth rate
of the market volume is at least 45 per cent (Jin and
He, 2019). And in 2020, according to the Interna-
tional Energy Agency (Paoli et al., 2022), the Chinese
market accounted for almost 45 per cent of global
sales. Thus, the study of the development dynamics
of the electric vehicle market in China is necessary
as a basis for further research in the markets of other
countries.

2 RELATED WORKS

Zhang et al. (Zhang et al., 2017) presents Singular
Spectral Analysis (SSA) as a one-dimensional time
series model and Vector Autoregressive Model (VAR)
as a multivariate model that displays the sales volume
of automobiles with electric and hybrid engines in
China. Empirical calculation results show that SSA
satisfactorily indicates the market trend. The VAR
model, which contains exogenous parameters related
to the market, according to the authors, can signifi-
cantly improve the accuracy of the results when used
to build forecasts.

The price of charging the automobile is important
for owners during its operation. Zhang et al. (Zhang
et al., 2018) proposes a pricing model for public-
private partnership projects of automobile charging
infrastructure in China, which is based on the use of
the system dynamics (SD) method. In paper (Dhakal

and Min, 2021), based on predictive data on the num-
ber of automobiles, a simulation of the spread of elec-
tric vehicles is presented using the example of France
and Germany.

Articles (Zhu and Du, 2018; Ensslen et al., 2019)
are devoted to predicting the dynamics of the distri-
bution of electric vehicles within the European Union.
For this, logistic models are used, in particular, the lo-
gistic and Bass diffusion model (Zhu and Du, 2018),
which is used in (Ensslen et al., 2019) to predict the
number of cars used in Beijing.

An overview of the methods that are used to pre-
dict the penetration of electric vehicles into the pas-
senger vehicle market is presented in (Jochem et al.,
2018). Two groups of models are distinguished:
econometric models with disaggregated data (such
as discrete choice) and simulation models based on
agents. Some methods have been found to have a
stronger methodological basis, while others require
complex datasets or can be more flexibly combined
with other methods. Despite the absence of a domi-
nant method, Jochem et al. (Jochem et al., 2018) jus-
tify the advantage of hybrid approaches and managed
data that take into account micro and macro aspects,
which allows obtaining more accurate results.

In (Rietmann et al., 2020), using a logistic growth
model, a long-term forecast of stocks of electric ve-
hicles in 26 countries on five continents is provided.
The findings show that in 2032, 30 per cent of the
global vehicle fleet will be electric vehicles. However,
the results obtained by the authors also demonstrate
significant differences between countries, which may
be due to differences in government support.

Electric vehicle sales are influenced by many fac-
tors (especially in China) and there are not many sales
forecasting models available. In particular, Wan et al.
(Wan et al., 2021) used decomposition and integration
procedures based on the TEI@I methodology. So, in
the forecasting model, principal component regres-
sion analysis (PCR) was used to work with a linear
relationship. Then a BP neural network and a sup-
port vector machine (SVM) were used to work with
non-linear dependence. In the last step, all models
were integrated together. The Granger causality test
and the degree of gray correlation are used to quan-
tify the factors that affect EV sales through consumer
network data analysis. On the example of two auto-
mobile models, it was found that the PCR-BP models
and the PCR-SVM models have better predictive per-
formance than one model. According to the authors,
this approach is more suitable for making decisions
about forecasting markets for similar products.

Dingab and Li (Dingab and Li, 2021) proposes to
use the modified gray model as a promising tool for
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predicting sales of electric vehicles.
The use of different approaches to forecasting the

sales of electric vehicles indicates that the quality of
the results is not satisfactory. A common feature of
almost all almost all forecasting methods that are pre-
sented in the review is that they provide for the sub-
ordination of volume dynamics to a linear paradigm.
However, today it is a recognized fact that the dy-
namics of most markets does not obey the law of nor-
mal distribution, and therefore their modeling by tra-
ditional methods leads to significantly unsatisfactory
results. The linear paradigm has been replaced by
a nonlinear paradigm (Peters, 1994), which is based
on the recognition of the fractal nature of the market
and is actively developed for analysis and modeling,
including in (Perepelitsa and Maksyshko, 2012) and
(Maksyshko et al., 2020). This statement is based on
such features of time series (TS) of indicators charac-
terizing financial markets: the lack of independence
of levels, the presence of long-term memory, and oth-
ers (Derbentsev et al., 2019; Kmytiuk and Majore,
2021). The use of statistical methods for their re-
search and further forecasting (as the ultimate goal
of the analysis) turns out to be inadequate. Therefore,
there is a need to use new, different from statistical,
methods of analysis.

The purpose of this research is to diagnose the na-
ture and properties of the dynamics of sales of elec-
tric vehicles in the Chinese market using non-linear
analysis tools for further use in choosing a relevant
forecasting method.

3 MATERIALS

The object of analysis of this research is the sales vol-
umes of cars, which are contained in the reports of
the China Association of Automobile Manufacturers
(CAAM, 2022) and published by the online publica-
tion “Chinese Cars” (Chi, 2022).

An analysis of the structure of the electric vehicle
market in China revealed that in the period from Jan-
uary 2016 to June 2022, 37.5 per cent of the electric
vehicle market belongs to five automakers, namely:
BYD, Mercedes-Benz, Roewe, Geely, Chery. Most
of these companies are representatives of the Chinese
automotive industry, which is due, in particular, to
state support for manufacturers of this type of trans-
port (Qian et al., 2019). Let’s characterize these com-
panies in more detail.

BYD is the only automobile manufacturer that has
mastered batteries, electric motors, and vehicle con-
trol technologies. BYD was founded in 1995 as a pio-
neer in the battery technology industry. Its stated goal

is to change the world by creating a complete zero-
emission ecosystem that runs on clean energy and re-
duces dependence on oil. BYD’s innovative products
are leaders in many sectors, including battery electric
vehicles, buses, medium and heavy duty trucks and
forklifts. In 2003, the company entered the automo-
tive business, and in 2005, the first BYD brand au-
tomobile went on sale (BYD North America, 2022).
The company holds 16 per cent of the electric vehicle
market in China.

Mercedes-Benz is a world-famous automaker that
in recent years has been investing more resources in
its advanced research and design capabilities in China
as the new center of gravity for the auto industry (Shi-
rouzu, 2021). The company holds 9 per cent of the
electric vehicle market in China.

Roewe is owned by the Shanghai Automotive In-
dustry Corporation (SAIC) and is one of the few Chi-
nese luxury brands that actually manufacture mod-
ernized copies of older Rover models (Roewe, 2022).
The company holds 6 per cent of the electric vehicle
market in China.

Geely Auto Group is a leading automobile man-
ufacturer that was founded in 1997 as a subsidiary
of Zhejiang Geely Holding Group. For the past five
years, the company has maintained its position as the
best-selling Chinese brand (Geely, 2022). The com-
pany holds 4 per cent of the electric vehicle market in
China.

Chery was founded in 1997 under the patronage
of state-owned companies and holdings, as well as
smaller investors. In 2006, Ukraine was one of the
first countries to introduce the assembly of automo-
biles of this brand outside China. In 2012, in pursuit
of a globalization strategy, Chery and Jaguar Land
Rover Motors jointly invested in the establishment of
Chery Jaguar Land Rover Motors Co., Ltd., which
is China’s first Sino-British automobile joint venture
(Chery, 2022). The company holds 3 per cent of the
electric vehicle market in China.

Thus, we will analyze the nature of the dynamics
of the behavior of agents of the electric car market
in China on the basis of time series (TS) of monthly
sales volumes of automobile companies (manufactur-
ers) BYD, Chery, Geely, Mercedes-Benz and Roewe.
These automakers were selected based on the fact that
they are among the top 9 most popular electric mobile
brands in terms of sales for the period from January
2016 to June 2022 (Chi, 2022) and have sufficient
data for analysis for this period. When analyzing the
dynamics, we will identify the sales volumes of elec-
tric vehicles with the volume of demand for them.
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4 METHODOLOGY

To identify the nonlinear (chaotic) behavior of eco-
nomic data, various methods of time series analysis
are used (Faggini, 2014). In particular, tests for deter-
ministic chaos have been developed for this purpose,
which allow one to study the main features of chaotic
phenomena: nonlinearity, a fractal attractor, and sen-
sitivity to initial conditions.

In this research, to diagnose the nature and proper-
ties of the dynamics of sales of electric vehicles in the
Chinese market, we will use three tools for analyzing
nonlinear dynamics, namely: traditional R/S-analysis
– the Hurst normalized range method, phase analysis
and recurrence analysis.

For the purpose of a general assessment of the
fractal properties of time series, we use the Hurst nor-
malized range algorithm for analysis (Peters, 1994).
It is known that if the system gives the Hurst statistics
for a sufficiently long period, then this indicates the
result of interrelated events. As is known, a measure
of the mutual connection of events is the correlation
coefficient. The influence of the present on the future
can be represented by the following correlation:

C = 22H−1−1, (1)

where C – measure of correlation,
H – Hurst exponent.
The range of the Hurst exponent (H) is the interval

[0; 1]. The indicator value allows classifying all time
series into three groups:

1) H = 0,5;

2) 0≤ H < 0,5;

3) 0,5 < H ≤ 1.

The value H = 0,5 indicates a random time series:
the events are random and not correlated (C = 0 ac-
cording to (1)). The present does not affect the future.

If H ∈ (0,5;1], then the considered time series is
persistent or trend-resistant and is characterized by
the effect of long-term memory. Events are the more
correlated, the closer the value is to 1 (correspond-
ingly, C also approaches 1 or 100 per cent correlation
according to (1)).

The value H ∈ [0;0,5) corresponds to antipersis-
tent or ergodic time series. In a loose definition, an-
tipersistence means reverting to the mean or, in other
terminology, reversing (alternating positive and nega-
tive increments) more often than in a random process.
Thus, the Hurst exponent (H) is decisive in diagnos-
ing the nature of the development of a system or pro-
cess.

To check the validity of the results on the presence
of long-term memory based on the value of the Hurst

exponent (H), we will use a test for random mixing of
the levels of the time series.

Phase analysis is one of the effective methods for
obtaining information about the nature of the dynam-
ics of the system under consideration (Perepelitsa and
Maksyshko, 2012). To the time series (X = (x(t), t =
1,n)) that characterizes the dynamics of demand in
the market of electric vehicles, we will apply such
a presentation method, which can be used to return
from the observed state of the system to its previous
state. This “return” is implemented by the method of
time delays and is produced by constructing a phase
trajectory (phase portrait) of dimension ρ:

Φρ(X) =
{
(x(t),x(t +1), ...,x(t +ρ−1)), t = 1,n

}
,

(2)
which is a set of points called “ρ-history”. For any
time series, the list of all its M-histories determines
the corresponding set of points in the pseudo-phase
(or lag) space. In this case, when using the terms
“phase portrait” or “phase trajectory” it means that
the neighboring points of the set (2) are connected by
segments of a straight or curved line for clarity.

Thus, the graphic representation of the system on
the phase plane (or in the phase space), along the co-
ordinate axes of which the values of the variables of
the system (TS levels) are plotted, is called the phase
portrait of the system. The behavior of phase points in
time, which is described by the phase trajectory and
the set of such phase trajectories for any initial con-
ditions form a phase portrait. A phase portrait is a
mathematical method for representing the behavior of
a system and a geometric representation of individual
movements, and also displays the state of equilibrium,
periodic and chaotic movement of a phase point, the
logic of the system’s behavior and its dependence on
external and internal influences.

Objective information about the nature of the be-
havior of a dynamic process can be obtained by ob-
serving the time series X , based on the Takens theo-
rem (Takens, 1981): if the system generating the time
series is m-dimensional and inequality ρ ≥ 2m+ 1 is
satisfied, then in the general case, phase trajectories
reflect the dynamics of the system under study. There
is a dipheomorphism between the phase trajectories
and the true data generated by the system. This result
allows one to draw conclusions about the behavior of
the system based on observational data, and, more-
over, to obtain information to predict this behavior.

Analysis of the phase portrait makes it possible to
determine the type and characteristic features of the
dynamics of a particular system. To deepen such an
analysis, Eckmann et al. (Eckmann et al., 1987) pro-
posed in 1987 a new diagnostic tool, the recurrence
plot.
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The recurrence plot is a projection of the ρ-
dimensional pseudo-phase space onto the surface. Let
point xi-correspond to the point of the phase trajec-
tory (2), which describes a dynamical system in m-
dimensional space at times t = i, for i = 1, ...,n. Then
the recurrence plot is an array of points, where non-
zero elements with coordinates (i, j) correspond to the
case when the distance between xi and x j is less then
γ:

RPi, j = θ
(
γ−
∥∥xi− x j

∥∥) ,
xi, x j ∈ Rm, i, j = 1, ...,n, (3)

where γ – size of the point xi,∥∥xi− x j
∥∥ – distance between points,

θ(·) – Heaviside function.
For the practical reconstruction of the attractor for

a given time series, it is necessary to determine the
values of the parameters: ρ – the embedding dimen-
sion of the time series, d – the time lag of the time
series (Rotshtein and Katelnikov, 2014).

To determine the time lag of the time series, the
function (S) – the adjusted mutual information func-
tion (AMI) was used for the time series under re-
search, which takes into account non-linear correla-
tions (Hegger and Kantz, 1999):

S =−∑
i j

pi j(Φρ(X)) · ln pi j(Φρ(X))

pi p j
, (4)

where pi j(Φρ(X)) – joint probability that an obser-
vation falls into the i-th interval and the observation
time d later falls into the j-th;

pi – the probability to find a time series value in
the i-th interval;

p j – the probability to find a time series value in
the j-th interval.

To calculate the optimal time lag of the time se-
ries (d), we will use the tseriesChaos library of the R
environment.

To determine the embedding dimension of the
time series, the false nearest neighbor method given
in (Kennel et al., 1992) was used. This method is
based on the assumption that at the next iterations the
neighboring points of the phase trajectory remain suf-
ficiently close. But if the nearest points move away
from one another, then they are called false nearest
neighbors. The task of the method is to choose such a
dimension of the time series (ρ), in which the propor-
tion of points that have false neighbors is minimized.

Based on the calculated parameters of the embed-
ding dimension and time lag, recurrence diagrams
of time series are built. The analysis of the statisti-
cal characteristics of the recurrence diagram makes
it possible to determine the measures of complexity
of the structure of the recurrence diagrams (Wallot,
2017):

• percent recurrence (%REC),

• percent determinism (%DET),

• average (ADL) and maximum (MDL) diagonal
lines lengths of the recurrence diagram.

The construction and determination of the statis-
tical characteristics of recurrence diagrams will be
implemented in the R environment using the tseri-
esChaos and nonlinearTseries libraries.

Based on the analysis of the statistical character-
istics of the recurrence diagram, it is possible to de-
termine the presence of homogeneous processes with
independent random values; processes with slowly
changing parameters; periodic and oscillating pro-
cesses that correspond to nonlinear systems. Thus, the
analysis of the recurrence surface makes it possible to
evaluate the characteristics of a non-linear object on
relatively short time series, which makes it possible
to make prompt decisions regarding the control of the
object.

5 RESULTS

The analysis of the behavior of Chinese electric auto-
mobiles market agents was carried out on the basis of
monthly sales data from January 2016 to June 2022
of five automobile companies (BYD, Chery, Geely,
Mercedes-Benz, Roewe) (figure 1).

Time series of sales of electric vehicles in the Chi-
nese market denoted by Xk = (x(t), t = 1,n), k = 1,5
where n is the length of the time series, k is the index
assigned to the corresponding manufacturer (in or-
der of priority): BYD, Chery, Geely, Mercedes-Benz,
Roewe.

Table 1 shows the results of the Hurst exponent
calculations (H) for these time series and the value of
the Hurst exponent (Hmixing) obtained after applying
the mixing test.

Table 1: The value of the Hurst exponent for the series of
dynamics of sales volumes of electric automobiles of man-
ufacturing companies for the period from January 2016 to
June 2022.

Manufacturer (TS) H Hmixing
BYD (X1) 0,84655 0,56659
Chery (X2) 0,82696 0,58156
Geely (X3) 0,81668 0,57214
Mercedes-Benz (X4) 0,86762 0,54563
Roewe (X5) 0,87330 0,59666

According to table 1, we can conclude that all time
series of sales volumes (demand for electric automo-
biles) of all manufacturers have signs of persistence,
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Figure 1: Number of sales of electric vehicles in the Chinese market from January 2016 to June 2022.

that is, they have a long-term memory. This is evi-
denced by the following:

a) the value of the Hurst exponents for all time se-
ries are in the interval H ∈ [0,817; 0,873], which
corresponds to the area of black noise;

b) the results of the mixing test
(Hmixing ∈ [0,546;0,597]) confirm the signif-
icance of the time series structure: its violations
lead to the complete destruction of the trace of
long-term memory.

The presence of significant Hurst statistics for the
time series of sales of electric vehicles is explained by
the following reasoning.

The change in the volume of demand for electric
vehicles is based on an increase in the overall demand
for vehicles, the perception of buyers of a certain ex-
pediency to follow the trend in energy security (in-
creased charging stations), legislative incentives and
social responsibility (concern for the environment).
The demand for electric vehicles is partly determined
by fundamental information such as the state of the
energy market, public discussion of environmental is-
sues, current economic circumstances, expectations,
and so on. This information is often useful in mak-
ing decisions when purchasing a type of vehicle. Of
great importance in this belongs to the marketing ac-

tivities of manufacturing companies, the volume and
quality of their offers on the market. Another impor-
tant component of demand volumes is the extent to
which buyers are able to pay for a new and usually
more expensive product (an electric car). This “sen-
sory component” is also analyzed, and as a result, a
certain range of demand volume is formed around the
existing one. This combination of information and
thoughts results in displacement of volumes. If buy-
ers see that the trend is in line with their positive ex-
pectations for a particular electric vehicle, they start
buying like others. Yesterday’s activity has an im-
pact on today – the market remains mindful of yes-
terday’s trend. The bias will change when demand
reaches the upper limit of some actual value. At this
point, the offset will change. The interesting thing is
that the “range” of demand does not remain constant,
but changes. New information regarding a particular
electric vehicle (innovations and shortcomings) or the
market as a whole can change this range and cause a
sharp increase in sales volumes of the manufacturer
(in particular, the introduction of breakthrough inno-
vations) or a negative turn in the market situation, or
for an individual seller (in particular, in case of defi-
ciencies, and so on).

Let’s proceed to the consideration of the results
of the phase analysis of time series Xk, k = 1,5 of
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sales of electric vehicles in the Chinese market. Fig-
ure 2 shows phase portraits in a two-dimensional
pseudo-phase (lag) space Φ2(Xk)= {(x(t), x(t +1))},
k = 1,5.

A more detailed analysis of phase portraits makes
it possible to identify the following individual fea-
tures.

In the dynamics of sales of the automobile com-
pany BYD (Figure 2a)), at the beginning of the ob-
servation period for the first 5 years (from January
2016 to February 2021), almost stable quasi-cycles
of length 7 were observed, which indicates the pres-
ence of long-term memory in them (confirmed by the
value H ≈ 0,85). However, since February 2021, the
dynamics has changed dramatically in the direction
of increasing sales volumes and almost no cyclicity
when moving along the bisector of the coordinate an-
gle. This indicates an increase in the memory depth
of the time series.

The dynamics of sales of automobile companies
Chery and Gelly (Figure 2b), c)) are characterized
by shorter quasi-cycles (length 4 or 5), and there is
an increase in the amplitude of these quasi-cycles
in the final interval of the time series (from Febru-
ary 2021 to June 2022), but no significant movement
along the bisector of the coordinate angle is observed.
The dynamics is characterized by less trend resis-
tance, which is confirmed by the values H ≈ 0,83)
and H ≈ 0,82) for the respective manufacturers.

The dynamics of sales of automobile companies
Mercedes-Benz and Roewe (Figure 2d), e)) is char-
acterized by the presence of the longest quasi-cycles
(length 9), their slow movement along the bisector of
the coordinate angle (increase in volumes) and an in-
crease in amplitude. This is evidence that the dynam-
ics of sales volumes of these manufacturers is charac-
terized by the greatest trend resistance (confirmed by
the value of the Hurst exponent H ≈ 0,87) for both
companies).

Thus, the analysis of phase portraits Φ2(Xk) in a
two-dimensional pseudo-phase (lag) space makes it
possible to identify the characteristic features of the
dynamics of sales volumes of each agent in the Chi-
nese electric car market.

At the first stage, using the tseriesChaos library
of the R environment, the values of the embedding
dimension (ρ) and the time lag (d) of the considered
time series were calculated (table 2).

At the second stage, using the tseriesChaos and
nonlinearTseries libraries in the R environment, re-
currence plots were constructed (figure 3a)-f)) and
their statistical characteristics were determined (ta-
ble 3).

The topology of the recurrence plots for electric

Table 2: The value of the embedding dimension (ρ) and
time lag (d) for the series of dynamics of sales volumes
of electric automobiles of manufacturing companies for the
period from January 2016 to June 2022.

Manufacturer (TS) The embedding
dimension (ρ)

The time
lag (d)

BYD (X1) 5 9
Chery (X2) 4 3
Geely (X3) 4 3
Mercedes-Benz (X4) 4 1
Roewe (X5) 6 2

Table 3: Statistical characteristics of recurrence plots of
electric automobiles sales in China from January 2016 to
June 2022.

Manufacturer (TS) %REC %DET ADL MDL
BYD (X1) 2,381 100 0 42
Chery (X2) 1,429 100 0 70
Geely (X3) 1,429 100 0 70
Mercedes-Benz (X4) 1,333 100 0 75
Roewe (X5) 1,471 100 0 68

automobiles sales in China shows abrupt changes in
the dynamics of the system that generates the time se-
ries and causes white areas or bands to appear. On
the recurrence plots, there is a gradual change in the
parameters of the behavior of the agents of the auto-
mobile market, and there is also a drift of the attrac-
tor (white lower and upper corners of the diagram,
crosses). The absence of short diagonal stripes on the
recurrence plots indicates the absence of a stochas-
tic process and the non-return of the trajectory to the
same region of the phase space in different time peri-
ods.

The determinism of the behavior of companies in
the automobile market is confirmed by the calculated
statistical characteristics of recurrence plots, which
are shown in table 3.

The value of the %REC indicator for all time se-
ries falls within the interval from 1% to 5%, which
indicates the regular behavior of the time series.

The measure of determinism (%DET) of the re-
currence plot characterizes the level of system pre-
dictability. Diagonal structures show the time during
which a segment of the trajectory comes very close to
another segment of the trajectory. For all five recur-
rence plots, the level of predictability is 100%. Note
that this measure does not determine the real deter-
minism of the process.

The average diagonal lines lengths (ADL) char-
acterizes the average time during which two sections
of the trajectory pass close to each other, and can be
considered as the average predictability time of the
system. An interesting fact is that, according to the
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(c) (d)

(e)
Figure 2: Phase portraits in a two-dimensional pseudo-phase space Φ2(Xk) = {(x(t), x(t +1))} , k = 1,5 for time series
Xk, k = 1,5 from January 2016 to June 2022: a) BYD, b) Chery, c) Gelly, d) Mercedes-Benz, e) Roewe.

calculation results, the smallest average predictability
time of time series is 0.

The maximum diagonal lines lengths (MDL) char-
acterizes the length of the trend. The shortest trend is
in the BYD time series (42 points), and the longest is
in Mercedes-Benz (75 points).

6 CONCLUSION

The research analyzes the nature and properties of the
dynamics of sales of electric automobiles in the Chi-
nese market using non-linear analysis tools.

The initial data for the analysis is the time series
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(a) (b)

(c) (d)

(e)
Figure 3: Recurrence plots of electric automobiles sales in China from January 2016 to June 2022: a) BYD, b) Chery, c)
Gelly, d) Mercedes-Benz, e) Roewe.

of monthly sales volumes from January 2016 to June
2022 of five automobile companies: BYD, Chery,
Geely, Mercedes-Benz and Roewe.

For the research, three methods of nonlinear dy-
namics were used, namely: traditional R/S-analysis –
the method of normalized Hurst range, phase analysis
and the method of recurrence plots.

As a result of applying the Hurst normalized range
method, the property of trend stability of time series
was revealed, which indicates the presence of long-
term memory in them. Therefore, we can conclude

that the time series of sales of electric automobiles in
the Chinese market have a non-linear (fractal) nature.
It follows that the use of forecasting methods based on
the classical approach is not adequate and may lead to
an unsatisfactory forecasting result. When choosing
a method for predicting sales of electric automobiles
and their parameters, it is necessary to take into ac-
count the presence of long-term memory and, prefer-
ably, its characteristics.

However, fractal analysis, which is based on the
use of the Hurst normalized range method, allows
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only qualitative conclusions to be drawn regarding the
properties of the electric vehicle market as a whole, as
well as the properties of the trend stability of each of
the time series that were considered. The quantitative
characteristics obtained by this method are averaged
over the entire series. Therefore, to obtain differen-
tiated characteristics of the identified memory, it is
promising to research these time series using fractal
analysis methods, which are based on the sequential
R/S analysis algorithm (Perepelitsa and Maksyshko,
2012).

The use of phase analysis in a two-dimensional
phase spase made it possible to identify the pres-
ence or absence of cyclicity in dynamics at some time
intervals, to evaluate the characteristics of attractors
(quasi-cycles) and their features for each agent in the
Chinese electric automobiles market. The results ob-
tained are the basis for further research in the direc-
tion of a more detailed research of the identified fea-
tures in the dynamics due to decomposition the phase
portrait into quasicycles, determining their character-
istics, analyzing the dynamics of the overall dimen-
sions of quasicycles and their centers of attraction.

The construction of recurrence plots in ρ-
dimensional phase spase and their topological anal-
ysis made it possible to confirm the presence of at-
tractor drift for all agents in the Chinese electric auto-
mobiles market. A gradual change in the parameters
of the behavior of agents was also revealed.

Quantitative analysis of recurrence plots based
on the calculation of measures of complexity of
their structure (in particular, the percent recurrence
(%REC) and the percent determinism (%DET) also
made it possible to confirm the fractal (deterministic)
nature of the nature of the dynamics of sales of elec-
tric vehicles in the Chinese market. It should be noted
that at the moment the input data of the research are
characterized by a short time series. This, obviously,
affects both the possibilities, and the features, and the
results of using the applied methods. However, their
application – each separately and in combination –
provides an opportunity to gain new knowledge about
the characteristics of the dynamics in a new market
that is rapidly developing and has prospects in the
global economy – the market for electric vehicles.

The results of the research can be used to select
relevant forecasting methods and their parameters.
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Abstract: Development of integrated models based on the use of mathematical methods, models and innovative technolo-
gies to manage and predict the nonlinear dynamics of ecological, economic and socio-humanitarian systems
in modern conditions of instability and crises is an urgent problem. Synthesis of integrated models taking
into account humanitarian and cognitive variables to assess sustainable and safe development is also important
and relevant. The article summarizes and develops the results of previous works of the authors to solve the
problem of estimating the sustainable development of complex technogenic production systems, taking into
account cognitive factors in the conditions of innovative economy. The integration model of sustainable devel-
opment is presented as a family of models for creating integrated information systems of ecological, economic
and socio-humanitarian management of various social and organizational systems and especially economic
objects of anthropogenic nature to ensure sustainable and viable development. A cognitive model of nonlinear
system dynamics is presented, taking into account the dynamics of the humanitarian component with manage-
ment in general. Since innovative capital is wider than intellectual capital by its nature and content, the paper
also presents a model of innovation capital dynamics for the eco-economic and socio-humanitarian system
(EESHS). An extended integral model of nonlinear stochastic dynamics of EESHS in the innovation space is
obtained. The basis and paradigms of fundamental research in the works of the authors are: systems of type
“X”, integral models and the problem of sustainable development, models such as “NMSSD” and systems
such as “SEEHS”, convergent technologies “NBIC” and “NBIC⊕SG”.

1 INTRODUCTION

The relevance and need for basic and applied re-
search in elaborating and solving sustainable devel-
opment problems is defined by the 17 goals, which
were adopted by all UN member states in 2015 as
part of the 2030 Agenda for Sustainable Develop-
ment, which sets out a 15-years plan to achieve them.
Currently, there is some progress in many areas, but
in general, actions to implement the goals have not
yet reached the necessary pace and scale. These goals
have also been adapted and accepted for implementa-
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b https://orcid.org/0000-0003-3381-9103
c https://orcid.org/0000-0003-4861-2439
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tion in Ukraine (Rep, 2017).
The work proposed by the authors is an extension

of the results presented earlier in (Ramazanov and
Honcharenko, 2021; Ramazanov et al., 2020).

2 MAIN RESULTS

Currently, the determining factors of a knowledge-
intensive enterprise (KE) are not so much production
capacity, but rather knowledge, know-how, research
and development.

The theory of production factors (PF) by the be-
ginning of XXI century became one of the actual re-
search directions, covering the methodology of eco-
nomic analysis and management of economic sub-
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jects. The main postulate of the theory of produc-
tion factors is that the ratio of external factors of pro-
duction and the internal state of the economic en-
tity determines its strategic position in a complex
and multidimensional market space, i.e. its organi-
zational, economic and structural sustainability (Moi-
seev, 1981; Kolemaev, 2005; Krass and Chuprinov,
2006; Vorontsovsky and Vyunenko, 2016).

The main provisions of the modern theory of PF
can be formulated as follows: organizational and eco-
nomic sustainability of the economic entity is deter-
mined by the ratio of available factors of production
and their effective management; competitive advan-
tages of the economic entity depend on the availabil-
ity (including ownership) of strategic resources; ef-
fective management of available factors of production
is provided by organizational capabilities of KE; tak-
ing into account cognitive, stochastic, humanitarian
and “NOT-” factors.

A logical question arises: what properties should
the factors of production have, so that the innovative
development of the KE could be effective, intensive
and adaptive?

To answer this question, it is necessary to clarify
the list of PF, which play a key role for the sustain-
able functioning and development of KEs, to intro-
duce the concept and give a definition of cognitive
factors of production; to develop a classification of
cognitive factors of production, etc.

To implement this task, we will use the system
paradigm, analyze the known concepts of PF and
identify the main characteristics of cognitive pro-
duction factors, which determine the organizational
and economic sustainability of KE1 (figure 1) (Ra-
mazanov and Honcharenko, 2021).

Cognitive production factors (CPF). The analysis
of the development of the theory of production factors
and the emergence of their new types shows that the
composition and role of production factors are most
closely connected both with changes in production it-
self, and with the development of economic science,
identifying and explaining the emergence and purpose
of certain production factors by increasing opportuni-
ties for economic growth of knowledge-intensive en-
terprise.

Thus, according to the theory of human capital
(the term was introduced by G. Becker (Makarov
et al., 2009; Machlup, 1962; Milner, 2003)), the stock
of knowledge, abilities and motivation embodied in a
person contributes to the growth of human productive

1KE – knowledge-intensive enterprises of the high-tech
sector of the economy. Knowledge-intensive enterprises (in
other words, high-tech enterprises – HE) are technological
leaders in the national innovation economy.

Figure 1: “Octagon” of basic assets/resources that support
the sustainability and safety of the system.

power. Human resources are to a certain extent sim-
ilar to natural resources and physical capital, but in
this interpretation they are divided into two parts. The
unit of “human capital” is not the worker himself, but
his knowledge. However, this capital does not exist
outside of its bearer. And this is the fundamental dif-
ference between human capital and physical capital –
machines and equipment.

By its economic essence, human capital is closer
to the intangible fixed assets of an enterprise. Accord-
ing to the theory of human capital, investments in hu-
man beings are regarded as a source of economic de-
velopment, no less important than “ordinary” capital
investments. This means that an economic dimension
is applied to a person.

The modern stage of KE development is charac-
terized by qualitative changes in the types of socially
significant human activity: labor characteristic of an
industrial society is replaced by creativity in a post-
industrial society. Machine technology gives way to
“intellectual technology”. As a result, knowledge and
information become the leading factors of production,
which leads to a decrease in the role of material fac-
tors of production. Radical changes in production re-
lations have led to special requirements for the qual-
ity of human resources, highlighting their intellectual
component and making them an independent factor of
production.

Let us introduce the concept of cognitive produc-
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tion factor (CPF) – it is an embodied in an economic
entity totality of knowledge, abilities, skills, which
contribute to the growth of human productive power
in the creation of an intellectual product demanded by
the market.

The convergence of intellectual resources and in-
formation technology as a productive force causes the
emergence of new types of factors of production –
cognitive production factors (CPF, C f ) – which means
specific, difficult to imitate resources of an industrial
enterprise to create a product and added value, de-
manded by the market.

CPF are considered as a productive force arising
from the convergence of human cognitive abilities and
information technology.

Cognition as a scientific-cognitive action, is mov-
ing to a new quality, providing relevant knowledge
for complex research. Artificial intelligence, neuro-
computers, technologies of various interfaces based
on the use of the properties of the human brain (Lukia-
nenko and Strelchenko, 2021) – a fundamentally new
environment of human productive activity. The use
of cognitive principles in economics allows to bring
the main production processes to an intellectually new
level.

CPF provide internal (endogenous) opportunities
for the development of industrial enterprises and, in
fact, become one of the sources of endogenous eco-
nomic growth (Kolemaev, 2005; Krass and Chupri-
nov, 2006). The management of CPF means the emer-
gence in the practice of industrial enterprises of a spe-
cific type of organizational and economic activity as-
sociated with their identification, ranking, analysis,
evaluation and monitoring at all stages of the repro-
duction cycle to achieve the goals of long-term eco-
nomic growth.

The allocation of CPF as a new type of produc-
tive force necessitates the development of appropriate
methods and models of their management, the prac-
tical implementation of which is possible due to the
mechanism of integration into the overall manage-
ment circuit of the industrial enterprise.

The effectiveness of methods used in the manage-
ment of traditional factors of production is becom-
ing less effective, since it does not take into account
the dynamics of modern changes, the need to pro-
cess a large amount of data, the structural complex-
ity of management tasks, the need to use coordination
mechanisms.

The study of theoretical and practical results of
production factor management allowed us to conclude
that CPF management should be integrated into the
overall management circuit of a high-tech enterprise
and be supported primarily by end-to-end activities

implemented through appropriate business processes.
The increasing intellectualization of industrial

production contributes to the fact that the distinctive
features of enterprises become:

• significant individualization of products in condi-
tions of high flexibility of high-volume produc-
tion;

• the modern vector of civilizational development
of society is represented by the intensive spread
of global technologies: nano-, bio-, information
and communication technologies. Cognitive tech-
nologies refer to the technologies of the global
level, the transformative effect of which gives a
new quality of interacting elements and leads to
the formation of a fundamentally new technologi-
cal platform for economic development;

• integration of consumers and manufacturers in
end-to-end processes of the entire product lifecy-
cle and value chain;

• integration of information and data within produc-
tion networks, reflecting all aspects of require-
ments, design, development, production, logis-
tics, operation, service, etc., i.e. creation of “pro-
duction intelligence”;

• globalization of product/goods development
teams, as the complexity of products requires a
variety of competencies;

• formation of a networked production “ecosystem”
through cooperation and reduction of barriers be-
tween enterprises and customers;

• development of cloud technologies as a way to
implement customized production on demand;
use the production capabilities of virtual produc-
tion networks based on united production sites,
and support them with special software;

• isolation and accumulation of intangible func-
tions, such as research and forecasting of the mar-
ket and demand, formation of the product concept,
formation of technical requirements, etc.; since
intangible components take an increasing share in
the cost and price of the finished product;

• formation of the market value of enterprises
due to the knowledge of employees, know-how,
knowledge-intensive technologies, inventions, in-
dustrial designs and other intangible assets. The
qualitative change of production factors puts for-
ward a set of interrelated tasks for industrial enter-
prises (Krass and Chuprinov, 2006; Vorontsovsky
and Vyunenko, 2016);

• the integration into Industry 4.0, increasing the
continuity and flexibility of production, the tran-
sition to flexible production systems that ensure
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the adaptation of the production infrastructure to
innovative activities, changes in market require-
ments demand different approaches to the com-
position and configuration of key factors of pro-
duction (Kobets and Yatsenko, 2019);

• increased consistency in the duration and produc-
tivity of all interrelated subdivisions of industrial
enterprises causes the accounting of results not
only at the place of application of production fac-
tors, but also in related units from the perspective
of their impact on the economic performance of
enterprises;

• rational increase in the growth of R&D costs,
which ensures the implementation of scientific
and technological policy directly in the process of
scientific and production activities, determines the
assessment of their relationship with the share of
revenues from new types of products;

• the uncertainty of the economic environment,
high risks in the development of innovative prod-
ucts create the preconditions for the development
of economic-mathematical models that are ade-
quate to the object of research and improve the
quality of the effectiveness of industrial enter-
prises.

Thus, sustainable economic growth and develop-
ment of modern industrial enterprises determines not
so much the number of personnel, but the presence of
workers who are able to conduct scientific and tech-
nological development at the modern level, to create
competitive products and services on their basis, to
propose new ways of organizing production, to de-
termine the process of forming new trends in techno-
logical development in the market environment. In
this regard, we need a different system of productive
forces, surpassing the capabilities of industrial type of
production and other ways of combining human and
material labor.

The convergence of intellectual resources and in-
formation technologies as a productive force causes
the emergence of new types of production factors –
cognitive factors of production – which are under-
stood as specific, difficult to imitate resources of an
industrial enterprise that allow creating a product that
is in demand by the market.

Cognitiveness, as a scientific and cognitive action,
is moving into a new quality, providing appropriate
knowledge for comprehensive research. Artificial in-
telligence, neurocomputers, technologies of various
interfaces based on the use of the properties of the
human brain are a fundamentally new environment
for human production activities. The use of cogni-
tive principles in the economy allows you to bring

the main production processes to an intellectually new
level.

Cognitive production factors provide internal op-
portunities for the development of industrial enter-
prises and, in fact, become one of the sources of en-
dogenous economic growth (Kolemaev, 2005; Krass
and Chuprinov, 2006; Vorontsovsky and Vyunenko,
2016). Cognitive production factors management
means the emergence in the practice of industrial en-
terprises of a specific type of organizational and eco-
nomic activity related to their identification, ranking,
analysis, evaluation, monitoring at all stages of the re-
production cycle in order to achieve the goals of long-
term economic growth.

The identification of cognitive factors of produc-
tion as a new type of productive force necessitates
the development of appropriate methods and mod-
els of their management, the practical implementation
of which is possible due to the mechanism of inte-
gration into the overall control loop of an industrial
enterprise (Ramazanov and Honcharenko, 2021; Ra-
mazanov et al., 2020; Pankratov, 2017; Gorlacheva,
2020).

So, cognitive production factors (CPF, C f ) – are
the result of the convergence of intellectual resources
/ intellectual capital and information technology:

“IR/IC” & “IT”,

where & – here is a conditional symbol of conver-
gence.

Cognitive basis of high-tech activity, which in-
cludes the unity of knowledge, experience, creativity
and information technology. Structural elements of
CPF are: knowledge, experience, creativity and skills
in the use of information technology, i.e. CPF – is a
tuple <knowledge, experience, creativity, level of use
of IT, ...>.

One of the variants of correlations of cognitive
production factors (CPF), human capital (HC) and
intellectual capital (IC) by three comparison param-
eters.

1. Structural elements:

• CPF: Knowledge, experience, creativity, skills,
in the use of information systems and technol-
ogy.

• HC: Level of education, health status.
• IC: Market assets, human assets, intellectual

property, infrastructure assets.

2. Methods of evaluation and measurement:

• CPF: Indicator based on up-to-date financial
and accounting statements.

• HC: Aggregated indices, the calculation of
which requires an extensive information base.
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• IC: Ratio of market value to book value; Intel-
lectual coefficient of value added.

3. Correlation with performance results:

• CPF: Production function.
• HC: The balanced scorecard system.
• IC: Aggregate of IC and capital involved.

Note that the presented list of CPF is not exhaus-
tive, it can and should be supplemented and improved.

So, CPF is a set of both active and intensional, as
well as tangible and intangible factors of production:

• tangible-active can include those CPF, which are
embodied and directly used in the economic
turnover. These include local computer networks
for information exchange, flexible manufactur-
ing systems (FMS), simple/complex robots, auto-
mated information storage and retrieval systems,
planning systems (ERPI, ERPII), design systems
(CFD, CAE, PLM), electronic document manage-
ment systems, vision systems;

• intangible assets include objects of intellectual
property: know-how, technical solutions, licenses,
patents, databases, information about customers
and suppliers, etc;

• material-intentional cognitive factors include the
potential use of advanced technologies, such as
augmented reality technologies, artificial intelli-
gence technologies: Internet of Things technolo-
gies, big data, cloud computing, deep learning,
5G, etc;

• intangible-intentional include personal character-
istics of employees, experience, culture of think-
ing, ability to learn, creativity, insight, intuition,
level of education, level of digital literacy, abil-
ity to cognitive activity, analysis, reflection, self-
regulation, communication abilities, compliance
with ethical and social norms.

Let us also note now that innovation capital is one
of the most important and specific forms of capital, re-
flecting the ability of industrial enterprises as partici-
pants in the innovation cluster to generate income due
to the development of innovative activity and acquisi-
tion of a special status due to the dynamics of inno-
vation potential as an institution capable of transfor-
mation into capital as a result of the synergistic effect
of interaction between economic entities in the pro-
cess of innovation development. Innovation capital
from the point of view of classical economic theory
is characterized by three essential features, namely, it
is a product of past labor, the role of which is played
by innovation potential; it is a production or product
stock in the form of innovations produced and ready

for implementation, as well as innovations requiring
further improvement and innovations that can be ac-
cumulated in the form of innovation potential; it is a
source of income based on the effective commercial-
ization of innovation (Milner, 2009; Geets and Semi-
nozhenko, 2006).

By its nature and content, innovation capital is
wider than intellectual capital, which according to the
concept presented in the works of Milner (Milner,
2009, 2003), consists of three elements: 1) human
capital; 2) organizational (structural) capital; 3) con-
sumer capital. Machlup (Machlup, 1962) in 1966, an-
alyzing the processes of knowledge production and
dissemination in the United States, without down-
playing the role and importance of material produc-
tion, reasonably proved that the economic develop-
ment of the “new age” is determined not so much by
the availability and productivity of material resources
as by the availability and speed of information distri-
bution in society and the amount of intellectual capital
(Moiseev, 1981; Kolemaev, 2005; Vorontsovsky and
Vyunenko, 2016).

Let us present a cognitive model of the nonlinear
dynamics of the system, taking into account the dy-
namics of the humanitarian component with control
(as an extension of the integral model (Ramazanov
and Honcharenko, 2021; Ramazanov et al., 2020)), in
general terms it can be represented as stochastic dif-
ferential equations:

dHU(t)
dt

= χ+H+
U(t)−χ−H−U(t)+

σHU (HU , t)dWHU (t)+bHUUHU (t). (1)

dC f (t)
dt

= ϑ+C+
f (t)−ϑ−C−f (t)+

σC f (C f , t)dWC f (t)+ϑC f UC f (t). (2)

The model of the dynamics of innovativeness
of the eco-economic and socio-humanitarian system
(EESHS) can also be represented in the form of an
equation of dynamics:

dIc(t)
dt

= ς+I+c (t)− ς−I−c (t)+

σIc(Ic, t)dWIc(t)+ϑIcUIc(t). (3)

In equations (1)-(3) the variable HU(t) is a hu-
manitarian variable, C f (t) – cognitive variable, Ic(t) –
variable (level) of innovativeness in the integral model
EESHS [2]; χ+,χ−,ϑ+,ϑ−,ς+,ς− – parameters, and
other designations are given in the same work.

So, supplementing the system of equations of the
integral model (Ramazanov and Honcharenko, 2021;
Ramazanov et al., 2020; Halitsin and Ramazanov,
2016) with equations (1) – (3) we obtain an extended
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(generalized) integral model of nonlinear stochastic
dynamics of EESHS in the innovation space.

The generalized production and technological
function (PTF) can now be represented as:

Y (t) = F [K(t,L(t),H(t),N(t),Φ(t),

S(t), Ic(t),C f (t);~c]. (4)

It can be used to study sustainable development.
In the general case, the integral level of sustain-

able development can be represented as a nonlinear
function:

Ysdl(t) = Fsdl []K(t),L(t),H(t),N(t),

Φ(t),S(t), Ic(t),C f (t),~c]. (5)

Private versions of the PTF model:
a) Mankiw-Romer-Weil model. Option of ac-

counting for human capital H in the production func-
tion (PF), along with physical capital (K), labor (L)
and natural (N) resources:

Y (t) = Kα(t) ·Hβ(t) · [A(t) ·L(t)]1−α−β, (6)

where α,β > 0, α+β < 1; H; A(t) – function of sci-
entific and technological progress. Note that α – is a
part of capital provided by investment growth (capital
costs); β is similar.

b) Model of accounting for all fixed assets:

Y (t) = A(t)Kα(t) ·Lβ(t) ·Hγ(t) ·Sρ(t)·
Φq(t) ·Nτ(t) · Iν(t), (7)

where α,β,γ,ρ,q,τ,ν > 0 and α+β+ γ+ρ+q+τ+
ν = 1.

The following notations are also used here: K –
physical capital, L – labor (labor), H – human capi-
tal, S – social capital, Φ – financial capital, N – natu-
ral resources (land, water, etc.), A(t) is a function of
the level of scientific, technical and technological de-
velopment, for example, A(t) = aT S(t), where T (t) –
volume of innovative technologies (resources).

In (Ramazanov et al., 2020), the equation of the
dynamics of the potential of the R&D sector in the
integral model is presented as:

d
dt
[ϕ̇(t)]−δϕϕ(t) = G[ϕ(t)]γ1 · [α1

L1
(t)L1(t)]γ2 ·

[α1
K(t)K(t)]γ3 · [s(t)]γ4 +σϕ(ϕ, t)eϕ(t), (8)

where ϕ(t) – stock of knowledge and technologies in
the economy – the number of inventions that have not
lost their relevance by the year t; ϕ̇(t) – increase in
the stock of knowledge per unit of time – the number
of new inventions per year t minus obsolete; L1(t) –
the volume of skilled (more precisely – highly skilled)
labor (skilled labor force with qualifications, i.e. the

product of the number of skilled workers L1(t) and the
level of qualification of the average employee h(t),
i.e. h(t)L1(t)); s(t) – social index; δϕ – the rate of
knowledge attrition due to its obsolescence δϕ > 0;
α1

L1
(t) – share of skilled labour employed in the R&D

sector 0 ≤ α1
L1
(t) ≤ 1; γ1,γ2,γ3 – static parameters

0 ≤ γ1 ≤ 1, 0 ≤ γ2 ≤ 1, 0 ≤ γ3 ≤ 1; G – scale pa-
rameter: G > 0. Here {eϕ(t), t ∈ T} – white noise
with continuous time; σϕ(ϕ, t) – volatility coefficient.

From (Ramazanov and Honcharenko, 2021; Ra-
mazanov et al., 2020) we have a more general equa-
tion of dynamics, i.e. the equation of the STP index
(STP weight), which shows the growth and efficiency
of the use of labor, capital and technology in produc-
tion, i.e. τ(t):

d
dt
[τ̇(t)]+δττ(t) = B[ϕ̇(t)+δϕϕ(t)]β1 ·

[σ̇(t)+δσσ(t)]β2 [ṡ(t)+δss(t)]β3 [ż(t)+δzz(t)]β4 (9)

where τ̇(t) is the increase of the STP index caused
by the change in the number of advanced production
technologies used in production per unit of time, δτ –
the rate of decrease of the STP index due to the obso-
lescence of advanced production technologies, δτ > 0;
β1,β2,β3,β4 – static parameters, 0≤ β1≤ 1,0≤ β2≤
1,0≤ β3 ≤ 1,0≤ β4 ≤ 1; B – scale parameter; B > 0.

Note that τ(t) – STP index, dependent on the num-
ber of advanced production technologies w(t) and
used in production, for example, τ(t)= [w(t)]d , where
d− const.

Now in this generalized and integral variant we
can use the conditions of development stability from
(Ramazanov and Honcharenko, 2021; Ramazanov
et al., 2020; Zgurovsky, 2006).

This construction of the indicator will reflect
the importance of each of the considered compo-
nents: eco-economic and socio-humanitarian subsys-
tems (spheres) in the performance of the objective
function. A change in any of the private indicators
leads to a change in the value of the aggregate indi-
cator and captures a change in the steady state of the
region. In the general case, all indicators change over
time, i.e. have a certain dynamic.

Simple conditions for sustainable development
(SD) are defined as follows.

1) Condition of weak stability:

dF [·]
dt
≥ 0 or Ft+1[·]≥ Ft [·], (10)

where

Ft [·] = F [K(t),L(t),H(t),N(t),
Φ(t),S(t), Ic(t),C f (t),~c]

(11)
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2) Condition of strong stability:

dF [·]
dt
≥ 0 ,N = NC +NS and

dNC

dt
≥ 0, (12)

or NC
t+1 ≥ NC

t , N = 1...4

where NC – critical part of natural capital, and NS –
natural capital, which can be replaced by artificial.

For example, given critical natural capital NC, sus-
tainable development can be supplemented by a time
limit on depletion of this value. For a time-decreasing
production function, the arguments of which are ag-
gregated variables: labor – L, capital – K and natural
– resource N, we will have the ratio:

Ft(K,L,N)≤ Ft+1(K,L,N) (13)

or, in the general case:

F(K(t),L(t),H(t),N(t),Φ(t),S(t), Ic(t),C f (t),~c)≤
F(K(t +1),L(t +1),H(t +1),N(t +1),Φ(t +1),

S(t +1), Ic(t +1),C f (t +1),~c) (14)

And it also requires compliance with the condi-
tion of not decreasing in time the value of NC, i.e.
Nt = NC

t + NS
t , as well as the condition of par-

tial replacement of natural capital N by artificial NS

(or non-renewable resource for renewable resource):
Nt = NC

t +NS
t .

The integrated level of sustainable development
for all capital (resources) can be defined, for exam-
ple, in the case of linear dependence as:

Ysdl(t) = c1K(t)+ c2L(t)+ c3H(t)+ c4N(t)+

c5Φ(t)+ c6S(t)+ c7Ic(t)+ c8C f (t), (15)

where c1,c2,c3,c4,c5,c6,c7,c8 are weight (normaliz-
ing and scaling) coefficients.

3 CONCLUSION

The article summarizes and develops the results of the
authors’ earlier works in solving the problem of es-
timating the sustainable development of technogenic
production system, taking into account cognitive fac-
tors in the context of innovation economy.

Integration model of sustainable development is
presented as a family of models for creating in-
tegrated information systems of eco-economic and
socio-humanitarian management of various social and
organizational systems and especially economic ob-
jects of anthropogenic nature to ensure sustainable
and viable development.

A cognitive model of nonlinear system dynam-
ics is presented, taking into account the dynamics

of the humanitarian component with management in
general. Since innovative capital is wider than intel-
lectual capital by its nature and content, the paper
also presents a model of innovation capital dynam-
ics for the eco-economic and socio-humanitarian sys-
tem (EESHS). An extended integral model of nonlin-
ear stochastic dynamics of EESHS in the innovation
space is obtained.

The transition to an information society leads to a
change in the structure of total capital in favor of hu-
man capital, an increase in intangible flows, knowl-
edge flows, intellectual and innovative capital. The
problem of sustainable development based on 8 im-
portant assets that support the sustainability and via-
bility of EESHS was investigated.

The use of these methods will increase the effi-
ciency of solutions in the management of technogenic
production systems, will increase the efficiency of the
use of innovations and will identify areas of innova-
tion strategies of the regions.

The presented result requires further research,
generalizations and computer experiments on real
data.
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Abstract: In the post-industrial knowledge economy, the key role in the generation and dissemination of innovations is
played by universities, where global intellectual capital is concentrated. Today, universities are becoming the
drivers of digital transformation of science, business, countries and society as a whole. In the latest paradigm
of development, based on the generalization of modern theoretical trends, the scientific and practical problems
as well as prospects for the development of universities are highlighted and the prerequisites, imperatives and
factors of their competitiveness are revealed. The research also focuses on modelling of university competi-
tiveness parameters with the clustering of countries on the basis of Kohonen maps and assessment of the level
of significance of normalized parameters. The organizational design of a competitive model of the university
as well as key factors of its success in the system of open science, education and innovation are proposed.

1 INTRODUCTION

In the global highly competitive educational environ-
ment, under the influence of ultra-dynamic digital-
ization, traditional models and organizational struc-
tures of universities are being devalued. Innovative
network-type models are becoming relevant, and the
choice of breakthrough, catch-up or adaptation strate-
gies depends primarily on the competitive status of
the university in the global market of educational ser-
vices.

The global transformation of university education
raises new challenges for state authorities in the field
of education and university administrations to ensure
their competitiveness in the international market of
educational services. In the context of increasing the
efficiency of the university management process in
modern globalization conditions, the tasks of assess-
ing its international competitiveness arise.

This problem has received close attention in scien-
tific research in recent years. Many publications are
focused on the analysis of generally accepted methods
for assessing the competitiveness of universities and
their ranking, comparing these methods, key indica-

a https://orcid.org/0000-0002-3475-2126
b https://orcid.org/0000-0002-8911-5677
c https://orcid.org/0000-0001-6997-1575
d https://orcid.org/0000-0002-2558-9654

tors, modelling principles and identifying their weak-
nesses.

Avralev and Efimova (Avralev and Efimova, 2015)
have conducted a survey of students over the years,
which showed that place in the university rankings is
an increasingly important criterion for students when
choosing a university. At the same time, most re-
searchers criticize the widely used rating systems.
Thus, Sayed (Sayed, 2019) demonstrates that accord-
ing to some of the world’s leading ranking systems,
a university may be at the top of the ranking, while
in others it may not be ranked at all. Many re-
searchers note (Anowar et al., 2015; Marginson and
van der Wende, 2016) that most of the global univer-
sity rankings focus primarily on research, while at the
same time not paying enough attention to the qual-
ity of teaching, student competences and learning out-
comes, social responsibility, etc.

At the same time, most scientists agree that the
main criteria that determine the competitiveness of
universities are research and teaching (Dimitrova and
Dimitrova, 2017; Sayed, 2019; Taylor and Braddock,
2008; Tee, 2016). In addition, some authors empha-
size the importance of other criteria, such as interna-
tional cooperation with university research networks,
involving foreign teachers and students, increasing
international citation (Avralev and Efimova, 2013;
Chládková et al., 2021; Deem et al., 2008), qual-
ity of pedagogical staff (Chládková et al., 2021), so-
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cial and environmental responsibility (Lukman et al.,
2010), digitization of all university functioning pro-
cesses (Kucherova et al., 2021; Lukianenko et al.,
2020; Sannikova et al., 2021), expenditure on higher
education per student (Satsyk, 2014), employability
of graduates (Jurášková et al., 2015b,a). The im-
portance of cooperation with business to improve the
competencies and employability of students and, as
a result, the competitiveness of the university, is em-
phasized in the papers (Jurášková et al., 2015b; Lukia-
nenko et al., 2020; Stoimenova, 2019; Teixeira et al.,
2020).

As can be seen from the above review, all these
works are aimed either at the analysis and criticism of
known rating systems, or at the study of factors that
affect the competitiveness of universities, or, at most,
at the creation of own methods for calculating univer-
sity ratings, which are based on the simplest statistical
methods.

There are works in which advanced artificial intel-
ligence technologies are used to analyze and rank uni-
versities according to certain areas of activity. For ex-
ample, in (Kucherova et al., 2021) developed a fuzzy
logic model for assessment and ranking of universi-
ties’ websites by criterion of usability.

However, the analysis of developments in this di-
rection did not allow to identify studies on the mod-
eling of university competitiveness based on cutting-
edge artificial intelligence technologies, moreover,
which would not be based in the rating on the expertly
set weights of the evaluation criteria.

2 MODELING METHOD

Solving the task of evaluating the international com-
petitiveness of universities is associated with a num-
ber of specific problems, because competitiveness
does not have generally accepted evaluation indica-
tor, units or measurement scales. This is a subjec-
tive category that depends on many factors affecting
it. Moreover, the set of these factors and the degree
of influence of each of them are also not determined
by any objective circumstances and can be chosen by
analysts and researchers depending on their own un-
derstanding of the essence of the category “competi-
tiveness of universities”, the development of the ed-
ucational process, their own priorities, etc. All this
imposes a significant imprint of subjectivism on the
formation of methods of their evaluation.

It is possible to reduce the dependence on the sub-
jective opinions of individual experts with the use of
special modeling methods capable of revealing regu-
larities in the structure of an array of heterogeneous

data, when there are no predetermined values of the
resulting indicator, such as for the international com-
petitiveness of universities.

Under such conditions, the clustering approach is
the most appropriate means of searching for hidden
regularities in sets of explanatory variables. The main
feature of this approach is that with its application,
objects that belong to one cluster are more similar to
each other than to objects that are included in other
clusters. As a result, it becomes possible to form
fairly homogeneous groups of researched objects that
are characterized by similar properties.

There is a wide range of cluster analysis methods:
K-means (Hartigan and Wong, 1979), K-medoids
(Kaufman and Rousseeuw, 1990), Principal Com-
ponent Analysis (Jolliffe, 2002), Spectral Clustering
(Von Luxburg, 2007), Dendrogram Method (Sokal
and Rohlf, 1962), Dendrite Method (Caliński and
Harabasz, 1974), Self-Organizing Maps – SOM (Ko-
honen, 1982, 2001), Density-Based Spatial Cluster-
ing of Applications with Noise – DBSCAN (Schubert
et al., 2017), Hierarchical DBSCAN – HDBSCAN
(Campello et al., 2013), Ordering Points to Identify
the Clustering Structure – OPTICS (Ankerst et al.,
1999), Uniform Manifold Approximation and Projec-
tion – UMAP (McInnes and Healy, 2018), Balanced
Iterative Reducing and Clustering Using Hierarchies
– BIRCH (Zhang et al., 1996), etc.

Each of these methods has its advantages and ar-
eas of application and tasks, where it reveals itself
in the best way. Experimental studies on compara-
tive analysis of the effectiveness of various cluster-
ing methods are described, in particular, in scientific
works (Kobets and Novak, 2021; Kobets and Yat-
senko, 2019; Subasi, 2020; Velykoivanenko and Ko-
rchynskyi, 2022).

Taking into account the capabilities of each of the
mentioned methods and the specifics of this study,
the Kohonen self-organizing maps toolkit was used
to cluster countries by the level of competitiveness of
universities, which, in addition to forming homoge-
neous groups of researched objects, provide a con-
venient tool for visual analysis of clustering results.
In particular, in contrast to other clustering methods,
the location of an object on the Kohonen map im-
mediately indicates to the analyst how developed the
investigated property is compared to others, because
the best and worst objects according to the analyzed
indicator are located in opposite corners of the self-
organizing map.

The result of constructing the Kohonen map is
a visual representation of a two-dimensional lattice
of neurons that reflect the organizational structure of
the countries of the world, forming clusters in which
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countries are similar to each other according to the
group of indicators of evaluating the competitiveness
of universities (figure 1).

The Kohonen self-organizing algorithm is a clus-
tering method that reduces the dimension of multidi-
mensional data vectors. It can be used to visualize
clusters and to detect nonlinear patterns in input data
structures. The main feature of such neural networks
is unsupervised learning, when information about the
desired network response is not needed to correctly
set the parameters. In this study, self-organizing maps
are used to summarize a complex set of data and clus-
tering of countries by indicators that have the greatest
impact on the international competitiveness of univer-
sities.

Thus, each neuron of the Kohonen layer receives
information about the research object in the form of a
vector x, which consists of n explanatory variables (in
our case, these are the characteristics that determine
the competitiveness of universities). When a new data
vector arrives at the input layer of the network, all
neurons of the self-organization map participate in the
competition to be the winner. As a result of such a
competition, the winner is the neuron

o = argmin
{∥∥x−w j∥∥} (1)

that is more similar to the input data vector than oth-
ers, usually by Euclidean distance:

∥∥x−w j∥∥=
√

n

∑
i=1

(
xi−w j

i

)2
, j = 1,K (2)

where x is a vector of input data consisting of indi-
cators {x1, . . . ,xi, . . . ,xn} that describe the objects un-
der study; x j is the vector of parameters of jth neu-
ron of the Kohonen map, which consists of elements
{w j

1, . . . ,w
j
i , . . . ,w

j
n}; K is the number of neurons of

the Kohonen map.
After determining the neuron-winner, we adjust

the vector of its parameters and its neighbors accord-
ing to the input vector:

w j(t +1) = w j(t)+

α(t) ·ho j(t) ·
[
x(t)−w j(t)

]
, j = 1,K (3)

where α(t) is the rate of learning (0 < α(t) ≤ 1),
which decreases with each learning epoch t; ho j(t) is
the strength of mutual influence for any pair of neu-
rons o and j, determined as a function (usually Gaus-
sian) of the distance between them on the map topol-
ogy:

ho j(t) = exp
[
−∥ro− r j∥2

2 ·σ2(t)

]
(4)

where ro, r j are the two-dimensional vectors of coor-
dinates of geometric location of the neuron-winner o

and the jth neuron on the map; σ(t) is the effective
width of the topological neighborhood (a specially
chosen function of time that monotonically decreases
in the learning process).

In the process of self-organization of the Kohonen
map, the topological neighborhood narrows. This is
caused by a gradual decrease in the width of the func-
tion σ(t). The neuron-winner is located in the center
of the topological neighborhood. It affects neighbor-
ing neurons, but this effect decreases with increasing
distance to them according to (4). As a result, closely
located map nodes acquire similar characteristics.

The result of the learning process will be the
tuning of parameters of the Kohonen layer neurons,
which will correspond to different examples from the
training set. Thus, the self-organization of the struc-
ture of the Kohonen map is carried out, which ac-
quires the ability to combine multidimensional data
vectors in a cluster by identifying similar statisti-
cal characteristics in them. As a result, the ini-
tial high-dimensional space is projected onto a two-
dimensional map. Since self-organization maps are
characterized by the generalization property, they can
recognize input examples on which they have not pre-
viously been tuned – the new input data vector corre-
sponds to the map element to which it is mapped.

3 COLLECTION OF DATA FOR
MODELING

In order to correctly identify regularities in the de-
velopment of the scientific and educational sphere, it
is necessary to select the key properties that charac-
terize the processes under study, taking into account
the task. That is, it is necessary not only to choose
the maximum possible set of characteristics of the ob-
jects of study, but to form a set of those features that
describe the most significant aspects of activity in the
context of the analysis. In this case, the selected fea-
tures will make it possible to group the studied ob-
jects or processes according to their similarity. That
is, if the task of analyzing the competitiveness of uni-
versities is being solved, then it is necessary to deter-
mine a set of characteristics of countries that will in-
fluence this indicator. And as a result of clustering the
countries of the world according to these characteris-
tics, we will get a number of clusters, each of which
will group countries with a similar level of interna-
tional competitiveness of universities (since they will
have fairly close values of the characteristics that de-
termine this competitiveness).

Therefore, we will conduct an analysis of publicly
available databases that contain information on indi-
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universities according to certain areas of activity. For 

example, in (Kucherova et al., 2021) developed a fuzzy 

logic model for assessment and ranking of universities' 

websites by criterion of usability. 

However, the analysis of developments in this 

direction did not allow to identify studies on the 

modeling of university competitiveness based on cutting-

edge artificial intelligence technologies, moreover, 

which would not be based in the rating on the expertly set 

weights of the evaluation criteria. 

 

2 MODELING METHOD 

Solving the task of evaluating the international 

competitiveness of universities is associated with a 

number of specific problems, because competitiveness 

does not have generally accepted evaluation indicator, 

units or measurement scales. This is a subjective category 

that depends on many factors affecting it. Moreover, the 

set of these factors and the degree of influence of each of 

them are also not determined by any objective 

circumstances and can be chosen by analysts and 

researchers depending on their own understanding of the 

essence of the category “competitiveness of 

universities”, the development of the educational 

process, their own priorities, etc. All this imposes a 

significant imprint of subjectivism on the formation of 

methods of their evaluation. 

It is possible to reduce the dependence on the 

subjective opinions of individual experts with the use of 

special modeling methods capable of revealing 

regularities in the structure of an array of heterogeneous 

data, when there are no predetermined values of the 

resulting indicator, such as for the international 

competitiveness of universities. 

Under such conditions, the clustering approach is the 

most appropriate means of searching for hidden 

regularities in sets of explanatory variables. The main 

feature of this approach is that with its application, 

objects that belong to one cluster are more similar to each 

other than to objects that are included in other clusters. 

As a result, it becomes possible to form fairly 

homogeneous groups of researched objects that are 

characterized by similar properties. 

There is a wide range of cluster analysis methods: K-

means (Hartigan and Wong, 1979), K-medoids 

(Kaufman and Rousseeuw, 1990), Principal Component 

Analysis (Jolliffe, 2002), Spectral Clustering (Von 

Luxburg, 2007), Dendrogram Method (Sokal and Rohlf, 

1962), Dendrite Method (Caliński and Harabasz, 1974), 

Self-Organizing Maps – SOM (Kohonen, 1982; 

Kohonen, 2001), Density-Based Spatial Clustering of 

Applications with Noise – DBSCAN (Schubert et al., 

2017), Hierarchical DBSCAN – HDBSCAN (Campello 

et al., 2013), Ordering Points to Identify the Clustering 

Structure – OPTICS (Ankerst et al., 1999), Uniform 

Manifold Approximation and Projection – UMAP 

(McInnes and Healy, 2018), Balanced Iterative Reducing 

and Clustering Using Hierarchies – BIRCH (Zhang et al., 

1996), etc.  

Each of these methods has its advantages and areas of 

application and tasks, where it reveals itself in the best 

way. Experimental studies on comparative analysis of the 

effectiveness of various clustering methods are 

described, in particular, in scientific works (Kobets and 

Novak, 2021; Kobets and Yatsenko, 2019; Subasi, 2020; 

Velykoivanenko and Korchynskyi, 2022). 

Taking into account the capabilities of each of the 

mentioned methods and the specifics of this study, the 

Kohonen self-organizing maps toolkit was used to cluster 

countries by the level of competitiveness of universities, 

which, in addition to forming homogeneous groups of 

researched objects, provide a convenient tool for visual 

analysis of clustering results. In particular, in contrast to 

other clustering methods, the location of an object on the 

Kohonen map immediately indicates to the analyst how 

developed the investigated property is compared to 

others, because the best and worst objects according to 

the analyzed indicator are located in opposite corners of 

the self-organizing map. 

The result of constructing the Kohonen map is a 

visual representation of a two-dimensional lattice of 

neurons that reflect the organizational structure of the 

countries of the world, forming clusters in which 

countries are similar to each other according to the group 

of indicators of evaluating the competitiveness of 

universities (see figure 1).

 
Figure 1: Visual representation of clusters on the self-organizing map (Matviychuk et al., 2019). 

Neurons 

Kohonen layer (self-organizing map) Input layer 

Clusters 

Figure 1: Visual representation of clusters on the self-organizing map (Matviychuk et al., 2019).

cators that can influence the level of competitiveness
of universities.

Thus, the World Bank’s “World Development In-
dicators” database contains the ranking of the world’s
countries by the level of “Government expenditure on
education, total (% of GDP)” indicator (The World
Bank, 2022). The indicator is calculated annually
(for 266 countries) based on data from national statis-
tics and international organizations, including data
from the UN. Information on individual countries has
been available in this database since 1970, in the last
decade the data is presented quite fully, but only un-
til 2018 (later data by countries is much less). Other
indicators presented in this database are much poorer
and less related to higher education.

In the Human Development Reports of UNDP
(United Nations Development Programme, 2022)
there are data for 195 countries for 2021 according to
the indicators: “Human Development Index (HDI)”
(both in general and by male and female sexes, in ad-
dition, by this indicator also shows the dynamics and
increases in dynamics since 1990), “Government ex-
penditure on education, % of GDP”, “High-skill to
low-skill ratio”, “Research and development expendi-
ture, % of GDP” (during 2014-2018), “Ratio of edu-
cation and health expenditure to military expenditure”
(during 2010-2017), “Foreign direct investment, net
inflows, % of GDP”, “International student mobility,
% of total tertiary enrollment”, indicators of employ-
ment and unemployment both in general and among
young people, migrants, population by age group, etc.

The Global Competitiveness Index from the
World Economic Forum for 2019 (World Economic
Forum, 2019) can also be informative in assessing the

international competitiveness of the country’s univer-
sities. On this resource, this index is given for 141
countries. Later, in 2020, the Global Competitiveness
Index has been paused.

Another resource with information on competi-
tiveness is the annual reports of the European Com-
mission (European Commission, 2022), in particu-
lar in the areas of: “Competitiveness & Innovation”,
which contains separate reports and the following sec-
tions: “Global Innovation Index”, “Global Attractive-
ness Index”, “Global Talent Competitiveness Index”,
“Elcano Global Presence Index”, “Innovation Output
Indicator”; “Learning & Research”, which presents
reports: “European Skills Index”, “European Lifelong
Learning Indicators (ELLI-Index)”, “Higher Educa-
tion Rankings”, “Composite Learning Index”.

The work “Global Talent Competitiveness Index:
2019” (Lanvin and Monteiro, 2019) contains inte-
grated assessments and ranking places of countries for
a number of top-level indices, as well as for basic in-
dicators.

To assess the competitiveness of world universi-
ties, the resource (UNIVERSITAS 21, 2021) can be
useful, which provides fairly detailed country-level
aggregated information on the research and educa-
tional activities of universities in 50 countries for
2020. Here are the indicators grouped into four gen-
eralized categories – “Resources”, “Environment”,
“Connectivity”, “Output”. Each of these categories
consists of a set of basic indices, all of which are listed
in the header of the table 1.

In addition, we add to the database the overall
competitiveness score and rank number in the general
list (these indicators will not be taken into account
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Table 1: Indicators of evaluation of international competitiveness of countries’ universities.
OVERALL
RANKING

RESOURCES
2020 SCORES

ENVIRONMENT
2020 SCORES

CONNECTIVITY
2020 SCORES

OUTPUT
2020 SCORES

Country R
an

k
20

20
R

an
k

20
19

Sc
or

e
20

20

Sc
or

e
20

19

G
ov

er
nm

en
te

xp
en

di
tu

re
on

te
rt

ia
ry

ed
uc

at
io

n
as

a
pe

rc
en

ta
ge

of
G

D
P

To
ta

le
xp

en
di

tu
re

on
te

rt
ia

ry
ed

uc
at

io
n

as
a

pe
rc

en
ta

ge
of

G
D

P

To
ta

le
xp

en
di

tu
re

pe
rs

tu
de

nt
U

SD
PP

P

E
xp

en
di

tu
re

in
te

rt
ia

ry
in

st
itu

tio
ns

fo
rR

&
D

as
a

pe
rc

en
to

fG
D

P
E

xp
en

di
tu

re
in

te
rt

ia
ry

in
st

itu
tio

ns
fo

rR
&

D
pe

rh
ea

d
of

po
pu

la
tio

n

Pr
op

or
tio

n
of

fe
m

al
e

st
ud

en
ts

Pr
op

or
tio

n
of

fe
m

al
e

ac
ad

em
ic

st
af

f

D
at

a
qu

al
ity

Q
ua

lit
at

iv
e

in
de

x
of

en
vi

ro
nm

en
t

W
E

F
Su

rv
ey

Pr
op

or
tio

n
of

in
te

rn
at

io
na

ls
tu

de
nt

s

Pr
op

or
tio

n
of

ar
tic

le
s

w
ith

in
te

rn
at

io
na

lc
ol

la
bo

ra
to

rs

W
eb

om
et

ri
cs

V
IS

IB
IL

IT
Y

in
de

x
di

vi
de

d
by

po
pu

la
tio

n

R
at

in
g

of
kn

ow
le

dg
e

tr
an

sf
er

be
tw

ee
n

un
iv

er
si

ty
an

d
co

m
pa

ni
es

Pe
rc

en
ta

ge
of

un
iv

er
si

ty
re

se
ar

ch
pu

bl
ic

at
io

ns
co

-a
ut

ho
re

d
w

ith
in

du
st

ry
To

ta
ln

um
be

ro
fd

oc
um

en
ts

pr
od

uc
ed

by
hi

gh
er

ed
uc

at
io

n
in

st
itu

tio
ns

To
ta

ld
oc

um
en

ts
pr

od
uc

ed
pe

rh
ea

d
of

po
pu

la
tio

n

A
ve

ra
ge

im
pa

ct
of

ar
tic

le
s

W
ei

gh
te

d
Sh

an
gh

ai
ra

nk
in

g
sc

or
es

fo
r

un
iv

er
si

tie
s

pe
rh

ea
d

of
po

pu
la

tio
n

Sh
an

gh
ai

sc
or

es
fo

rb
es

tt
hr

ee
un

iv
er

si
tie

s

Te
rt

ia
ry

en
ro

llm
en

tr
at

es

Pe
rc

en
ta

ge
of

po
pu

la
tio

n
ag

ed
24

-6
4

w
ith

a
te

rt
ia

ry
qu

al
ifi

ca
tio

n

N
um

be
ro

fr
es

ea
rc

he
rs

in
th

e
na

tio
n

pe
rh

ea
d

of
po

pu
la

tio
n

U
ne

m
pl

oy
m

en
tr

at
e

of
th

e
te

rt
ia

ry
ed

uc
at

ed
co

m
pa

re
d

w
ith

sc
ho

ol
le

av
er

s

Argentina 40 38 46 45,1 56,7 48,4 13,8 13,4 4,7 100 97,1 100 67,8 51,3 9,1 52,4 7 54,1 19,5 2,1 6,2 45,9 2,6 13,1 90 61,6 14,9 30,9
Australia 9 8 82,2 80,9 37,7 70,6 42,9 64 51,2 100 91,3 100 98,1 81,9 78,9 72,8 56 68,1 41,4 15,9 85,3 84,3 76,8 39,3 100 79 55 32,6
Austria 12 12 79,3 77,2 81,9 64,8 48,7 68,6 63,7 100 84,7 100 72 68,3 63,1 86,9 54 84,8 100 3,3 49,4 86 57 22 85,1 56,5 62,5 31,3
Belgium 13 13 75,6 73,6 63,8 55,4 48,3 53 45 100 97,1 100 75,8 82,2 31,8 89,3 28,4 82,5 78,8 4,8 56,6 94,2 51,4 31,4 79,7 70,2 59,9 39,1
Brazil 41 40 45,6 44,1 49,9 66,5 37,9 n.a. n.a. 100 91,4 88,6 63,8 41,8 0,9 43,8 6,9 40,3 26,2 11,6 7,5 45,3 3,8 21,2 51,3 31,8 10,7 39,7
Bulgaria 45 44 42,7 41,8 32,3 40,3 17,8 4,3 1,6 100 97,9 93,2 53,1 54,7 16,8 57,5 10,9 46 44,3 0,8 14,6 55,2 3,3 2,7 71,2 38,1 25,8 45,2
Canada 7 6 83,2 81,9 62,5 86,8 62,9 63,6 53 100 88,6 90,9 73,3 87,1 47,4 68,8 69,2 86,3 59 17,2 62,6 82 44 42,9 88,2 100 51,8 33,7
Chile 31 32 54,3 51,3 48,4 100 22,3 14,8 6 100 85,1 100 81,4 54,8 1,4 81,6 14,3 62,3 28,3 2,2 16,1 63,4 8,2 11,8 88,5 43,5 6,1 30,2
China 26 27 56,8 54,7 42,5 50,7 20 15 4,4 100 n.a. 88,6 76,6 73 1,3 34,1 8,4 65,9 32 70,7 6,8 59,3 7,5 39,6 49,1 16,7 15 n.a.
Croatia 43 43 43,6 42,1 49,9 36,8 18 24,9 11,2 100 97,8 93,2 47,3 47 1,6 58,3 11 35,5 50,8 0,9 30,4 52,9 17,2 8 66,5 39,2 22,6 31,2
Czech Rep. 29 26 54,8 55,2 36,3 35,1 26,6 34,4 22,2 100 76,9 100 69,3 61,1 46,1 62 29,3 53,6 55,7 2,9 37 62,8 22 14,7 64,1 41,9 44,7 40,4
Denmark 3 5 85,7 82,5 80,4 62,7 44,9 100 91,4 100 88,6 95,5 67,4 80,6 39,5 85,3 47,5 89,2 85,2 4,3 100 97,1 83,3 38,8 80,6 65,7 95,7 21
Finland 8 9 82,8 80,4 80,8 61,9 46,6 68,5 54,6 100 100 100 81,6 93,8 30 82,3 64,7 90 77 2,9 70,8 86 72,2 23,9 88,2 78,1 81,3 41,3
France 17 17 68,6 67,6 57 53,6 43 44,3 35 100 87,9 100 73,1 69,6 37,4 77,7 23,8 70,3 68,8 13,5 28,2 75,6 28,9 40,6 65,6 63,7 53,8 39,8
Germany 16 16 70,5 69,6 51,3 44,9 46,3 51,2 46 97 78,6 100 61,6 86,8 30,8 67,8 38,6 87,9 76 21 34,2 79,1 32,9 39,7 70,2 50,2 61 37
Greece 37 37 47,4 47 35,1 26 10,9 31,8 15,5 97,1 68,6 93,2 26,9 49,2 12,5 68,7 35,2 43,7 61,5 2,5 31,2 73,3 21 14,1 100 54,8 38,2 36
Hong Kong 14 15 72,7 70,2 50,1 55,6 64,7 39,8 43,3 100 n.a. 90,9 97,2 76,7 42 54,3 48,2 82,5 35,8 3,5 63,7 95,9 54,9 26,3 74,3 50,9 41,4 41,4
Hungary 33 35 51,3 48,5 34,7 39,7 30 17,6 8,8 100 80,5 100 51,6 47 36,6 70,9 22,1 58,6 82,8 1,6 22,3 69,2 14,4 10,7 48,5 43,4 35,4 54,6
India 49 49 39,6 38,8 54,8 59,1 13 2,4 0,3 96,2 81,2 90,9 58,1 74,6 0,5 27,2 0,9 57,8 19 14,9 1,5 47,1 0,6 12,5 27,4 18,3 2,6 12,6
Indonesia 50 50 35 33,5 25,7 25 7,9 4,6 1 100 86,2 100 64,7 71,6 0,3 23,6 4,4 72,5 31,4 3,1 1,6 45,3 0 0 36,4 20,5 2,6 26,4
Iran 47 48 42,2 39,2 50,2 51,9 15 n.a. n.a. 92,1 62,2 81,8 67 52,8 1,6 33,7 5,1 52,1 10,6 7,3 12 51,7 5 15,2 69,6 36,9 8,1 n.a.
Ireland 19 19 66 64,7 28,7 29,6 35,2 25,2 33,7 100 90 100 68,6 87,6 32,6 75,1 60,1 88,2 63 2,4 64,8 80,8 47,6 18,7 77,8 81,1 49,8 36,8
Israel 18 18 67,4 67,3 39,4 52,1 29,6 50,9 34,6 100 n.a. 95,5 73,3 74,9 10,6 66,3 34,6 91,1 49,5 3,2 48,5 77,9 51,5 30,6 63,4 88 100 34,6
Italy 30 30 54,5 53,4 28,6 33 30,8 32,1 22,5 100 74,2 100 63,8 60 19,5 62,9 18 60,5 54,2 15,7 34,9 77,3 29,4 24,6 61,9 33,4 27,8 35,6
Japan 20 20 61,9 61,7 21,2 51,2 51 37,6 28,9 95,4 56,8 100 83,2 70,8 15,7 39 18,9 57 78 17,2 18,4 50,6 14,5 42,9 63,6 89,7 64,3 34,5
Korea 24 23 58 57,4 32,7 64,4 27,8 37,7 25,7 83,4 70,2 100 58 56,3 8,3 37,9 14,8 62,6 61,4 12,4 32,3 56,4 24,1 24,8 94,3 84,7 91,1 25,2
Malaysia 27 28 56,1 54,5 56,5 75,1 39,4 48 22,9 100 100 95,5 78,6 83,7 29,6 59,5 7,5 79,4 16,3 3,6 15,1 55,8 5,8 14 43,7 37,7 28,6 21,6
Mexico 48 47 41,7 41,1 47,2 50,5 19,5 12,7 4,1 100 n.a. 95,5 82,4 48,5 2,1 53 3,8 52,9 19,5 3 3,2 42,4 0,8 11,1 40,2 31,1 3 20,7
Netherlands 10 10 81,6 80,2 59,8 62,7 51,8 58,3 54,3 100 91,7 100 79,3 88 40,4 82,5 47,5 96,7 85,4 9 70,7 97,7 59,4 37,5 85 66,2 60,7 34,7
New Zealand 14 14 72,7 71,5 44,1 64,5 39,7 33,6 21,4 100 99,7 100 89,7 86,5 72 77,3 55,8 76,1 46,4 2,2 59,5 79,1 64,6 18,4 82 67,9 49,1 33,9
Norway 11 11 80,5 77,8 89,9 70,7 58,4 68,8 74,8 100 92,6 100 66,9 85,9 11,6 80,8 58,9 81 61,8 3,1 78,2 87,2 63 28,1 82 75,3 78,5 32,2
Poland 32 31 52,6 52,2 48,4 43,9 23,8 33,3 17,2 100 90 100 81,9 58,3 15,1 42,3 17,3 60,4 32,3 6,4 22,8 58,1 7,3 14,1 67,8 53,4 30,6 49,1
Portugal 25 25 57,6 56,8 39,4 42,6 29,3 55,3 31 100 88,6 100 60,9 71,7 23,5 71,9 33,9 64,5 41,5 3,6 47,2 66,9 26,7 18,7 63,9 43,1 52 33,7
Romania 44 45 43 41,7 32,9 42,8 28,9 5,2 2,4 100 100 95,5 76 45,2 17,7 36,6 10,2 54 32,1 2,3 15,9 50,6 2,7 5,9 48,2 29,6 10,8 45,8
Russia 35 35 49,1 48,5 37,3 42,5 22,5 9,8 4,6 100 100 100 70,2 60,1 15 36,2 8,4 43,9 20,1 8,8 8,3 47,7 2,9 21,7 81,9 97,9 34,6 47,7
Saudi Arabia 22 22 59,3 59,3 100 77,7 53,1 n.a. n.a. 96,3 81,7 79,5 50,5 69,3 17,1 100 3,9 68,9 29,6 3,1 12,7 76,7 7,8 24,8 69,7 41,2 n.a. 9,4
Serbia 42 41 44,2 43,4 55,8 48,7 17,4 32,9 8,8 100 93,1 90,9 42,3 52,9 16,3 62,1 8,5 52,1 23,7 1,1 20,5 53,5 9,3 7,4 66,5 37,2 25,2 28,7
Singapore 4 7 84,5 81,3 50,1 53,7 100 63,4 100 100 74,1 95,5 82 94 100 87,7 36,7 91,7 38,6 2,8 66,5 94,8 41,4 26,5 84,8 86,5 81,6 30,6
Slovakia 38 33 47,2 49,6 35,8 37 30,3 21,2 11,9 100 91,5 100 64,2 44,8 25,3 57,7 16,8 35,6 64,4 1 24,2 63,4 4,7 2,9 46,6 42,5 33,9 46,4
Slovenia 28 29 55,4 53,6 44,5 38,3 29,9 20,3 12,6 100 85,1 100 63,7 65,3 14,3 71,1 25,1 63,1 53,6 0,7 48,8 67,4 31,4 7,4 78,6 56,1 54,2 35,9
SAR 34 34 49,7 48,7 37,4 49,9 28,9 26,2 6,1 100 n.a. 88,6 86,7 45,3 11,9 68,6 3,7 54,8 36,9 3,7 8,6 69,8 5,8 18,6 22,4 12,4 6 100
Spain 23 24 58,6 57,3 41,6 45,9 33,5 32 21,6 100 86,9 100 69,9 59,5 11,9 61,6 30,7 57 46,2 12,7 37 65,7 29,9 22 88,9 64,4 34,8 39,7
Sweden 5 4 84,3 82,9 71,2 59,7 64,6 83,2 73,7 100 89,7 100 75,2 76,9 24,8 86,8 59,6 83,1 86,2 6,3 83,5 89,5 82,5 38,8 67 74,7 92 24,4
Switzerland 2 2 90,1 88,6 64,9 51,7 75,4 88 97,6 99,4 71 100 69,5 100 65,2 91,3 79,7 100 76,9 5,8 91,7 100 100 44,2 59,6 75,6 63,7 30,4
Taiwan 21 21 60,5 60,5 33,5 51,8 32,8 29,3 26,2 100 72 93,2 86,9 72,3 16,2 45,4 44,3 80 38,3 5,1 29,1 55,2 20,3 19,7 84,5 84,5 76,1 25
Thailand 46 46 42,3 41,2 32,1 34,8 13,7 13,7 4,2 100 100 95,5 71,9 60,1 4,8 57,8 10,2 65,5 34,7 2,1 4,3 53,5 1,8 11,3 49,3 28,1 14,7 18,2
Turkey 39 42 46,3 43,3 71,1 70,5 27,9 31,5 14,8 92 88 100 44,9 51,3 5,5 30,6 7,6 57,4 16,6 7,2 11,9 44,2 4,1 11,2 94,7 35,9 16,8 23,2
Ukraine 36 38 47,8 45,1 76,4 63,9 10,8 3,2 0,5 100 n.a. 90,9 60,6 62,4 11,6 41,2 8 45,8 60,4 1,3 4,2 33,1 0 0 83,4 84,4 12 58,3
UK 6 3 83,6 84,5 28,2 64,7 63,1 38,8 29,7 100 89,5 100 89,5 75,5 65,8 72,1 63,7 82,1 68,9 31,1 63,1 86 58,1 73,7 60 79,1 53,1 34,4
USA 1 1 100 100 42,6 91,2 80,1 35,7 37,7 100 98,2 100 100 90,8 19 45 100 92,3 58,4 100 41,2 78,5 43,4 100 88,2 81,9 51,6 48,7
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Figure 2: Kohonen topological maps for all indicators of university competitiveness assessment.

when clustering countries, but will serve as a refer-
ence when analyzing clusters).

To carry out clustering based on Kohonen maps,
it is necessary to avoid gaps in the data. Since there
are only 50 countries in this database, moreover, the
scores for each individual indicator for different coun-
tries are quite close to each other, so we will not divide
countries into groups and replace the blanks with the
corresponding average values for all countries. This
will not lead to distortions of the clustering results,
since the percentage of gaps in this database is very
small.

4 MODELING THE UNIVERSITY
COMPETITIVENESS

The construction of Kohonen self-organizing maps in
our study was carried out using the analytical plat-
form Deductor Studio Academic. In the process of
constructing a map, the task of finding its optimal di-
mension (number of neurons) arises, which is imple-
mented experimentally on the basis of statistical data.
The dimension of the self-organizing map was chosen
from various options according to the mean weighted
quantization error criterion, which reflects the aver-

age distance between the data vector given to the map
inputs and neurons’ parameters.

A hexagonal lattice of neurons with dimensions of
8 by 8 was determined as the most adequate structure
of a self-organizing map for this task according to a
given set of indicators (table 1). Self-organization oc-
curs over 1500 learning epochs.The map parameters
are initialized with small random variables. Gaussian
(4) was chosen as a function of the neighborhood of
neurons. Since all indicators for assessing the com-
petitiveness of universities are already presented on
an identical scale from 0 to 100, none of them will
have a decisive influence on the clustering process.
Therefore, it was decided to build Kohonen maps on
the original data without processing them. As a re-
sult of the process of self-organization, the countries
from the table 1 were distributed among three clus-
ters, which can be seen in figure 2.

As can be seen from the topological maps for all
indicators in figure 2, for the vast majority of them
there is no clear demarcation of their levels between
clusters. That is, their low, medium and high values
are evenly distributed throughout the map, which, to-
gether with the low levels of significance of many in-
dicators (figure 3), does not contribute to the quality
of the countries segmentation process.
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Proportion of articles 
with international 
collaborators 
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university competitiveness evaluation indicators 

remained. For example, for all clustering options, 

Bulgaria, South Africa, Poland, the Russian Federation, 

Romania, Slovakia, Hungary, and Croatia were located 

next to Ukraine on Kohonen map, but the United States 

was also a neighbor in this cluster. Of course, such 

segmentation of countries cannot be considered 

acceptable. 

Therefore, it was decided to apply z-score 

standardization to process the initial values of the 

variables. As a result of forming a map on the full set of 

standardized explanatory variables, 5 clusters were 

obtained (see figure 4). 

Figure 3: Levels of significance of a number of indicators for evaluating the competitiveness of universities.

Given the low significance of a large number of
indicators selected for the study, a series of experi-
ments was conducted on the construction of Koho-
nen maps on different sets of input variables, when
various combinations of the least influential factors
were alternately removed. However, each time the
same low quality of the distribution of countries by
the levels of university competitiveness evaluation in-
dicators remained. For example, for all clustering
options, Bulgaria, South Africa, Poland, the Russian
Federation, Romania, Slovakia, Hungary, and Croatia
were located next to Ukraine on Kohonen map, but
the United States was also a neighbor in this cluster.
Of course, such segmentation of countries cannot be
considered acceptable.

Therefore, it was decided to apply z-score stan-
dardization to process the initial values of the vari-
ables. As a result of forming a map on the full set

of standardized explanatory variables, 5 clusters were
obtained (figure 4).

Figure 4 shows that the levels of indicators change
when crossing from cluster to cluster, which indi-
cates a successful delimitation of countries based on
a given set of explanatory variables. Ukraine got to
the upper right corner of the Kohonen map next to
Argentina, Bulgaria, Poland, the Russian Federation,
Serbia, Turkey, Croatia, and Chile. Somewhat lower
in the same cluster were Brazil, India, Indonesia, Iran,
China, Malaysia, Mexico, South Africa, Romania,
Slovakia, and Thailand.

Austria, Denmark, the Netherlands, Norway, Sin-
gapore, Finland, Switzerland, Sweden are located in
the opposite corner of the map from Ukraine (bottom
left). The United States and Great Britain were lo-
cated in the upper left corner of the map. They are
surrounded by Australia, Hong Kong, Israel, Canada,
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Figure 4: Kohonen topological maps according to the normalized indicators of university competitiveness assessment.

and Taiwan.
It should be noted that since, in accordance with

the given task, polar objects are located on the Ko-
honen map in opposite corners, this self-organization
of countries indicates that the competitiveness of
Ukrainian universities is currently quite far from the
competitiveness of universities in developed coun-
tries.

The analysis of the characteristics of the univer-
sities of the countries of the most developed cluster
makes it possible to determine the priority areas of de-
velopment and tasks that must be solved in order to in-
crease the international competitiveness of Ukrainian
universities.

Research and generalization of traditional, en-
trepreneurial, innovative and creative models of uni-
versities, their selection depending on objective en-
dogenous and exogenous conditions and imperatives
of the development of Ukrainian higher education
made it possible to substantiate the most adaptive
competitive model of the university, which is shown
in figure 5.

Critically important in the proposed model is the
development of strategic partnership in the triangle
“science – business – education”, public-private part-
nership and consolidated social responsibility.

` 

 

Figure 5: Competitive model of the university. 
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new challenges for state authorities in the field of 
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efficiency of the university management process in 

modern globalization conditions, the tasks of assessing 

its international competitiveness arise. 

In today’s world, the ways of innovative behavior of 
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take into account the need to act in conditions of political, 

market and social turbulence, which necessitates the 

constant generation of non-standard ideas, strategic 

concepts, models and behaviors. 

This research is aimed at developing a new 

methodological approach to the study of such a poorly 

formalized indicator as the competitiveness of 

universities. Since competitiveness does not have 

generally accepted evaluation indicator, units or 

measurement scales, etc., it was decided to apply the 

clustering approach for searching of hidden regularities 

in the set of explanatory variables. 

Accordingly, the article carried out a thorough 

analysis of existing approaches to evaluating the 

competitiveness of universities and identified unresolved 

problems in this sphere. In addition, various methods of 

clustering, their advantages and features were analyzed, 

and the most appropriate method for solving the problem 

was chosen. 

The use of the Kohonen self-organizing map toolkit 

was justified, which, in addition to forming 

homogeneous groups of researched objects, provide a 

convenient tool for visual analysis of clustering results. 

In addition, the methodology of self-organizing maps 

provides an analytical tool for searching the indicators 

which are lagging the most, so that management actions 

can be focused on increasing the competitiveness of 

Ukrainian universities in the global market of educational 
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As a result of the conducted research, a competitive 

model of the university was formed during the analysis 

of the competitive advantages of the universities of the 
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5 CONCLUSIONS

The global transformation of university education
raises new challenges for state authorities in the field
of education and university administrations to ensure
their competitiveness in the international market of
educational services. In the context of increasing the

Modelling the Design of University Competitiveness

211



efficiency of the university management process in
modern globalization conditions, the tasks of assess-
ing its international competitiveness arise.

In today’s world, the ways of innovative behavior
of corporations, universities and other organizations
must take into account the need to act in conditions of
political, market and social turbulence, which neces-
sitates the constant generation of non-standard ideas,
strategic concepts, models and behaviors.

This research is aimed at developing a new
methodological approach to the study of such a poorly
formalized indicator as the competitiveness of univer-
sities. Since competitiveness does not have generally
accepted evaluation indicator, units or measurement
scales, etc., it was decided to apply the clustering ap-
proach for searching of hidden regularities in the set
of explanatory variables.

Accordingly, the article carried out a thorough
analysis of existing approaches to evaluating the com-
petitiveness of universities and identified unresolved
problems in this sphere. In addition, various methods
of clustering, their advantages and features were an-
alyzed, and the most appropriate method for solving
the problem was chosen.

The use of the Kohonen self-organizing map
toolkit was justified, which, in addition to forming
homogeneous groups of researched objects, provide
a convenient tool for visual analysis of clustering re-
sults.

In addition, the methodology of self-organizing
maps provides an analytical tool for searching the in-
dicators which are lagging the most, so that manage-
ment actions can be focused on increasing the com-
petitiveness of Ukrainian universities in the global
market of educational services.

As a result of the conducted research, a compet-
itive model of the university was formed during the
analysis of the competitive advantages of the universi-
ties of the countries included in the most competitive
cluster.
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