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INTRODUCTION

The current state of development of the education market and the market of
consumer preferences for higher education requires universities to promptly take into
account changes and new trends in the labor market, which largely depends on the
ability and ability of HEI to make decisions in a changing environment. With HEI
completely dependent on state regulatory action, it is impossible to use the
opportunities associated with market mechanisms, it is impossible to be flexible and
adaptable to changes in the educational environment. In this regard, in recent years, the
problem of finding the optimal ratio of government regulation and market mechanisms
in the practice of higher education institutions has become acute.

On the one hand, market mechanisms help to increase the competitiveness of
higher education institutions and strengthen their relationships with employers (in
funding, joint programs, curriculum adjustments, student internships, internships, joint
research, innovation), development of regional clusters, etc. On the other hand,
reducing the level of state influence in such a strategically important area as education
can have irreversible consequences for the country as a whole: an imbalance between
the markets of educational services and labor, shifting the focus from basic to applied
research, reducing the quality of educational services.

In addition, in the context of globalization, consumers of educational services
have long ceased to be limited to the national higher education system. Today, they
strive to enter the best educational institutions in the world, not limited to their country,
focusing only on the quality of education. In this regard, Ukrainian HEIs must be
competitive not only in the national market of educational services, but also offer a
quality, attractive to foreign consumers educational and scientific product.

The competitiveness of HEI, first of all, requires a significant improvement in
the quality of education based on an innovative search for effective ways, modern tools,
instruments and forms of learning. Modernization requires not only the training
process, but also the management system of HEI, the system of financing its
educational and research activities, forms of interaction with employers and
international partners. In turn, the above forms the basis for the emergence of an
innovative university on the basis of quality education and anti-corruption, which
operates in the new realities of the information society - cyber threats and attacks on
educational corporate systems.
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The need to transform a traditional university into an innovative-active
(entrepreneurial) one arose due to the emergence of the XX century. global trend of
reducing funding for universities from public sources, increasing competition in the
international educational space and changing the global paradigm to the place of
education in the social and economic development of society and civilization. Modern
universities, in order to meet the requirements of the time, must perform not only the
classical functions (education, research, education), but also acquire new features -
innovation and entrepreneurship. Innovative development is an integral part of meeting
a wide range of national interests of the state.

Today in Ukraine there is a radical modernization of the higher education
system, which affects not only the quantitative characteristics of the presence of HEI
in its structure, but also covers qualitative transformations. That is, an environment is
gradually being formed for the transformation of traditional universities into
innovative-active ones. The latter, along with training and research, acquire a third
function - entrepreneurial, associated with the commercialization of research results. It
is the innovative-active (entrepreneurial) nature of the university's activity that allows
to create a new balance between science, education and innovative technologies in
business and society.

Ukraine is on the initial path of forming innovative universities. To implement
the concept of innovative-active university in the country is widely used foreign
experience in the creation and development of universities of this type, approaches and
means of their adaptation in higher education and society. Thus, the dominants of the
innovative-active university, aimed at the current and long-term perspective are:

science as a tool for generating new knowledge on the basis of integration with
the external environment, primarily with high-tech enterprises;

education as a way to bring knowledge to people, the formation of the
intellectual potential of society;

interaction with industry, government, society as a means of concerted efforts
to ensure the stable development of the nation and civilization.

Thus, the innovative-active university in modern society is one of the main
market participants, which teaches, conducts research, patents and sells its intellectual
property.

The novelty of the idea and working hypotheses of the study is contained in the
author's understanding of innovative-active university as a rational symbiosis of efforts
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of the state and the individual university on the basis of autonomy of its activities in
the scientific and educational space. An innovative type of university is not only an
educational institution, but also a center of research and expert activity, capable of
creating new knowledge and implementing it in the economic and social environment.
Based on this, the definition of external and internal factors influencing the quality of
HEI, development on this basis of conceptual foundations, structural and functional
model, organizational and methodological, information and analytical management of
innovative HEI development, ensuring timely response to cyber threats, effective
operation of subsystems corporate research and education system and the creation of
an information basis for combating corruption schemes are priority areas for the
development of each HEI.

Author's composition: Ponomarenko V. (edition, 1.1, 1.2, 4.1), Rayevnyeva O.
(edition, introduction, 1.3, 4.2, 4.3), Yermachenko V. (edition, 2.3, 2,4), Yevseiev S.
(6.1, 6.2), Poliakova H. (Chapter 5), Milov O. (1.4, 6.4), Labunska S. (2.1., 2.2),
Aksonova l. (3.1, 3.2), Brovko O. (3.3, 3.4.), Shmatko O. (6.4, 6.5).

The author's team expresses deep gratitude to the reviewers of the work,
Opirskyy Ivan, Professor, Doctor of Technical Science, Lviv Polytechnic National
University (Ukraine), Ryabova Zoya, Professor, Doctor Of Pedagogical Sciences,
State Institution of Higher Education University of Educational Management National
Academy of Educational Sciences of Ukraine (Ukraine), Yelnykova Halyna, Professor,
Doctor Of Pedagogical Sciences, Ukrainian Engineering Pedagogics Academy
(Ukraine).



CHAPTER 1. CHALLENGES AND LIMITATIONS OF THE CURRENT
STAGE OF HIGHER EDUCATION SYSTEM DEVELOPMENT

1.1. Current trends in the development of higher education

The sphere of education is the most dynamic component which is, due to the
growing interest of the population in higher education, increasing its prestige, and the
growing demand for highly qualified specialists due to the development of market
relations. From a translator of knowledge and a generator of specific skills and abilities,
it becomes a direct producer of knowledge and an active participant in the process of
their transformation into new products, technologies and services. The state policy of
the country has a significant impact on the intensification of the acquisition of
fundamentally personal knowledge.

In Ukraine, there was formed the legal support of the functioning of education
system, all its levels and subsystems, the activities of educational institutions of
different types and forms of ownership, the organization of various forms of education.
Legal aspects of higher education are based on the Constitution of Ukraine, taking into
account the Joint Declaration of the European Ministers of Education "European
Higher Education Area" and embodied in the National Doctrine of Education
Development, the Law of Ukraine "On Higher Education”, the National Strategy for
the Development of Education in Ukraine until 2021, the Order of the Cabinet of
Ministers "On approval of the action plan for the development of higher education for
the period up to 2015."

In most countries of the world, the modernization of education is a priority that
ensures the socio-economic, political and scientific development of society.
Modernization of the education system is a tool for forming a personality that can
quickly adapt to today's dynamic environment and be competitive in the labour market.
Current trends have led to the further choice of the vector of development of domestic
higher education in the direction of building its content in accordance with the world and
European standards and affect the quality and process of university education and require
to begin the process of restructuring the entire education system. The following main
trends in the development of higher education can be identified [52, 278, 41] (Table 1.1).



9

Table 1.1
Current trends in higher education

Trend

Characteristic

1

2

The transition
from mass to
universalization

Universalization involves the adaptation of the entire population to rapid social
and technological change. Higher education that meets the requirements of the
time should not only prepare the individual for the future profession, but also
teach basic analytical skills and critical thinking, develop self-learning skills,
the ability to find and filter the necessary information, resist stereotypes and
ideological constructs. In most OECD countries, the percentage of the adult
population with higher education has long exceeded 50%, indicating a transition
from the mass to the universal stage (the average for OECD countries is 70%).
However, educational policies, which is aimed at restricting rather than
expanding access to higher education, can quickly change the situation

Development of
open online
courses and
MOOC-
platforms

Since 2012, the number of online platforms (MOOC - massive open online
lines) and the number of their users has been steadily growing. The world's most
famous platforms are Coursera, edX and Udacity. According to the NMC
report, today one in ten US students study exclusively through online courses
and the demand for such available teaching methods is growing [150]. A
separate trend is the desire of universities to establish a relationship between
full-time and online learning, i.e. to teach students in a mixed form. MOOC
implementations provide high quality, which is achieved through technology,
design and the level of teachers of online courses. MOOC has many advantages
over standard teaching: accessibility from anywhere in the world,
communication with teachers and other students in forums, the development of
self-organization, independent choice of study time, free training, etc. The
presence of MOOC enhances the image of the educational institution and has
great potential in updating traditional methods, tools and forms of organization
of the educational process.

Autonomy  of

Autonomy is one of the three basic principles of the European universities,
enshrined in the Grand Charter of Universities. According to the decision of the
Lisbon Declaration of 2007, there are four components of institutional
autonomy: academic (addressing the formation of curricula and teaching
methods, areas, scales and methods of research, the number of students in
certain specialties, etc.); financial (solving issues related to the receipt and
distribution of budget funding, determining the amount of tuition fees, use of
profits, etc.); organizational and personnel (determination of issues related to
recruitment, remuneration and career growth of staff). The analysis of the
European and world experience in the formation of autonomy in higher
education in developed countries showed that it was identified by two main
trends: centralization of management and diversification of types of HEI and
their curricula, accompanied by decentralization of management at regional and
municipal levels

universities
Sources of
funding for

higher education

Funding for higher education has been provided in various countries around the
world. In some countries, public funding has historically predominated
(particularly in the EU), while in others, such as the United States and South
Korea, private and corporate funding has been more prevalent. The ratio of
expenditures on education is due to the peculiarities of the socio-economic
situation in the country. In the last 10 years, there has been a tendency to
diversify sources of education funding and the position of top universities on
independence from public funding. However, in the context of Covid-19, the
need for government support has deepened.
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Continued of the table 1.1

1

2

Continuous
learning

With the automation of production and robotics, working places disappear,
which will lead to the release of specialists. This creates new challenges for the
retraining system. The result is the concept of lifelong learning for adults
("lifelong learning™). According to this concept, every person who is interested
in maintaining their level of professional competence in the labour market
should constantly improve their professional skills, or undergo professional
retraining. The development of a knowledge-intensive society and ensuring a
competitive economy requires constant updating of knowledge, training,
expanding opportunities for professional development

An effective
balance between
niche learning
and micro-
credentialism

Employers value more specialized knowledge and skills certified by various
professional standards (e.g., CFA, CIMA, ACCA, etc.) than a diploma in a
particular field of knowledge. Maintaining a balance between the possibility of
obtaining a traditional academic degree, which requires research in a number of
different subjects, and micro-credentialism to create an environment that
focuses on performing specific functions in specific fields. This provides
specialized skills with a broad outlook.

Individualizatio
n of learning

Creating new criteria for assessing students and focusing on the individuality of
each student provides an opportunity to see a clearer picture of what students
need to know to gain skills and competencies. For this purpose, adaptive
learning technologies are used - educational programs and platforms that take
into account the individual needs of students [133].

The most popular skills of the future will be vocational and technical skills,
creative skills and critical thinking skills of students. Developing criteria for
assessing such skills is a priority for universities. This approach aims to
motivate students to continuous self-study not only during university studies,
but also throughout life.

Priority of
training and case
studies

Teachers should use a variety of teaching methods and approaches that allow
students to be active participants with strong motivation and involvement in
their own learning. Information and computer technologies (ICT) create
preconditions for the use of new approaches and methods for the
implementation of active learning with the use of trainings, cases, simulation in
learning, which will provide the opportunity to acquire the necessary skills and
use them most effectively in professional work.

Mentoring
(mentoring)

The main tasks for teachers will be to find an individual approach to each student,
motivation for further development and success. Teachers must become trained
mentors, coaches, and leaders in both teaching and student support.

To do this, teachers will need to develop their own skills: interpersonal
communication, conflict management, stress and time management, as well as
continuous professional development - daily viewing of specialized publications,
regular online courses, participation in training programs. It is necessary to move
from standard lectures, memorization of material, examinations, but to pay
attention to the acquisition of valuable skills and adapt to current market
conditions and requirements of student clients [207]

Practice-
oriented,
learning

dual

This method of teaching and learning allows students to combine higher education
with practical work. Students are provided with real working conditions in which
they can gain the practical and social skills necessary for successful work.

The main features of practice-oriented professional training are the creation of an
environment that stimulates the formation of students' motivated need to acquire
professional competencies; introduction of practice-oriented
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The end of the table 1.1

1 2
technology of professional training, which provides the formation of personal
qualities, as well as experience in performing professional duties; organization
of practical training of students; development and implementation of innovative
forms of student employment in order to solve real professional, scientific-
practical and research-production works

Academic The internationalization of higher education means measures to strengthen and
mobility and promote the creation of an international academic community that will prepare
internationalizati | students for life in a globalized environment [150]. Internationalization in the
on field of higher education includes the following forms of mutual cooperation:

individual mobility, mobility of students or faculty for educational purposes;
mobility of educational programs and institutional mobility; formation of new
international standards of educational programs; integration into curricula of
international dimension and educational standards; institutional partnership;
creation of strategic educational alliances [248]

The strategic task of higher education in Ukraine is the need to significantly
update the content of education, teaching quality, search and application of the latest,
innovative forms and methods of teaching in order to ensure high quality competencies
of modern specialists. However, the process of integration should take into account the
peculiarities of national educational and cultural identity and should not be accompanied
by the leveling of its own national educational system, which has accumulated
significant achievements of domestic and world science.

High competition for resources between higher education institutions, including
human ones, has led to the need to develop appropriate comparison tools. Ratings have
become one of such tools. Updating the world rankings of national education systems
and individual educational institutions is associated with the processes of globalization
and increasing competition in the field of education in the world. If the national
education system or educational institution falls into the world ranking of leading
places, it significantly increases its attractiveness not only for applicants but also for
employers, investors, and provides additional government subsidies.

The existence of a single world educational space, increasing competition
between higher education systems and individual universities, due to the processes of
progressive globalization, justify the need for international comparisons based on the
ratings of national education systems and individual educational institutions. Obtaining
by the latter a high position in the world rankings significantly increases the
attractiveness of higher education system or a specific HEI not only for international
and national applicants, employers, investors, but also provides additional state
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subsidies.

Today, there are more than 50 national and more than 10 international ratings to
assess the activity of HEI. The purpose of the ratings is to determine the best HEI in
the world and evaluate their activities, but each rating involves the use of certain
indicators to determine the competitive potential of HEl. Among the ratings recognized
in the world educational space, influential international rankings include ARWU
(Academic Ranking of World Universities), QS World University Rankings and THE
Times (Times Higher Education World University Rankings).

It should also be noted the effectiveness and significance of the existence of
such international ratings as: webometrics ranking "Webometrics" (Webometrics
Ranking of World Universities), webometric ranking of the world universities "4ICU"
(4 International Colleges & Universities), ranking of universities by academic
indicators "URAP" (University Ranking by Academic Performance), CWUR (Centre
for World Universities Rankings), U-Multirank, Europe's best Scimago Institutions
(Scimago Institutions Rankings), Clarivate Analytics, Europe's most innovative
university etc.

Historically, Ukraine has had high ranking positions in the field of education,
but, unfortunately, in recent years there has been a negative trend towards their loss.
For example, as of 2018, in the Global Competitiveness Rating (GCI) [253], Ukraine
ranked 85th among 141 countries and 44th in terms of Skills. For comparison, Ukraine
is in the top twenty of the GCI ranking in the sub-index of higher and secondary
education, but since 2018 this indicator is excluded from the ranking and focuses on
quality indicators of education. Table 1.2 shows the ranking positions of Ukraine by
educational components.

According to the analysis of individual indicators, Ukraine ranks above average.
According to the indicator "Quality of education" for the last 10 years Ukraine ranked
from 54 to 72 places, as of 2019 Ukraine took the 65th place among 140 countries. A
significant decline in rate occurred in 2014, although some ranks had a slight increase.
Thus, the indicator "On-the-job training / Volume of staff training™ has increased over
the last 5 years from 94 to 65 places. All this indicates the development and
strengthening of scientific and educational potential of the country, and the national
education system is aimed at stimulating the quality of higher education, ensuring its
competitiveness in the market of educational services and the labour market.
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Table 1.2
Ukraine's position in the GCI ranking by educational components
2009 2014 2015 2016 2017 2018 2019
(of 133 | (of 148 | (of 140 | (of 138 | (of 137 | (of 140 | (of 141
Indicator countries)| countries)| countries)| countries)| countries)| countries)| countries)
g || % |2 ||| E|g || |E|2 |
Higher education
and professional
preparation 46 |44 40 |49 |34 |50|33 51|35 |51 46 53
/ Skills of the
current workforce
Coverageof | g | 76 | 13 |70 |14 |79 | 11 |82 |16 |82 | - | - | - | -
education
Quality of 61 |39 72|37 |54 |40|56 40|56 |39|63|41]65]|42
education
On-the-job
training (Volume | 89 |36 |92 |38 |74 |39 |94 (37|88 (37|74 (38|65 4
of staff training)

According to the QS SAFE National System Strength (rating of national higher
education systems) rankings [182], Universitas 21: Rankings of National Higher
Education Systems [270] (rating of national higher education systems) and other world
rankings, where the level of education is represented by individual components,
Ukraine occupies a middle position and has a positive trend in contrast to other socio-
economic components of these ratings, such as innovation, ICT, labour market, etc.

(Table 1.3).

Table 1.3

Positioning of the Ukrainian higher education system in global rankings at
the international level

U21 Rankings Education i
QS SAFE of National Index Bloomberg Education
National . . (Global
. Higher (Human Innovation .
Rating System : Innovation
Education Development Index
Strength S Ind 2020 Index)
2018-2019 ystems ndex) 2020
2020 2019
Position /
number of 38/50 36/50 46/189 56/60 23/121
countries

Analyzing the above data, we can conclude that our country is gradually losing
leadership in education, its current place in almost all rankings is the average that once
again emphasizes the relevance of further development of higher education, in particular,
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to transform the traditional university into innovaion--active, business educational
institution.

The main problem in the development of higher education is the inconsistency of
the state of higher education in Ukraine with the needs of society in the XXI century. The
prerequisites for this problem are the gradual deterioration of the quality of higher
education, as well as the attitude of the subjects to this process.

On the way to reforming higher education there is a significant number of
limiting factors which can be divided into three areas: funding and scientific-technical

support; organizational support; staffing (Fig. 1.1).

The main problem

Inconsistency of the state of higher education in Ukraine with the needs of the society of the XXI century

The precondition for the problem is the gradual deterioration of the quality of higher education

Factors that caused the problem by areas:

Fig. 1.1. Factors limiting the development in higher education

1. Sphere of funding and scientific-technical support:
Factor 1. Weak balance of the structure of higher education in the country.
Considering the clearly defined course of Ukraine to enter the European educational
space, it is necessary to modernize educational activities in the context of the European

in the field of financing and logistics inthe ield of organizational | | the felg of
support staffing
FACTORL. Weak halance of the structure of higher education in the country Decli '.:ACTOR .1'
eclining of the social
status of educators and low FACTOR 1.
FACTOR 2. Insufficient level of funding for education. payment for their work Declining social
a) gradual reduction of budget funding for higher education FACTOR 2. status .Of
B) irrational distribution of budget funds in the higher education system Unbalanced ~ system  of edtlicatlon d
C) insufficient level of funding for the scientific sphere training in various sectors of W?r ers an
D) limited influence on the structure of scientific institutions and directions of| |he economy (surplus of ow pay.
development of academic science through the principle of basic funding of national graduates of economic, legal
academies of sciences specialties; lack of
E) weak efficiency of institutions of grant financing of scientific sphere technical).
FACTOR 2.
FACTOR 3. Reducing Aging of
FACTOR 3. Decline of the material and technical base of the HEI Fhe to_tal ngr_nber of students _teach!n.g staff,
in universities of all levels| | insufficient rate
of  accreditation  and of staff
— increasing the share of rejuvenation
FA(_:TOR 4 A Iargg n_umber of small HEI that do not meet their high status and young people trying to get
cannot train qualified specialists an education abroad
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requirements. Its first step is to reduce the number of state and municipal higher
education institutions. Such a process has already been begun in Ukraine. Thus, for the
period 2000-2019 the number of HEI decreased by 11% (in 2000 - 315 HEI, in 2019 -
282 HEI). Also, it should be noted the tendency to decrease, after the academic year
2007/2008, the number of higher education institutions of private ownership, which is
associated with government policy and increasing requirements for them. This process
should continue in accordance with the strategy of improving the quality of higher
education in Ukraine and the start of work of the National Agency for Quality
Assurance in Higher Education in 2019.

Factor 2. Insufficient level of funding for education.

a) falling budget funding for higher education

The process of educating the population, which precedes the materialization and
commercialization of knowledge, requires some financial support from the state and
non-governmental (private) organizations. Insufficient level of such support and
irrational use in terms of society's needs for the EU development hampers the
development of education. It is thanks to the education system and science-intensive
industries based on it that countries of the world receive up to 40% of the gross national
product. The countries of the Organization for Economic Co-operation and
Development (OECD) spend on average 4.6% of GDP on education, countries of the
European Union (EU-27) - 5.07%, the EU-15 - 4.97%. The amount of expenditures on
education in Ukraine is legally enshrined in the Law "On Education" in the amount of
10% of GDP. However, in recent years, only 5-7% of GDP has been allocated from
education to state and local budgets. Due to the small size of GDP, Ukraine lags
significantly behind other countries not only in terms of absolute funding, but also in
terms of education expenditure per pupil / student.

B) irrational distribution of budget funds in the higher education system.
However, the effectiveness of budget allocation remains questionable and, above all,
this applies to higher education. Most of the funds allocated from the budget for
education are spent on the following items: wages and utilities, food, administrative
services, inventory and uniforms, as well as textbooks and stationery. Investing in the
improvement of material-technical base and innovation is based on the final principle.
It should be noted that in developed countries (the USA, England, Canada, France)
preference in the structure of education is given to its highest degree, i.e. training the
necessary personnel for the development of science and the creation of new knowledge.
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In Ukraine, on the contrary, judging by the above data, preference is given to general
secondary education, i.e. it is a question of mass. In absolute terms, the amount of
expenditure on education continues to increase, but at a much slower pace than GDP.
In other words, the growth of education expenditures is proportional to the growth (or
decline) of the Ukrainian economy as a whole.

A positive point is the increase in the share of expenditures on preschool
education (1.6% of total expenditures in 2000 compared to 15% in 2019). This is due
to the increase in the birth rate in Ukraine and the need to expand funding for preschool
education. Expenditures on vocational education are also rising, which can be
explained by the need to increase the workforce in production.

Secondary and higher education reflect the same trend as the general level of
funding. Over the past 13 years, the state has tended to increase spending. However,
these funds are too small to form a quality education system in Ukraine. Since 20009,
there has been a slight decrease in expenditures on higher education. This is due to the
decrease in the number of students and entrants as a result of the reform of the
education system since 2000. This level of funding for the education sector is fully
justified and related to the natural demographic phenomena in the country. However,
this does not meet the European standards for the quality of education systems and
training.

C) insufficient level of funding for the scientific sphere

The scientific sphere of Ukraine needs significant reform, because as of today
domestic science has lost its influence on the socio-economic development of the state,
the indicator of domestic scientific and technical potential has decreased to a critical
level, which has become a threat to the national security of Ukraine. The basis of the
domestic economy are raw materials and low-tech industries, which significantly
reduces the potential for development of Ukraine as a competitive state in the long run.
The results of scientific research and scientific-technical developments have only a
small effect on Ukraine's GDP growth.

The level of interest of scientific institutions in the practical application and
implementation of their own results of research and development is extremely low, the
interaction between the subjects of scientific and scientific-technical activities and the
executive authorities in this area is virtually absent.

Budget financing of scientific and scientific-technical activities at the expense
of budget funds in 2019 amounted to 0.47% of Ukraine's GDP. About 90% of which
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IS aimed at ensuring the activities of state research institutions on the principle of basic
funding.

The reasons for the decline in science-intensive GDP (in 2019 this figure is not
more than 0.17%), as well as reducing the role of science and its impact on scientific-
technological and innovative development of the country are not only a lack of funds,
outdated material and technical base of science, human scientific potential, inefficient
use of available resources, but also inefficient system of public administration in the
field of science, lack of coordination of efforts, which does not allow to focus on
specific tasks of national economy and defense capabilities.

Extremely low level of funding for science and outdated material-technical base
have led to a serious decline in the social prestige of scientific work and a mass exodus
of quality scientific personnel abroad or in other fields.

D) limited influence on the structure of scientific institutions and directions of
development of academic science through the principle of basic funding of national
academies of sciences.

The lack of an effective system of coordination of science development in the
country is due to the conservatism of the system of national academies of sciences
formed mainly in Soviet times, which remain the main recipients of state financial
support for research and development. Therefore, public authorities have a rather
limited influence on the structure of scientific institutions and directions of
development of academic science, which is financed mainly by the principle of basic
funding. Scientific topics that receive financial support from the state budget reflect
the long-established structure of state research institutions, whose scientific priorities
have often become outdated and unpromising, and their change in accordance with
changes in the needs of the economy or development of the scientific society is rather
slow.

Today, the main managers of budget funds for scientific and scientific-technical
activities are almost 30 executive bodies and other state institutions. However, a single
approach to assessing the effectiveness of their use of budget funds has not been
introduced, nor are there institutions that would have the authority to coordinate the
activities of the public sector of research and development and harmonize the vector of
its development with the national vector of economic development.

E) lack of appropriate funding institutions for grant funding of science

At the same time, grant funding, as a tool, has a very limited application due to
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the lack of appropriate funding institutions. The practice of technologically developed
countries shows the need to establish funds to support scientific activities as additional
alternative sources that provide independent grant support for research projects, but
within the state priorities set by the relevant institutions of state power.

Factor 3. Decline of material-technical base. Lack of sufficient state funding for
HEI and crisis conditions for enterprises and organizations of real sectors of the
economy reduces the sources of replenishment of the special fund of HEI by reducing
economic contract topics and makes it impossible to update the material-technical base.
This has a negative impact on the training of modern professionals.

Factor 4. A large number of small HEI that do not correspond to the status and
cannot train qualified specialists.

The current network of higher education institutions far exceeds the needs of
Ukraine. Such a dispersion of managerial, financial-material, human resources of the
educational sphere through a large network of educational institutions, which in
absolute and relative terms is almost ahead of the rest of the world, including The
United States and the EU do not correspond to the globalization and integration
processes to which our country has joined.

2) sphere of organizational support:

Factor 1. Weak connection of higher education with the needs of the labour
market.

The discrepancy between the demand and supply of knowledge and skills in
Ukraine is due to the fact that in the labour market there is a shortage of specialists in
certain professions and a relative surplus of others. This is evidenced by the difficulties
that arise for employers in hiring professionals with appropriate qualifications, on the
one hand, and graduates of HEI with job search, on the other. This was due to the fact
that in the country due to the structural crisis, the collapse of mechanical engineering,
military-industrial complex, bankruptcy of many enterprises of light and other types of
processing industry, the effective system of basic (for educational institutions)
enterprises and cooperatives was destroyed.

Factor 2. Unbalanced system of training in various sectors of the economy
(surplus of graduates of economic, legal specialties; lack of technical).

In addition, certain professions are aging in Ukraine. These are areas that are
characterized by low wages due to the lack of a full-fledged competitive labour market,
as well as fairly specific working conditions and qualification requirements. Young
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people do not want to work in these areas. There is a shortage of qualified personnel in
the fields of material production. The issues of mobility, competitiveness and the level
of qualification of employees become especially relevant. Thus, in Ukraine there is a
problem of retraining and orientation of educational institutions to train professionals
capable of implementing and maintaining the latest technological processes.

Factor 3. Reducing the total number of students in HEI at all levels of
accreditation and increasing the share of young people trying to study abroad.

One of the reasons for this trend is the new requirements for admission to HEI
(introduced in 2008) based on the results of external independent testing, HEI
economic education, as the passing score increases every year. In addition, the sharp
decline in the birth rate in Ukraine in the first years of independence was reflected in
2007-2011 by a reduction in the number of graduates of secondary schools and,
accordingly, a decrease in the number of HEI entrants. The structure of higher
education in Ukraine is quite diverse and is constantly in a changing state under the
influence of dynamic changes in the external and internal environment. Among the
total number of freelance students, the greatest burden falls on the funds of individuals.

3) sphere of staffing:

Factor 1. Declining of the social status of educators and low payment for their
work. Part-time teachers are widespread. In case of insufficient workload, teachers
often undertake to teach the maximum number of disciplines, which, of course, has a
negative impact on the quality of training.

Factor 2. Aging of teaching staff, insufficient rate of staff rejuvenation

Thus, without quality training of skilled workers, adapted to the requirements of
technological development of industries, which have a high level of theoretical training
and professional competence, have multifunctional skills, capable of self-organization,
self-realization in professional activities, prepared to solve production problems and
socio-economic problems, it is impossible to develop high-tech production, those are
areas that determine the pace of economic development of the country, ensure the
quality and competitiveness of products. This reaffirms the urgent need to improve the
education system to create conditions for the growth of the intellectual component of
human capital, the formation of a competitive personality, so that Ukraine can emerge
in the world community as a generator of new knowledge and innovation.

Based on the analysis of the above reasons for the main problem of the higher
education system of Ukraine, it can be concluded that the HEI of Ukraine is not able



20

to create a certain level of competitiveness of national education at the global level.
This leads to a deterioration of Ukraine's performance in international studies of
competitiveness and innovation attractiveness, which affect the economic development
of Ukraine. In these rankings, the Ukrainian universities occupy low positions or are
completely absent from the lists.

In order to solve these problems, Ukraine is purposefully in the process of
improving the legal framework for the functioning of the education system, all its levels
and subsystems, the activities of educational institutions of different types and forms
of ownership, the organization of various forms of education. Legal aspects of higher
education are based on the Constitution of Ukraine, taking into account the Joint
Declaration of the European Ministers of Education "European Space in Higher
Education” and embodied in the Laws of Ukraine "On Education”, "On Higher
Education”, "On Scientific and Technical Activities”, "On state forecasting and
development of programs of economic and social development of Ukraine", Strategy
for development of higher education in Ukraine for 2021-2031, Resolution of the
Cabinet of Ministers "On development of forecast and program documents of
economic and social development and drafting of the Budget Declaration and State
Budget"”, Regulations on the Ministry of Education and Science of Ukraine, the
National Doctrine of Education Development, the Decree of the President of Ukraine
"On the Sustainable Development Goals of Ukraine until 2030".

1.2. The impact of force majeure of COVID-19 pandemic on the higher
education system

In 2019, the UN General Assembly recognized education for sustainable
development (SDR) as a model for rethinking learning to achieve the goals of sustainable
development [112]. The SRF overestimates what we learn, where we learn and how we
learn, and develops knowledge, skills, values, and attitudes that enable students to make
informed decisions and actions about global issues such as the climate crisis. This
enables students of all ages to change their way of thinking and work towards a
sustainable future. The SRF addresses the content of education in such a way that
curricula include the study of environmental integrity, economic viability and how to
work towards a just society. But it also reevaluates teaching methods and outcomes to
form critical, responsive students who can work together to solve problems and act in
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local and global emergencies.

SRF is a key factor contributing to all 17 sustainable development goals, but can
also be a key to preparing the world for future crises, such as COVID-19. The pandemic
has shown us the importance for people and society of being able to respond quickly to
unexpected risks. This involves the ability to understand complexity, anticipate different
scenarios, negotiate trade-offs, be prepared to act quickly on the basis of limited
information, and work together to find the best solutions.

A recent UNESCO study found that countries place strong emphasis on cognitive
learning over socio-emotional and behavioral learning, which are the key tools for
student empowerment and change. It is important to ensure that education provides
students with the tools to address the present and the future, tackle the climate crisis and
transform society.

The COVID-19 pandemic has caused various changes in life. One of the most
affected sectors is higher education, and more specifically - student exchange. COVID-
19 has unprecedentedly disrupted education around the world. Millions of students have
been unable to continue their education in schools, universities, vocational schools and
adult education programs. Many governments have responded to the urgent need to
provide students with online and distance learning opportunities. Virtual lessons were
accepted, homework materials were distributed, and education was provided through
television and radio or in the open. These efforts have been significant and undoubtedly
very challenging for many governments, faculty and students, as they have required a
reshuffle not only of service delivery mechanisms but also of roles and responsibilities.

According to UNESCO, on April 1, 2020, schools and institutions of higher
education (HEIs) were closed in 185 countries, affecting 1,542,412,000 students, which
is 89.4% of the total number of enrolled students. On May 7, schools and HEIs were still
closed in 177 countries, covering 1,268,164,088 students, representing 72.4% of the total
number of students enrolled.

Various organizations, such as the International Institute of Education (IIE) in the
United States or the European Association for International Education (EAIE), the
International Association of Universities (IAU) and the Erasmus Student Network
(ESN), have participated in separate studies to understand the impact of COVID-19 on
communities which they directly support. According to these surveys, the following
issues were addressed:

Impact on student exchange. When asked about the impact of COVID-19 on the
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international level, 53% of higher education institutions answered that foreign students
are based in their educational institutions and 43% of their students find themselves in
foreign institutions;

canceled mobility. 30% of HEI answered that all their mobility was canceled and
47% of freelancers answered that student exchanges were canceled with some countries,
while 25% of students claimed that their mobility was canceled;

connection between higher education institutions and students. They were asked
whether the HEIs had the appropriate infrastructure to communicate with students, and
97% of higher education officials confirmed that they had done so. However, the fact
that there is an appropriate infrastructure does not say anything about the effectiveness
of communication. There was analyzed more detailed information on the availability of
information on health measures, availability of information in English, and availability
of travel restriction information. These results mean that HEIs are really trying to
communicate effectively with their students, and that in most cases the flow of
information is good. However, there is a small percentage of HEIs where these efforts
are not effective. In these HEI there is a need to reconsider the method of information
delivery both in terms of content, language, and technical platforms used;

the need to adapt teaching methodologies due to the impossibility of conducting
presentation classes. Therefore, online teaching and learning has played an important
role in higher education in recent months. Eighty-five percent of international students
who responded to the survey said that presentation classes had been completely or
partially replaced by online methodologies. In addition, 12% of the respondents, who
completely dropped out of training, developed solutions for teaching and learning, for
example, by using online methodologies and self-learning tools;

the need to support students more holistically not only at the academic level. 42%
of HEI stated that contingency plans had been developed in partner institutions abroad,
34% - in domestic universities and 23% had no contingency plans in their institutions or
in partner institutions abroad. Although most higher education institutions have
responded positively to the support they provide to students, the lack of action plans in
almost a quarter of HEIs can have a negative impact on students' experiences. It is very
important that educational institutions do not allow students to feel abandoned without
the support of institutions;

finding the right balance between face-to-face and online learning, between
physical mobility and "virtual exchange”. It is necessary to provide a safe environment
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on campus for all students (including international students), which will require more
effort on the part of both HEI and students. International mobility will require more and
possibly different support from higher education institutions. Therefore, as never before,
it is necessary for HEIs and students to work closely together to find solutions to provide
the current and next generation of students with the same, if not better, learning
opportunities than the previous generations of students [59].

This leads to the conclusion that, despite difficulties in adapting to a completely
different methodology for teaching, the higher education sector has demonstrated a
reactivity to find solutions to challenge the pandemic and to continue teaching and
learning. It remains to be seen how the quality of education is affected by the transition
from personal to online teaching, especially when the situation changes from crisis
management to a new normal one for the new school year. It will be important to study
this change in more detail both from universities and from the students' point of view.

Higher education must now move from a crisis management situation to longer-
term planning for the new school year. Many of the solutions implemented during the
crisis have proven useful and probably worth pursuing, but in order to continue to offer
quality education in the new school year, careful planning is needed as new challenges
arise.

In order to better understand the disruptions caused by COVID-19 in higher
education and to explore the first steps taken by higher education institutions in the world
to respond to the crisis, the International University Association (IAU) has decided to
create an IAU Global Survey on the Impact of COVID-19 on Higher Education the
world. The analysis of the survey is based on 424 complete responses from unique HEIs
in 109 countries and two special administrative regions of China (Hong Kong and
Macao) (Table 1.4) [112].

It is important to make the forced transition to distance learning and learning
opportunities to offer more flexible learning opportunities, explore blended or hybrid
learning, and combine synchronous learning with asynchronous learning. The type of
influence is various and varies from institution to institution, but everywhere it was
negative. Most HEIs have contingency plans to mitigate this impact. Most educational
institutions around the world have canceled their studies and switched to distance
learning, trying to curb the spread of COVID-19 (Table 1.5). Part (or all) of the formal
education system will not open this school year in some countries, while others (parts)
of the formal education system are gradually reopening.
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Table 1.4
Results of the IAU Global Survey on the Impact of COVID-19 on Higher Education Worldwide
Question % Features
affected by COVID-19: all activities at the university ceased and the . S o
institution became completely closed 59 In Africa it reaches 77%
have the infrastructure to communicate with their students and staff for the 91 )
COVID-19 period
: . o : 46% believe that the impact will affect both international and local students.
g:(r)]c\)/ollD-elz?r will have an impact on the admission campaign for the new 80 | Some HEI, especially private ones, reported that this impact would have
y negative financial consequences
senior management and faculty were consulted by the government or civil 67
servants in the context of COVID-19 public policy development
the government / ministry of education will support their institution in .
overcoming the obstacles posed by COVID-19 48 | The most common support is help at the end of the school year
Half of the HEISs reported that COVID-19 weakened partnerships, while only
COVID-19 will have a variety of effects 64 | 18% reported that it strengthened them. However, for 31% of respondents, the
COVID-19 pandemic created new opportunities with partner institutions
The transition from personal to distance learning has not been without
L . . problems, the main of which are access to technical infrastructure, competence
teaching in the classroom was replaced by distance learning 67 and pedagogy of distance learning and the requirements of specific areas of
study
COVID-19 Increased Virtual Mobility and / or Collaborative Online : : : . L
Learning as an Alternative to Student Physical Mobility 60 | This can to some extent protect internationalization
. However, there are significant regional differences when 80% of HEI in
HEI plan to take exams during the semester as planned, although most of ’ : : : . 0
them are carried out through new activities 51 Elljzrloipne,g:‘?incgo take exams, while exams risk postponing or canceling 61% of
The most common effects of COVID-109:
Conducted research on the negative effects of the COVID-19 pandemic in 80 cancellation of international travel (by 83% of HEI);
their institutions cancellation or postponement of scientific conferences (81%);
research projects risk not being completed (52%)
In almost all of them, researchers contribute to the modern development of
public policy. Three-quarters of institutions contribute to public policy either
participate in COVID-19 studies a1 through their institutions or through their researchers. A quarter of the HEIs

consider it important to involve stakeholders in the development of public
policy by their governments as institutions, as such that should be consulted
and take into account their experience in the study.
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Table 1.5

Features of the educational process in some countries and regions

Country / Region

Features

in Quebec,
Canada

Schools are required to provide computers for teachers who are not at home,
but reimbursement of other fees, such as Internet access and telephone
communications, is determined by the local school administration.

Although some schools, HEIs and the Ministry of Education have introduced
emergency courses on online content delivery, virtual classroom management
and the use of technology, and facilitated the transfer of learning resources
and learning materials to online platforms.

Collective agreements with teachers and educational staff have been
suspended to allow for changes in tasks, schedules and jobs to take account of
emergencies.

The Ministry of
Education of the
United Arab
Emirates and
Hamdan Bin
Mohammed
Smart University

conducted an e-learning course for more than 42,000 teachers and researchers
on online classroom management and technology use. With 22,000
certificates already issued, the course states that it can provide training for 24
hours. Although such activities are aimed at immediate need, training should
meet professional standards, should not undermine the quality of education
and should be carefully designed to complement virtual teaching in long term.

in some states of
Australia

schools remain open to ensure that childcare responsibilities do not prevent
advanced health professionals and first responders from reporting on work.
On the other hand, teachers call for the closure of schools, along with all other
unimportant services, to protect not only their own safety and health, but also
the safety of their students and the general public, with many of them citing
the stress of continuing personal learning.

in Belgium

kindergartens continue to operate for children of parents working in critical
sectors. Even in situations where their services are deemed necessary, teachers
should be consulted on the potential risks to health and safety at work and
involved in the development of appropriate strategies to ensure healthy and
safe workplaces, including access to hygiene and prevention training.

In some parts of
the United States
(In Los Angeles)

teachers report that they must make their own payments for the purchase of
cleaning supplies for their classrooms.

The United Teachers of Los Angeles has agreed with the Los Angeles Unified
School District to set conditions for teachers on online teaching and learning
during a pandemic, including flexibility in scheduling their work, reasoning
about teaching methods, and protection against loss of pay or benefits during
school closure. The agreement is expected to be a model for other areas
currently being negotiated.

In Argentina The Ministry of Education set up a commission, which consists of
representatives of six teachers' associations, to plan distance learning.
In Kenya Job losses are reported when teachers, who work in some low-cost private

schools, are temporarily laid off without pay during school closures. During
compulsory leave, staff will receive 10 percent of their salaries and health
benefits.

in private schools

Teachers expressed concern about job losses and income. The Punjab

in Pakistan government recently asked private schools to voluntarily reduce their monthly
tuition fees by 20 percent to ensure the safety of teachers.
In Finland They consulted with the Finnish Education Trade Union (OAJ) on emergency

measures in education which it had supported.

In many countries

Only about 20 percent of households have an Internet connection, and few
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in south-west
Asia and sub-
Saharan Africa

have personal computers.

In Peru, 35 percent of teachers have access to a computer and the Internet.
Therefore, the Peruvian government uses television and radio channels to
provide classes and content to students, as well as online platforms such as
Aprendo en casa (I study at home). It is estimated that in Cameroon, 20-25
percent of teachers have access to the Internet and that most teachers do not
have ICT skills. A national government working group has been set up to
establish a Protective Curriculum that allows teachers and students to access
education through familiar platforms such as radio and television. In Uganda,
educational institutions have been set up to conduct capacity-building
workshops for teachers who do not have ICT information

Pakistan and
Somalia

With regard to wages, in countries where private schools are widespread,
there are reports of teacher redundancies due to the lack of demand, while in
public schools, governments are making efforts to maintain teachers' salaries.

In the Philippines

The government sought to pay teachers' salaries ahead of schedule for March
and April, and the teacher performance checks were suspended during the
state of emergency. Teachers and educators who are still in school will be
rewarded for danger and help with clothing. It is unclear whether such
measures have been taken, as trade unions have expressed concern about the
financial situation of teachers in the crisis

In Uganda

The Ministry of Education and Sports announced the timely payment of
salaries so that teachers could stock up and focus on their mission.

Renew education to support those who change the situation, ready for global
challenges. The closure of schools in more than 180 countries has revealed inequalities
in education, the disadvantages of distance learning, the cost of the digital divide, and
the important role that schools play in the health and well-being of students. Following
this crisis, governments around the world will have to review the assessment of
education systems to meet these challenges. This is an opportunity for generations to
improve education, along with the economy, to combat the climate crisis. It is time for
the heads of educational institutions to use this period to make sure that what people
learn is really about their lives and the survival of the planet (Table 1.6).

Table 1.6
Areas of support and recommendations of world organizations during the
pandemic
Organization Recommendations / areas of support

1

2

According to the
International

Almost all governments have increased spending on education. Much of this
funding has been used to implement online and distance learning technologies,

international
level, the United
Nations

Monetary Fund | and there is little evidence that the funding went to pay teachers or teach the use
(IMF) of Internet technology.
Converting teaching materials to digital format has become a problem in a short
time, as few teachers have strong digital and ICT skills.
At the founded the Global Education Coalition, of which the ILO is a member, which

seeks to unite international organizations, non-governmental organizations and
the private sector to support COVID-19 responses in education. The
International Working Group on Teachers in Education by 2030, of which the
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The end of the table 1.6

1 2

Economic, ILO is also a member, has published a Call to Action for Teachers, calling on

Scientific and governments, providers and financiers - public and private - and all relevant

Cultural partners to maintain teacher employment and wages; prioritize health, safety

Organization and well-being of teachers and students; involve teachers in the development

(UNESCO) of educational responses to COVID-19; provide appropriate professional
support and training; put justice at the centre of reactions to education; and
involve teachers in responding to assistance.

Many other developed tools to support education during school closures, including

international
organizations

recommendations from the United Nations Children's Fund (UNICEF) on how
teachers should talk to children about COVID-19.

Companies and foundations have responded by releasing several tools to
promote distance learning management systems, mobile learning systems, mass
open online courses, self-directed learning content, collaborative platforms that
support real-time video, tools, which can be downloaded for offline learning,
and tools for teachers to create digital learning content. The widespread use of
digital technologies, many of which are offered free of charge, has been praised
by governments, many of which use them as part of distance learning
strategies. At the same time, this rapid spread of technology in education has
raised concerns without undergoing quality control procedures and public
procurement.

Global
Federation of
Trade Unions
Education
International

issued the COVID-19 Pandemic Guidelines which include the principles of
teacher protection, social dialogue and the promotion of equity in distance
learning

teachers' unions

raised concerns about school safety and the need to protect teachers and school
staff from infection, as social distance between students and staff is difficult to
achieve in many school settings. Some unions have made specific proposals for
safe returns. For example, the German Teachers' Association offers a two-week
model of variable change. Trade unions have also expressed concern about the
growing inequality exacerbated by the pandemic and called for social dialogue
in the development of a return to school policy. Union Education International
has issued a Guide to Restoring Schools and Institutions which emphasizes
social and political dialogue with teachers and their representative unions and
organizations to assess the needs and harmonize occupational safety measures
for students and staff, and the framework and resources for transition return to
teaching and learning in the field.

ILO and
UNESCO
together with the
International
Working Group
on Teachers for
Education by
2030

issued Guidelines to support national authorities in their efforts aimed at social
dialogue, safety and health of school staff, mental health, teacher training and
education, labour rights and conditions, education: monitoring and evaluation.

Quarantine and forced use of distance learning have only exacerbated a number
of problems that were previously known to educators and managers in most cases. The
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forced transition to distance learning revealed serious organizational, educational,
psycho-emotional, technical problems with ensuring the right to quality education
(Fig. 1.2).

The increased disparity in cognitive abilities that may occur during the COVID-
19 pandemic will have consequences not only in the short term but also in the long
term. Numerous studies [59, 112, 117] show that the cognitive and socio-emotional
level of learning is a good predictor of further results.

Key issues of the impact of COVID-19 on education

v v

Measures should be taken to enable more
vulnerable students to compensate for the loss
of education they have suffered during
isolation. This should be done quickly and

There is a possibility that educational
institutions may not be able to work
fully in person during the school year,

efficiently to avoid a crisis that will lead to S0 altlernatlve t%ach;]ng Irgek')thods gnd a
continuing education and economic inequality. place to study should be used.
v

Although the adoption of distance learning is the key to ensuring continuity of learning,
after the physical closure of schools, students may, on average, suffer loss of learning
during isolation, which may be caused by such factors:

guarantined students typically spend less time studying than when schools are open

many students stay at home because of COVID-19, that can cause stress and anxiety,
and it can negatively affect their ability to focus on tasks

school closures and lack of personal learning contact can make students less
motivated from the outside to participate in learning activities

the transition also exacerbates existing inequalities in education. More vulnerable

students, such as those with less favorable conditions, are particularly likely to lag
behind during this emergency. These students are less likely to access relevant digital
learning resources and less likely to have an appropriate home learning environment.

L L

Students may not receive as much (direct or indirect) support from their parents. In
affluent families, parents are more likely to work from home and are more likely to afford
private online learning. Schools can further contribute to this inequality, given that
students with more favorable situations are more likely to attend schools with better ICT-
based infrastructure and where teachers have higher digital skills.

the transition to distance learning and teaching will lead to greater inequalities in
cognitive abilities, but they may have a similar effect in terms of students' emotional
well-being and motivation. Isolation students from their friends and teachers can lead
to uneven behaviour and psychological problems

|

Fig. 1.2. Key learning challenges caused by COVID-19

Students with these skills tend to have lower education and worse labour market
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prospects for both employment and pay. Thus, there is a risk that, in the absence of
appropriate policy measures, short-term educational inequalities caused by COVID-19
may persist or even increase over time, that will lead to a greater economic inequality
in the future. The learning difficulties experienced by students during COVID-19 will
lead to a reduction in human capital, which will have a negative impact on productivity
growth, innovation and employment, including future lower earnings for student
cohorts directly affected by isolation.

Blended / rotary learning system (with offline and online elements) has the
following features:

1) requires a change in both quantitative and qualitative learning abilities,

2) requires a review of the curriculum,

3) there may be problems with adaptation to this model, especially regarding the
use of ICT,

4) the structure of many existing buildings of educational institutions may not
meet the requirements for maintaining physical distance.

The following elements should be part of a successful online and offline learning
strategy:

ensure access to the Internet and ensure the availability of computers, laptops or
tablets: access to the Internet at the appropriate speed and to the appropriate means of
ICT is a prerequisite for any online teaching and learning strategy;

adopt appropriate virtual learning environments (VLESs): VLEs can provide
students with access to educational resources, connect students with teachers, and
promote distance learning;

rethink the role of radio education: educational broadcasting can be such a useful
addition to online programs, as it provides education to those who do not have access
to the Internet and equate teaching methods and materials in different schools in the
country or region;

improve access to learning technologies for students with special needs and / or
disabilities (SEND): digital technologies can provide useful support to students,
especially if they are a part of a coherent and inclusive process.

teacher support: teachers must learn to adapt their role to the situation in Ukraine,
with which they can communicate only on the Internet and in which, as a rule, even
students may lose motivation when moving to study on the Internet. This is crucial for
improving the digital competences of teachers at any age, as well as for providing
pedagogical approaches that are best suited to the Internet.
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By analyzing secondary information from university and government sources in
20 countries [125], we can summarize the challenges and consequences that the
COVID-19 pandemic has caused for the global higher education community:

research and the world's leading universities are faster than others to overcome
the crisis and will retain a leading role in higher education, will remain and perhaps
will even intensify. Private institutions, which are largely dependent on tuition fees,
are more prone to crisis;

research will mainly focus on overcoming the crisis, as well as supporting
society in relevant important projects. Leading research institutions specializing in life
sciences will receive more attention and funding;

opportunities for access to relevant ICTs have become significant challenges,
increasing inequality among higher education students. At the same time, teachers'
skills are being improved and learning platforms and distance learning programs are
being improved;

studying abroad can be problematic, as the infrastructure of higher education
will be sharply reduced and there will be a need to adapt to new models. The practice
of hiring and studying will change: there will be flexible application deadlines and
qualification requirements for students will change. Long-distance travel will partially
replace teleconferencing.

1.3. The phenomenon of innovative university: understanding the essence
and characteristics

Much attention at the present stage of development of higher education is paid
to the problem of translating it to an innovative basis, i.e. taking into account in the
process of training such innovative elements that would ensure an appropriate level of
competitiveness of domestic education in the globalization space [115]. Modern
universities, in order to meet the requirements of the time, must perform not only the
classical functions (education, research, education), but also acquire new features -
innovation and entrepreneurship.

Innovative development is an integral part of meeting a wide range of national
interests of the state. The importance of innovative development of society in Ukraine
is confirmed by a number of laws and regulations, namely the Law of Ukraine (LA)
"On Innovation”, the Law "On Priority Areas of Innovation in Ukraine", the Concept
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of Scientific, Technical and Innovative Development of Ukraine, Innovation
Development Strategy Ukraine for 2010-2020 in the context of globalization
challenges ", the National Doctrine of Education Development of Ukraine in the XXI
century. Regulatory and legal support determines the essence, conditions and main
mechanisms of innovation, the purpose of innovation policy of Ukraine. According to
the law, innovative development is a process of structural improvement of the national
economy, which is achieved mainly through the practical use of new knowledge to
increase social production, improve social product quality, strengthen national
competitiveness and accelerate social progress in society [289], and education is a
strategic resource for improving the welfare of people, ensuring national interests,
strengthening the authority and competitiveness of the Ukrainian state in the
international arena, and the quality of education is a priority of public policy in
education and is a prerequisite for national security [2].

Increasing competition in the market of educational services, reduction of direct
funding from the state budget exacerbate the problem of adaptation to new conditions
of development for modern higher education institutions. The best experience of the
world's leading universities shows that the key factor in their successful development
Is innovation and entrepreneurship, which provides an adequate response to changes in
the environment while meeting the social needs of society and market needs. In this
regard, it is especially important to define the essence of innovative-active university
as a form of integration of education, science and business within the national
innovation system [145].

The need to transform a traditional university into an innovative, entrepreneurial
one arose due to the emergence in the XX century of a global trend of reducing
university funding from public sources, increasing competition in the international
educational space and changing the global paradigm to education in social and
economic development of society and civilization [196]. The foundations of the
innovatve-active (entrepreneurial) university were laid in the works of such foreign
scientists as B. Clark, M. Gibbons, D. Kennedy, S. Kerr, G. ltzkowitz, L. Leidesdorf,
and others [58, 127, 90, 126, 129, 115, 111, 149]. The concept of "entrepreneurial
university" was developed in the mid-90s of the XIX century in the works of the
German scientist G. ltzkowitz (Triple Helix model, which describes the interaction
between universities, industry and the state) and the American scientist B. Clark who
based on an analysis of ten years of experience in the transformation of five European
universities proved that the University of Entrepreneurship strives for innovation in its
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work. Its important feature is the acceptance of risks in the development of new
practices, permanent search for new, non-traditional methods, approaches and tools of
educational and scientific activities to form current and future competitive advantages
to enhance its attractiveness to key stakeholders - applicants, society, economy.

G. Itzkowitz's triple helix model reveals the potential for innovation and
economic development of society. Under this model, universities acquire certain
features of enterprises and government agencies and become the basis for innovation,
scientific-practical development and entrepreneurial projects. [266, 149, 111]. The
model of innovation with a triple helix, theoretically developed by G. Itzkowitz and L.
Leidesdorf, is based on the interaction between three elements: universities engaged in
basic research; industries that make commercial goods; a state that regulates markets.
It shows the inclusion in the interaction of certain elements at each stage of creating an
innovative product. At the initial stage of knowledge generation, the state and the
university interact, then during the technology transfer the university cooperates with
business (industry), and the result is brought to market by the government and business
[111, 266]. New knowledge and technologies become the main factor of state
competitiveness. In this situation, universities that conduct research and development
become the most important resource for science-intensive production.

According to the concept of B. Clark, the advantages of innovative universities
are [58, 127]:

strong governance mechanism - universities cannot depend on traditional (weak)
control or governance. They need to become faster, more flexible, more focused in
responding to environmental demands;

periphery of development - universities must have mechanisms of interaction
with the external environment, for which it is advisable to create special organizational
units;

diversified funding base - universities need financial resources, for which it is
necessary to expand their financial base (and become less dependent on the
government);

strong academic support - universities need basic academic units that adopt an
entrepreneurial culture. These core units should be encouraged to respond positively to
change;

integrated business culture - universities need a culture that encompasses
change, work ethic and a set of beliefs that are university-wide and that become the
very basis of the institution's identity [121].
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Considering the importance of innovative development of society in Ukraine,
several important laws have been adopted: "On Innovation”, "On Priority Areas of
Innovation in Ukraine”, the Concept of Scientific, Technical and Innovative
Development of Ukraine. These documents set out the essence, conditions and basic
mechanisms of innovation, formulate the purpose of innovation policy of modern
Ukraine. Innovative development is an integral part of meeting a wide range of national
interests of the state. In the Law of Ukraine "On Innovation™ it is seen as a process of
structural improvement of the national economy, which is achieved mainly through the
practical use of new knowledge to increase social production, improve social product
quality, strengthen national competitiveness and accelerate social progress in society
[111]. In pursuance of the Resolution of the Verkhovna Rada of Ukraine of February
17, 2009 Ne 965-VI “On Holding Parliamentary Hearings* Strategy of Innovative
Development of Ukraine for 2010-2020 in the Context of Globalization Challenges by
the Verkhovna Rada Committee on Science and Education, Centre for Scientific and
Technical Research potential and history of science named after H. M. Dobrova of the
NAS of Ukraine with the participation of other scientific institutions of the NAS of
Ukraine, as well as central and local authorities taking into account the key provisions
laid down in the draft the Strategy of Innovative Development of Ukraine for 2009-
2018 and for the period up to 2039, the Strategy of innovative development of Ukraine
for 2010-2020 in the conditions of globalization challenges is developed (hereinafter
the Strategy) [232]. The National Doctrine of Education Development of Ukraine in
the XXI century states that “education is a strategic resource for improving the welfare
of people, ensuring national interests, strengthening the authority and competitiveness
of the Ukrainian state in the international arena, and the quality of education is a
prerequisite for national security”’[232].

Modern universities, in order to meet the requirements of the time, must perform
not only the classical functions (education, research, upbringing), but also acquire new
features - innovation and entrepreneurship prerequisite for the competitiveness of the
university is its ability to innovate and independently produce innovations.

Based on the definition of "innovation" according to the Law of Ukraine "On
Innovation™ [111], innovations in education or educational innovations can be
interpreted as newly created (applied) and (or) improved competitive technologies,
products or services, as well as organizational and technical decisions of production,
administrative, commercial or other nature that significantly increase the quality,
efficiency and effectiveness of the educational process. In this case, the main elements
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of "educational innovation" are:

a carrier (creative personality) who has a certain innovative idea (the core of
innovation) and conducts an innovative experiment (source of innovation);

consumer of innovation - a student or group of students, listeners (who acquire
knowledge in a particular area);

Institutions that ensure the introduction of innovations in the educational process
(educational institutions; scientific, methodological, scientific-methodological
institutions; research and production enterprises; state and local education authorities
and self-government in the field of education). The types of university innovations are
given in table 1.7 [2].

Table 1.7
Types of university innovations

Type Essence Sphere Result

1 type | economic products and | concepts, theories, systems, models, methods,
services technologies, techniques, forms and more, both in

educational activities and in ensuring the educational
process

2 type | technological | production development, implementation and use of innovative
and products and services in their educational activities,
maintenance | namely the introduction of methodological support of

the educational process (creation of methodological
literature, publication of electronic textbooks, etc.),
innovation of process technology, distance learning,
training in online classrooms, internships with
inventors innovative technologies, etc.), provision of
innovative educational services, etc.

3 type | organizational | associated implementation of joint activities to create innovations
with changes | with innovative organizations (research, project
in the overall | expertise, consulting services) in the structure of
organizational | integrated organizations, which are formed on the basis
structure  of | of the national innovation system and combine in
the university | various organizational forms science, technique,
and their | technology and education with a focus on the world
departments | market of knowledge-intensive products and high

technologies

4 type | managerial relate to the | acquisition of skills in research activities of teaching
field of | staff and researchers, training and interdisciplinary
psychology training
and behaviour
of  teachers
and  support
staff

The Law of Ukraine “On Higher Education” (2014) provides the following

definitions of a higher education institution and a university:
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a higher education institution - a separate type of institution, which is a legal
entity of private or public law, operates in accordance with the issued license to conduct
educational activities at certain levels of higher education, conducts scientific,
scientific-technical, innovative and/or methodological activities, provides educational
process and the acquisition of higher education, postgraduate education, taking into
account their vocations, interests and abilities [92, 28];

one of the types of higher education institutions is a university - a
multidisciplinary or branch institution of higher education, which conducts innovative
educational activities at various levels of higher education, conducts basic and/or
applied research, is a leading scientific and methodological centre, has a developed
infrastructure of educational, scientific, research and production units, promotes the
dissemination of scientific knowledge and conducts cultural and educational activities.

That is, higher education institutions have a legal basis for the introduction and
strengthening of their innovative activities.

Much attention at the present stage of development of higher education is paid
to the problem of translating it to an innovative basis, i.e. taking into account in the
process of training such innovative elements that would ensure the appropriate level of
competitiveness of domestic education in the globalization space [276]. Modern
universities, in order to meet the requirements of the time, must perform not only the
classical functions (education, research, upbringing), but also acquire new features -
innovation and entrepreneurship.

Scholars distinguish between the types of universities according to the criteria
of participation in the innovative development of the economy. Thus, according to the
criterion of innovation, universities can be traditional (classical) and innovative
(entrepreneurial) (Fig. 1.3).

An example of an open university is the Open University of Great Britain [265]
as an independent educational institution to provide a "second" opportunity to obtain
or continue their education to working adults. The educational process is mainly based
on the use of printed materials and the use of audio, video, etc.; students have the
opportunity to receive consultations in 250 training centres located in many cities of
the country and the world.

The most influential innovations are: mass open social learning (including mass
open online courses - 10C), the use of data collection and analysis to develop
pedagogical methods, inverted learning, meta-learning, BYOD principle, dynamic
assessment, education through events, storytelling in education, the concept of
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thresholds, bricolage [120].
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Fig. 1.3. Classification of universities by the level of innovation

The analysis of the proposed list of innovations leads to the conclusion that if
the first two innovations - mass open social learning and data collection and its use in
education - can be called qualitatively new or updated principles of existence and
functioning of education in society, the last eight are relatively new approaches and
methods in pedagogy, which, however, will have a significant impact on the
educational space in the near future.

The concept of open knowledge, embodied in MOOC projects (English MOOC
- Massive open online courses), is becoming increasingly important in modern
conditions, because there is a growing understanding that knowledge is becoming a
necessary key to the development of both the individual and society as a whole. The
examples of 10C portals are Coursera online courses. These online courses have
already partnered with 83 universities around the world.

Various approaches to building the concept of e-university are due to the level
of development of information technology, the willingness of staff and recipients of e-
services to their active use. Modern information society in combination with the
concept of lifelong learning requires a comprehensive approach to understanding and
implementing an e-university.

An e-university is often understood as having a dynamic website and electronic
document management. The merging of traditional and electronic services, traditional
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and electronic educational, research, scientific-methodological and administrative
processes into a single integrated management system is the basis of the concept of
electronic university higher education institution [130].

The National University of Distance Education in Spain [264] was established
to provide higher education to all those who, for various reasons, can not study in
traditional university programs. Specially prepared printed publications are used as
educational material, which are supplemented by audio and video cassettes, computer
learning technology, television lectures and teletext. To maintain a constant dialogue
with students, in 50 training centres they use telephone interviews and face-to-face
meetings to discuss educational material. Currently, one of the most authoritative in
the field of distance education is considered to be the University of Pennsylvania (Penn
State University), whose experience was used by UNESCO in developing the concept
of a virtual university.

In the late 90's of the twentieth century on the basis of distance education in the
European educational environment, a new organizational form of modern education
has emerged - a virtual university, the essence of which is not only distance learning,
but also its independence from any institution. The experience of the Western countries
shows that the modern university is not tied to the area, the concept of cyclical learning
disappears because you can start studying in some higher education institutions at any
time. There are no faculties in such universities, but there is a list of courses required
for qualification. In addition, a virtual university is defined as a higher education
institution based on the collaboration of administrators, course developers, teachers,
technologists, and learners who are separated by long distances often across national
borders but who work together using modern telematics technology. The concept of a
virtual university involves a systematic analysis of all key processes occurring in the
university, the formation on its basis of an updated vision, reengineering and
improvement of these processes in the online environment [151].

According to UNESCO experts, the creation of national virtual universities
allows governments to: concentrate high-quality technical and human resources; focus
the efforts of the virtual university on the urgent needs of the national labour market or
education system; use and develop the existing infrastructure of Internet technologies;
to support the development of e-learning in traditional educational organizations; to
ensure the advantages of national e-learning programs over foreign ones; to export e-
learning programs to other countries in national languages, which may reimburse part
of the cost of creating these programs [65, 69]. The most important factors are the
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increase in the requirements for the level of qualification of employees through the
constant technological improvement of the modern labour market; prolonged
replacement of production models, which requires prompt retraining and advanced
training of specialists; public awareness of the value of quality education.

Project-oriented learning has been gradually introduced in the field of higher
education since the 1970s. One of the first practical implementations of project-
oriented approaches in education was the founding of Aalborg University, which is
now the fifth largest higher education institution in the country. The training of students
at the University of Aalborg necessarily includes the implementation of research in the
educational process with the provision of flexible interaction between theory and
practice [28]. The experimental curriculum is based on interdisciplinary basic courses
with further specialization. Project-oriented learning can be implemented in different
scenarios. Projects can be designed for one performer or a group of participants, be the
basis of an entire training course or the entire training cycle. Although the concept of
project-oriented learning is actively developing, there are a number of issues that
remain open, namely the establishment of the optimal combination of the problem to
be solved, project activities, teamwork, existing technological aspects and
requirements for student development [148].

The Ministry of Education and Science of Ukraine by its order "On approval of
the Regulations on the institutional form of general secondary education™ [13]
officially introduced a new form of education for students - online. The Law of Ukraine
"On Amendments to Certain Laws of Ukraine on Improving Educational Activities in
the Sphere of Higher Education™ [8] also recognizes network as one of the forms of
obtaining higher education. The online form of education is a way of organizing the
education of students, through which the mastery of the educational program takes
place with the participation of various subjects of educational activities, interacting
with each other on a contractual basis. The purpose of the organization of network
interaction between the subjects of educational activity is to attract and use additional
resources (personnel, material-technical, educational-methodical, information and
others) necessary to ensure the quality of education.

This format of education is designed to solve the following problems:
humanization of education; defining the paradigm and strategy of education; solving
the crisis of education (which is as follows: lack of education strategy; the state of
funding for education; staff quality; the role of ICT in education; bilingualism,
"knowledge consolidation”, etc.); monitoring and differentiation of education; the
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problem of teaching gifted children; profile, personality-oriented, continuous
education; resolution of the information crisis (the amount of existing information is
so large that high-quality and reliable information is almost impossible to find in the
"ocean of information"); the influence of the Internet on the formation of values and
ideals of a modern man; scientific creativity of the teacher, etc.

The features of the current stage of development of higher education, as
evidenced by the practice of the world's leading universities, are their partnership with
the business sector, increasing funding for international organizations in the form of
grants and income to university endowment funds [275]. Entrepreneurship students are
not only the next generation of professionals, but are also preparing to become
entrepreneurs and company founders, using a variety of entrepreneurship and
incubation programs, new educational modules, among which are interdisciplinary
centres, science parks, academic start-ups, incubators and venture companies. The
University of Entrepreneurship is one of the entities that creates new technologies and
their transfer, transforming from one of the sources of new ideas for existing firms to
a source of new firms, especially in the areas such as science and innovation [116].

On the one hand, it is understood as a set of efforts of universities aimed at
promoting the commercialization of the results of scientific (applied and fundamental)
research and other forms of knowledge on the university campus and surrounding
regions. On the other hand, academic entrepreneurship can be considered as investing
the efforts, time and capital of the members of academic community both in the
domestic academic environment and in the region, country or international space in
order to obtain business benefits or socio-economic effect.

Despite the significant advantages of an entrepreneurial university, some
scholars have a negative attitude towards the process of transition from a traditional
university to an entrepreneurial one [145, 238]. The opponents of this direction of
modernization of the university, as the main one, predict the following consequences:

1) for an entrepreneurial institution of higher education - the focus of its activity
may be not educational, but business activity, which will significantly change the
purpose of the university as an institution of knowledge production for society;

2) supporting the development of entrepreneurial skills of teacher,s as the main
resource of the university, can provoke their desire using the resources of the university
to pay more attention to the implementation of their own business projects, while
neglecting their direct responsibilities. In fact, there is a contradiction between the
traditional values of teaching and the need to form in teachers the skills of
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entrepreneurship in order to earn extra money for the university.

The innovative type of the development of society is characterized by the
transfer of emphasis on the use of fundamentally new advanced technologies, the
transition to the production of high-tech products, progressive organizational and
managerial decisions in innovation. Fig. 1.4 shows the contours of the management of
educational innovations of the university.

The management of educational innovations of the university covers strategic,
operational aspects and infrastructural support, which should be aimed at creating and
attracting innovations, systematic and purposeful activities to improve existing
technologies, techniques and methods of implementation.

Strategic management of educational innovations at the university is aimed at
implementing global challenges in the field of education and identifies the main
activities in the organizational, educational, methodological areas. To implement these
tasks, regulatory and legal support has been developed in accordance with state policy.
Plans and programs are based on the analysis of the external environment, economic,
scientific-technological, demographic, environmental, and other factors. At the same
time, the educational and scientific potential of the university is assessed, as well as
opportunities for financial support for the implementation of plans and programs.

Operational management of educational innovations of the university consists in
drawing up plans-schedules of performance of works and control of their performance;
analysis of economic, organizational and managerial, socio-psychological factors that
affect the ability to implement strategic objectives; development of effective forms of
organization of educational and innovative activities of the university. It provides for
the development of an incentive system to encourage initiative, participation in
innovative changes, discussion of problems arising in the process of implementing
educational innovations, etc.

Management and infrastructure innovations are a subsystem that provides an
opportunity and support in the implementation of the educational and innovation
process. The content of the infrastructure is revealed by its functions, namely:
organizational and legal design; providing information to participants; ensuring an
organic combination of all elements and subjects of management of educational
innovations; promoting the process of regulating the implementation of educational
innovations.
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Outlines of management of educational innovations of the university <

Strategic management of innovations in education should be aimed at

| I | increasing the value of educational services, the formation of new

educational services and new markets (consumer groups), taking a
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introduction of a project-oriented network interaction, formation of subjects of the
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Fig. 1.4. Outlines of management of educational innovations of the
university (author's development)

The contours of management of educational innovations fundamentally delimit
the composition, structure and content of management, the priority of methods of
analysis and forecasting and methods of implementing the educational and innovation
process. Implementation and management of educational innovations requires changes
in organizational structures and a combination of disparate factors to a new system of
organizational interaction, staff transformation, readjustment of the communication
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system, a system of innovative measures for the material and resource management
base, and so on.

Growing competition in the market of educational services, reduction of direct
funding from the state budget exacerbate the problem of adaptation to new conditions
of development for modern higher education institutions. The best experience of the
world's leading universities shows that the key factor in their successful development is
innovation and entrepreneurship, which provides an adequate response to changes in the
environment, while meeting the social needs of society and market needs. In this regard,
the definition of the essence of an innovative university as a form of integration of
education, science and business within the national innovation system is of particular
importance [52].

It should be noted that the Law of Ukraine "On Higher Education™ (2014)
provides the following definitions of higher education institution and university:

A higher education institution - a separate type of institution, which is a legal
entity of private or public law, operates in accordance with the issued license to conduct
educational activities at certain levels of higher education, conducts scientific, scientific-
technical, innovative and/or methodological activities, provides educational process and
the acquisition of higher education, postgraduate education, taking into account their
vocations, interests and abilities [29, 2];

one of the types of higher education institutions is a university - a
multidisciplinary or branch institution of higher education, which conducts innovative
educational activities at various levels of higher education, conducts basic and/or
applied research, is a leading scientific and methodological centre, has a developed
infrastructure of educational, scientific and research and production units, promotes the
dissemination of scientific knowledge and conducts cultural and educational
activities [2].

That is, we must conclude that higher education institutions have a legal basis
for the introduction and strengthening of their innovative activities.

Thus, we see that the legislation of Ukraine enshrines the implementation of
innovative activities by the university (institution of higher education), in particular
innovative educational activities. This determines the relevance of the study of
innovative-active university. It should also be noted that the study and analysis of the
works of both Ukrainian and foreign scientists [115, 114, 271, 217, 52, 276, 284, 127,
58, 90, 126, 129, 238, 111] allows us to conclude that there are some differences in
defining the essence of an innovative university. In particular, the semantic load of the
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concept of innovative university differs significantly. Thus, the study of innovation in
educational activities are devoted to the work of such scientists: S. Belyakov, N.
Kovaleva, N. Komkov, Y. Krasnov, G. Kulakin, V. Mamayev, E. Nechaeva, N.
Savchenko, A. Khutorsky, etc. The main issues of innovation management are covered
in the works of A. Galchinsky, V. Geets, A. Dagaev, G. Kovalev, V. Kolokolov, V.
Samoilenko, O. Solovyov. The foundations of the innovative (entrepreneurial)
university are covered in the works of such foreign scientists as B. Clark, M. Gibbons,
D. Kennedy, S. Kerr, G. Itzkowitz, and others. Despite the significant contribution of
scientists to the study of innovative and (entrepreneurial) university, today these issues
need further development in both theoretical and organizational-practical aspects, as
the nature of universities in today's market competition has changed fundamentally.
The analysis of the definitions of the essence of “innovative university" by
different scientists makes it possible to consider this concept in terms of functional
approach (Table 1.8).
Table 1.8

Defining the essence of the concept of "'innovative university"
Scientists

Defining the essence of the concept

"Innovative university"

1 2

I.V. Artyomov The main task of scientific and innovative activities of the university is the
[114] acquisition of scientific knowledge through research and development and
their focus on the creation and implementation of new competitive
technologies, ensuring the innovative development of society and training of
specialists of innovative type
The innovative activity of the university is aimed at creating and mastering
innovations, i.e. updating educational products and services, forms and

L.S. Shevchenko
[217]

technologies of education at different stages of the innovation process (from
the idea or new technology to its market realization) in educational and
scientific spheres, as well as postgraduate professional education, which
provides the necessary economic and (or) social benefits

A.V. Vostroilov,
V.l. Belousov,
V.E. Shevchenko
[121]

Innovative University is a business-type higher education institution. Its main
activities are scientific and educational on the basis of innovative approaches
and management methods

An innovative or entrepreneurial university is, first of all, not an economic or

I.V. Artyomov, managerial educational institution that graduates certified entrepreneurs or
I.P. Studenyak, managers but, above all, a university of natural sciences and engineering-

S.1. Ustich technological profile, teachers, students and postgraduates of which are able to
[115] implement their innovative developments and the results of their research and
development in the economy by creating new enterprises
Frans Van Vucht | These are universities that seek to adapt to changing environmental conditions

[85]

B. Clark [58, 127]

It is a university that combines the following elements: a reinforced guiding
core; expanded periphery of development; diversified funding base; stimulated
academic stronghold; integrated business culture.
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The end of the table 1.8

2

M. Gibbons [90]
G. Itzkowitz [266,
111]

It is characterized by a socially distributed system of knowledge production,
described by the concept of the triple helix, which explains the innovative
activities of universities and the processes of knowledge transfer in network
interaction.

The central concept of the triple helix is an innovative (entrepreneurial)
university, which, along with the implementation of traditional missions of
teaching and research, plays an active role in socio-economic development as
one of the main agents of knowledge production. Such a university not only
gives the student new ideas and skills, but also develops entrepreneurial talent
for a science-oriented business.

M. Curley,
P.Formica [63]

The University of Entrepreneurship (Innovation) promotes a harmonious
relationship between research and academic entrepreneurship, and its ecosystem
is able to increase the resources of scientific discovery with commercial
potential so that it becomes a viable business.

distinguishes between basic and metalevel in the structure of the University of
Innovation and Entrepreneurship. The basic level includes: venture projects,
small innovative enterprises (startup companies), business incubators,
investment platforms, knowledge dissemination offices, technology transfer
centres, innovation and technology centrrs. The meta-level agents include:

A.O. Karpov technology consortia, which unite innovative divisions of educational

[122] institutions and high-tech business; generalized knowledge funds that integrate
research environments of universities and research organizations; science parks
create a common creative space for knowledge-intensive firms and research
teams; technology parks provide an infrastructure component for innovation and
a complete engineering and technological cycle of materialization of scientific
innovations
It is a higher education institution that systematically strives to overcome

G.N. T ; . .

. limitations in three areas - knowledge generation, teaching and putting
Konstantinov K . . N S ) .
[133] nowledge into practice - by initiating new activities, transforming the internal

environment and modifying interaction with the external environment.

A.O. Grudzinsky
[274]

Considers the Entrepreneurship (Innovation) University as: "

1) an organization based in its activities on targeted innovations, able to work in
conditions of risk and dynamic demand;

2) a cost-effective organization engaged in profitable activities and relies
primarily on their own capabilities;

3) a liberal organization with a flexible network structure;

4) an organization in which the key factors are people, groups and their
competence, where people's work is based on a balance of benefits and risks;
5) an organization whose management in the first place is not planning and
control of actions of employees, but their comprehensive support in the
activities within the strategy of the organization, for which the management
delegates the rights and responsibilities of performers;

6) an organization that faces the consumer and allows timely and flexible
response to changes in its requirements "

A.A. Sidorova ,
N.A. Rumyantsev
[195]

Entrepreneurship (Innovation) University is a kind of research centre in which,
in addition to the traditional functions of education and science, there is a
transfer of knowledge to practical areas of economics and society as a whole,
the implementation of knowledge into a product or service

S.V. Golubev
[50]

Socio-entrepreneurial university is a university whose main task is to create and
maintain an entrepreneurial environment in the territory of its presence, due to
the widespread use in its activities of innovative educational programs and the
results of applied research.

* author's development
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The analysis of the given interpretations of the category "innovative university"
allows to draw the following conclusions:

- all scientists state that an innovative university should innovate in all areas of
its activities;

- such a university must produce new knowledge to implement it in the practice
of organizations of various spheres of society;

- it must look for new ways and forms of interaction with external stakeholders;

- Innovative University strengthens the link between research and academic
entrepreneurship.

But, considering the similarities in the understanding of an innovative university,
it must be acknowledged that a single, common interpretation does not exist today.

Therefore, for a deeper understanding of the meaning of this concept with the
help of morphological analysis, we will decompose the definitions given in table 4 into
the main components on the following grounds of comparison: the essential component
of the concept; orientation of the innovative university; appointment of an innovative
university. The results of the decomposition are given in table 1.9.

Table 1.9
Morphological decomposition of defining the essence of an innovative
university
A S|gn_of Structural composition with indication of sources
comparison
1 2

acquisition of scientific knowledge through research and development [114];

creation and development of innovations, i.e. updating of educational products and
services, forms and technologies of training at different stages of innovation process
(from emergence of idea or new technology to its market realization) in educational
and scientific spheres, and also postgraduate professional education [217];

scientific and educational activities based on innovative approaches and management
methods [276];

universities of natural sciences and engineering and technological profile, teachers,
students and graduate students [115];

universities that seek to adapt to changing environmental conditions [85];

a university that combines the following elements: a reinforced guiding core; expanded
periphery of development; diversified funding base; stimulated academic stronghold;
integrated business culture [58, 127];

performs the traditional mission of teaching and research, plays an active role in socio-
economic development as one of the main agents of knowledge production [90, 266,
1117,

a higher education institution that systematically strives to overcome limitations [133];
an organization based in its activities on targeted innovations, in the management of
which in the first place is not planning and control of actions of employees, but their
comprehensive support in the activities within the strategy of the organization [101];

The essential component of the concept
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The end of the table 1.9

2

to create and implement new competitive technologies [114];

provides the necessary economic and (or) social benefits [217];

implementation of innovative developments, implementation in the economy of the
results of their research and development [39];

gives the student new ideas and skills [90, 266, 278];

promotes the development of a harmonious relationship between research and
academic entrepreneurship [63];

knowledge generation, teaching and transformation of knowledge into practice
[133];

the transfer of knowledge to practical areas of the economy and society as a whole,
the embodiment of knowledge into a product or service [238];

creation and maintenance of the business environment in the territory of the
presence, at the expense of wide use in the activity of innovative educational
programs and results of applied researches [93]

ensuring the innovative development of society and training of specialists of
innovative type [114];

creation of new enterprises [115];

develops entrepreneurial talent for science-oriented business [90, 266, 111];

its ecosystem is able to increase the resources of scientific discovery with
commercial potential so that it becomes a viable business [63];

initiating new activities, transforming the internal environment and modifying the
interaction with the external environment [133]

* author's development

Orientation of innovative university |+

Appointment of an
innovative
university

Summarizing the above definitions and summarizing the analysis, it is proposed to
understand an innovative-active university as an educational and entrepreneurial
organization that has the resource readiness to promote accelerated socio-economic
development of society through intensive transfer of knowledge and technology generated
at the university through partnership with stakeholders. At the same time, the latter include
labour market actors, governmental and non-governmental organizations [137].

Thus, a comparative analysis of the works of both Ukrainian and foreign scientists
allows us to draw a conclusion about the debatable nature of this issue, which indicates its
relevance in the global and national educational markets. Despite the significant
contribution of scientists to the study of innovative and (entrepreneurial) university, today
these issues need further development in both theoretical and organizational and practical
aspects, as the nature of universities in today's market competition has changed
fundamentally.

According to Burton R. Clark, successful innovative (entrepreneurial) universities
have five main characteristics [115, 114]:

- Strong steering: universities that want to change cannot depend on traditional
(weak) control or governance. They need to become faster, more flexible, more focused
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in responding to environmental demands;

- the periphery of development: universities that want to change must have
mechanisms to interact with the outside world. They must reach their traditional limits. To
do this, they need to create special organizational units;

- diversified funding base: universities that want to change need resources to do so.
They especially need discretionary means. Therefore, they need to expand their financial
base (and become less dependent on the government);

- strong academic heart: universities that want to change need basic academic units
that embrace an entrepreneurial culture. These core units should be encouraged to respond
positively to change;

- integrated business culture: universities that want to change need a culture that
embraces change; work ethic and a set of beliefs that are university-wide and that become
the very basis of the institution’s identity.

For today, there are two models of innovative university [115]: by the result -
teachers and graduates create innovative companies; by the type of action of the
management team (university-entrepreneur).

The first model provides for the creation of favorable conditions for students,
teachers and graduates for the formation of high-tech start-ups and spin-off companies.

The second model involves the creation of a powerful research centre that produces
and markets new scientific and technical products, thereby attracting financial resources
and increasing its independence from public resources.

Despite the choice of the model of business university, its distinguishing feature is:

- intensification of resource use and search for additional sources:

- development of infrastructure and network of branches and representative offices;

- economic interest in combination with the satisfaction of public interests [276].

The analysis of the authors' opinions allowed to identify the structural components
of the innovative university (Table 1.10).

Table 1.10
Structural components of an innovative university
Author / source Characteristic
1 2
Shah Ali and education and research with components (assessment of training needs, creation
others [177] of research and research centres that hold conferences and scientific meetings

at the national and international levels), and structure with components
(flexibility in infrastructure, communication networks and centralized
structure), and in strategic measuring components (goals and prospects,
strategic decisions)
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The end of the table 1.10

1 2
Dehgan, Talebi | structural measurement of components (structure and evaluation of efficiency)
and Arabian and environmental aspect of the component (extragroup capital).
[32] There is also a structure that corresponds to the components (appropriate

education system, organizational structure, human resource management and
organization of culture)

Skirbants and structural measurement of components (structure and evaluation of efficiency)
others [181] and environmental aspect of the component (extragroup capital).

There is also a structure that corresponds to the components (appropriate
education system, organizational structure, human resource management and
organization of culture)

* author's development

The system of activity of the innovatve-active university can be presented as a
combination of components of the internal and external environment (Fig. 1.5).

Labour market actors

The quality of the

A
v Internal environment
Philosophy, goals, Inpooc\g;'g: University resources
strategy of the P (financial, personnel,
university material and technical)

Components of an
innovative-active

Scientific activity of

educational process university the university
Teaching technologies, . izati
educatignal progrgms Innovation Orgzglré?)trl;)tr;aclzjftrﬁrcgure,
processes
i

Government organizations

NGOs

Environment

Fig. 1.5. Interaction of components of internal and external environment
of innovative-active university (author's development)

Thus, the innovative-active university (IAU) is aimed at the development of
society in the current and long term, and the dominants of its activities are:

science as a tool for generating new knowledge on the basis of integration with
the external environment, primarily with high-tech enterprises;

education as a way to bring knowledge to people, the formation of the
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intellectual potential of society;

interaction with industry, government, society as a means of concerted efforts to
ensure the stable development of the nation and civilization.

Under these conditions, IAU should implement innovations in eight key
dimensions (Table 1.11).

Table 1.11
Key dimensions of an innovative-active university

Measurement Characteristic
Leadership and are the two most important and complex factors in the development of
management entrepreneurial and innovative higher education institutions. Positive and

responsive leadership is what supports a dynamic and successful organization,
especially in times of uncertainty, unpredictability and complexity. Leadership
and management can stimulate all kinds of innovations in an organization that
combines a shared vision and culture, not overloaded with management
systems, constantly striving for their autonomy through entrepreneurial
management of various interdependencies with stakeholders

Organizational
capacity

constant focus on the development of their organizational capabilities. To this
end, there are incentives and rewards for employees, students, and
stakeholders who promote the entrepreneurial program and remove barriers
and constraints in the organization. The goal is to empower organizations on
their own initiatives, engage in innovation, and build personal relationships
between stakeholders based on trust across external and internal borders.

Independence and
responsibility

learning requires something other than standard textbooks and regular
classrooms, seeks to enhance the entrepreneurial abilities and capabilities of
students, giving them greater independence and responsibility in the learning
process through experimental, collaborative and reflective learning

transformation
and opportunities

Training and provides teaching strategies and learning environments that offer targeted

support of support for students and staff aimed at creating a business provided directly

entrepreneurs by educational institutions or directing potential entrepreneurs to specialized
support services for beginners within the (local) business ecosystem

Digital use of the opportunities provided by digital technologies, which are a key

factor in promoting innovation and entrepreneurship, including the
development of a positive digital culture, development and maintenance of
appropriate and modern digital infrastructure and development of digital
competence among staff and students to take full advantage of digital
technologies and tools

Knowledge
exchange and
cooperation

Negative attitudes towards entrepreneurship, entrepreneurs and business in
higher education can limit and hinder the formation of a network and
cooperation with business partners. Communication, which ensures that both
sides of the knowledge sharing network clearly understand the relevant
expectations, constraints and requirements, is a key element of the University
of Entrepreneurship and Innovation.

Internationalized
institution

Internationalization is an important indicator of the quality of higher
education, a means to continuous change and advancement through its
teaching, research and knowledge sharing activities, as well as through its staff
and students.

According to the selected measurements, the main types of innovation activities
are distinguished, which are sometimes interpreted as functions of the AU

(Table 1.12).
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Table 1.12

Types of innovative activities of the university

actually educational
activities

Author Type / function Characteristic
implementation of basic and applied research, development of own
. . . infrastructure of innovations, bringing to market of results of own research
innovation activities L e .
= activity, development and realization of complex projects and programs
® of innovative development
= teaching innovative
; - -y
E activities of teachers, reproduction of innovative personnel, which is important in the formation
§ researchers, graduate of the knowledge econom
~ |students, doctoral students, g y
g applicants, students

the traditional direction of the university, supplemented in a market
economy by the creation of various training courses, seminars, trainings,
"round tables" on the development of the industry, etc.

V.0. Zhukova [98]

pedagogical innovations

change of style of pedagogical activity and organization of educational
and cognitive process; introduction of innovative learning models. The
latter transform the nature of education in relation to its essentially and
instrumentally important characteristics, such as the target organization;
the nature of the teacher's interaction with students and their position
during the learning process; effective organization of the educational
process, in particular, with the use of modern information and
telecommunication technologies, etc.

scientific and
methodological
innovations

updating the content of educational programs in accordance with the best
domestic and foreign counterparts; introduction of innovative courses;
creation of modern content of educational and methodical materials (new
textbooks and manuals, scientific-methodical and software)

educational and
technological
innovations

use of new or improved learning technologies (for example, distance
learning, Internet technologies, project-organized technologies, etc.);
providing students and teachers with access to electronic libraries;
creation of corporate information management systems of the university.

Thus, innovative-active universities differ from traditional ones by their
emphasis on the academic values of science and innovation. The problems that arise in
their environment are forcing innovative universities to find new management systems
and processes.

The analysis of research on the nature and specifics of the functioning of
innovative universities has led to the conclusion that the educational component is
essential in its relationship with major stakeholders. It is this component that provides
the formation of a specialist needed by the labour market today and in the future, it
directly affects the educational potential of society, influences the development and
implementation of innovations in the real sector of the economy. Therefore, the
effectiveness of innovation management in the educational process transitively affects
all the activities of IAU.
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1.4. Factors of university competitiveness: world experience

Innovative University aims to ensure efficient operation in order to create
opportunities for its competitiveness and attractiveness in the market in the long run
[160].

To establish the factors of competitiveness of universities around the world, we
will analyze global models of education (Anglo-Saxon, German-French-Russian,
Scandinavian, American, Asian models) and evaluate these models according to the
following criteria: autonomy, underlying concept, strategic orientation of the
educational process, qualitative component, targets, centralization, availability of
higher education, degree of selectivity (Appendix A, B). Thus, the uniqueness of the
current situation of educational paradigms is that if the shortcomings of the Anglo-
Saxon model of education, expressed in the narrow pragmatic focus of actors in the
educational process to address specific applications, are eliminated by humanizing
education and expanding ideas about the experience of others. German-Russian model
of education, on the contrary, is a departure from the principle of fundamentality to
pragmatic orientation. The signing of the Bologna Declaration became a catalyst for
this process in this context. For many universities based on the Prussian (Austrian)
education system, the desire to become an equal participant in the international
educational space is not just a revision of existing requirements for the education
system within the country but, in fact, a change in the model of education, changing
relationships between actors.

According to researches of L.L. Antonyuk and V.l. Satsyk [27], today the
following general trends in the development of universities have been formed:

1. Global scale of activity and significant impact on social development.

2. Systematic integration of research and educational activities.

3. Deepening regional and international cooperation.

4. Selectivity in the selection of students and faculty. High levels of scientific
productivity of teachers.

5. Implementation of interdisciplinary research and training of doctors of
sciences.

6. Diversification of funding sources.

7. Joint coordination of actions with business representatives in the training of
specialists.

8. Formation of modern infrastructure of scientific and innovative activity.
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9. Ensuring the highest quality of scientific and educational activities.

10. Increasing the volume of consulting services provided by teachers.

Summarizing the views of scientists [85, 115, 155, 32, 161, 39, 34, 107, 207,
123, 45, 202] we define the essence of the factors of competitiveness of universities.
Thus, the factors of university competitiveness are elements, processes and phenomena
that affect the indicators of educational, scientific, innovative activities of the
university and lead to an increase (decrease) in the attractiveness and competitiveness
of the university.

The analysis of scientific research by such scientists as J. Lombardi [155], F.
Altbach [32], S. Marginson [161], A. Take, L. Armstrong [39], A. Strambu-Dima, K.
Veges [34], J. Salmi [207], Antonyuk LL. and Satsyk VI [27, 211], F. Van Vucht [85],
A. Hobbes [115], H. Horta [107] and others allowed to draw the following conclusions
about the factors of competitiveness of the world universities (Table 1.13).

Table 1.13
Factors of competitiveness of the world universities
Scientists _ ,o§ = g ,§ _ = g
sl2 8 2l=35 388 2z
N o= c —_— | (&)
Ne | Factors =1 B 8|S 2l Sleglglx| 8|23
= g o g 8| = D ™ S i) o
SIE|>|Z| 2 EIFIITIOC|2]|&
0l o << 8| = ; - - I >
- ol - < L
1 2 3145|6789 (10| 11|12 |13
Talented researchers, teachers and
1 + |+ |+ |+ |+ |+ |+ ]+ + + | +
students

Sufficient material and financial
2 | resources, developed infrastructureof | + | + | + | + | + | + [+ [+ | + | + | +
the university

Transparent and effective system of
leadership, management
Conducting (breakthrough) research
in priority areas of knowledge
Quialitative and innovative
educational process, integration of
research into students' educational
activities

Academic freedom and autonomy of
universities

7 | State financial support + + |+ +
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The end of the table 1.13

8

9

10

11

12

13

International reputation and
successful experience of
internationalization

Productive cooperation with business,
other organizations, graduates

10

Developed business culture (sphere)
of the university

11

Extensive diversification of research
and education, social and cultural life
of the university

12

Belonging of the university to the
countries with the developed system
of education and researches

13

State funding of research and
investment in the development of
university infrastructure

competitiveness of universities by the total number (Fig. 1.6).

infrastructure, transparent and effective system of leadership and management.

For further analysis, we construct a polygon of the distribution of factors of

12

11

10

13

15
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5

1

2

—.—7 The total number of factors

Fig. 1.6. Polygon of the distribution of scientists' opinions on the factors of
competitiveness

Summarizing the views of the scientists on the factors of competitiveness of
universities, we can conclude that scientists believe that the greatest influence on the
competitiveness of the university have factors number 1, 2 and 3, namely: staff
(researchers, teachers, leaders) of the university, student learning outcomes (quality of
the educational process), material and financial resources, developed university
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It should also be noted that all factors of competitiveness are classified into
external and internal. External factors mean everything that sets the formal rules of the
university in the market of higher education services, which are not influenced by the
university:

state regulation of the education system;

political factors;

regulatory and legal support;

regional factors;

scientific-technological and innovative factors;

the level of economic and scientific-technical development of the country;

socio-demographic factors;

natural and geographical factors, etc. [123, 45]

Internal factors are the university's ability to ensure its own competitiveness: the
creation of certain competitive advantages of the university from the standpoint of the
choice of the university by applicants and their parents, employees [202].

The nature of the influence of factors is different. The competitiveness of the
university can be directly or indirectly affected. As a rule, indirect influence is felt by
external factors. Thus, one of the most important components of the competitiveness
of the university is the ability of the institution to compete under the influence of
external and internal factors, the main of which are systematized and presented in
Fig. 1.7.

The above system of factors influencing competitiveness (Fig. 1.7) is quite
generalized, as not all of these factors necessarily affect each university at the same
time. In addition, with the development of educational activities, there may be changes
not only in the number and structure of factors, but also may change the level of
influence of each of them.

The ability to withstand the influence of the environment, to adjust their own
activities in accordance with the actual market conditions, the ability to effectively
manage within the university are important conditions for creating an attractive and
competitive university.

If we compare the above external factors that affect the competitiveness of the
university with the situation in the country, we can conclude that the situation with
COVID-19, foreign economic relations, the state of the financial market directly affect
the activities of universities, undermining their competitiveness.
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The internal influences operating within the university are mostly manageable
and management can adjust the endogenous situation if necessary. Management of
each factor is carried out systematically depending on tactics and strategy of university.

il External factors of university competitiveness I

| . Egpnorr}ic ) Political I
! State funding of research International reputation I
| State regulation of the education ful P ‘ i
! system Sus:cess ul experience o |
H Regulatory and legal support of internationalization | !
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il | Investing funds in the development of Changes in the country’s position on the | 1
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| Sociocultural Productive cooperation with business, other : !
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Fig. 1.7. Composition and interrelations of factors of competitiveness of
university
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Ensuring competitiveness is one of the priority strategic objectives of each
subject of economic relations, so universities are no exception. Today,
competitiveness in the education sector directly depends on the attractiveness and trust
of applicants. The higher the level of trust, the greater the attractiveness of the
university is and, as a result, the higher is its competitivenessOf particular note is the
definition of strategies for the formation of competitive universities in the world, made
by a well-known Australian expert in higher education S. Marginson [161]. The
researcher argues that in the current context of globalization in different countries they
practice three main models of world-class university development strategies: breadth
strategy, depth strategy, combined strategy of breadth and depth (breadth depth
strategy).

Breadth strategy - there is a transition from high-quality mass higher education
to the creation of a world-class university, the country's achievement of the highest
standards of higher education in teaching and learning, expanding public access to
high quality educational services, increasing potential of universities, the gradual
evolutionary allocation of university institutions capable of competing in the global
market. This strategy is used mainly in the Western Europe (e.g., University of Vienna,
University of Manchester) [161, 211].

Depth strategy - there is a transition from scientific, innovative research in
breakthrough areas of knowledge to the creation of a world-class university, involves
active participation and financial support of universities by the state, the creation of a
world-class university based on a small number of existing universities which are
capable of carrying out serious research. This strategy was used by East Asian
countries during the second half of the XX century (Peking University and Qinhua
University, Tokyo University, Taiwan National University, Seoul University, etc.).
Currently, this model is being used in Saudi Arabia, Brazil [161, 211].

The combined breadth depth strategy is a combination of the two previous
strategies and is currently used in the United States and China and is gaining ground in
some Western European countries [161, 211].

The university development strategy is determined by a set of factors, priorities,
resources available to the university. Depending on the specific conditions and tasks of
development, the university forms a new strategy or adjusts the existing one, which
gives it the opportunity to maintain or improve its own competitive position.

To ensure the desired level of functioning in a competitive environment,
universities need to maintain high performance. This position requires management to
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implement a sound effective strategy that serves as a guarantee of competitive activity.

Also, it should be noted that the formula for high competitiveness of the
university is the ratio of such components as analysis, strategy and attractiveness of the
university (Fig. 1.8).

Ve ~
Analysis of the university: |
strategic analysis, financial analysis,
management analysis, analysis of
competitors,
monitoring the quality of education -

’ University )
Attractiveness of the development
university: strategies:
trust from industry, strategy "wide",
government, society strategy "deep",
\ | combined strategy

e ™~

University
competitiveness

Fig. 1.8. Factors of formation of high competitiveness of the university

To determine the most important factors in the competitiveness of the world's
universities, we use the ranking of the best universities in the world according to the
British consulting company Quacquarelli Symonds (QS World University Rankings).
The ranking evaluates universities on the following indicators: activity and quality of
research, opinion of employers and career potential, teaching and internationalization.
These indicators cover the key strategic missions of universities of global importance,
for which they are accountable to the participants in the process: academic community,
employers, students and their parents. The study evaluates more than 2,500 higher
education institutions worldwide each year. According to its results, there is a ranking
of the best 500 universities in the world, as well as rankings of universities in certain
disciplines [191, 186]. The weight of each indicator is shown in Fig. 1.9.

From Fig. 1.9 we see that the most important factors in the competitiveness of
the world's universities (according to the QS rating) are internal factors, namely the
academic reputation of the university and citations of scientific papers of university
teachers. It should be noted that the leaders in this ranking are the Massachusetts
Institute of Technology (USA), Stanford University (USA), Harvard University
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(USA), Oxford University (Great Britain), California Institute of Technology (USA).
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Fig. 1.9. The share of university performance indicators for which the QS
rating is calculated

Thus, based on the results of the analysis, we can conclude that a university
allows to achieve and maintain a high level of competitiveness through:

quality development strategy;

introduction of innovations in the educational process;

international cooperation;

developed infrastructure that attracts the best applicants with high learning
potential;

intellectual capital;

in-demand graduates;

modernization of educational programs, taking into account current and future
needs of society;

financial opportunities, by developing its core business under the influence of
academic entrepreneurship, the university will achieve high positions in the world
rankings of education.

With this in mind, it can be stated that in order to achieve and maintain high
competitiveness of the university, the nature of the competitive advantages that it
develops is important. Intellectual capital, innovation, international cooperation and
financial opportunities are important factors in the attractiveness and competitiveness
of universities in the economic competition for leadership in the world markets.
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CHAPTER 2. FORMATION OF INNOVATIVE-ACTIVE UNIVERSITY:
EXPERIENCE OF INTEGRATION OF STATE AND HEI

2.1. Analysis of the legislative basis and state initiatives to build an innovative
university

The current stage of evolution of the world economy is characterized by radical
socio-economic transformations and the transition of countries - key innovators to the
knowledge economy. Its main attributes are the internationalization of educational and
scientific activities, technological advances in education and science, diversification of
funding mechanisms for research carried out by universities, the intensification of
competition between them.

The formation of a modern Europeanized system of higher education in Ukraine
began after the declaration of independence in 1991. The activity of the HEI of Ukraine
Is regulated by legislative and regulatory acts, on which both the functioning and the
possibilities and direction of development of the sphere of higher education completely
depend. During the years of Ukraine's independence, significant changes and
transformations have taken place in the activities of the HEI, which were caused by
changes in the legislative field and globalization processes and were aimed at achieving
world educational standards. The priority task of forming a new independent educational
policy of the Ukrainian universities was to create a national education system as a basis
for reproducing the intellectual potential of the population, the emergence of domestic
science, technology and culture at the world level, national revival, statehood and
democratization in Ukraine.

Critical analysis of the legal framework of the process of functioning of domestic
HEIs and their transformational development allowed to identify 4 main stages of
modification of the legislation of Ukraine in the field of higher education. The
evolutionary vector of transformational reformations is shown in Fig. 2.1.

Let us consider in more detail the content of each of the stages on the tuple model
"basic regulations - transformations of the higher education system - changes caused by
legislation.”

Stage 1. (1991-2002).

This stage is the beginning of the development of the higher education system of
Ukraine in general as an independent unit, independent of the post-Soviet educational
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space, and the beginning of transformation processes in the order of training specialists
in the higher education system.

* Transition from a
narrowly focused
sectoral focus in the
training of specialists
to an expanded socio-
humanitarian profile
in the specialty

Stage 1
1991-2002

\

—

Stage 2
2002-2010

» Transformation of the
higher education system of
Ukraine to the
requirements of the
European and world
educational space.
Accession to the Bologna
principles of organization
of training in the system of

higher education

» Modernization of
the domestic higher
education system
and accession to the
global scientific and
educational space

\

Stage 3
2010-2015

\—

|

Stage 4 from 2015
to the present [\

—

« Creation of modern
educational and
research centers and
transformation of
HEI into innovative
universities

Fig. 2.1. Evolutionary vector of transformation of the higher education system of
Ukraine (developed by the authors)

This stage of development of the legal framework is both self-identifying and
strategic, as Ukraine has been separated from the post-Soviet educational space and the
national legal framework for the development of higher education has been created. In
addition, the foundations were laid for the development of higher education in the field
of innovation. The key normative acts, which determined the creation of the regulatory
framework of the higher education system of Ukraine and its vector of development in
the innovative direction at this stage, were the Laws of Ukraine "On Education™, "On
Higher Education”, "On Scientific and Scientific-Technical Activity”, program
"Education: Ukraine of the XXI century".

The Laws of Ukraine "On Education™ [23] and "On Higher Education” [7] created
a fundamental basis for the development of higher education in Ukraine and initiated the
direction of its reform. These normative acts form the structure, types of HEIs, principles
of their management and financing and determine the main types of their activity -
educational, scientific and scientific-technical. This stage focused only on establishing a
national system of higher education. The provisions of the laws concerning international
educational and scientific cooperation were only declarative in nature, without concrete
actions in the direction of integration into the global and European educational space.

As for the qualitative improvement of the work of HEI, it is at this stage that the
procedures for licensing and accreditation of areas and specialties and institutions of
higher education have been introduced and detailed.

In order to support the development of education as one of the main factors in the
development of the Ukrainian state, a strategic plan for the development of education was
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developed in the form of the State National Program "Education™ (*Ukraine of the XXI
century"). This document emphasized the inconsistency of the current education system
in Ukraine with social needs and global trends, the need to reform education in order to
bring domestic science, technology and culture to the world level, national revival,
statehood and democratization of society in Ukraine "[66].

The results of this stage were the formation of the legislative framework of
education as a system of framework provisions. Thus, the activities of the HEI focused
on the educational process, but there were no provisions for strengthening and developing
innovation and international activities. Thus, we can identify the main characteristics of
the development and modernization of higher education at this stage:

- development of the system of public administration of higher education in
Ukraine;

- establishment of legal, organizational and financial bases of functioning of the
system of higher education of Ukraine;

- legislation in the field of higher education was in a state of development,
refinement and improvement;

- laid the foundations for further development, reform and modernization of the
national education system, including the higher one;

- introduction of procedures for licensing, accreditation and certification of HEI in
order to improve the quality of their services.

The analysis of the provisions of regulations at this stage are presented in table 2.1.

Table 2.1
Analysis of the provisions of regulations of the first stage of development of higher
education in Ukraine

Basic legislation Substantive provisions
1 2
Law of the Ukrainian SSR "On | - the basis for the development of the national education system and its
Education” Ne1060-X11 of | reform has been established.
23.05.1991 [7] - among the types of activity of the higher educational institution the

training of specialists of different levels of qualification is indicated;
research work; implementation of external relations.

- the priority is given to basic research in the field of national education and
culture

-limited autonomy of the HEI

Law of Ukraine "On Scientific and | - Higher educational institutions of I11-1V levels of accreditation are referred
Scientific-Technical Activity" Ne | to the subjects of scientific and scientific-technical activity;

1977-X11 of 13.12.1991 [19] - Scientific and scientific-technical activity is recognized as an integral part
of the educational process of the university
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The end of the table 2.1

1

2

National Program "Education
(Ukraine of the XXI Century)",
1993, approved by the resolution
of the Cabinet of Ministers of
Ukraine dated 03.11.1993 Ne 896
[66]

The main strategic objectives of higher education reform:

- transition to a step-by-step system of training;

- formation of a network of universities, which by educational and
qualification levels, types of institutions, forms and terms of study, sources
of funding would satisfy the interests of the individual, the region and the
state;

- raising the higher education of Ukraine to the level of developed countries
of the world and its integration into the international scientific and
educational community.

The document approves the need for accreditation of universities of all
levels and forms of ownership.

Resolutions of the Cabinet of
Ministers "On accreditation of
higher educational institutions" Ne

303 of 01.06.1992 [5], "On
licensing, certification and
accreditation  of  educational

institutions" Ne 200 of 12.02.1996
[18]

came into effect: Regulations on the State Accreditation Commission and
its personnel; Regulations on licensing of educational institutions;
Regulations on accreditation of higher educational institutions; Regulations
on certification of vocational schools.

established the basic principles of accreditation, accreditation criteria, the
level of autonomy of the educational institution in a particular economic
activity

Resolution of the Cabinet of Ministers
of Ukraine "On the list of areas and
specialties for which specialists are
trained in  higher educational
institutions at the appropriate
educational and qualification levels"
of 24.05.1997 Ne507 [25]

The list of areas and specialties for which specialists are trained in higher
educational institutions has been approved

Resolution of the Cabinet of
Ministers of Ukraine "On approval
of the Regulations on the state
higher educational institution"
dated 05.09.1996 Ne 1074 [3]

The main tasks of the higher education institution are:

- conducting educational activities and ensuring the acquisition of
knowledge by students in a particular field;
- conducting research as a basis for training future professionals and
scientific, technical and cultural development of the state;
There are no provisions on international activities

Law of Ukraine "On Higher
Education" of January 17, 2002 [7]

-established legal, organizational, financial and other principles of
functioning of the higher education system;

- the principles of state policy in the field of higher education include the
integration of the higher education system of Ukraine into the world system
of higher education;

- the tasks of the HEI, scientific and scientific-technical activities;

- 3 educational and 4 educational-qualification levels are determined,;

- the need to implement state and industry standards of higher education,
which are designed to assess the quality of educational activities and
training in higher education;

- the system of higher education standards was approved;

- the forms of conducting scientific and scientific-technical activity of the
university are determined, which include:

fundamental, applied research for the creation and implementation of
competitive equipment, technologies and materials;

development of various forms of scientific cooperation (including
international);

participation in research and development work carried out in universities;
organization of seminars, conferences, Olympiads, competitions, course,
diploma and other works of the participants of educational process.
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Stage 2 (2002-2010). Transformation of the system of domestic higher education
to the requirements of the European and world educational space and the basis of joining
the Bologna process of training.

At the beginning of the XXI century there was a formation of the world knowledge
economy and the transition from the use of industrial to scientific and information
technologies. In such conditions, higher education gained the role of one of the main
factors of economic development, which required a change in approaches to the
management of the education system and the development of strategic plans for its
development. To this end, the Decree of the President of Ukraine of April 17, 2002
approved the National Doctrine of Education Development, the provisions of which gave
education the role of "strategic resource for improving the welfare of people, ensuring
national interests, strengthening the authority and competitiveness of the state in the
international arena™ [2].

Among the priorities of state policy in the development of education was the
integration of education and science; introduction of educational innovations and
information technologies; establishment of the market of educational services and
development of its scientific and methodological support; accession of domestic
education to the European and world educational space, i.e. the foundations of integration
processes and innovative changes in the HEI of Ukraine have been laid.

At this stage, the lag of the development of education and science in Ukraine from
the leading countries of the world and their inconsistency with global trends and world
practice was observed. Therefore, during this period, the development of the regulatory
framework and public policy in the field of higher education was characterized by the
beginning of transformational processes of integration into the European and world
educational space on the basis of research and innovation of human development.

Ukraine's integration into the global educational space began with the accession to
the Bologna Process in 2005, which aimed to create a single higher education space with
Europe. However, even before joining the Bologna Process in Ukraine, regulations were
adopted to amend the higher education system in order to comply with the European
standards and prepare for the Bologna innovations: orders of the Ministry of Education
and Science "On the implementation of credit-module system of education" Ne 812 dated
20.10.2004 [14], "On approval of the action program for the implementation of the
provisions of the Bologna Declaration in the system of higher education and science of
Ukraine for 2004-2005" [38] of 23.01.2004 [15] (Table 2.2).
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Table 2.2

The main regulations of the second stage of development of higher education in
Ukraine

Basic legislation

Substantive provisions

Decree of the President of Ukraine "On the
National Doctrine of Education Development"
7347/2002 of 17.04.2002 [2]

- Education is recognized as a determining factor, a
strategic resource for improving the well-being of
people, ensuring national interests, strengthening the
authority and competitiveness of the state in the
international arena.

- the priorities for the development of state policy in the
field of education include: the creation of a market for
educational  services and its scientific and
methodological support; integration of domestic
education into the European and world educational
space; financing of the state order according to the
established standards taking into account the quality of
education

Orders of the Ministry of Education and Science
Ne 49 of 23.01.2004 "On approval of the
Program of Action for the implementation of the
provisions of the Bologna Declaration in the
system of higher education and science of
Ukraine for 2004-2005" [14];

"On the peculiarities of the introduction of
credit-modular system of organization of the
educational process" Ne812 of 20.10.2004. [24]

The goal is to take measures for the entry of the national
system of education and science into the European space.
The main tasks that need to be addressed for the
implementation of the Bologna Process in Ukraine are
identified:

- take into account the European practice of organization
of accreditation and quality control of education;

- to ensure further development of autonomy and self-
government in higher education.

Decrees of the President of Ukraine: "On
measures to improve the system of higher
education in Ukraine" 99199/2004 of 17.02.2004
[15], "On wurgent measures to ensure the
functioning and development of education in
Ukraine" Nel013 / 2005 of 04.07.2005 . [22],
"On ensuring the further development of higher
education in Ukraine" Ne857 / 2008 of
25.09.2008 [10]

The system of measures on improvement and
development of education of the system of higher
education of Ukraine, its integration into the European
educational space is approved

Orders of the Ministry of Education and Science
Ne 774 of 30.12.2005 "On the introduction of
credit-modular system of organization of the
educational process” [9], Ne 612 of 13.07.2007
"On approval of the Action Plan for quality
assurance of higher education in Ukraine and its
integration into the European and world
educational community for the period up to 2010
" [12]

Ensuring the quality of higher education and integration
of higher education in Ukraine into the international
educational space

Resolutions of the Cabinet of Ministers of
Ukraine "On licensing of educational services"
Ne 1380 of 29.08.2003, "On licensing of
activities for the provision of educational
services" Ne 1019 of 08.08.2007;

Order of the Ministry of Education and Science
Ne 847 of 24.12.2003 "Licensing conditions for
the provision of educational services in the field
of higher education™ [1, 17, 18]

the Procedure for licensing educational services was
approved; the minimum standards for providing
educational institutions with scientific-pedagogical and
pedagogical staff, material-technical, educational-
methodological and information base have been
established.
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In fact, such accession was formal, as the implementation of the main instruments
of the Bologna Process (cyclical organization of higher education, the European Credit
Transfer and Accumulation System, national qualifications framework, Standards and
Recommendations for Quality Assurance in Higher Education) took place much later.

Thus, the main characteristics of the development and modernization of higher
education at this stage were as follows:

approval of the strategy for the development of higher education;

the beginning of integration into the European educational and scientific space after
Ukraine's accession to the Bologna process;

the beginning of structural and functional changes in the activities of the HEI,
aimed at ensuring the highest quality of higher education and ensuring its innovative
development;

continuation of the development of licensing and accreditation procedures for HEI
of Ukraine;

state and branch standards of higher education are introduced.

Stage 3 (2010-2015).

Modernization of the higher education system in Ukraine and real accession to the
global scientific and educational space.

The content of the third stage of modernization of the HEI of Ukraine was
characterized by the transition from declarativeness to the actual implementation of the
world and European values and practices of the educational process.

The first steps towards overcoming the inconsistency of domestic legislation in the
field of higher education with international standards was the development and approval
of the National Qualifications Framework in 2011 as the national classifier of Ukraine.
This document approves five levels of higher education: junior bachelor, bachelor,
master, doctor of philosophy and doctor of sciences [11].

In order to recognize the need for the development of HEI in the field of innovation
and create conditions for stimulating these processes in 2010 there was introduced the
concept of "research university”, the main characteristics of which are scientific
achievements, research and innovation, implementation of international projects and
integration of education and science with industry [4]. The status of a research university
was granted to 14 HEI of Ukraine by the acts of the Cabinet of Ministers of Ukraine .

However, the state of development of the higher education in Ukraine, despite the
measures taken, still did not correspond to the European level. In conditions of the need
for significant changes to improve the level of quality, increase the competitiveness of
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domestic HEI, as well as continue the process of integration into the global educational
space, in 2013 the National Strategy for Education Development in Ukraine until 2021
was approved. The main directions of the Strategy implementation were identified [21]:

- revision, modernization and adoption of new legislation in the field of education,
including higher education (especially the new versions of the Laws of Ukraine "On
Education", "On Higher Education™);

- improving the structure of the Ukrainian education system;

- modernization of the content of education,

- informatization of education,

- support of scientific and innovative activity and other.

In pursuance of the Strategy, measures have been taken to comprehensively
modernize the educational and scientific sphere by adopting a new version of the Law of
Ukraine “On Higher Education” (2014).

The main purpose of the Law of Ukraine "On Higher Education” was the
gualitative transformation of higher education, strengthening cooperation between the
government agencies and businesses with higher education institutions, preparation of
competitive human capital for high-tech and innovative development, further introduction
of Bologna instruments and integration with the European Research Area.

That is, the main characteristics of the development and modernization of higher
education at this stage are as follows:

— granting the status of a research university;

— innovation in the development of education;

— improving the availability and quality of education;

— continuation of the process of the European integration of higher education;

— adaptation of legislation in the field of higher education to the European
requirements and bringing the regulatory framework of higher education to modern needs
of the economy and its innovative development;

— the strategic plan of development of the educational branch is approved.

Table 2.3 shows the analysis of regulations adopted in the period 2010-2015.

Stage 4 (from 2015 to the present).

Creation of modern educational and research centres and transformation of HEI
into innovative and active universities of entrepreneurial type. Since 2015 a new stage of
modernization of the higher education system of Ukraine has begun, in which the
regulations were prepared that continued to modernize the legislative framework of the
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national higher education, and new strategic directions of development were adopted.

Table 2.3

The main regulations of the third stage of development of higher education in

Ukraine

Basic legislation

Substantive provisions

Resolution of the Cabinet of
Ministers of Ukraine of
February 17, 2010 Ne 163
"Regulations on the
Research University" [4]

- approval of the concept of "research university",

- main activities: educational, scientific and innovative, international;

- approved the criteria of the university, which gives the status of research;

- the main tasks of the research university are defined, among which:
realization of innovative programs of preparation of scientific and scientific-
pedagogical staff; implementation of basic and applied research; realisation
of innovative projects for the development, implementation and production
of new high-tech products; integration of education and science with
production through the creation of educational-research-production
associations, basic departments, laboratories; participation in the
implementation of international projects and programs, in scientific and
practical conferences, seminars and exhibitions.

Resolution of the Cabinet of
Ministers of 23.11.2011 Ne
1341 "On approval of the
National Qualifications
Framework™ [11]

8 qualification levels have been approved, including 5 levels of higher
education, and their description on the basis of the European and national
standards of quality assurance of education, which takes into account the
requirements of the labour market to the competencies of employees and is
introduced to harmonize legislation in education and social relations,
promote national and international recognition of qualifications in Ukraine

Presidential Decree "On the
National Strategy for the
Development of Education in
Ukraine wuntil 2021" Ne
344/2013 of 25.06.2013 [21]

The strategic tasks of the development of the sphere of higher education are
determined, from which the main ones are:

- creation of research universities, expansion of university autonomy;

- reforming and optimizing the network of higher education institutions;

- bringing the management system of higher education in line with the needs
of the national economy and the demands of the labour market;

- development of the standards of higher education focused on the
competence approach;

- expanding the interaction of higher education with employers;

Law of Ukraine "On Higher
Education" of 01.07.2014 [6]

- among the tasks of the higher educational institution is the conduct of
educational and scientific activities; ensuring a combination of educational,
scientific and innovative activities; establishing international relations;

- structural changes in the management system of higher education are
envisaged;

- development of university autonomy;

- creation of new standards of higher education;

- increasing the mobility of students and teachers;

- higher education institutions have been given the authority to develop
educational programs;

-opportunity to issue their own diplomas; state diplomas can be issued only
for accredited programs;

- the system of quality assurance of higher education was introduced and the
status of the National Agency for Quality Assurance of Higher Education
was determined.

This period is also

characterized by a significant intensification of international

cooperation in education and science, the continuation of the European vector of
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development.

In pursuance of the requirements of the Law of Ukraine “On Higher Education” of
July 1, 2014, the National Agency for Quality Assurance in Higher Education was
established to be responsible for the accreditation process.

In the conditions of the shift of a vector of development and principles of
functioning of HEI from educational to educational-scientific activity there was a need
for development of the norms regulating the sphere of scientific activity. In 2015, the Law
of Ukraine “On Scientific and Scientific-Technical Activities” was adopted to manage
relations regarding the implementation of scientific and scientific-technical activities in
Ukraine and to perform the National Strategy implementations; accoring to the Law,
universities are classified as subjects of scientific and scientific-technical activity
(Table 2.4).

Table 2.4
The main regulations of the third stage of development of higher education in
Ukraine

Basic legislation

Substantive provision

1

2

Resolution of the Cabinet
of Ministers of
15.04.2015 Ne 244 "On
the establishment of the
National Agency for
Quality  Assurance in
Higher Education” [26]

the National Agency for Quality Assurance in Higher Education was
established as a permanent collegial body for the implementation of state
policy in the field of quality assurance in higher education and its
regulations were approved

Law of Ukraine "On
scientific and scientific-

Scientific and scientific-technical activity in higher educational
institutions is an integral part of educational activity and is carried out

technical activities” of | in order to integrate scientific, educational and industrial activities in the
11/26/2015 [20] system of higher education.
Strategy for the | Priority principles of the higher education development in Ukraine:

development of higher
education in Ukraine for
2021-2031 [235]

- autonomy of the HEI of Ukraine;

- implementation of the principles of academic integrity, academic
freedom and professionalism;

- ensuring high scientific achievements;

- achieving quality standards of higher education and its continuous
improvement;

- focus on current and future priorities of society and the national
economy;

- research universities are the core of higher education;

- research universities are leaders in creating new knowledge, their own
online platforms for the dissemination of knowledge in society;

- development of HEI autonomy;

- financial stabilization of HEI;




69
The end of the table 2.4

1 2

- improving the mechanism of financing and commercialization of
university science, ensuring intellectual property rights;

- creation of a mechanism of cooperation between the HEI and the labour
market;

- development of an effective system of internal and external provision
and monitoring of the quality of higher education;

- support for the economic development of the country through a
combination of education, science and business;

- creation and development of an innovative ecosystem in the field of
higher education;

- improving the financing and commercialization of university science;
- fundamentalization and universalization of educational training
through joint projects of scientific and educational institutions.

At the moment, the legal framework of higher education is being modified and
reformed in order to build a competitive quality education on innovative ones, which will
take a recognized place in the world and European educational space.

The main directions of modernization of the higher education system, which
provides for the transition of domestic HEI to the level of innovative universities, are:

introduction of innovation in the development of education;

granting the status of research university to the leading HEI,;

improving the availability and quality of education;

continuation of the process of the European integration of higher education.

adaptation of legislation in the field of higher education to the European
requirements and bringing the regulatory framework of higher education to modern needs
of the economy and its innovative development

the strategic plan of the development of educational branch is approved.

Thus, since the establishment of independent Ukraine until now, the legislation in
the field of education has undergone significant transformations, the main vector of which
was the attempt to form a qualitative global and European regulatory framework aimed
at creating conditions and a favorable environment for transforming traditional HEI.

2.2. Innovations in education: essence, types, stages of implementation

The rapid development of innovative technologies is the cause of large-scale
educational reforms that are turning education into a productive sector of the economy.
The National Doctrine of Education Development states that Ukraine must ensure
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accelerated, advanced innovative development of education by updating the content of
education and organizing the educational process in accordance with democratic values,
market principles of the economy, modern scientific and technological achievements.
Thus, it is a question of introduction of certain innovations in practice of functioning of
the national HEI and necessity of essential changes in all kinds of its activity.

In general, the innovative model of society development involves the systematic
implementation of scientific achievements in the real sector of the economy, as well as
the intensification of innovative activities of organizations and business structures. It is
obvious that the most important role in this process should be played by the innovative
activity of the HEI. By considering this, an important component of the competitiveness
of higher education institutions are future-oriented and progressive development of
innovations aimed at creating changes in the education system and maintaining their
positive results. In addition, educational institutions that pay attention to innovation are
able to adapt to changes in the external environment more quickly, which creates
additional competitive advantages.

Under such conditions, as noted in paragraph 2.1, an important priority of the state
innovation policy of Ukraine should be to create a favorable innovation climate and
provide comprehensive support to existing and, created on the basis of state HEI, small
innovation enterprises, technology parks and business incubators. This is especially
Important for technological universities because in the real sector of Ukraine's economy,
despite the available resource potential of the state, the opportunities to increase
production due to extensive factors are largely exhausted. One of the factors of innovative
development of the country is innovative business in general, as well as its important
component - small innovative enterprises, technology parks and business incubators, the
success of which in the HEI is confirmed by foreign experience.

Today, higher education must meet the challenges of the time, embodying new
requirements, trends, ideas in new educational technologies, forms and structures,
methods and means of training. Educational innovations "are an adequate response to the
social demands of a post-industrial society of "fast" economy, in which the role of
creativity, efficiency of management, ability to react quickly to changes, ability to create
new technologies and replace them with the newer ones, to prevent information isolation
Is increasing™ [119].

Economic models of the world's leading countries provide for the use of tools that
stimulate innovation in higher education. It is believed that these innovations have a
significant impact on the support of the entire innovation system, as they allow to
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maintain a high quality workforce. In particular, the leading US universities invest
significant innovative resources in the organization of training facilities for the training
of specialists in priority areas that provide future employees with the most decent working
conditions [227]. Thus, one of the leading elements of ensuring national competitiveness
Is the system of higher education. Therefore, the higher education system should be
developed on an innovative basis, in particular - to maintain high rates of development
and implementation of innovations in the educational process.

Innovative-educational activity of each HEI should begin with the deep critical
analysis of all aspects of its scientific-pedagogical and scientific-methodical activity
taking into account unrealized potential opportunities, generalization and introduction of
the accumulated positive experience in teaching disciplines, acquaintance and studying
experience of other leading higher educational institutions (both in Ukraine and abroad).
The issues of research and solving current problems of development and implementation
of innovations in the field of higher education are set out in many scientific papers. At
the same time, scientific publications do not provide analytical generalizations of the
organization of innovation activities in modern socio-economic transformations, as well
as taking into account the results of integration processes (integration of the higher system
of Ukraine into the world educational space).

So, first of all, it is necessary to determine the interpretation of the concept of
"educational innovation".

In essence, the processes that are characteristic of the current stage of development
of higher education in the world are tolerant of entrepreneurial processes, where any firm
or organization that exists in a competitive environment, is looking for effective
strategies, ways, tools to gain a competitive advantage. In-depth studies of the sources of
competitiveness in business, conducted in the early twentieth century by the Austrian and
American economist J. Schumpeter [17], have identified innovation as a key factor.

The etymology of the word has a Latin basis, which means "in the direction of
renewal / change.” In this regard, the innovative activity of any organization is defined as
the creation, search and use of opportunities for new ways of doing business that lead to
improved products and services, systems and ways to lead / manage people and
organizations.

Historical sources of educational innovations are associated with the emergence of
experimental pedagogy in the second half of the nineteenth century. Since the 1960s, the
phenomenon of "innovation™ has become a key one in characterizing post-industrial
formation - its formation and development.
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The question of innovative educational activity has a starting point in defining the
meaning of the terms "innovation", "innovative project”, "innovative culture",
"educational innovation™, "innovative educational activity", which allows to establish the
essential features of innovation processes in education. Thus, we can assume that
educational innovations are the first created, improved or applied educational, didactic,
educative, management systems, their components that significantly improve the results
of educational activities.

Thus, innovation should be considered as a new novelty in education - in the
content, methods, techniques and forms of educational activities and personal education
(methods, technologies), in the content and forms of management of the educational
system, as well as in the organizational structure of educational institutions, teaching aids
and approaches to social services in education, which significantly increases the quality,
efficiency and effectiveness of all IAU activities.

As noted in paragraph 2.1., according to the Law of Ukraine "On Innovation" [16],
"Innovation in education or educational innovation" can be interpreted as newly created
(applied) and (or) improved competitive technologies, products or services, and also
organizational and technical solutions of production, administrative, commercial or other
nature, which significantly increase the quality, efficiency and effectiveness of the
educational process. At the same time, the main elements of "educational innovation" are:
its carrier (creative personality) that has a certain innovative idea (core of innovation) and
conducts an innovative experiment (source of innovation); consumer of innovation - a
student or a group of students, listeners (who acquire knowledge in a particular area); as
well as institutions that ensure the introduction of innovations in the educational process
(educational institutions;  scientific, methodological, scientific-methodological
Institutions; research and production enterprises; state and local education authorities and
self-government in the field of education).

The main characteristics that reflect it as a specific category are:

« purposeful changes that make new stable elements (innovations) in the field of
education, causing its transition from one qualitative state to another; that is, not all
changes in education are innovations, but only those that provoke changes in the goals
and results of education (through its content) and change in ways to achieve them
(through the forms, nature and organization of the educational process);

« the presence of specific features related to socio-psychological and other
aspects of teaching;

+ Innovative changes can be initiated at any level of the educational system
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(teacher, student, management of an individual educational institution, state and local
education authorities and self-government in the field of education);

+ Innovative changes must be made in the activities and thinking of all
participants of the educational process;

< Innovation processes in the field of education must be continuous and aimed
at continuous improvement of the existing system;

+ Inorder to ensure the process of constant innovative renewal of the educational
sphere, it is necessary to implement appropriate mechanisms for managing the quality of
education;

+ the effectiveness of the implementation of a particular innovation largely
depends on the level of susceptibility to innovative changes in the system (which
implements the innovation) and the availability of real opportunities for implementation
of the innovation (i.e., feasibility).

Based on this, the implementation of innovations should be considered as a
structured, logical-oriented process containing the following stages (Fig. 2.2). Thus, the
innovation process begins with identifying the need for changes in certain activities of
innovative-active university, which takes place due to a combination of stakeholders and
the actual HEI, namely, analytical work of specialized scientific organizations, education
authorities, leaders of HEI, scientific and pedagogical teams.

Stage 5.

Stage 1. diagnosis
Introduction

of the need to Stage 4.

change a certain tesEc)iIrI10t of of innovation
type of IAU innovstion in the type of
activit IAU activity

tage 2.
Stage 3.
dﬁ\t/%lf {)hrze development Stage 6.
idea of of a method institutionalizatio

n of innovation

of introducing

innovative innovations

change

Fig. 2.2. Stages of the process of investment implementation in the activities of IAU

The main directions of the development and implementation of educational
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innovations are the subject of research of many scientists and practitioners. Thus,
according to the British educator G. Silver "[106], the typology of educational innovations
in the late twentieth and early twenty-first centuries includes the following components:

* Individual and group innovations related to students' needs and professional
expectations (e.g., student seminars, laboratory simulations, case studies, trainings, etc.),
development of their entrepreneurial skills;

« Initiatives related to the study of certain disciplines and supported by industry
associations of specialists and employers, informal cooperation between specialists of
related institutions;

» Innovations related to the use of the latest information technologies (e.g.,
software, cloud technologies, "online resources");

* Innovations related to reforming the content of training programs in order to
strengthen their interdisciplinarity, introduction of the dual education;

» Institutional initiatives, in particular decision-making policy on a wide range of
issues (for example, on the use of information technology, applied learning), professional
development of teachers, establishment of new structures, involvement of managers in
assessing the level of development;

» Systemic initiatives, including the creation by the government of new educational
institutions (e.g., open, research, innovation universities); financing systemic change,
which encourages entrepreneurship and the development of professional skills and
abilities of teachers; creation of national schemes to encourage the use of new educational
and information technologies; creation of "groups for the promotion™ of innovations;

 Assessment innovations (for example, personalized assessment of the quality of
education, a new system of financial support for students), etc.

Thus, modern trends in the formation of post-industrial society determine the
significant role of educational activities in ensuring the development of the country and
society. This necessitates reforming and modernizing the model of HEI and the use of
innovative technologies for this process. Innovative changes should be based on the
implementation of new vectors of the development of domestic HEI, which include the
use of innovative learning technologies, principles, forms and methods of the educational
process and management of HEI, etc. The effectiveness of such changes will directly
affect the quality and overall level of higher education in the country.

In general, according to the authors, the main difference between modern
innovative universities (HEI of a new type) and traditional domestic universities should
be defined as follows:
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- first, the ability to respond adaptively to the challenges of the environment by
producing certain types of innovations in response to external challenges of any level;

- secondly, the ability to introduce innovative changes in all activities carried out
by new universities, namely in education, research, socio-humanitarian (international and
communicative) and commercial (implementation of intangible assets in all the above
areas of activity within modern regulatory and legal field) sphere of activity.

Innovative changes in higher education should be interpreted as innovations in the
form of ideas, tools and technologies that qualitatively improve the process, efficiency
and results of educational activities. Therefore, when considering innovations in the
context of educational activities, in contrast to business and industrial activities, non-
product innovations come to the fore, i.e. those that have an intangible nature, but
significantly affect activities. Innovations in higher education can be divided into two
main groups:

1) permanent modernization of all types of activities through the introduction of
innovative ways of providing educational services, research and development, the
formation of communication links or commercialization of intangible assets, which are
aimed at achieving higher success rates, production and acquisition of knowledge and
technology;

2) transformation, i.e. qualitative transformation of all types of HEI, namely, the
educational process, supplementing the traditional educational component with elements
of research and reorientation of HEI to simply encourage research and exploration,
integration with key stakeholders on the basis of entrepreneurial activity.

Also, the innovations introduced in the activities of HEI can be grouped according
to the direction of the applied changes in accordance with the basic classification of
innovations presented in the Oslo Manual [177].

1) product innovation - the introduction of services that are new or significantly
improved in terms of their properties or methods of application;

2) process innovation - the introduction of a new or significantly improved way of
providing services;

3) marketing innovation - the introduction of a new method of commercialization
of scientific and educational innovations, which includes significant changes in the
positioning of services for education or R & D, their promotion on the market or in setting
sales prices;

4) organizational innovation - introduction of a new method and form of
organization of all types of HEI activities, improvement of management HEI and its
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organizational structure of managing and managed subsystems, improvement of the
organization of use of all types of HEIs resources, search of new forms of interaction with
stakeholders, organizations.

The classification of innovative changes in higher education institutions is given in
Fig. 2.3.

Innovative University (a new type of university)
entrepreneurial organization which has the resource readiness, contributes to the accelerated
development of the economy and society through the intensive transfer of new knowledge and
technologies generated at the university on the basis of partnership with labour market actors,
governmental and non-governmental organizations

types of university activities

educational scientific-technical marketing international
organizational Information-communication
productive organizational marketing technological

types of innovative changes

Fig. 2.3. Types of innovative changes in an innovative-active university

It should be noted that the author's position is that all types of innovative changes
In certain periods of time and in accordance with the capacity of the university, to the
strategic goals of its development, can be applied to all activities of IAU.Let's consider in
more detail possible innovations in the course of activity of HEI on the basis of their
offered classification.

Organizational innovations

The organizational type of innovation that can be introduced by universities in their
activities is institutional and communicative. Organizational innovations in the
institutional vector of development include innovations related to the organization of
internal activities of the HEI. This type includes independence in the organization of the
educational process, namely the creation of new specialties, the result of which is the
acquisition of new knowledge and skills in accordance with the needs of the market and
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stakeholders. As part of such innovations, universities are opening new specialties based
on the principles of interdisciplinarity and compliance with changes in the economic
environment, especially in the development of IT technologies, which have the most
dynamic pace of development.

Thus, universities, on the one hand, respond to the demands of global
transformation processes and labour market needs, and on the other hand, form the
structure of the labour market and ensure the emergence of new professions. Such
universities provide the country's economy with highly qualified representatives of
promising and popular specialties. In turn, unclaimed specialties can be modified or
closed altogether, which will avoid an excess of unclaimed staff in the labour market. As
a result, universities are gaining ground in the development of the productive forces of
the industry, the region and the country as a whole.

In addition, organizational innovation can provide a public dialogue. In this area,
the development of soft skills is decisive, which is the result of changing the paradigm of
the educational process from providing professional knowledge to the formation of a
specialist developed both professionally and as a person with creative and communication
skills.

Also an innovative type of activity of the HEI is the establishment of cooperation
with stakeholders, the main of which are employers. Within the framework of this
approach, stakeholders are involved in the educational and scientific process. Employers
and professionals from different fields can be involved in shaping the content of
educational programs and curricula in accordance with the necessary competencies. It is
also possible to be directly involved in the educational process by organizing their own
training centres on the basis of HEI or holding lectures, consultations, round tables,
seminars, etc. to share experiences and expand practical knowledge.

Cooperation with stakeholders in the process of scientific activity is the
development of economic contractual relations, which consists in the implementation of
research and development at the request of employers and interested businesses. But the
most promising and common way to interact with business is the development of new
forms of interaction, including:

- science parks, which are a form of integration of science with industry in the form
of research and production complex and the development of science-intensive business;

- business incubators - an innovative form of business support based on HEI, which
creates favorable conditions for doing business at the initial stage of development;

- business schools - an organization based on HEI, which provides training in the
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field of business management;

- Fablab laboratories - laboratories of digital production of free access, which
provide the ability to manufacture items based on computer models;

- co-working centres - office space that brings together representatives of different
professions and specialties, and facilitates the exchange of experience and the
implementation of interdisciplinary research and work;

- technology parks - innovation complexes based on the university, which include
research organizations and industrial companies to develop and implement innovative
projects;

-start-up schools and others.

This type of innovation includes the development of international cooperation
through internships and academic mobility, participation in international grant projects
forR & D.

Marketing innovations

Marketing innovations help to improve the positioning of HEI in the market of
educational and scientific services. As part of educational activities, this involves the
latest approaches to mastering the market of educational services. The institutional level
Is represented by the introduction of new forms of testing and development of knowledge,
such as external evaluation, school competitions, cooperation with the Small Academy of
Sciences and the introduction of competitions for scientific works of the Academy of
Sciences, etc. Improving the position in the market of educational services is possible due
to new technologies of career guidance, advertising and brand promotion of the
university. The types of innovative career guidance activities are summer and winter
schools, organization of vocational guidance centres for student youth and university
training. The promotion of the university brand is possible due to the dissemination of
information in the media space, for which units are created within the HEI for advertising,
press centres, media agencies, media communication centres. Universities create their
own channels for video broadcasts, Internet television or radio broadcasting, and organize
PR and image events.

The measures to promote the results of scientific activities in the form of research
are carried out through participation in scientific conferences, publication of research
results in the editions that are part of the world's scientometric databases (Web of Science,
SCOPUS), which in turn is a factor in creating a positive image of the university.

Technological innovations

Technological innovations are the introduction of new models and methods of
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teaching and research, which increase the efficiency of the educational and scientific
process.

The main type of technological innovation in the field of education is the use of the
latest information and computer technologies. The global rapid development and spread
of IT technologies is affecting all areas of the population, including higher education.
Based on the integration of educational and information technologies, a wide range of
distance learning technologies emerges. The form of distance learning as such is also an
innovation. And in combination with the use of electronic communication platforms
(Zoom, Skype, Google Hangouts, eduMEET and others), HEI have received a
progressive form and learning technology that meets the needs of a rapidly changing
progressive society. The role of this type of innovation came to the fore during the
COVID-19 pandemic, and opens up new opportunities for the educational process and
communication,

An important role is also played by information technology, which does not involve
the process of direct communication. Such technologies can be grouped into two main
classes: educational platforms and management on learning technologies.

Educational platforms in the form of personal automated learning systems (PLS)
provide the ability to remotely control learning and fill the learning process. Such
platforms combine communication between teachers and students in the form of
messaging and the ability to set, perform, pass and test tasks, download files of various
formats, test knowledge in various forms and evaluate student work.

The process management information system in HEI includes the possibility of
introducing electronic document management and electronic journals, which provides
support for the creation and storage of documents, speeding up document management
procedures, improving management efficiency and control over the educational process
by the university, students and other stakeholders. In addition, universities can implement
electronic security systems: access systems, elements of artificial intelligence for personal
identification, and so on.

In addition to the direct introduction of technology, technological innovations
include the introduction of new teaching methods. These innovations include
opportunities to organize educational space by developing new programs in specialties
by introducing a competency-based approach to the development and implementation of
educational programs based on national qualification frameworks and their consistency
with foreign HEI, increasing the number of programs developed with participation and
experience.
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In the formation of educational programs, the involvement of students in this
process and an innovative form of free choice of disciplines is introduced. This type of
innovation refers to the introduction of the concept of "person-centered teaching™ in the
educational range of universities, which involves the transition from a clearly regulated
composition of the educational process to free choice of educational trajectory that is
better able to meet individual interests and needs. These innovations involve the use of
such types of variable components of the educational program as majors and minors.

Majors are specialized training disciplines that deepen professional training in
specialization and form professional competencies.

Minors are professional non-core disciplines that do not provide highly specialized
knowledge but contribute to the development of additional specialized knowledge.
Minors are elective disciplines that satisfy the interests of students and expand their
competencies. However, it should be noted that elective courses are divided into two
groups: disciplines that add or expand general competencies and those that add or expand
professional competencies (profile and non-profile).

The organization of the educational process must include quality control of
training. Technological innovations of the quality assessment process are the introduction
of various approaches and subjects of such monitoring:

- internal quality monitoring: by the HEI through the introduction of an internal
quality control system and the creation of specialized units; on the part of recipients of
education through surveys, questionnaires, rating systems for the activities of research
and teaching staff;

- external monitoring - creation of associations of university graduates and
receiving feedback; survey of employers; involvement of the state in quality assessment

- creation of a specialized body NAHEQA (National Agency for Higher Education
Quality Assurance) and conducting certification and licensing procedures.

Quality control is also introduced in relation to the quality of scientific
developments, works within the framework of economic contract and state budget topics
by checking the principles of academic integrity and detecting plagiarism with the help
of specialized computer software.

To ensure the dissemination and quality of innovation, competitions for budget
funding for research are introduced; this increases competition in obtaining funding and
helps to improve the quality, uniqueness and scientific novelty of research results and
R&D.

Product innovations
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Product innovations of the HEI in the field of educational activity is training of
highly qualified specialists in the competence approach, which allows to obtain
competencies relevant to the labour market. Such innovation is possible due to the
introduction of organizational and technological types of innovations discussed earlier.

Product innovations of HEI of innovative and scientific spheres of activity of the
enterprise consist in carrying out scientific developments which have a product
(commodity) stage and are high-tech and experimental. To confirm innovation and
quality of developments, product innovations are subject to certification procedures
according to the European quality standards.

Effective development of innovative products is possible as a result of the
formation of intellectual property centres in the form of technology transfer centres,
fables, science parks, etc., which promotes the exchange of knowledge and experience
and attracting additional sources of research funding.

2.3. Concepts and strategies of innovative development of the leading
Ukrainian HEI: experience of realization and methodical maintenance of
construction

The system of higher education in Ukraine is characterized by the absence of
existing and fully formed innovative universities. The transformation of domestic
universities into innovative structures is at an early stage and is a strategic task of most
HEI.

To determine the state of implementation of innovative changes in the activities of
the HEI of Ukraine and the directions of their scientific and innovative activities, there
was conducted the analysis of the development strategies of leading domestic universities
for the introduction of innovative changes. 10 leading Ukrainian HEI were selected for
the study, among which the best 5 universities were included in the QS World University
rating (Taras Shevchenko National University of Kiev[141], N.V. Karazin Kharkiv
National University [233], National Technical University of Ukraine “Igor Sikorsky Kyiv
Polytechnic Institute” [234], Sumy State University [231] and National Technical
University - “Kharkiv Polytechnic Institute” [230]), 3 universities with research status
(Lviv Polytechnic National University [229], Ivan Franko National University of

Lviv [154], National Economic University named after Vadym Hetman [233]), as well
as national universities - Simon Kuznets Kharkiv National University of Economics [228]
and Uzhhorod National University [136].


https://lnu.edu.ua/en/ivan-franko-national-university-of-lviv-and-charles-university-in-prague-continue-collaborative-study-on-the-crystalline-structure-and-physical-character-of-intermetallide-hydrides/
https://lnu.edu.ua/en/ivan-franko-national-university-of-lviv-and-charles-university-in-prague-continue-collaborative-study-on-the-crystalline-structure-and-physical-character-of-intermetallide-hydrides/
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The analysis of characteristic features and differences of the strategies / concepts
of innovative development of universities was carried out on the basis of the formulated
working hypothesis, namely: strategies of innovative-active HEI should be built, firstly,
in the context of the specified activities in any field according to the main classification
features of innovations. That is, the study of the state of implementation of innovative
changes in the practice of leading HEI of Ukraine was carried out according to the
proposed approach to classification of innovations into organizational, marketing,
technological and product (see Fig. 2.3) and in the "triple helix" model, namely a
combination of scientific (acquisition of new knowledge), educational (organization of
the educational process) and marketing activities aimed at the commercialization of the
developed intellectual resource.

1. Organizational innovations.

The study of the implementation of organizational innovations by domestic HEI on
the basis of the analysis of Development Strategies is presented in table 2.5 (Annex A).
The analysis of the innovative transformations of organizational type, indicated in the
programs in the concepts of development, showed that organizational types of innovative
changes are one of the most common in the Ukrainian HEI. Among the organizational
innovations of educational direction, the most common are independent development of
educational programs in accordance with the trends in the labour market and the interests
of stakeholders. The technologies of such innovations are labour market monitoring
(Taras Shevchenko National University of Kiev, National Technical University of
Ukraine “Igor Sikorsky Kyiv Polytechnic Institute”, Ivan Franko National University of
Lviv) and opening, by almost all HEI, of promising specialties in demand in the labour
market in accordance with current trends in the business environment of economic
entities. Most universities are expanding the role of stakeholders in shaping educational
programs and involving them in the educational process, helping to train advanced
professionals who meet the level of economic and social development. Stakeholders are
involved both in the design of educational programs and standards of educational
activities (T. Shevchenko NU of Kiev, NTUU KPI, NTU "KhPI", V. Hetman KNEU) and in
the direct conduct of educational activities through lectures, round tables, seminars,
training centres (l. Franko NU of Lviv, SSU, Lviv Polytechnic National University, S.
Kuznets KhNEU). At the same time, the introduction of interdisciplinary training by most
universities contributes to the training of highly qualified specialists who will form the
productive forces of the region and the country.

Organizational innovations in the scientific aspect of the Ukrainian HEI include the
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involvement of stakeholders in the scientific process, which takes place through
cooperation with business in order to identify competitive areas of research, business
forums, and perform research on economic contractual relations.

Organizational innovations related to both scientific and innovative activities of the
HEI are the development of forms of interaction between the university and business,
which is also a mandatory feature of an innovative university and the basis for research
and the formation of new knowledge. The most common forms of interaction are research
centres and schools (S. Kuznets KhNEU, Lviv Polytechnic National University, NTU
"KhPI"), start-ups (Lviv Polytechnic National University, V.N. Karazin KhNU, SHEI
Uzhgorod National University ", NTUU KPI). On the basis of such interaction there is
both applied development, and creation and the subsequent realization of innovative
production which is the result of R&D. However, none of the Ukrainian HEI at this stage
of development has a functioning full-fledged innovation ecosystem, like the world's
leading developed universities, which should include a network of innovative enterprises,
Investors, and innovation centres.

An important activity of innovative universities is the introduction of international
cooperation, which is the basis for the country's integration into the global educational
and economic space, as well as the international exchange of knowledge and experience.
Among the organizational innovations of international orientation, implemented by
almost all surveyed HEI, there are the development of curricula and educational process
in foreign languages, joint and double degree programs, programs of international
academic mobility and internships, participation in international projects (among the most
common - Horizon 2020, Erasmus +).

2. Marketing innovations.

Marketing innovations are less developed and widespread among the Ukrainian
HEI. The study of the introduction of marketing innovations by domestic HEI on the basis
of the analysis of Development Strategies is presented in table 2.6, (Annex A). The most
significant are the introduction of new approaches to career guidance work, which is
aimed at attracting more talented young people to the number of students and improving
the educational process in the HEI. Among the most common forms are: winter and
summer schools (T. Shevchenko NU of Kiev, Lviv Polytechnic National University, S.
Kuznets KhNEU) and pre-university training centres (SSU, NTU "KhPI", V.N. Karazin
KhNU, S. Kuznets KhNEU). Sumy State University has the largest number of marketing
innovations, which also provides training for external evaluation and career guidance
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camps, as well as covers scientific activities through cooperation with the Small Academy
of Sciences and the introduction of a university centre for scientific and technical
creativity of schoolchildren.

Quite common among HEI are marketing innovations in international activities,
which consist in joining international organizations and associations, as well as activities
to increase positions in international rankings of universities.

Low development of marketing innovations is observed in scientific and innovative
activities. Scientific results are disseminated through the participation and organization
of scientific and practical conferences, exhibitions, forums, festivals by all universities.
Another type of innovative change is the publication of scientific results in the editions
that are included into the international databases (Web of Science, SCOPUS), contribute
to the international dissemination of knowledge and global recognition of activities.

Among the marketing innovations of innovative activity there are only the
promotion of research results in the media and exhibition events (T. Shevchenko NU of
Kiev, SSU), competitions of startup projects and business ideas (SSU, Uzhgorod National
University). In view of this, in order to ensure innovative development, the Ukrainian
universities need to intensify work on marketing research and innovation, which will
contribute to the recognition of activities and improve the image of HEI, as well as
expanding the base of partners in the business environment.

3. Technological innovations.

Technological innovations are quite common among the Ukrainian HEI, the
analysis of which is presented in Table 2.7 (Annex A). In educational activities, all HEI
carry out constant work on updating the content of educational programs, giving them
signs of innovation, competitiveness, interdisciplinarity in accordance with the update of
specialties, which was considered in table 3.4. It is necessary to highlight the introduction
of new forms of learning, including blended and distance education, as well as dual
learning, which indicates a departure from traditional methods of educational process.
But the most significant and widespread innovations of this type are the use of
information technology, which corresponds to global trends in the development of IT
technologies. Universities have introduced both electronic document management (1.
Franko NU of Lviv, NTUU KPI, SSU, NTU “KhPI”, V.N. Karazin KhNU, S. Kuznets
KhNEU) and educational platforms, automated training courses and training systems of
different types (NTUU KPI, SSU, NTU "KhPI", Lviv Polytechnic National University,
S. Kuznets KhNEU, State University ‘Uzhhorod National University’).
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Table 2.5

Research of introduction of organizational innovations by domestic HEI on the basis of the analysis of Strategies of
development (fragment)

Kind of innovative I. Franko NU of Lviv T. Shevchenko NU | NTUU KPI SSuU NTU "HPI"

changes of Kiev

1 2 3 4 5 6

Internationalization Development of Increasing the Type "Double diploma™ Double and joint Creation of joint

of educational programs with joint | number of foreign programs with foreign diploma programs educational

activities and double diplomas. | partner universities, | universities programs with
"double degree" foreign HEI;
programs compliance of

educational

programs with
international
qualifications

Independence in the
organization of the
educational process
taking into account
the needs of the
market and
stakeholders

Compliance of
curricula with the
European and world
standards;
Establishment of the
sociological service of
the University for the
systematic study of
public opinion.

Monitoring the
needs of the labour
market;

Discovery of new
promising scientific
specialties;

taking into account
the needs of the
labour market in
conducting
educational
activities;

Optimization of the list and
content of educational
programs in accordance
with the requirements of
the labour market;
Conduct foresight research
of labour market
development and high-tech
business in the context of
prospects and demand for
specialties and educational
programs of the university

Centre for Adult
Education “Education
for Life”, which
implements new
approaches to non-
formal adult education

Discovery of new
specialties in
modern fields of
knowledge;
adaptation of
educational
programs to
professional
standards and
requirements of
employers

Participation in the
development of
productive forces of
the industry, region,
country.

Increasing innovation
potential, training of
highly qualified
personnel needed by
society and the state

Ensuring the diverse
development of
students.

Training of highly
qualified employees;
interdisciplinary training

Training of highly
qualified employees;
interdisciplinary training

Compliance of
educational
programs with the
needs of society in
accordance with the
National
Qualifications
Framework
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Continuation of the table 2.5

1 2 3 4 5 6
Foreign language Teaching Master's Providing teaching of | Providing an increase in the | Opportunity to study in
education Courses and Ph.D. in educational number of educational foreign languages the

English.

components and their
blocks in English and
other languages of
the European Union

programs with teaching
subjects in English

disciplines of humanities,
general science and
professional orientation;
expanding cooperation
with the British Council,
the Goethe Institute and
other international
institutions and
organizations to study and
use innovations in foreign
language teaching;
development of the
existing and creation of
new linguistic centres in
English, German, Polish,
French and other foreign
languages.

creation of new
forms of interaction
of the university with
business

The «Sikorsky Challenge»
ecosystem organizes the
interaction of four groups of
participants: university
research schools, faculties
and departments, high-tech
companies, investment and
venture funds.

Innovative structures on the
basis of the university
(science park, technology
park, business incubator,
startup school)

Creation of joint
educational-scientific-
production complexes,
common centres,
laboratories with leading
scientific institutions and
companies

Joint research centres
with foreign partners
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Continuation of the table 2.5

1

2

3

4

5

6

involvement of
stakeholders in the
educational process

Involvement of
employers in the
educational process

Involvement of
employers in the
design and evaluation
of learning outcomes;
Active work of public
organizations,
foundations, patrons,
mass media in the
development and
realization of
decisions of
educational and
scientific programs;

Participation of employers
in the development and
implementation of curricula
and programs,

Involvement in the selection
procedure for master's
degree programs, to involve
partner companies in the
selection

Directing the educational
program to the formation
of competencies relevant
to the labour market, by
involving in the formation
of the content of
educational programs and
curricula of expert
councils of employers;

IT training centres of
NetCracker, PortaOne,
MindK, AMS Bridge
successfully operate on
the basis of the university

Involvement of IT
industry specialists
in curriculum
development

student government

Strengthening the role
of the University in
society and
development of the
student government

Strengthening the
role of the University
in society and
development of the
student government

Promoting the development
of student government

Promoting the
development of
student government

internships and
academic mobility

Academic mobility of
scientists, teachers and
students;

Outstanding scientists
and personalities are
active participants in the
educational process

Increasing the share
of foreign teachers.

Involvement in academic
programs mobility.
Increasing the number of
University teachers who
teach, including abroad.
Invitation of foreign
specialists to teach
individual courses at the
University

organization of
international academic
mobility programs for
students, graduate
students, and teaching
staff;

additional preparation of
students for participation
in academic mobility
programs (language
training, cross-cultural
adaptation trainings,
information support, etc.);

Promoting academic
mobility and
internships in leading
foreign HEI
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Continuation of the table 2.5

1

2

3

5

6

International projects

Development of
international agreements
with effective work
programs.

More active
involvement of
scientific and
scientific-pedagogical
employees of the
University in
participation in
international
competitions under
the programs
HORIZON-2020,
CRDF

The University is actively
involved in TEMPUS,
Erasmus +, Horizon 2020
grant projects, OOH,
USAID, DAAD, British
Council programs,
intergovernmental
research projects, grants
from private foundations
and organizations.

Grant projects
Horizon 2020,
STCU, NATO,
CRDF, ERASMUS
+, DAAD

Opportunity to
cooperate with
business

an effective system of
cooperation with
business (Ukrainian
and international
companies) to attract
additional funds for
the development of
the University.

effective links with
high-tech

enterprises and scientific
institutions;

Bringing up to 80% of the
number of graduates,
employed for

specialty

Interaction of scientific and
pedagogical workers with
science-intensive and high-
tech enterprises,
international institutions an
governmental organizations
Most departments have
branches at enterprises
(organizations, institutions)
or located directly on
clinical bases where leading
practitioners are involved in
the educational process,
provide guidance for
student practice, course and
diploma projects, conduct
laboratory Business hub
classes that provide
consulting services for
small and medium

businesses.

Creation of training,
research and
production clusters
to deepen the
connection with the
labour market;

Dual training with IT
companies
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The end of the table 2.5

1

4

5

6

Certification training

improving pedagogical
skills, including the online
platform Professional
Development Endeavors

short-term programs of
advanced training in
various directions,,
educational and
methodical seminars,
seminars-trainings, "round
tables"

"School of Young
Scientists" to
improve the
theoretical,
pedagogical and
methodological
knowledge of
teachers;
methodical schools-
seminars "Modern
pedagogical
technologies in
education”

Commercialization of
research results

Improve the system of
commercialization of
intellectual property
rights;

Implement the system
formation of innovative
structures for
commercialization of the
results of applied research
and development (science
and technology parks,
small enterprises such as
spin-offs, engineering
centres, etc.);

concluding dealer
agreements for the
introduction of scientific
and technical products of
the university, in
particular abroad;

sale of licenses for
scientific and technical
products

Establishment of
companies for the
purpose of
commercialization of
intellectual property
rights
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Table 2.6

Research of introduction of marketing innovations by domestic HEI on the basis of the analysis of Strategies of
development (fragment)

Kind of innovative
changes

I. Franko NU of
Lviv

T. Shevchenko NU of Kiev

NTUU KPI

SSuU

NTU "HPI"

the latest approaches
to career guidance

Expanding cooperation
with the Small Academy of
Sciences;

Organization and holding
of summer and winter
schools on the basis of the
University for individual
students, other educational
institutions and research
institutions

Expansion of
cooperation with
institutions of secondary
and secondary special
education, the Small
Academy of Sciences;
implementation of the
program of the centre of
professional orientation
of student youth "Future
of Ukraine" (including
the All-Ukrainian
festival engineering
talents "Future of
Ukraine™); faculty of
pre-university training

pre-university education system;
University Centre for Scientific and
Technical Creativity of School Youth,
fruitful cooperation with the Small
Academy of Sciences: scientific work,
sections of the University Centre for
Scientific and Technical Creativity of
School Youth, branches of the Small
Academy of Sciences under the
direction of university staff and
graduate students, sports sections,
creation of specialized trainings, clubs,
preparatory courses, holding university
competitions;

- a regional network of centres for
preparation of youth for external
evaluation (full-time and part-time
preparatory courses, preparation for
external evaluation at centres of
technical creativity of schoolchildren,
distance training courses for external
evaluation, etc.)

- Transformation of the University
Children's Health Centre "Universe"
into a summer camp with the priority
of vocational guidance for high school
students and with summer schools,
thematic changes (teams, groups) of
various directions (IT, robotics,
language component, sports by type,
etc.);

Pre-university
training,
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Continuation of the table 2.6

Measures to
promote the results
of research

Promotion of scientific
achievements of the
University through
publications in the media,
participation in regional,
national and international
exhibitions, etc.

annual holding of all-university
competitions of innovative startup
projects, competitions of NTSA, etc.
for search of new ideas for the
subsequent introduction of the
corresponding scientific and applied
results, development of material and
technical base of researches and
developments;

participation in exhibitions of profile
orientation and thematic investment
forums with presentation of scientific
developments of the university;

scientific
conferences as a
factor in forming a
positive image of the
university.

Presentation of scientific
achievements of the
University at national and
international scientific,
scientific-practical and
innovative conferences and
exhibitions

Supporting the image of
the university through
the organization and
holding of open events,
representation at
exhibitions, forums,
festivals, etc.

Is an organizer of about 30 scientific
conferences, some of which host
participants from about 30 countries,
the materials of three conferences are
indexed by Scopus and / or WoS
databases;

Participation in
scientific and
practical
conferences,
seminars, exhibitions

World recognition
of activity

Entry of scientific
publications and
publications into the
world rating systems
and databases.

Continuous monitoring of
the publication of articles
in professional journals
included in the
international databases
(Web of Science,
SCOPUS).

Deepen international
recognition of the
teachers of the
university, namely
obtaining the status of
"European

lecturer at the
University of
Engineering »
(ING.PAED.IGIP)

Passing international accreditation not
less than by 10% of educational
programs,

thematic accreditation of programs by
relevant professional international
institutions (ACCA, International
passport of an engineer, International
e-leaning mark in the field of e-
learning, etc.) and international
accreditation of training programs for
doctors of philosophy

positioning in the group of leaders of
the Ukrainian higher education
according to the international ratings
Webometrics Ranking of World
Universities and uniRank University
Ranking
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The end of the table 2.6

International
recognition through
participation in
organizations,
associations, ratings

Promotion of the
University brand
through
participation in the
international
scientific and

educational and in the Grand world in the QS rating among Ukrainian HEI
organizations; Charter of Universities | system Included in the catalog
Increasing of the best universities
positions in the in the world from the
leading world ratings of THE WUR
rankings and U-multirank

Intensification of the
University's
participation in
international and
European associations
of research universities

KPI participation in
world university
ratings

Become one of the
450 leading
universities in the

Webometrics Ranking
of World Universities
- 8th place in Ukraine;
QS World Universities
Ranking - 701-750
place, 4th place

Advertising
activities

programs of PR-
events, production of
promotional materials
and attributes of the
University.

Information and advertising activities of the
university are implemented by the Centre for
Media Communications and Advertising. Press
Centre, Brand Management and Media Content
Production Group, Computer Design
Technologies Group, Media Broadcasting Centre,
Studio16x9 Student Media Agency, Department
of Journalism and Philology, Resonance
University Newspaper. The "visibility" of the
university in the media space is growing,
including through the production of its own media
content.

Establishment of SSU Media Holding as a
structure that unites and coordinates the activities
of the Press Centre, the Centre for Media
Communications and Advertising, the group for
brand management and production of media
content, the Centre for Media Broadcasts, the
Student Media Agency Studio16x9, relevant IT
departments line studios and TV-studios-
production, video broadcasting systems, Internet
TV and radio broadcasting, publishing houses,
other departments of the university, purely student
media. This includes the implementation of
projects "SSU Television", "Campus - Radio
SSU", the reorganization of the university

newspaper.
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Table 2.7
Research of introduction of technological innovations by domestic HEI on the basis of the analysis of the Strategies of
development (fragment)

Kind of innovative | I. Franko NU of Lviv T. Shevchenko NU of NTUU KPI SSU NTU "HPI"
changes Kiev
1 2 3 4 5 6
Organization of Development and Development and Interdisciplinary educational Integration of educational and Constant updating
educational space implementation of implementation of programs based on the scientific activities through of academic
training programs that | training programs that introduction of flexible training increasing the role of the research disciplines
are flexible to market | are flexible to market programs, component in master's educational
requirements requirements development of new training programs with the mandatory
courses based on results research | allocation of educational components
work that provide both the development of

general research competencies, skills
and abilities of interdisciplinary
teamwork; and research
competencies in the relevant

specialty
Information Introduction of the Ensuring the Create a digital learning the only integrated information E-learning
Technology newest information implementation of a environment system (11S), which forms a modern | projects:
technologies in all large-scale program of Integration of information and telecommunication and information | "E-learning
spheres of activity of informatization of the computing resources of university | scientific and educational resources”,
the University University in order to departments on the basis of KPI environment - "virtual university". | "Multimedia
(introduction of optimally and Data Centre. Electronic magazines; workshop",
electronic document effectively organize System of upgrade electronic information system of electronic "Rapid
circulation, training, educational, scientific, document management of the document management educational
information management activities; | university with a qualified assistance”, "E-
management systems | - use of elements of electronic signature and control learning space”,
of the University). artificial intelligence function of executive discipline
identity Development of the standard

"Electronic archive of the
university" - Unification of
processes of archiving of electronic
copies of paper documents of the
university
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Continuation of the table 2.7

1

2

4

5

6

Forms of education

Innovative
technologies in the

Development of the elements of
mixed and remote student

Electronic and distance learning;
definition of the model of blended

Dissemination of
blended learning

educational process training, reformatting of learning on a full-time basis as basic,| practices;
100% educational disciplines which corresponds to the modern Dual learning
respectively to the requirements of | trend of "blended education”;
mixed and to integrate mass on-line courses,
Remote teaching. distance courses, separate modules
Dual learning and separate components of
educational disciplines into the
educational process;
Creating Formation of a unified "Electronic campus" - electronic | Automated distance learning Complete e-
educational information educational communication of all participants | system, consisting of a subsystem learning system,
platforms environment  at  the of the educational process, for creating and managing including
University  and itg information support of the educational material, a virtual technical,
integration into the world educational process; learning environment and a system | software,

information space
ensuring a high level of
organization and
openness of web
resources.

Providing 95% of academic
disciplines with web resources
(distance courses) for educational
purposes;

system of choice of disciplines;
individual learning trajectories
within the selected educational
program

for managing the learning process
through electronic deaneries;
Students' choice of their own
individual learning trajectory;
inclusion in the curriculum of a
wide range of disciplines of free
choice;

methodological
and
organizational
support

25% - disciplines
of free choice

Organization of
quality control of
training

The system of internal
and external evaluation
of the quality of the
educational process.

Collection, analysis and
interpretation of
information on the
quality of education and
teaching, including
surveys of participants
in the educational
process;

External, including
international,
accreditation of
educational programs

Involvement of students in the
discussion of educational
programs, conducting surveys and
taking into account the opinion on
the quality of the educational
process, the system of rating
evaluation of the activities of
scientific and pedagogical
workers;

end-to-end monitoring system and
improving the quality of the
fundamental training: ZNO -

3 levels of quality assurance:
Council for ensuring the quality of
educational activities and the
quality of higher education;
bureau for ensuring the quality of
educational activities and the
quality of higher education
(hereinafter - BEQEA);

laboratory for monitoring the
quality of educational activities;
survey of the entire contingent of
full-time students on the quality of

System of internal
guarantee of
education quality;
Monitoring for
compliance with
licensing and
accreditation
requirements of
the Ministry of
Education and
Science of
Ukraine
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Continuation of the table 2.7

4

5

6

entrance control - semester
certification - rector's control

the organization of educational
activities in the study of academic
disciplines;

ensuring the participation of
employers in the assessment of
general and professional
competencies of graduates

Quality control of
scientific work

Formation of a new
culture of attitude to
intellectual property,
introduction of a
system of plagiarism
prevention at all levels
of the University

Improving the system of
monitoring academic
integrity with the use of
modern information
technologies for
technical verification
and text analysis;

formation and implementation of the
principles of academic integrity, whick
is reflected in the Code of Academic
Integrity, the Code of Corporate
Culture of the University, the
Regulations on Academic Integrity
and Ethics of Academic Relations, the
creation of a group to promote
academic integrity, the University
Commission on Ethics and Conflict
Management.

Activity financing

cooperation with
business in order to
attract additional funds
for the development of
the University

Reach the level of 20 - 25% of the
total funds in the structure of the
university budget, received from
foreign economic activity of all
possible sources

increase of competitive and grant
activity, development of highly
intelligent university business;
strengthening international grant
activities and fundraising as tools
for innovative, technological and
financial-material support of the
university;

-increase the share of financial
revenues from innovation activities
to at least 20% of the total funding
of the university;

- attraction of investment sources in
the implementation of project

activities of the university;

Execution of
R&D at the
expense of
international
grants;
Provision of paid
services by
scientific and
research
departments of
the university
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The end of the table 2.7

1

2

3

4

6

Energy efficiency

Implementation of
energy saving projects

Energy saving program,
costs not less than 5%
of the total budget of the
University for the
introduction of energy
saving technologies

Implementation of the University
Energy Efficiency Program;
Reduction of the consumption of
energy resources and water due to
the increase of energy efficiency
of engineering networks and their
equipment, increase of thermal
protection of enclosing designs

Online library

Electronic library -
resource and
development of own
repository of
publications, its
integration into the
information space of
the city, coutry and the
world

Full-scale digitization of
funds for the use in the
Intranet environment of
the University and
further optimization of
useful areas of the
scientific library

Electronic catalog and image
catalog of NTB printed
publications.

Development of electronic archive
of educational and scientific
materials

OCW SSU and SSU Examiner
project as open electronic resources
of structured collections of
organizational, educational and
methodical materials of disciplines,
organization of Laboratory of data
analysis and digital services to
support qualitative and quantitative
digital research, consulting on
project management (RDM -
Research Data Management),
communication and publication of
research results;
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Table 2.8

Research of the introduction of product innovations by domestic HEI on the basis of the analysis of Strategies of
development (fragment)

Kind of innovative
changes

I. Franko NU of Lviv

T. Shevchenko NU of
Kiev

NTUU KPI

SSU

NTU "HPI"

Formation of
specialists according to
the competence
approach

introduction of
interdisciplinary
components into
educational programs.

directing the educational program to the
formation of competencies relevant to
the labour market, by involving in the
formation of the content of educational
programs and curricula of expert
councils of employers;

Training of highly
qualified personnel

Carrying out of
scientific
developments which
have a product
(commaodity) stage;

Increasing the number of
patented inventions

Carrying out works in the
fields of nanotechnology,
energy, energy efficiency
of enterprises;

About 1000 research and development
works are performed annually and
scientific services are provided to order by
more than 400 enterprises and
organizations of various forms of
ownership.

Production and
implementation of
experimental samples
of new equipment,
technologies; high-tech
products

development of
centres, intellectual

property

Scientific investment
projects involving
domestic and foreign
business.

Formation of joint
scientific programs,
consortia for integration of
scientific researches of the
University into the
European and world
research space;
Corporation "Taras
Shevchenko University of
Kyiv Science Park™,
further development of
activities on its basis of the
student business incubator.

Innovative ecosystem
"Sikorsky Challenge"
Creation of joint training,
research and production
complexes, common
centres, laboratories with
leading scientific
institutions and companies
Innovative structures on the
basis of the university
(science park, technology
park, business incubator,
startup school); a laboratory
that simulates space
conditions for testing micro-
and nanosatellites;

support of existing and creation of new
educational and training centres in most
specialties, including with educational and
production functions such as translation
centre, training bank, PR agency,
advertising bureau, web design studio, audit
and consulting centre, legal clinic, etc .;
The university has developed scientific
schools that have received recognition for
the world level; in a number of areas
provides full research and production cycle;
basic - applied research - applied
development - prototype - serial production
~creation of training and production
associations, basic departments,
laboratories

40 scientific schools
were established;

Joint science parks and
centres with foreign
partners

Certification of
acquired knowledge
and scientific products
according to the
European quality
standards

Implementation of the
European Charter of
Researchers at the
University.

Certification of the
quality of educational
services by the
European Organization
for the Evaluation of
the Quality of Higher
Education
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Among the technological innovations that are important in the formation of
an innovative type of university, it is necessary to highlight approaches to financing
activities. As a result of the analysis of the Strategies, it was revealed that Ukrainian
HEI are gradually moving away from the model of financing at the expense of the
state budget and funds of individuals. The funding structure includes funds from
fundraising (SSU, V.N. Karazin KhNU, Uzhhorod National University), grants
(SSU, NTU "KhPI", Lviv Polytechnic National University, V.N. Karazin KhNU, S.
Kuznets KhNEU, State University ‘Uzhhorod National University’),
implementation of innovations and research (SSU, NTU "KhPI", Lviv Polytechnic
National University, S. Kuznets KhNEU), which indicates the transition of HEI to
the structure of innovative and entrepreneurial type.

The reaction of universities to global trends is also evidenced by the
introduction of innovative technologies for energy saving and energy efficiency both
to general economic activity (T. Shevchenko NU of Kiev, NTUU KPI, Kyiv
National Economic University named after V. Hetman) and to research areas (I.
Franko NU of Lviv).

4. Product innovations.

Product innovations in domestic HEI are also not characterized by a wide
variety, table 2.8 (Annex B). Such innovations belong to the scientific and
innovative spheres of activity and consist in the development of innovations that
have a commodity form: patented inventions, experimental samples of new
equipment, technologies, high-tech products, implementation of R&D (I. Franko NU
of Lviv, NTUU KPI, SSU, NTU "KhPI", V.N. Karazin KhNU, S. Kuznets KhNEU,
State University ‘Uzhhorod National University’).

Thus, the leading HEI of Ukraine implement innovative changes in their
activities, including organizational, marketing, technological and product
innovations. However, their development is not at a high level. None of the
universities introduces innovations of unique species (technology, product, etc.), and
the formation of innovative ecosystems is at an early stage.

All this justifies the relevance of developing methodological approaches to
the formation and timely adjustment of the main document of innovative-active
activity of the HEI - Strategy of innovative development of the university.

The proposed methodological approach to enhancing the innovative activity
of the university is shown in Fig. 2.4.
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The purpose of the proposed approach is to form a strategy, tactics and
operational contour of innovative development of HEIs on the basis of
decomposition of its activities, development and implementation of proposed
innovations, substantiation of appropriate time horizon of innovation
implementation and taking into account university resource constraints, business
characteristics.

Stage 1. Formation
of new knowledge
about the types of
educational
{nnovations

age 2. Analysis of
the practice of
innovative
development of
stakeholders and
HEI

Stage 3.
Development of
framework list of
innovative measures
for a particular type
of educational
QQovation

Construction of a
three-dimensional
model of IAU's
innovative direction

adaptive strategy
and tactics for
implementing
innovations in the
activities of the
IAU

Fig. 2.4. The scheme of the methodical approach of strengthening of
innovative activity of a university

To achieve this goal, a list of tasks is formed, the tools for their solution are
identified, which are given in table 2.9.
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Table 2.9

Connection of the purpose, tasks, tools of stages of a methodical approach

Task

Solution tools

Source information

Stage 1. Formation of new knowledge about the types of educational innovations
Obijective: to determine the list of educational innovations adequate to the current and future
stages of modernization of the higher education system in the world

1. Analysis of literature sources on
current and future trends in
civilization

2. Formation of the initial list of
educational innovations

corresponding to the current and
perspective development of a society
and economy

method  of
monographic
morphological
generalization,
comparative analysis

logical,
and

Internet resources,
international and national
information resources,
research of international
non-governmental
organizations  (Club  of
Rome, Economic Form in
Davos, international
educational organizations)

Stage 2. Analysis of the practice of innovative development of stakeholders and HEI
Objective: to form a database of innovation initiatives / activities according to a certain type of

innovation

1. Analysis of innovative
development strategies of leading
foreign and national innovative
universities

2. Construction of a reference list of
innovative measures at the level of
world and national experience

2. Analysis of current and future
development needs of the main
stakeholders of the HEI and forms of
interaction with them

method  of
monographic
morphological
generalization,
comparative analysis

logical,
and

Internet resources of the
Ministry of Education and
Science of the countries,
certain HEI, legislative acts
of the countries (National
Doctrines,  Strategies of
development of the system
of higher education, sites of
HEI) research of
international supranational
organizations on education,
business, society

Stage 3. Development of a framework list of innovative measures for a particular type of
educational innovation
Purpose: Formation of an invariant of innovative measures of a certain type of educational

innovations

1. Construction of an appropriate set
of measures in accordance with a
certain type of innovation

2. Ranking of innovative measures on
the priority and the possibility of their
application in the practice of a
particular HEI (necessary
stratification of HEI according to
their general orientation)

generalization method,
expert method,

method of cognitive
modeling, ranking
method

The initial set of innovative
measures,

The initial set of types of
educational innovations

Stage 4. Construction of a three-dimensional model of IAU's innovative direction
Purpose: to determine the relationship between the types of innovations, types of AU activities
and its ability to conduct innovation activities

1. Identification of certain activities
of HEI that require the introduction of
innovations

2. Definition of time horizon
(operational, tactical and strategic) of
the introduction of innovations in a
certain type of activity of HEI

Methods of statistical
analysis,
Methods of
modeling,

process
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The end of the table 2.9
1 2 3
3. Assessment and forecasting of | Methods of strategic | HEI Development Strategy,
resource capacity of implementation | analysis, Statistical reporting of HEI,
of innovative measures for a certain | Resource allocation | Rating of HEI in the national
type of 1AU activity models and international

educational markets

Stage 5. Development of an adaptive strategy and tactics for implementing innovations in

the activities of the AU
Purpose: strengthening the competitive advantages of HEIs on the basis of conducting
innovative and active business activities

1. Development of detailed strategies

Methods of strategic

HEI Development Strategy,

and tactics for the development of | management, Statistical reporting of HEI,
units that correspond to a certain type | Methods of statistical | Rating of HEI in the national
of IAU activity analysis, and international

2. Formation of a system of key educational markets
performance indicators
3. Development of adaptive strategy

and tactics of IAU development

Modeling methods

The proposed methodological approach is a component of the mechanism of
construction and operation of innovative-active university which, due to timely
implementation of appropriate innovations, will increase the competitiveness of both
national HEIs and higher education in general in accordance with the modern
paradigm of global higher education to an innovative, entrepreneurial university.
The implementation of the approach is planned at the second stage of GDR
implementation.

2.4. Factors of university competitiveness: national experience

The processes of transformation of HEI from traditional to a new type of
universities involves the implementation and introduction of a set of innovations
(product, technological, organizational and marketing). Future-oriented innovations
aimed at ensuring the progressive development of HEI are a component of the
competitiveness of universities. In addition, educational institutions that pay
attention to innovation are able to adapt more quickly to changes in the external
environment, which also creates additional competitive advantages.

An innovative university should be characterized by leading technologies not
only in education and science, but also in other areas, so the introduction of reform
changes and innovations is necessary from the standpoint of all previously discussed
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areas of activity, namely: educational, research, marketing, information-
communication, international and organizational.

The introduction of innovative changes in the activities of the HEI of Ukraine
IS an investment in strengthening the competitiveness of national universities not
only in domestic markets but also in the international educational space. To
determine potential and promising areas for further development, it is necessary to
assess the current state of the development of domestic HEI and the national higher
education system in general and compare it with world indicators. To this end, the
study assessed the competitiveness of universities in the context of international
comparisons based on global rankings. The information base of the analysis is the
components of higher education development and innovation activities of the Global
Competitiveness Index rankings according to the methodology of the World
Economic Forum and the Global Innovation Index.

According to the World Economic Forum, in 2019, and according to the
Global Competitiveness Index, Ukraine ranked only 85th out of 141 countries,
ranking between Sri Lanka and Moldova, and lagging behind such countries as
Argentina, Macedonia, Albania, Trinidad and Tobago, Jamaica [243]. These data
indicate the crisis of Ukraine's economy and its low competitiveness in the global
economic space. The analysis of the dynamics of Ukraine's position in the
competitiveness rating, which is presented in Fig. 3.5, indicates a consistently low
position of the domestic economy and the lack of trends for positive change. The
highest position of Ukraine for the entire study period was the 68th place in the
ranking in 2005, and in recent years Ukraine did not rise above the 81st place in the
ranking [244-262].

100 89 85 85
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78 82 o5 79— 88
80 o 73 ~ hi T
68 i —
60 | | — I - I .
a0 | |— I ) .
20 - ] B - -
0 T T T T T T T T T T T 1
2005 2006 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Fig. 2.5. Dynamics of Ukraine's position in the competitiveness rating
for 2005-2019
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This state of the country's economy requires finding ways to ensure the
economic growth. In the conditions of the formation of knowledge economy, it is
necessary to realize cardinal need of social changes in the direction of innovative
development. Therefore, the country's innovation capacity (sub-index of the
country's competitiveness index) in modern economic conditions takes a leading
position among the factors that ensure the process of improving the country's
competitiveness, its economic development and achieving higher performance.
According to the World Economic Forum, Ukraine's economy is
characterized by a low level of innovation development, which is negatively
reflected in the overall level of competitiveness of the country (Fig. 3.6) [241-252].
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universities and business

== NUMber of scientists 70 53 51 25 46 48 29 29 25
------ Innovative capacity 45 37 42 58 100 82 52 49 51

51 68 72 64 69 67 43 50 60
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Fig. 2.6. Dynamics of Ukraine's position on the level of development of
Innovation activity according to the World Economic Forum

It is also possible to analyze the level of innovation development of the
country on the basis of the World Intellectual Property Organization according to
the Global Innovation Index (GI1), which is calculated on the basis of approximately
80 indicators grouped into subgroups according to various aspects of innovation and
takes into account such parameters as research, human capital, institutions,
infrastructure, business development, knowledge and technology, creativity.
According to the World Intellectual Property Organization's innovation ranking,
Ukraine ranked the 45th among 131 countries in 2020 (between Thailand and
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Romania, as well as the 30th among 39 European countries) in terms of innovation
(Fig. 2.7) [253-262].
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Fig. 2.7. Ukraine's position in the ranking of the World Intellectual
Property Organization according to the innovation index

Thus, according to the World Economic Forum and the World Intellectual
Property Organization, there is a general positive trend of improving Ukraine's
position in terms of innovation, but no significant changes occurred during 2006-
2020. It should be noted that Ukraine has sufficient staff for the development of
innovation (the 25th place in the world in the number of scientists in 2017), but
unsatisfactory organizational component of innovation, which is reflected in the low
quality of research institutions (the 60th place in the ranking) and poor system
cooperation in education and business (the 73rd place) needs improvement and
reform.

A significant role in the process of ensuring innovation is played by the state
of education in the country, especially higher education, which provides staffing and
training of intellectual resources, which is the basis for innovation. The quality and
state of development of higher education is directly reflected in the level of
innovation capacity of the country and has a critical impact on economic
development and welfare of the country. According to the ratings of the World
Economic Forum [241-252] and the World Intellectual Property Organization [253-
262] (Fig. 2.8), despite some differences, Ukraine is gradually improving its position
in higher education during 2006-2020, and in 2020 it took the 32nd place (out of 131
countries).
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World Intellectual Property Organization
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Fig. 2.8. Dynamics of Ukraine's position on the level of development of
higher education according to the World Economic Forum and the World
Intellectual Property Organization

1. Regarding the components of education systems that are essential for its
functioning and evaluation, it is necessary to pay attention to the fact that higher
education in Ukraine is widespread, the level of higher education coverage of the
traditional official age is consistently one of the highest in the world (Ukraine ranked
the 14th in the Global Innovation Index in 2020 with a rate of 82.7%); the quantity
of graduates in science and technology (the 35th place and 25.3% in 2020) and the
quality of mathematics and science education (the 27th place in 2017), which are
key to the development of innovations, and are also at a high level of development
(Fig. 2.9 and Fig. 2.10) [253-262].
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Fig. 2.9. Dynamics of Ukraine’s position on the components of higher
education according to the World Intellectual Property Organization
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Thus, the quantitative indicators of the higher education system of Ukraine

are at a fairly high level. However, the analysis of qualitative indicators reveals
problematic aspects of the development of higher education in Ukraine. Thus, in
terms of the quality of education, Ukraine ranked only the 56th in 2017 (Fig. 2.10)
[242-262], and despite the positive trends in improving this indicator, there was a
general deterioration in the quality of domestic higher education compared to 2006.
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Fig. 2.10. Dynamics of Ukraine's position on the components of higher
education according to the World Economic Forum

An integral assessment of the state of development of universities is their
positioning in the world rankings, the main of which is QS World University. The
estimates of the rating of domestic HEI, which is determined on the basis of places
in the ranking of QS World University of the top 3 universities in the country
(Fig. 2.11) indicate the low quality of the higher education system of Ukraine.
According to this indicator, Ukraine in 2020 ranks 4the 9th among 131 countries,
and in recent years there has been a decline in the country's position in the ranking
[253-262].

The considered indicators of Ukraine's positioning in the world by the
components of higher education testify to the unsatisfactory level of development of
the national higher education system and the need to reform it in order to provide
higher level educational services and transform the role of universities from the
subject of educational services to economic development and ensuring innovation.
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Fig. 2.11. Dynamics of Ukraine's position in the ranking of universities
according to the World Intellectual Property Organization

Ukraine's integration into the world educational and scientific space requires
compliance of national universities with the European and world requirements, and
its success depends on the level of competitiveness of domestic HEIs in both internal
and external educational space. According to the rating data, HEI are significantly
lower in all respects and are currently almost uncompetitive compared to the world's
leading universities. In this regard, the question arises of finding factors to ensure
the competitiveness of the Ukrainian universities and the choice of development
strategies to improve the efficiency of the national HELI.

Factors in the competitiveness of the Ukrainian universities are certain aspects
of activity and elements of the internal and external environment that cause changes
in the quality of the functioning of HEI, the growth of activity indicators and ensure
the emergence or improvement of competitive advantages.

With the development of market relations and the strengthening of the role of
innovative transformations in the process of ensuring the success of the HEI, many
factors of achieving competitive advantage, which play a decisive role in the
activities of universities, are expanding.

In order to form a system of factors of competitiveness of the national HEI
and their analysis, it is proposed to group them according to the following main
classification features:

1) the ability to adaptively respond to the manifestation of external challenges
of any level by producing certain types of innovations;

2) the ability to implement innovative changes in all activities.

Such grouping will allow to define drivers of the transformational changes of
HEI for achievement by them of signs of IAU or improvement of strategic positions
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of the formed domestic IAU.

The main groups of factors for the competitiveness of innovative universities
include factors to ensure the adaptability of HEI to changes in the environment
(staffing of innovative developments, legislation on the possibility of transition to
transformation processes, etc.) and the possibility of introducing innovative changes
in HEI (sufficiency of financial resources for innovative implementations, flexibility
of the organizational structure and others).

Factors influencing the dynamics of the competitiveness of HEI can be
structured by the carriers of their manifestation. Such media include both specific
institutions and individual entities. This approach allows us to consider the subject-
object approach in the formation of communicative relations of HEI with the
external environment and to position HEI in the educational space at both national
and international levels. An example of structuring external factors of influence from
the standpoint of the subjectivity of the carriers of the manifestation of the action of
these factors is given in Fig. 2.12.

Generalized external factors to increase the competitiveness of higher
education institutions, taking into account their ability to adaptive
processes and the introduction of innovative changes

Partnership between business structures and universities

[Inclusion of universities in various state, regional programs and
projects

Interaction with educational and research institutions

University rankings in international and national rankings

Advertising in the media of higher education institutions

Other factors

Fig. 2.12. The main external factors that contribute to increasing the
competitiveness of HEI [185]

In addition, in order to more accurately identify the ways to develop
competitiveness, a classification of factors should be made in terms of activities of
innovative universities, namely:

- educational activities - factors to improve the quality of educational services
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through curricula, educational process and teaching staff;

- research - factors influencing the processes of R & D;

- marketing - factors of opportunities to promote educational, scientific,
consulting and other services of the university and ensuring the positioning of the
university in the educational environment;

- information and communication - factors of ensuring the social and
humanitarian activities of the HEI;

- international - factors in the development of international cooperation and
the university's entry into the global educational and scientific space;

- organizational activities - factors influencing the organizational structure and
infrastructure of the university.

To analyze the factors that increase the competitiveness of HEI, we will also
divide their sets according to the direction of influence, namely external and internal.
This division is fundamental, because it determines the strategies and opportunities
for further development of the university. Internal factors can be represented as
reserves of the development, which fully depend on the level of development and
management of the university. In contrast, external factors not only do not depend
on the actions of HEI, but, on the contrary, influence the choice of their vector of
development, operational decisions and the possibility of introducing innovative
changes, i.e. act as a system of restrictions on innovative-active HEI. External factors
can be both stimulating and deterrent; in the latter case, there are external threats that
require the accumulation of internal development opportunities to support activities.

In addition, the internal factors of ensuring the competitiveness of universities
in general have a socio-humanitarian, managerial, resource, educational, scientific
and communicative nature. External factors can be economic in nature, political,
socio-cultural and partnership in nature. The distribution of factors by their nature is
common both to the activities of the university and to ensure adaptability and
innovation (for example, resource factors determine the ability to adapt to external
changes and implement innovative changes; in addition, such factors are
fundamental for all areas of activity of the university).

Thus, the division and analysis of the factors of competitiveness of HEI is
possible on the basis of a 4-level model based on the considered main classification
features:

Level 1 - classification on the basis of innovative HEI;

Level 2 - classification by the types of HEI;



Level 3 - classification by the direction of influence;

Level 4 - classification by the nature of influence of the factor.
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The general approach to the ranking and analysis of the factors of
competitiveness of HEI is presented in Fig. 2.13.
Based on the proposed approach, the distribution and coding of the factors of
influence is carried out, according to which it is possible to analyze the full range of
competitiveness factors on the basis of transitions between classification features.

It should be noted that the list of competitiveness factors depends on the
sectoral orientation of the HEI. Factors of competitiveness, even within the same
groups, will be different for technical, natural, humanitarian and other specialized
HEI. There may be differences in factors within the HEI - in terms of faculties and
specialties, so it is necessary to take into account the characteristics of the industry.
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Fig. 2.13. Methodical approach to ranking of HEI competitiveness
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A fragment of the approach to the analysis of the groups of factors of
competitiveness of universities is presented in Fig. 2.14.

Let’s consider in more detail the groups of factors that determine the development
of the competitiveness of HEI.

Social-humanitarian factors include developmental factors related to the
capabilities, knowledge and personal qualities of all participants in the educational and
scientific process (students, teachers, researchers).One of the main factors of this group is
the scientific-educational potential and talent of the staff, which is determined by the
quality of student training, quality teaching staff, creativity and ability of teachers and
researchers to develop and implement innovations, which directly affects the level of
innovative development and competitiveness. Determinants in determining the success of
HEI are the quality of achievements of teaching staff in professional and research
activities, the availability of awards, scientific degree and academic title, experience and
ability to teach and research work.

In this group it is also necessary to identify the motivation factor. Motivation of
students affects the quality of the educational process, the level of acquired knowledge,
recognition of students and the level of their educational component at the national and
international levels, which is the basis for the formation of the image of the university.
The motivation of teaching and research staff affects both the educational and scientific
components of HEI. A high level of motivation ensures the implementation of educational
and scientific innovations of a higher level, the maintenance of professional image and
the competitiveness of the university staff. The high motivation of the teacher in
combination with the motivation of students contribute to the higher involvement of both
parties in the educational process and lead to the emergence of better interaction between
them with the use of innovative components of education. The personal qualities of the
teaching staff, scientific potential and results of researchers are the basis for creating a
competitive advantage of HEI as an educational and research organization.

When searching for and analyzing factors influencing competitiveness, it is
necessary to consider new types of universities not only as an educational or scientific
institution, but as a holistic complex with a scientific and educational mission aimed at
forming an innovative, creative and promising society of the new generation. Therefore,
the factors of humanitarian orientation are beginning to gain importance, which is to
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ensure equality in all its manifestations from the standpoint of access to educational
services and research.

The next generalized group of factors is management factors. It should be noted at
once that this group includes factors related to both the management staff and the
configuration of the internal organization of HEI. The quality of the management system
Is manifested in its effectiveness, which consists in the degree of professionalism of
decisions, their compliance with existing conditions and the presence of positive
consequences of management actions. The effectiveness of the management system lies
not only in the practical results of management actions, but also in the formation of a
management team that combines the optimal structure of specialists in various fields,
integrating into a single team-initiator and coordinator of innovation processes and
implementing their results to increase competitiveness.

As for the internal organization of HEI, it is also an element of the management
system. The availability of optimal university infrastructure that combines scientific,
educational, communication departments and corresponds to modern trends in economic
development and public relations directly determines the quality of activities and
opportunities to increase competitiveness in the field of innovation. The infrastructure
should provide a high level of learning environment for students, combining classroom
equipment, providing quality dormitories, access to sports facilities, etc., which in turn
will help attract more talented young people to the student membership. The elements of
infrastructure development should include not only well-formed units, but also the
intangible component of HEI operation, which combines the availability and well-
established communication channels between departments, teachers and students, the
development of information networks and computer systems. This group should also
include the introduction of new forms of interaction with business and other organizations
to strengthen primarily the scientific and communicative spheres of HEI.

Resource provision is the availability of material and financial resources for all
activities of HEI. Despite the prevalence of intangible factors of competitiveness of
universities over material ones, resources occupy a leading place in the development
process, as they are the basis for R&D and educational services, attracting professional
staff and motivating participants in the educational and scientific process.

Financial resources are more important for achieving competitiveness because the
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transition of an innovative path of development requires significant investments. Funding
of the HEI activities is possible on the basis of various sources, including: funding from
the state budget, grants, funding under agreements with third-party organizations, student
tuition fees. The greater the number of sources of funding and their value (especially other
than funding from the budget), the more opportunities for the development of material
and technical base and wages are. And this, in turn, generates staff motivation and
involvement of leading specialists, as well as increases the quality of research.

The modern material and technical base of the university is of decisive importance
first of all for the educational and scientific spheres. Equipping with the latest computer
technology, electronic devices, laboratory equipment, classrooms, recreation areas
improves the convenience and efficiency of educational activities, ensures the
innovativeness of the educational process and its compliance with international standards,
quality and reliability of scientific developments which, in turn, affects the attractiveness
of HEI in the national educational environment.

Factors of educational competitiveness include the quality of education at HEI. This
group includes the availability of educational programs of the latest nature, which are
capable of mobility under the influence of changes in the labour market and individual
needs of students. It is also important to develop internal standards and procedures for the
provision of educational services. In this group, it is important not only to develop the
content of programs, but also the ways to convey them to students: introduction of
innovative learning technologies, introduction of distance learning and new forms of
training.

Factors of scientific competitiveness first of all consist in carrying out the advanced
researches directed on the solving actual problems from all spheres of a public life. In
addition to the ability to conduct R&D, the tendency to implement the results of such
research in all areas, of both internal activities of HEI and their commercialization for
public use, play a significant role.

Communicative factors are related to the positioning of HEI and its relations with
both society and third parties. This group includes the introduction of cooperation with
business and other educational institutions. Communicative factors should also include
the development of international activities of the university and the internationalization of
education, including the education of foreign students; availability of programs of
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academic mobility, internships and international scientific cooperation; participation of
students and scientists in projects and programs of international organizations; gained
experience of successful international activities in the field of education and science;
holding international scientific and practical conferences, seminars, symposia, etc., all of
these contribute to the formation of the international image and recognition of the national
system of higher education in the world markets of educational services.

External factors influencing the competitiveness of HEI include economic factors,
which are primarily related to the level of economic development of the country and are
public funding and regulation of the education system; improvement of national methods
of rating assessment of activity; establishing a partnership between the authorities and the
higher education system; institutional support of the higher education system; this group
includes investments from other external sources. One of the main and determining
economic factors should be the improvement of regulations on the higher education
system, which directly determines the development opportunities and the degree of
freedom of decision-making in HEI and should be based on a set of principles, namely:
permission of autonomy and self-government of universities; delimitation of rights,
powers and responsibilities of the founder (founders), state bodies and local self-
government bodies, to the sphere of management to which HEI belongs, governing bodies
of HEI and its structural subdivisions; independence from political parties, public and
religious organizations (except for higher theological institutions).

Political factors include the country's reputation and authority in the international
arena, which directly affects the ability to establish international relations. This group
should include domestic political trends, characterized by the general direction of
development of the country, the importance of education in this process and the promotion
of higher education at the national level. Such nationwide popularization of domestic HEI
promotes the development of competitive advantages of the Ukrainian universities
primarily in comparison with the foreign HEI and occurs by ensuring public awareness of
the country's universities with the involvement of media, Internet resources and modern
information technologies, use of advertising products, support of information and
analytical portals about the higher education system of Ukraine, etc. The group of political
factors includes the state's strategies for the development of international relations. Now
the strategy of the European integration is a priority, so the state's support in attracting
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faculty and students from other countries will be a driver of competitiveness in the
national and international educational space.

Socio-cultural external factors have become increasingly important in recent years
as this group of factors is closely linked to the most pressing issues of today: demographic
change, migration, living standards and incomes.

Partner factors are the level of development of HEI's relationship with the
environment. This group includes the level of cooperation with business structures,
research institutions and other HEIs; participation of the university in various projects,
programs, organizations, etc.; advertising and public relations of the university; image,
reputation and prestige of HEI; general state of innovative development in the country.
Positioning the university in national and international rankings, in turn, also contributes
to the formation of a positive image and reputation of HEI. Another factor influencing
competitiveness is cooperation with graduates, which is to provide feedback on the quality
and compliance of educational services with labour market conditions, promoting and
high positioning of HEI, which significantly affects the image of the university.

This group of factors includes the development of international cooperation and
international relations of domestic universities, which contribute to strengthening the
credibility of national HEIs and improving their position at the international level. The
forms of interaction with the environment that positively affect the competitiveness of
universities are the accession of the national higher education system to megasystems: the
European University Association, the Grand Charter of Universities and the Bologna
Process, which is the basis for integration into global and national research-educational
space.

Let us consider the factors of competitiveness more specifically, based on the
proposed classification features. A fragment of the system of competitiveness factors is
presented in table 2.10.

Let us consider the factors of competitiveness of HEI which affect the ability of
universities to adaptive activities and the implementation of innovative transformations
in any type of activity of HEI and which are formed according to the hierarchical
structure proposed in Fig. 3.10. Their numbering is formed according to the general list:

1 - customer orientation - ensuring the development of international relations and
improving the material and technical base (factors of a communicative nature);
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Table 2.10
Factors of competitiveness of the Ukrainian universities (fragment)

1. Factors influencing the feature of "adaptability"

1.1. Factors to increase competitiveness in educational adaptability
1.11 Internal factors for increasing competitiveness in educational adaptability
1.1.1.1 | Factors increasing competitiveness in educational adaptability, which are

internal and socio-humanitarian in nature:

Experience of teaching staff;
Proportion of teachers with PhD degrees;
The level of motivation of teachers;
1.1.1.2 | Internal factors increasing competitiveness in educational adaptability of
managerial nature:
Professionalism of management staff;

Experience in teaching positions of university management staff;

Quality of HEI structuring in accordance with the introduced specialties

1.1.1.3 | Internal factors increasing competitiveness in educational adaptability of
resource nature:

The amount of public funding;
Cost of education;

The amount of income from tuition fees;
Provision of computer equipment;
Provision of equipment necessary for training;
Availability of free access to the Internet.

2 - source of financial resources of HEI - mixed financing (factors of resource
provision);

3 - innovation and investment potential of HEI - satisfaction of participants in the
markets of educational services and labour (factors of resource provision);

4 - strategic management - positioning of integration processes in the market of
educational services of HEI (factors of managerial-organizational nature);

5 - labour rationing - stimulating the level of internal labour productivity (factors
of resource provision);

6 - internationalization - mobility of students and teachers in international grants
and projects (factors of social-humanitarian nature);

7 - monitoring - tracking the complexity of indicators of the level of development
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of HEI (factors of socio-humanitarian nature);

8 - informatization - creation, carrying out, introduction of educational activity
concerning the expanded list of specialties and employment of graduates (factors of
social-humanitarian character);

9 - quality of training of HEI applicants - compliance with the terms of the license
conditions and the image of HEI (educational factors).

The directions of connection of HEI competitiveness factors indicate the
dependence of the achievement of one goal (initial) on the achievement of another
(final)one. In the first stage, a directed graph between the factors of HEI
competitiveness is constructed which is presented in Fig. 2.15.

Fig. 2.15. Relationship between HEI competitiveness factors

As a result of the analysis of the directed graph (see Fig. 2.15), the reachability
matrix is constructed. Filling the matrix with binary factors of HEI competitiveness is
carried out according to the line rule:

d.: =

tj

{1, if from i it is possible to get to j 2.1)

0, if not.

Table 2.11 presents the results of determining the relationship of factors in the
choice of areas of competitiveness of HEI, which has the form of a matrix of reach of the
directed graph.

Table 2.11
The results of the connection of factors in the choice of areas of
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competitiveness of HEI
Factors 1 2 3 4 5 6 7 8 9

1 Customer orientation 1 0 1 0 0 0 0 1 1

2 Source of financial resources of | 0 1 0 0 1 0 0 0 0
HEI

3 Innovation and investment 0 0 1 0 0 1 0 0 1
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The matrix of reach of the directed graph, presented in Table 2.11, allows us to
divide the set of vertices H into a subset of levels of the hierarchy of factors when choosing
the directions of competitiveness of HEI. To this end, all peaks of factors are divided into
achievable and previous.

The vertex h_i is called reachable from the vertex h_j if there is a path from h_j to
h_i in the oriented graph. This set is denoted by R (h_i). The vertex h_j is considered
preliminary to h_i if it is possible to achieve h_i with h_j. This set is denoted by A (h_i).

Multiplication of vertices of HEI competitiveness factors

A(h;) = R(h;) N A (hy), (2.2)

for which the condition of inaccessibility from the remaining vertices of the remaining
set H is fulfilled, and can be denoted as the level of hierarchy. This condition is tested in
several iterations by gradually excluding certain higher levels [4].

Determining the levels of the hierarchy of influence is done by checking the
fulfillment of condition (1, 2), the results of which are given in Table 2.12.

As can be seen from Table 2.12, the criterion equality in the first iteration is
performed for factor 1 - customer orientation, which ranks the first in the hierarchy. In the
second iteration, the criterion equality is fulfilled for factor 2 - informatization.
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Table 2.12
Determining the levels of the hierarchy of factors in choosing the areas of
competitiveness of HEI

hi R(hi) Ahj) R(hi)XA(hj)
1 1,3,8,9 1 1
2 2,5 2,4 3
3 3,6,9 1,39 3
4 2,47 47 3
5 57,9 2,5 3
6 6,9 3,68 3
7 479 457 4
8 6,8 1,8 2
9 3,9 1,3,5,6,7,9 5

The hierarchy of selection of HEI competitiveness factors is 5-level. The main goal
in choosing the factors of competitiveness is the quality of training of HEI applicants.

The next level defines monitoring, i.e. a combination of goals and objectives aimed
at forecasting, improving, solving, modeling, analysis, which will serve as a tool in the
formation of a comprehensive assessment to improve the competitiveness of HEI.

At the third level there are the following factors: the source of financial resources
of HEI; innovation and investment potential of HEI; strategic management; labour
rationing; internationalization. Concentration of these factors on one level characterizes a
powerful direction of successful development of the directions of improvement of HEI
activity.

At the fourth level is informatization, which is an effective tool to ensure the filling
of the investment portfolio. Ensuring the increase of HEI prestige, as one of the factors of
competitiveness, is possible due to the implementation of financing mechanisms, which
depends on the economic development of Ukraine and, thus, the production of quality
educational services.

At the highest level of the hierarchy is customer orientation factor, the solution of
which is possible with the interaction of all previous factors, which will provide further
prospects for the competitiveness of HEI and, thus, meet the needs of the educational
services market, which will ensure effective positioning and high competition.
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The study of competitiveness factors uses a problem-oriented approach and
identifies 5 levels of available factors established in accordance with the interdependent
hierarchical impact, the solution of which will ensure further implementation in the quality
of education.

The impact of factors on the competitiveness of HEI involves the formation of
conceptual measures aimed at meeting all the needs of consumers of educational services
and ensuring continuous innovation development, i.e. achieving the best results as an
education market.

Thus, factors influencing the competitiveness of HEI form a system that is
characterized by significant internal relationships and synergies. Therefore, the planning
of a strategy to increase competitiveness should be based on the comprehensive
involvement and influence on the main factors mentioned. In the current conditions and
state of development of the national HEIs, more and more attention should be paid to
managing their competitiveness, developing action strategies in accordance with the
nature of the determinants and areas of activity that require access to a fundamentally
better level of development.
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CHAPTER 3. FORMATION OF THE MONITORING SYSTEM AND
STRATIFICATION OF THE HIGHER EDUCATION SYSTEM OF UKRAINE
AND ITS SUBJECTS

3.1. University monitoring and stratification system: methodological basis for
construction

Reforming of the education system in general and higher professional education, in
particular, involves constant monitoring of the results of assessing the position of the
country's higher education system and HEI in the national and global markets for
educational services. This monitoring is especially important in the context of
globalization of socio-economic processes; it allows not only to diagnose the peculiarities
of the demand for national HEI in the market of educational services, but also to assess
the level of competitiveness of higher education and HEI in the international market.

Educational monitoring is aimed at identifying the main factors that shape the
attractiveness of higher education and HEI and determine its place in the national and
international market of educational services.

Monitoring of educational activities includes control, verification, accounting,
evaluation, accumulation of statistical data, their analysis, reflection; identifying the
dynamics of educational change and the selection of key players in the market of
educational services; changing goals, clarifying educational programs, adjusting the
learning process; forecasting further developments.

Obijectivity, completeness, systematicity, efficiency and specificity of the obtained
results will provide the necessary conditions for the preparation, adoption and
implementation of management decisions on the functioning and development of
education at all levels.

Monitoring system is the most effective information management system and
informed decision-making, which is based on it, in the information economy, when the
effectiveness of management of any process depends on reliable, systematic and timely
information about the state of the process, its dynamics, objective analysis of such
information and forecasting further development.

The general scheme of the monitoring system is shown in Fig. 3.1.
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Monitoring as an information-analytical system
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and making management
decisions
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Fig. 3.1. General scheme of the monitoring system

Thus, monitoring acts, on the one hand, as an information-analytical system to
perform management functions, and on the other - depends on management. Based on
this, monitoring is the basis for the implementation of all management functions, and the
monitoring system is the most important attribute of management processes related to
solving research problems of a problem, monitoring the state of its development.

A comparative analysis of modern developments [91,67,131,132,194,269,220,221]
allowed us to identify three main concepts of forming a monitoring system (Table 3.1).

Table 3.1
Characteristics of concepts of monitoring system formation
Concept name Characteristic
Target monitoring system is considered as a problem-oriented system that covers a certain

area of information needs of economists, analysts and practitioners

Instrumental under the monitoring system one means the widespread use of various tools and
methods of collecting and processing information that make up the content of the
database and knowledge base of the system

Integration the monitoring system is considered as a result of regrouping of traditional
information and management functions, which combines elements of socio-
economic statistics, economic analysis and forecasting




124

Thus, the system of monitoring and stratification of the Ukrainian universities
should be integrated and considered as an information, diagnostic, scientific, prognostic
system, the implementation of which is carried out within the management activities of
the HEI.

Based on the study of the history of monitoring as a phenomenon and its modern
concepts, we can identify the following characteristics that are inherent in monitoring
systems (MS):

1) MS is aimed at constant and long-term monitoring of the socio-economic
environment;

2) MS includes not only the systematic observation and collection of information
about the parameters of socio-economic phenomena and processes, but also the system of
evaluation, analysis, forecasting and management decisions;

3) MS has a permanent-contour character, which is an important condition for the
effectiveness of its application;

4) in MS the collection of monitoring data is carried out using various methods
depending on the studied subsystems;

5) the information received in MS should be a subject to analysis and diagnosis;

6) in MS the monitoring data should be stored for further use in management based
on modeling and forecasting of the analyzed situation;

7) MS ensures the effectiveness of monitoring studies through the focus on
obtaining adequate and timely information, conducting and using the results of the
analysis.

Based on the characteristics of the object of the study, the monitoring system must
meet the following principles [88,132] (Fig. 3.2):

1. Purposefulness and integrity. The formation of monitoring system should be
purposeful. The goal is the basis of any system, i.e. the system-forming factor. The
purposefulness of the monitoring system involves a conscious movement towards a clear
and unambiguous goal. It is important to optimally allocate existing resources to ensure
the fullest possible achievement of goals. The principle of integrity reveals the
inseparability of the triad "management - monitoring - forecasting";

2. Systematic and comprehensive. The monitoring system reflects a systematic
approach to solving problems and is a set of subsystems (monitoring at the national and
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international levels), individual elements and relationships between them, which are
implemented by solving monitoring problems. Complexity involves the use of a set of
monitoring indicators, which comprehensively characterize the object of the study.
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Fig. 3.2. Principles of MS

3. Database integration and efficiency. When developing a monitoring system, it is
necessary to form a single database that ensures the efficiency of obtaining information,
reliability of its storage, comparability and updating. The efficiency of the monitoring
system is considered both in terms of information processing and in terms of management
decisions.

4. Representativeness and adaptability. This principle is to select the necessary
minimum and sufficient indicators for analysis and forecasting of the object of the study
in the monitoring system. At the same time, the selected indicators should be adapted to
international comparisons.

5. Information openness and feedback. This principle is a necessary condition for
the effectiveness of the monitoring system. The results obtained should be available at all
levels of the government. The availability of feedback allows you to make the monitoring
system manageable, which provides the ability to adjust monitoring programs by users.

6. Optimality and efficiency. The monitoring system should allow the decision-
making system to choose the most effective management decision for the development of
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the object of study. At the same time, the monitoring system should aim to improve the
quality and efficiency of management decisions.

7. Maximum informativeness of results and control. This principle lies in the
constant improvement of the monitoring system through its control and identification of
"bottlenecks", obligatory constant updating and development of the information base.

Among other principles of the monitoring system are the continuity of the
observation of objects; frequency of withdrawal of information about the changes that
occur; comparability of applied monitoring indicators over time.

Based on the above principles, the monitoring system performs the following
functions (Fig. 3.3).

FUNCTIONS OF THE MONITORING SYSTEM

Information and evaluation — identification of complete, comprehensive
and timely information and diagnostics of the state of the object of study
and the changes that occur with it, which allows to evaluate the studied
phenomena and processes

A\ /4
V

Search and research — implementation within the monitoring of the
examination of the state, concepts, forms, methods of the development of
the research object, its components and subsystems

Forming — creating conditions for studying the state of the object of study
—>{ in different periods of time and space, for comparison with other objects
and identifying negative and positive features in the development

Corrective and forecasting - the use of monitoring information to make
the most reasonable and adequate to the requirements of the situation
management decisions and the formation of forecast scenarios for the
development of the object of study

Fig. 3.3. MS functions

Thus, in a generalized form, all functions of the monitoring system are aimed at
collecting, processing, analyzing information about phenomena and processes, about the
indicators that characterize these phenomena and processes; formation of a single
information system and database on the phenomena and processes being studied;
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implementation of communication between information providers and consumers of
monitoring results through management decisions.

To perform the functions shown in Fig. 3.3, various monitoring tools are used in
the monitoring system. The main methods of the monitoring system are shown in Fig. 3.4.

METHODS APPLICABLE IN THE MONITORING SYSTEM

Methods of collecting

sources

information -
questionnaires, reporting, analysis of international sites, Internet

observation, surveys,

Methods of accumulation and processing of information -
comparative analysis, grouping, rating

Methods of information evaluation and analysis - statistical
methods of comparison, dynamics, structure; coefficient method,
integral method, methods of multidimensional analysis

Methods of using information - methods of forecasting, adjusting,
generating analytical reports and management recommendations

Fig. 3.4. Methods used in the monitoring system

According to these functions, the monitoring system has certain goals and performs

certain tasks [132, 194] (Table 3.2).

Table 3.2

Goals and objectives performed by the monitoring system (MS)

Goals of the MS

Tasks of MS

Objective 1. Organization of observation,
obtaining reliable and objective information on the
processes in the area under study

1. Ensuring regular and visual presentation of
information about the processes taking place in the
research area

2. systematization of information about the state and
development of the object of study

Goal 2. Analytical generalization, evaluation and
systematic analysis of the received information,
identification of the reasons of disproportions of
the development of object of research

1. Reasonable choice and use of statistical and
economic-mathematical methods of information
processing

2. Development of a forecast for the object of study in
accordance with the identified factors of development

Objective 3. Providing management bodies and
interested  stakeholders  with  generalized
information and development of recommendations
for eliminating negative trends and maintaining
positive developments in the research area

1. Development of a system of indicators that provide a
holistic view of the object of study.

2. Formation of a system of corrective actions to
improve the quality of the studied process
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Based on the above principles, taking into account the monitoring functions, goals

and objectives of monitoring, a system of monitoring and stratification of the Ukrainian
universities is formed, the constituent elements of which are presented in table. 3.3. [2,81]

Table 3.3
Components of the monitoring system
Elements of the monitoring Characteristics of the elements
system
Database
Subjects of the monitoring these are the carriers of the monitoring functions that perform these
system functions. They are conventionally divided into two groups: those

who select and process them. Thus, the subjects in the monitoring
system are organizations, structures, and individuals.
Monitoring indicators it is a set of primary and secondary indicators that are able to provide
a holistic view of the state of the object of study, the qualitative and
quantitative changes in it
Monitoring activities it is a set of monitoring procedures, namely: collection, processing,
verification and submission of information (monitoring procedures),
organization and provision of monitoring procedures

Knowledge base
Monitoring tools it is a set of sources of monitoring information - forms of statistical
reporting, international and national information resources,
questionnaires, etc., which are used by monitoring entities for
evaluation. The tools of monitoring activity are various technical
means used by the subjects of monitoring in their activity.
Tool support it is a system of methods, models, approaches, methodical
recommendations, technologies concerning an estimation of
indicators, control of the quality of data and control of the quality of
carrying out monitoring

Thus, the composition of the monitoring system is determined by its functional
purpose, scope, list of tasks to be solved and the information processing functions, which
are defined by the user, assigned to it.

The structure of the MS is a way to establish the interaction of information sources
and methods of its processing and analysis. Thus, the basis for the formation of any
monitoring system are two main components: a database, i.e. information and analytical
support for assessing the functioning and development of the object / process of research
and knowledge base, i.e. model, methodological and information support of this process.

In addition, in the information society, the emergence and unprecedented spread
of cyber threats in the construction of a monitoring system must take into account two
groups of possible risks:

Group 1 - the risk of operation of the object or the monitoring process;

Group 2 - the risk caused by the fact of functioning of the monitoring system itself.
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Concretization and detailing of the causes of risk is achieved by modeling and

assessing the functioning of a particular object of monitoring in its real environment. The

choice of the risk assessment criteria in the monitoring system is made by taking into
account the classification reasons for its occurrence (Fig. 3.5). [164]

Causes of risk of the monitoring
system (MS)

—

External causes Internal causes
Cyber threats Insufficient Insufficient
and cyber attacks accuracy of computing power
primary MS
High cost of SOurces _Of v
obtaining information information Insufficient bandwidth
/ of communication
channels
Insufficient number of High cost, complexity
observations of data transfer from Low quality of information
primary sources processing algorithms

Fig. 3.5. Classification of causes of MS risk

Shown in Fig. 3.5 the reasons may lead to such types of risks due to the functioning
of the MS as: low accuracy (lower than necessary) of the monitoring results; insufficient
discreteness of information issuance; long data issuance delays; inconsistency of the form
of information issuance; the absence of some characteristics (e.g. forecasts) issued by the
MS.

In accordance with the content of the MS, its principles, functions and methods, the
monitoring system has certain requirements [91,221]:

reliability - the use of information data and a system of monitoring indicators, which
most fully and reliably characterize the phenomenon under study;

efficiency - focus on the reduction, collection and processing of information in
order to be able to make tactical management decisions, if required by the situation;

regularity - monitoring for a more or less long period with certain intervals of
information collection. For strategic management, the duration of monitoring should
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exceed the period for which the strategy is developed, as the task of monitoring includes
not only current monitoring and evaluation of strategy implementation, but also evaluation
of effectiveness of achieving strategic goals and identifying new strategic issues;

complexity - simultaneous tracking of trends in indicators that characterize different
aspects of the object of study (it is possible to monitor each individual indicator, and
reduce them to an integrated indicator, which allows you to judge the process of
implementing the strategy as a whole);

independence and objectivity. The monitoring system should not depend on
subjective factors, which can be considered political interests, because otherwise the
requirement of objectivity and reliability is not met.

The construction of monitoring system should be based on a certain organizational
technology, i.e. it should include the following procedures (Fig. 3.6) [88].

The methodology of creating a monitoring system in any field of activity, including
education, as an important functional subsystem of the management HEI, should be based
on its comprehensive definition, formation of the monitoring system in solving problems
of increasing competitiveness and innovation of national HEI, principles of creation and
functioning of the monitoring system.

Modern transformations of the higher education system in Ukraine and the world
as a whole create conditions for strengthening the competitive environment among
universities, which, in turn, requires them to seek and develop effective measures to
increase their competitive potential. One of the components of the latter is the innovative
activity of the university, which is a complex structure and the result of the evolution of
its development in retrospective and future periods.

In the context of this problem, it is necessary to build an effective system of
monitoring and stratification of universities (SMSU), the results of which are aimed at full
disclosure of innovative potential of national HEI, formation or strengthening of
entrepreneurial, autonomous and active activities.

Based on the above research, it is proposed a methodical approach to building a
system of monitoring and stratification of HElof Ukraine by the degree of their
innovative activity which consists of the following stages:

1 stage. Formation of a methodological basis for building a monitoring system,
namely, the development of hypotheses, provisions, principles of system operation;
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Procedure 2. Defining the
boundary of the problem area
Procedure 1. Clarification of the problem (object or process of
situation of monitoring, its structuring, to F——> monitoring) to be
allocate the basic factors, the purpose investigated, in accordance
with the purpose of
monitoring
v
Procedure 3. Designing the structure of the Procedure 4. Determination
monitoring system, highlighting the of the indicative set of
content levels of the hierarchy and > features (indicators) to be
algorithms for the transition of monitoring monitored. This set must be
results from the lower floor to the upper, constantly analyzed and
to formulate the target monitoring results adjusted if necessary
v

Procedure 5. Clarification of the
problematic situation of monitoring, its
structuring, highlight the main factors,

determine the type and structure of models
of the monitoring system, which allows to S
determine the sequence of formation of the
main result from the partial results of
observations obtained at the facility. The
problem is solved by means of information
processing used in monitoring systems

Procedure 6. Choice of means
of visualization of monitoring
results

Procedure /. Interpretation of the obtained results.
Monitoring is usually understood as the observation
of an object over time. If there is no time sample, you
can try to replace it with object-by-object sampling,
revealing the patterns observed in the transition from
object to object

Fig. 3.6. Organizational technology for building a monitoring system

Stage 2. Designing the structure of the system of monitoring and stratification of
HElof Ukraine;

Stage 3. Development of a sound indicator system for assessing the position of the
higher education system (HES) of Ukraine and assessing the innovation activity of
individual national HEI;

Stage 4. Carrying out of calculations of innovative activity of HEI: clustering of
HEI on the level of innovation activity;

Stage 5. Interpretation of the obtained results.

Let us consider in more detail each of the stages of the approach.

1 stage. Construction of the system of monitoring and stratification of universities
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(SMSU) should be based on the proposed system of hypotheses:

Hypothesis 1. Globalization processes in the market of educational services form a
single educational space in which the interaction of national higher education systems is
observed.

Hypothesis 2. Current trends in the transformation of a traditional university into an
entrepreneurial university necessitate a revision of the system of indicators for assessing
the innovative activity of HEI.

Hypothesis 3. An effective monitoring system should form the basis for
management decisions on the development of an innovative university, including
indicators of a complex external environment.

Hypothesis 4. It is expedient to determine the innovative activity of national
universities on the basis of the use of the HEI rating system.

To build an effective system of monitoring and stratification of universities (SMSU)
a number of provisions is proposed in the study, which are shown in Fig. 3.7.

Regulations on the
relationship between
f the CMS and the
management decision-

Provisions for making system
building a system
> for monitoring and [«

stratification of
universities (SMSU)

Provisionsonthe |
hierarchy of the SMSU

Provisions on the unity
— of the principles of the
SMSU

Regulations on the
functions of the SMSU

Fig. 3.7. Regulations for the development of a system for monitoring and
stratification of universities

Regulation 1. On the hierarchy of SMSU.

Any monitoring system has a hierarchical two-level structure, which is determined
by two directions: the direction associated with the objects of monitoring and the direction
associated with the subjects of monitoring (Fig. 3.8).
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Fig. 3.8. Hierarchical structure of SMSU

It is proposed to monitor and stratify the HEI of Ukraine in two areas:

1. Monitoring of the external, world environment. To assess and analyze the level
of innovation of national universities, it is necessary to diagnose the preconditions for the
development and functioning of HEI, which have developed in the higher education
system of the country on the basis of international rankings. To this end, it is proposed to
carry out a spatial-dynamic analysis of the higher education systems in Europe and to
position the higher education system of Ukraine among them;

2. Monitoring of the external, national environment. The analysis and stratification
of the national HEI is proposed to be carried out on the basis of partial indicators of
national rating indicators that reflect educational, scientific and technical, innovative and
international activities.

This approach to building a system of SMSU allows to obtain a systematic, new
knowledge about the level of innovation activity of the university on the basis of a
combination of efforts of the state and a specific HEI.

The general connection of subjects and objects of monitoring and stratification of
universities at the national and international levels is presented in Fig. 3.9.

Regulation 2. On the relationship between the monitoring system and the
management decision-making system.

Monitoring is considered in two senses, in the narrow sense - it is one of the
functions of management, in a broad sense, monitoring acts as an aggregate management
function, which combines such functions as diagnostics, planning, forecasting and
regulation. In the conditions of constantly changing external environment for increase of
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adaptation of SMSU to external influences it is expedient to consider monitoring not only
as separate system, but as the system which is directly connected with the system of
decision-making in HEI. That is, it should be implemented in the general management of
IAU and integrated into the corporate research and educational system of the university.

Relationship of monitoring level

International level

National level

mdicatorsof the

higher education
system of countries
and HEI

level | international level

I I '

ificati . . Stratification and |

| oignosis e | DQA%|

| I :{} |

| | |

| | |
L

Regulation | Regulation

Fig. 3.9. Communication of subjects and objects in the SMSU at the national
and international levels

Regulation 3. On the functions of the monitoring system.

Defining the two-level structure of the monitoring system (national and
international level) allows to determine the specifics of standard management functions
for each of the monitoring systems.

The following functions are distinguished in the general monitoring system:
assessment, analysis, planning and forecasting and regulation. Let us consider them in
more detail.

The evaluation function allows on the basis of monitoring to carry out a reasonable
and adequate assessment of the national and world educational environment, where the



135

factors that determine the creation of innovative universities are formed.

The analysis function allows to identify trends and features of development of the
national and international systems of HEI, to conduct dynamic and comparative analyzes
of researched indicators, to cluster countries and national HEI indicators that form an
innovative component of university development and increase their attractiveness in
national and global educational markets services.

The function of planning and forecasting is to build forecasts and scenarios for the
development of the national system of higher education in accordance with the principles
of innovative-active universities.

The regulatory function is to develop effective actions to increase the innovation
component in the activities of HEI by effectively managing their activities.

In addition to these functions, it should be noted that monitoring itself is a function
of supporting management decisions and is an instrumental support mechanism for
creating an AU business type.

Regulation 4. On the unity of the principles of building a monitoring system.

The construction of the monitoring system is carried out according to the following
general principles, which were given above: target orientation and specificity; objectivity
of monitoring data; continuity of monitoring; minimization of monitoring costs; targeting
a specific object area; controllability of the monitoring system; ensuring the completeness
and timeliness of information; clarity of information presentation; minimization of the
risk of data error (reliability); maximum satisfaction of consumer information requests;
maintenance of monitoring and control system.

The conducted theoretical research allows to formulate the following specific
principles of formation of SMSU:

openness - information obtained during the operation of SMSU should be open not
only to the participants of the system, but also to the interested users - stakeholders. The
results of these studies and observations, in one form or another, should be available to all
who wish to obtain this information, and different groups of users will have different
access rights to it, and, therefore, the form of presentation of information and the degree
of its detail should also differ;

purposefulness - provides for the orientation of SMSU on the creation and
development of information and analytical support for the management decision-making
process for the formation of an innovative university;

continuity - provides for the organization of CMS, in which information about the
state of the integrated system or its elements is constant, not interrupted in time, which
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allows you to track changes in the system and respond adequately to them;

reliability - the imitation of this principle is designed to ensure the "tuning" of the
SMSU to collect statistically significant data that allow to adequately assess the
conditions, processes and results studied;

reliability - refers to both the initial information and the results of monitoring. The
implementation of this principle is designed to ensure the confidence of consumers of the
"product™ of monitoring to the sources of information, methods of obtaining, processing,
analysis;

efficiency - the proposed SMSU should promote the reasonable formation of factors
that determine the creation of innovative universities;

structured - is to ensure the relationship of information on a system of indicators
with the subjects of institutional support for the formation of innovative universities.

So, on the basis of the given principles of formation of SMSU we have that:

1. SMSU must fit organically into the corporate scientific and educational system
of the university, the system of information support, control and regulation of the higher
education system in Ukraine, contain the information necessary for public administration,
reflecting the specifics of the higher education system at both national and international
levels;

2. SMSU should contain meaningful information about the system of goals in the
formation of innovative-active universities, factors, indicators and indicators of
development of innovative-active universities;

3. The basis for the formation of a system of goals and indicators that characterize
them are legislation, regulations, programs of public administration in the field of higher
education, as well as indicators of the world and European organizations for the
development of education and society;

4. Aggregate indicators, which characterize the level of development of
universities, should be clear, easy to interpret, accessible for analysis and use in
management practice.

Stage 2. According to the above, IASB is a complex system that includes two
subsystems: monitoring of higher education systems in the European countries and
monitoring of national HEI, Fig. 3.10.

The purpose of the system of monitoring and stratification of universities is a
development of information and analytical support for the formation of a mechanism for
defining the factors that determine the creation of innovative-active HEI of the
entrepreneurial type.
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UNIVERSITY MONITORING AND STRATIFICATION SYSTEM (MSS) |

UNIVERSITY MONITORING AND STRATIFICATION SYSTEM (MSS)

£

L International level — subsystem
for monitoring higher education
systems in the European countries

l

—~—
1I. National level — subsystem for
monitoring the national HEI

|

T

Database (information and
analytical support):

1. Indicators of the world and
European organizations on the
development of higher education
systems in countries
2. Indicators for HEI ratings

Knowledge base (methodological
support):

1. Methods of system and logical
analysis

2. Methods of comparative and dynamic

analysis

3. Methods of multidimensional

taxonomic analysis and data
visualization

J

I

Novelty — introduced an
innovative component in the
formation of a system of
monitoring indicators at both
international and national levels

Novelty — methodological support for
determining the attractiveness of the
national system of higher education is
proposed; methodological support for the
stratification of national HEI by the areas
of activity

Fig. 3.10. Components of the two-level system of monitoring and stratification
of universities (SMSU)

The structure of SMSU consists of two blocks: a database and a knowledge base.

Database — it is a system of indicators which covers the indicators of the system of
higher education and HEI in the international and national market of educational services
and sources of information on the calculation of these indicators.

The general methodological scheme of forming the database of the monitoring
system consists of the following stages [220]:

1) determination of philosophical and methodological grounds for the allocation of

indicators:;

2) building on their basis a system of criteria;
3) definition of groups or separate indicators for each of the criteria;
4) creating tools. Selection of existing or creation of new methods for determining
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indicators;

5) verification of methods, their justification;

6) equipping with methodological tools (instructions for conducting, processing and
interpreting the results, checking quality indicators, etc.).

The main requirements for the indicators in general are [132]:

1) the maximum breadth of coverage of the field of possible problems, results;

2) the possibility of use in management practice;

3) simplicity and reliability of definition.

In addition, it should be taken into account that the information coming from the
database of the monitoring system must have the following properties:

objectivity, i.e. to reflect the external objective world, not to depend on the methods
of its fixation, any opinion, judgment;

reliability, i.e. to reflect the true state of affairs. Objective information is always
reliable, but reliable information can be both objective and subjective. Reliable
information helps us make the right decision. Inaccurate information can be for the
following reasons: intentional distortion (misinformation) or unintentional distortion of a
subjective property; distortion as a result of interference and insufficiently precise means
of its fixation;

completeness, i.e. information can be called complete if it is sufficient for
understanding and decision-making. Incomplete information may lead to an erroneous
conclusion or decision;

accuracy, which is determined by the degree of proximity of information to the real
state of the object, process, phenomenon, etc .;

relevance, i.e. important for the present time, urgent;

usefulness (value), which can be assessed in relation to the needs of specific
consumers of information and is assessed by the tasks that can be solved with its help.

The second component of SMSU is the knowledge base, that is, methods, models,
technologies, techniques used to process monitoring information

In generalized form, the structure of SMSU and its subsystems includes three main
modules:

1. Information collection module (database).

2. Information processing module (knowledge base).
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3. Management decision-making module (management decision-making based on

monitoring results).

Let us consider the content of each monitoring subsystem in accordance with the

proposed modules, highlighting the purpose, system of indicators, information support
and methods used in the processing of source information.

Module 1. Subsystem for monitoring higher education systems in the European

countries (Fig. 3.11).

I. Subsystem of monitoring of higher education
systems of the European countries

Y

Information collection module
Purpose — collection of information for the formation of information and analytical support for
the study of the state and development of higher education systems in the European countries
System of indicators: gross enrollment rate, (%), education level index, a total number of
national students going abroad for education, a total number of foreign students arriving for higher
education, education expenditures from general government expenditures, %, expenditures on
higher education from state expenditures on education, %

Information support: indicators of the world and European organizations for the
development of education and society, namely UNESCO, World Economic Forum in Davos,
World Bank, Eurostat, World Data Atlas, European Bank for Reconstruction and Development,
European University Associations, data from national services / statistical committees

I

Information processing module
Purpose — assessment of the position of the higher education system of Ukraine among the
European countries
Research methods: monographic, comparative analyzes, methods of logical generalization and
structural-logical connections, method of multidjmensional taxonomic analysis, method of data
visualization, dynamic, comparative analyzes

Management decision-making module
Purpose — determination of Ukraine's position among the European countries in terms of the
level of development of the higher education system and trends in this position
Result: identification of trends in the development of the higher education system of Ukraine and
development of proposals to enhance the attractiveness of the national higher education system

Fig. 3.11. Contents of modules of the monitoring subsystem of higher
education systems of the European countries

The main sources of information for the formation of a database for the monitoring
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system of higher education systems in the European countries were indicators of the world
and European organizations for the development of education and society, namely,
UNESCO [205], World Economic Forum in Davos [282], World Bank [279] , Eurostat
[99], World Data Atlas [280], European Bank for Reconstruction and Development [73],
European University Associations [74], national services / statistics committees.

The hypothesis, on which the system of indicators is based, is as follows: the list of
indicators should provide a systematic view of the phenomenon of "attractiveness of
higher education" from three points of view - mental readiness of society to receive higher
education, financial readiness / ability of the government to support higher education, and
the readiness of universities as structural elements of the higher education system to
provide quality educational and research services.

Stage 3. Based on this, the system of indicators for assessing and analyzing the
attractiveness of the country's higher education system (HES) has the following structure
(Fig. 3.12).

1. A group of
indicators of
society's readiness

for higher education

System of
indicators of
attractiveness of
HES

2. A group of
indicators of the
attractiveness of
universities by
applicants

3. A group of
indicators of the
state support for the
development of
HES

Fig. 3.12. The structure of the indicator system for assessing and analyzing
the attractiveness of the country's HES

Each of the groups of indicators for assessing the attractiveness of the country's
HES shown in Fig. 3.12 includes certain indicators. Based on the results of the study of
the information database on education indicators, the first group of indicators, which
characterizes the readiness of society for higher education, shows the nation's desire to
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obtain higher education, includes the following indicators: gross enrollment rate in higher
education, X1 (%) and education level index (X2); the second group of indicators, which
shows the attractiveness of HEI for national and foreign applicants due to student mobility
indicators, includes the total number of national students going abroad for education, X3
(persons) and the total number of foreign students arriving for higher education, X4
(persons); the third group of indicators, which reflects the state's ability to finance higher
education institutions, includes indicators of education expenditures from general
government expenditures, X5 (%) and expenditures on higher education from the state
expenditures on education, X6 (%).

Stage 4. In forming the knowledge base in the study as a tool for grouping countries
on the indicator of the attractiveness of the higher education system, it is proposed to use
methods of cluster taxonomic analysis. In general, all methods of multidimensional
clustering by the method of combining objects into clusters are divided into two groups:
divisional, which are aimed at sequential division of the population into individual objects,
and iterative, which are aimed at forming clusters based on the conditions. In addition,
there is natural and artificial clustering.

The study proposes to use methods of cluster analysis in synthesis, namely, the
method of hierarchical (natural) clustering, which allows you to reasonably choose the
appropriate number of groups for the studied set of countries, and the method of artificial
clustering - k-means, which allows to obtain stable, disparate groupings of objects
research. The initial series of analysis were 6 of the above indicators for the period 2013-
2018, the objects of the study were 28 countries of the Eurozone and Ukraine. The choice
of the research objects is conditioned by Ukraine’s strategic integration efforts before
joining the European Union. The algorithm of cluster analysis is presented in Fig. 3.13.

. step 2 ) step 4
+ Selection of P *Choice of P
objects for + Formation of a set of clustering « Interpretation of
clustering 0‘?2&2‘? glnu‘sfggr'lcr? method and the obtained results
il differ Metrics
step 1 step 3

Fig. 3.13. Sequence of clustering steps
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Module 2. Subsystem for monitoring the national HEI (Fig. 3.14).

The main sources of information for the formation of the database for the
monitoring system of the national HEI were the components of national and international
HEI rankings, namely the TOP-200 rating, the consolidated HEI rating of Ukraine, the
HEI rating SCOPUS, the Webometrics rating. [274, 192, 190, 55, 160]

I1. Subsystem of monitoring of the
national HEI

Y
Information-collection module
Purpose — collection of information for the formation of information and analytical support for
the study of qualitative aspects of the activities of the national institutions of higher education
(HETI) and the allocation of innovative universities
System of indicators: index of quality of human resources of free economic zones, index
of quality of training, number of submitted applications to HEI, number of applicants to HEI, ratio
of contractors and state employees, number of publications in Scopus, number of citations in
Scopus, Hirsch index (h-index), number of patents, Transparency Rank or Opennesss Rank,
Excellence Rank, International Recognition Index, Impact Rank, Presence Rank, Number of
International Students

Information support: national and world rankings of HEI, namely Webometrics,
Consolidated rating, TOP-200

Information-processing module
Purpose — diagnostics of dynamic changes in the activities of the national HEI in the areas of:
educational, scientific and technical, innovative, international
Research methods: generalization method, dynamic analysis, tabular method,

multidimensional taxonomic analysis method, dtta visualization method

Management decision-making module
Purpose — identification of factors that determine the innovative activity of the national HEI
Result: identification of trends in the development of the national HEI and development
of recommendations for strengthening the innovation component in their activities

Fig. 3.14. Contents of modules of the monitoring subsystem of national HEI

The basic principles for determining the ratings of the national HEI are:
ensuring full openness, transparency and independence of university rankings. For
this purpose, only open data of direct measurements, displayed on the open web resources
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of independent national and international organizations and institutions, are used. Any
data or expert assessments of the universities and their governing bodies are not used. The
method of calculating university ratings is available to the public in order to verify the
results;

taking into account the comprehensiveness, diversity of university activities. To this
end, their work is collectively evaluated on a broader base of indicators compared to the
known rating systems. In particular, this year's ranking of the Ukrainian universities was
calculated on the basis of ten indicators, six of which are international and four are
national.

Based on the importance of the European integration processes of higher education
in Ukraine, the weights of international performance indicators of universities (results in
world rankings, participation of universities in Erasmus + programs of the European
Union) are set higher than the weights of the national indicators.

Let us consider in more detail the formation of each of the ratings, table 3.4.

Table 3.4
Formation and components of HEI ratings
Rating name Characteristics of the rating
1 2
TOP-200 The activity of HEI is evaluated with the help of an integrated index, which

contains three complex components: indices of quality of scientific and pedagogical
potential, index of quality of education and index of international recognition.

In total, 24 indicators of direct measurement with a total weight of 80%, an
indicator of information resources (quality and functional completeness of
university websites) - 5% and expert evaluation with a weighting factor of 15% are
used for the formation of these indices.

Taking into account the need of Ukraine to carry out high-tech, innovative
development of the national economy, the criterion "Innovative activity of
universities” was additionally introduced in 2015/2016 for ranking HEI. This
criterion was quantified by the amount of investment made by private, high-tech
businesses in university start-ups.

In compiling the 2020 ranking, the experts took into account the current trends
in the development of universities, summarized by the IREG International
Conference in 2019 and the Berlin Principles, approved by the participants of the
second meeting in 2006.

HEI rating according to The method of determining the rating place includes: number of publications in
SCOPUS indicators Scopus; number of citations in Scopus.

As a result, the rating is based on the definition of the Hirsch index (h-index) -
an indicator of the influence of the scientist, based on the number of his articles and
their citations.

The results of the HEI rating are based on the indicators of the Scopus database,
which is a tool for tracking the citation of scientific articles published by an
educational institution or its employees. The Scopus database constantly indexes
more than 20,000 scientific journals and hundreds of book series.

As of April 2020, the Scopus database includes 176 HElof Ukraine, which is 11
educational institutions more than in April 2019.
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Continuation of the table 3.4

1

2

Webometrics rating

Webometrics ranking of the world’s universities is one of the rankings of
the world universities, which analyzes the degree of representation of
universities in the Internet.

The rating has been compiled since 2004 and is published twice a year. It is
composed of the Laboratory of Cybermetrics of the National Research Council
of Spain. The ranking began with the analysis of 6,000 universities in 2004, and
today analyzes more than 20,000 higher education institutions and determines
their place according to the degree to which they present their activities on the
Internet, using their own evaluation methodology

Webometrics rating

Unlike other HEI rankings, the impact of which does not change for a long
time, the webometric ranking is constantly changing in order to improve the
ranking methodology and ensure better results. In the July 2016 issue of the
Webometrics rating, the Openness indicator, which measured the number of
multimedia files (PDF, DOC, PPT, etc.) on the official HEI portals, was changed
to Transparency. The source of data for the new indicator was the Google
Scholar Citations rating, which assesses the citation of articles in profiles related
to the domain of the respective university.

The rating is based on two main criteria that take into account the web data
of the domain HEI (each criterion has a certain weighting factor that
corresponds to its significance):

1. Visibility (Visibility, 50%) is determined through Impact - the total
number of all external links that the university receives from third parties
(citation of web pages). When calculating the indicator, the number of backlinks
and the number of domains, from which backlinks occur, are taken into account.
Therefore, an important component is the variety of sources of links, not their
number. These links recognize the institutional credibility, success, and value
of the information provided on web pages, according to millions of web editors
around the world. Visibility is gathered from the two most important providers
of information: Majestic SEO and ahrefs, which provide maximum coverage.

2. Activity (Activity, 50%) contains three indicators: Presence (Presence,
10%), Transparency (Transparency, 10%) and Excellence (High Quality, 30%).

Presence is determined by the total number of web pages hosted, including
"rich" files, such as PDF, on the main web domain and on all subdomains and
directories of the university, which are indexed by major commercial search
engines, such as Google, Yahoo, Bing. In July 2016, the weight of this indicator
was reduced by 10%, and amounted to 10% in the overall assessment, which
indicates a decrease in the impact of quantitative indicators on the assessment
of the webometric rating of the university.

As noted, in July 2016, a new Transparency indicator was introduced
into the Webometrics ranking, which takes into account data from publicly
available institutional profiles of Google Scholar Citations. The latter
include profiles of employees who have joined voluntarily, indicating the
official name of the educational institution and corporate mail in the official
domain of the educational institution. Transparency assesses the citation of
scientific publications of a particular educational institution, i.e. the
openness, relevance and significance of the scientific activities of the
university.

The Excellence indicator calculates the number of scientific papers
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1 2

published in the influential international journals. The indicator is

limited by counting the publications that are in the top 10 percent of the most
cited in the relevant fields of science. The information is provided by the
SClmago research laboratory. According to July data, the weight of this
indicator has increased from 15% to 30% and increases the impact of the
university's scientific contribution to the international scientific progress on
the overall rating.
Consolidated rating The most authoritative among experts and mass media national and
of HEI of Ukraine international rankings of HEI of Ukraine are used as initial data for drawing
up of the consolidated rating of HEI of Ukraine: Top-200 Ukraine, Scopus
and Webometrics, each of which uses various criteria of estimation of higher
educational institutions. The obtained generalized rating summarizes the
rating places of the HEI according to the Top-200 Ukraine, Scopus and
Webometrics. Starting from 2018, the Consolidated Rating of HEI consists
of the following ratings of higher education institutions: "TOP-200 -
Ukraine", "Scopus" and "External Evaluation Ball for Contract".

The rating "External Evaluation Score for a contract™ is a rating of EIT
according to the average score of EIT for entrants of the previous year, who
are enrolled in EIT for training at the expense of individuals and legal entities
(contract).

The Webometrics rating is a rating compiled by the Spanish research
group Laboratorio de Internet since 2004. When compiling it, developers
take into account the number of search engine-indexed pages of the higher
education institution's website, external links to it, citation of the resource,
as well as the number of files uploaded to the site, i.e. content and
information activity of the educational institution's website.

Taking into account the above principles of HEI rating and complexity used in
the formation of any rating, in the study to form a system of indicators for assessing
innovative active HEI, it is proposed to choose the following indicators for each of the
following areas: to the first group of indicators, which characterizes the educational
activities of HEI, - quality index of human resources potential of HEI, index of quality of
training, number of submitted applications to HEI, number of those who joined HEI, ratio
of contractors and state employees; to the second group of indicators, which characterizes
the scientific and technical activity, - to choose the number of publications in Scopus, the
number of citations in Scopus, the Hirsch index (h-index); to the third group of indicators,
which characterizes the innovation activity, -to choose the number of patents, the rank of
openness (Transparency Rank or Opennesss Rank), quality rank (Excellence Rank); to the
fourth group of indicators, which characterizes the international activity, - to include the
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index of international recognition, the rank of influence (Impact Rank), the rank of
presence (Presence Rank), the number of foreign students.

Thus, the developed system of monitoring and stratification of universities (MSS)
allows to obtain information for the formation of a systematic view of the phenomenon of
"attractiveness of higher education™ from three points of view - mental readiness of society
to receive higher education, financial readiness / government capacity to support higher
education and the readiness of universities, as structural elements of the higher education
system, to provide quality educational and research services and develop mechanisms for
transforming a traditional university into an innovative-active HEI in order to increase the
attractiveness of both the individual university and the SHE as a whole.

3.2. Development of methodological support for determining the attractiveness
of the national higher education system in the European educational space

Contemporary modernization of the higher education system is aimed at creating
business universities, by which scientists [124,186, 40, 99, 143,185,286,287] understand
such HEI, which systematically make efforts to overcome limitations in three areas -
knowledge generation, teaching and practice - by initiating new activities, transformation
of the internal environment and modification of interaction with the external environment.

In these conditions, it is important to study the experience of the functioning of
higher education systems in the European countries and determine the place of Ukraine
among them. To achieve this goal, a methodology for determining the attractiveness of
the national system of higher education in the European educational space, taking into
account current trends in the transformation of universities into business entities.

This technique contains the following steps, Fig. 3.15.

The goal of the first stage is to form an indicator space of research, which on the
basis of a systematic approach would provide a generalized picture of the development of
higher education in the country.

The second stage of the methodology is aimed at identifying groups of the
European countries (Eurozone countries and Ukraine) that are homogeneous in terms of
the level of attractiveness of the higher education system. Provided that each of the
countries in the study is a multidimensional object, it is advisable to use the methods of



147
mathematical formalization, i.e. those methods that allow you to approximate the
processes based on the processing of large arrays of information.

~\
Stage 1. Formation *Methods: monographic,
of information comparative analysis, methods
of logical generalization and
space of research structural-logical connections
J
(Stage 2. Grouping\ *Method of
countries by the multldlmens_lonal
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(" Stage 3. Interpretation of

N cevelopment of proposalsto | - Dynamic
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\_ education system

Fig. 3.15. The scheme of stages of the methodology for determining the
attractiveness of the national system of higher education

To obtain more objective and qualitative clustering results, the study conducted
three experiments:

Experiment 1 - determination of appropriate metrics and appropriate number of
cluster groups based on the use of natural clustering methods;

Experiment 2 - clustering of countries by the method of artificial clustering on the
basis of the original series represented by the panel data, i.e. for the whole set of countries
for the entire study period;

Experiment 3 - clustering of countries by artificial clustering on the basis of the
original series, represented by a spatial series for 2013, 2015 and 2017 separately in order
to identify migration effects in the formation of cluster groups and identify trends in the
higher education systems (HSE) of Ukraine and Eurozone countries.

To implement the first experiment of the clustering process, there was determined
the optimal number of clusters of the EU countries and Ukraine according to the
attractiveness of SVO on the basis of the use of the hierarchical clustering method. This
method involves the use of different rules of hierarchical clustering and the use of different
metrics for this cluster [176]. Table 3.5 summarizes the rules and metrics used in the
experiments.
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Table 3.5
Cluster rules
Name rules The essence of the rule
single Linkage the distance between two clusters is defined as the distance between the
two closest objects in different clusters
complete Linkage the distance between clusters is determined by the largest distance

between any two objects in different clusters

unweighted pair-group average | the distance between two clusters is defined as the average distance
between all pairs of objects in them

weighted pair-group average is identical to the previous one, it is expedient to use in cases when
unequal sizes of clusters are provided

unweighted pair-group centroid | the distance between two clusters is defined as the distance between their
centres of gravity

weighted pair-group centroid is identical to the previous one, except that the calculations use scales to
account for the difference between the sizes of the clusters
Ward's method as the distance between the clusters is taken to increase the sum of the

squares of the distances of the objects to the centres of the clusters
resulting from their combination. Unlike other methods of cluster
analysis, methods of analysis of variance are used to estimate the distance
between clusters in this case.

Name metrics The essence of the metric
Euclidean distance and the | is used in cases where it is necessary to give greater weight to more
square of Euclidean distance distant objects
Manhattan distance in most cases, this measure of distance leads to the results similar to

Euclid's distance calculations. However, for this measure, the impact of
individual emissions is less than when using the Euclidean distance

Chebyshev distance should be used when it is necessary to define two objects as different
ones, if they differ in any one dimension
power distance is used when it is necessary to increase or decrease the weight related to

the dimension for which the respective objects are very different

The choice of the appropriate rule for combining clusters and metrics was made on
the basis of the following algorithm:

Step 1 - experiments were performed to select the appropriate rule for clustering;

Step 2 - experiments were performed to change the metrics according to the selected
clustering rule.

The criterion for selecting an appropriate experiment was the quality of clustering,
I.e. obtaining clear discrimination against countries on the level of attractiveness of their
higher education systems and the method of visualization of the obtained results of
clustering. Experiments have shown that the use of Ward's method and Euclidean distance
metrics allow to obtain a high quality approximation of the studied population based on
minimizing the loss of information associated with each merger of objects into clusters.

The results of dendrogram construction for 2013, 2015 and 2017 are shown in Fig.
3.16. The analysis of determining the number of cluster groups based on visual
presentation of results (Fig. 3.16) shows that the approximate number of clusters is 3, but
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to enhance the quality of clustering and highlight the attractiveness of higher education
systems of certain cluster groups, it is advisable to divide the study into 5 clusters .

Implementation of the second experiment of the clustering process of countries on
the basis of the initial series represented by panel data, i.e. for the whole set of countries
for the whole study period (2013-2017), the use of artificial clustering method - k-means
method [176]. The results of clustering are presented in Fig. 3.17.
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Fig. 3.17. Graphic representation of the average values of indicators by clusters,
built on the basis of panel data for the period 2013-2017

Analyzing the obtained results, we can draw conclusions about the characteristics
of the obtained clusters (Fig. 3.17), which are given in table 3.6.

Table 3.6

General characteristics of clusters according to the results of clustering of

panel data for the whole studied period

Cluster Number and characteristics of the cluster Countries included in
name the cluster for all years
(for some years)
1 2 3

Highest Cluster 5 - cluster of the level of the highest attractiveness of the | Germany, France,
higher education system, characterized by a high value of the | Great Britain
indicator of population coverage by higher education, the highest
values of the index of the level of education and student mobility,
especially foreign students arriving in the country for higher
education; high level of expenditures on higher education than total
expenditures on education

High Cluster 2 — cluster of the level of high attractiveness of the higher | Denmark, Estonia,
education system, characterized by the highest values of the | Finland, the
indicator of higher education coverage and the level of education | Netherlands, Sweden
index, the average values of student entry and exit mobility and the | (2017), Ukraine,
highest value of higher education expenditures from total public | Austria  (2015,2013),
expenditures on education Lithuania (2015,2013),

Poland (2015)

Average Cluster 1 — cluster of the level of average attractiveness of the | Austria (2017),
higher education system, characterized by the highest values of | Belgium, Bulgaria
indicators of population coverage by higher education and the level | (2017), Czech

of education index, average values of student entry and exit

Republic, Spain,
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1 2 3
mobility, low values of education expenditures from general state | Ireland, Lithuania
expenditures on higher education and low values of higher | (2017), Latvia

education expenditures education from the total cost of education | (2017,2015), Poland
(2017,2013), Slovenia

Below Cluster 4 - cluster with below-average attractiveness of the higher | Cyprus, Malta, Sweden
average education system, characterized by low values of higher education | (2015,2013),  Latvia
coverage indicators and the education level index, the lowest values | (2013)

of student mobility indicators, the highest values of education
expenditures from general government expenditures and average
expenditures for higher education from education expenditures

The lowest | Cluster 3 — cluster with a low level of attractiveness of the higher | Croatia, Hungary,
education system, characterized by the lowest values of indicators | Italy, Luxembourg,
of higher education coverage and the level of education index, low | Portugal, Romania,
level of funding for higher education, low attractiveness of the | Slovakia, Bulgaria

national higher education by both national and foreign students (2015,2013)

The analysis of table 3.6 allows us to conclude that for the whole period under the
study there is almost the same distribution of countries by cluster groups, i.e. the European
countries and Ukraine form stable clusters in terms of the attractiveness of SVO. The
changes applied only to Austria, Lithuania, Poland, which downgraded their status in 2017
and moved from the high cluster to the middle, and Latvia, Sweden and Bulgaria, which,
in turn, increased the attractiveness of the national higher education system and moved
from lower to higher education clusters.

To highlight the country's position on the level of attractiveness of the SHE in the
dynamics and study the characteristics of change, the third experiment was implemented,
namely, clustering based on the original series, represented by spatial series for 2013,
2015 and 2017 separately. To further isolate the migration effects, based on the application
of the k-means method, five homogeneous cluster groups of countries were formed
according to the level of attractiveness of the SHE.

The results of the clustering for 2013, 2015 and 2017 are shown in Fig.C.1-C.2
(Annex D). As can be seen from the graphs of k-averages shown in these figures, the
greatest similarity of clusters (except for the highest cluster) of countries during 2013-
2017 is observed in terms of X3 and X4, i.e. in terms of student mobility. In the cluster of
the highest attractiveness, there is a significant gap in the rate of incoming student mobility
compared to other clusters of the countries. This figure is much higher than in other
clusters, which indicates the attractiveness of SHE in the countries of the highest cluster
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for foreign students and, thus, confirms the hypothesis about the attractiveness of higher
education in these countries.

The results of the third experiment on the clustering of the European countries and
Ukraine by the level of attractiveness of SHE, obtained on the basis of the application of
the method of K-means (Annex C), are given in table 3.7,

The analysis of distribution of the European countries and Ukraine by cluster groups
in the dynamics (Table 3.7) showed that Ukraine in the attractiveness of SVO decreased
its position in 2017 compared to 2013 and 2015, due to the loss of competitive positions
of the national higher education system and changes in education funding and higher
education in particular.

Table 3.7
Distribution of the European countries and Ukraine by cluster groups in

2013, 2015 and 2017
I CLUSTER with the highest attractiveness of the SHE

2013 2015 2017 p
Germany, France, Germany, France, Germany, France,
The United Kingdom The United Kingdom The United Kingdom
I1 CLUSTER with high attractiveness of the SHE
Austria, Denmark, Estonia, Austria, Belgium, Denmark, Denmark, Estonia, Finland,
Finland, Lithuania, the Estonia, Finland, Ireland, Ireland, Lithuania, the
Netherlands, Sweden, Ukraine Lithuania, the Netherlands, Netherlands, Poland, Slovenia,
Poland, Slovenia, Ukraine Sweden
III CLUSTER with medium attractiveness of the SHE
Belgium, Czech Republic, Cyprus, Czech Republic, Spain, Italy, Ukraine
Spain, Ireland, Poland, Latvia, Malta, Sweden
Slovenia

IV CLUSTER with attractiveness of below average of the SHE

Bulgaria, Croatia, Hungary, Bulgaria, Spain, Croatia, Italy, | Austria, Belgium, Cyprus, the
Italy, Luxembourg, Portugal, Portugal, Romania, Slovakia Czech Republic, Latvi

Romania, Slovakia

V CLUSTER with the lowest attractiveness of the SHE
Cyprus, Latvia, Malta Hungary, Luxembourg Bulgaria, Croatia, Hungary,

Luxembourg, Malta, Portugal,

Romania, Slovakia
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Analyzing the table 3.7, we can distinguish the following groups of countries in
accordance with the level of stability of the trajectory of the SHE development:

I. Countries with a stable trend of SHE functioning, regardless of which cluster they
belong to. Such countries include Germany, Denmark, Estonia, Finland, France, Great
Britain, Lithuania, and the Netherlands. It should be noted that these countries are among
the highest or high cluster of attractiveness of SHE, i.e. their SHE are stable and these
countries do not lose their positions.

The purpose of the third stage of the methodology (Fig. 3.15) is to determine the
current position of the country in the European educational space and analysis of the
prospects and opportunities for future development of the national higher education
system.

Based on the obtained clustering over the years, the analysis of migration changes
was performed (Table 3.8), which shows the affiliation to each of the SHE attractiveness
clusters of the countries of Europe and Ukraine in the dynamics

Table 3.8
The results of assessing the attractiveness of SHE of the countries in Europe and
Ukraine for 2013, 2015, 2017 and the analysis of migration changes

Country 2013 2015 2017 Migration changes
1 2 3 4 5
Austria II cluster II cluster IV cluster 2524
Belgium III cluster II cluster IV cluster 35254
Bulgaria IV cluster IV cluster V cluster 4 455
Cyprus V cluster III cluster IV cluster 5534
The Czech
) III cluster II cluster IV cluster p 3—-3-4
Republic
Germany I cluster | cluster I cluster l->1-1
Denmark IT cluster IT cluster II cluster 2522
Spain III cluster p IV cluster II cluster 3—-4-3
Estonia II cluster IT cluster II cluster 2522
Finland II cluster IT cluster IT cluster 25252
France I cluster I cluster I cluster l->1->1
The United
Kingdom | cluster I cluster I cluster l->1->1
Croatia IV cluster IV cluster V cluster 4—>4->5
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1 2 3 4 5
Hungary IV cluster V cluster V cluster 4—-5—-5
Ireland III cluster II cluster II cluster 35252
Italy IV cluster IV cluster III cluster 4 43
Lithuania II cluster II cluster II cluster 25252
Luxembourg IV cluster V cluster V cluster 4—-5—>5
Latvia V cluster III cluster IV cluster 55354
Malta V cluster III cluster V cluster 55355
The Netherlands II cluster p II cluster II cluster 25252
Poland III cluster II cluster II cluster 35252
Portugal IV cluster IV cluster V cluster 4—>4—-5
Romania IV cluster IV cluster V cluster 4 —>4->5
Slovakia IV cluster IV cluster V cluster 4 —>4->5
Slovenia III cluster II cluster II cluster 35252
Sweden II cluster III cluster II cluster 25352
Ukraine II cluster II cluster III cluster 25253

II. Countries with an unstable trend in the development of SHE, which, in turn, are
divided into countries which:

are changing the trajectory of SHE development for the better - Spain, Ireland, Italy,
Poland, Slovenia, and Sweden;

are changing the trajectory of SHE development for the worse - Austria, Belgium,
Bulgaria, the Czech Republic, Croatia, Hungary, Luxembourg, Portugal, Romania,
Slovakia, and Ukraine ;

are with insufficient potential for the development of SHE to linger in a higher
cluster of attractiveness of SHE. Such countries include Belgium, Cyprus, Latvia and
Malta.

That is, it can be stated that only 8 of the 28 countries (29%) involved in the study,
which have the highest and high level of attractiveness of higher education systems in the
transformation of the global higher education system, keep their high rating positions;
SHE of 6 countries, which is 21%, have improved their attractiveness in the national and
global educational markets; 14 countries (50%) have unstable trajectories of attractiveness
or lose it, which indicates the need for the state support to create an environment for the
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development of innovative universities.

Thus, as a result of research the following results were obtained:

1. A methodological approach aimed at determining the international position of
the higher education system of Ukraine in terms of its attractiveness in the national and
European educational markets has been developed. The assessment of the attractiveness
of the SHE of Ukraine was carried out on the basis of a comparative analysis with 27
countries of the European Union. The choice of many of these countries is justified by
Ukraine's integration efforts for implementation in the European community;

2. The difference of the proposed methodological approach is contained in its
exploratory nature. It is based on three experiments aimed at:

substantiation of expedient metrics and rules of grouping of research objects in
cluster groups;

conducting clustering on the basis of panel data for the period 2013-2017;

conducting spatial clustering separately for 2013, 2015 and 2017.

3. The analysis of the results of 2 experiments allowed to determine the overall level
of attractiveness of the SHE of Ukraine for 5 years and to determine that the national SHE
is in a cluster of high attractiveness, characterized by the highest value of higher education
coverage and education index, average values of student entry and outbound mobility and
the highest value of higher education expenditures out of total public expenditures on
education. But the results of Experiment 3 proved that in our country, unfortunately, there
IS a negative trend towards the loss of international positions. Thus, in 2017, Ukraine fell
into the 3rd cluster - a cluster of medium attractiveness of the SHE. That is, the
combination of the results of experiments 2 and 3 revealed the latent reasons for the
formation of a negative trend. In these conditions, the state and the Ministry of Education
and Science of Ukraine should create a stimulating basis and environment for real
autonomy of universities, and their transformation into innovative, entrepreneurial
educational institutions and further systematic modernization of the national structure of
higher education.
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3.3. Development of methodological support for the assessment and
stratification of national HEI according to the level of innovation activity

The purpose of the methodology for the assessment and stratification of HEI of
Ukraine is to determine the level of innovative activity of HEI and the formation of
homogeneous universities at this level. The scheme of methodologies is shown in Fig.
3.18.

Block 1. The evaluation of national educational institutions was carried out
according to the selected indicators (see paragraph 3.1) in terms of each component for
the period 2012-2013, 2014-2015 and 2018-2019. Based on the results of the analysis,
integrated indicators were calculated, the value of which provides information on
stratification and assessment of the level of innovative-active HEIbefore and after the
enactment of the Law on Higher Education (2014), and to date.

Block 2. To construct an integrated indicator for the assessment of innovative-active
HEI, it is proposed to use the method of taxonomy [176], which allows to reduce the set
of features of the studied phenomenon to one synthetic feature.
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activity HEI

Fig. 3.18. Scheme of the stages of methodological support for determining the
attractiveness of the national system of higher education
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The algorithmic model for calculating the integrated indicator by the taxonomy
method is presented in Fig. 3.19.

+ Formation of the initial information space for taxonomic analysis

» Standardization of indicator values

« Construction of a reference point

/

~
« Calculation of the distance matrix (determination of the Euclidean distance to
the reference point)

y,

~

» Calculation of the value of the integrated indicator

Fig. 3.19. Algorithmic model for calculating the integrated indicato

Obtaining an integrated indicator for evaluating an innovative-active institution of
higher education is based on the formula (3.1):
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where c; — distance from the reference point; z;, —the reference value of the j-th indicator

which is formed as follows: z;, = max z;j, if the j-th sign is a stimulant, z;, = miin z;j, if

the j-th sign is a destimulator; w; — weight value of the j-th indicator; j = [1 +m]; i =
[1 + n], z;; — standardized value of the j-th indicator for the i-th object, obtained by the
formula (3.2):

xij - Xj

\/ﬁz?:l(xij - %)

Zij =

2 (3.2)
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where x;; —the value of the j-th indicator for the i-th object, X; — the average or reference
value of the j-th indicator.

The integrated indicator obtained by this method is a normalized value, i.e. varies
from 0 to 1, which allows to determine the trend of its value as for each component of
institutional autonomy, and for all components in general.

By using this method we obtain a system of integrated indicators containing the
following set:

{Itotal' Ieduc: Isc—tech: Iinnovr Iinterr } (3-3)
where I;,:; — the general integral indicator of innovative activity of HEI;

44— local integrated indicator that characterizes educational activities;
Is._tecn—l0cCal integrated indicator that characterizes scientific and technical activities;
Iinnov— local integrated indicator that characterizes innovation activity;
Iinter— local integrated indicator that characterizes international activity.

Table 3.9 shows the dynamics of the overall integrated indicator for assessing the
innovative activity of the higher education institutions of Ukraine; calculations of the local
integrated indicators by the type of activity of IAU are given in Annex D (Table D.1-D.4).

Table 3.9
Dynamics of the general integral indicators of an estimation of educational
activity of HEI
The rate of
HEI 2012- 2014- 2018- | change in 2019
2013 2015 2019 compared to
2012, %
1 2 3 4 5
Berdyansk State Pedagogical University 0.473 0.422 0.496 1.050
Berdyansk University of Management and Business 0.428 0.468 0.503 1.176
Bila Tserkva National Agrarian University 0.415 0.492 0.515 1.241
Bukovynian State Medical University 0.399 0.413 0.468 1.173
Bukovynian State University of Finance and Economics 0.476 0.462 0.472 0.993
Ukraine Open International University of Human 0.471 0.433 0.379 0.804
Development
Vlnnytgla State Pedagoglcal University named after 0.462 0.473 0.421 0912
Mykhailo Kotsyubynskyj
Vinnytsia National Agrarian University 0.451 0.425 0.440 0.975
National Pirogov Memorial Medical University 0.482 0.436 0.479 0.992




159
The end of the table 3.9

1 2 3 4 5
Kyiv State Academy of Water Transport named after
Hetman Petro Konashevych-Sahaydachniy 0.415 0.350 0.499 1.204
Kyiv Medical University UANM 0.570 0.401 0.607 1.066
Kyiv International University 0.557 0.409 0.413 0.741
National Economic University named after Vadym Hetman 0.599 0.423 0.525 0.876
Kyiv National Linguistic University 0.348 0.353 0.341 0.981
Kyiv National University of Trade and Economics 0.519 0.356 0.298 0.574
Kyiv National University of Construction and Architecture 0.454 0.402 0.493 1.087
Taras Shevchenko National University of Kyiv 0.695 0.728 0.644 0.927
Kyiv National University of Culture and Arts 0.481 0.374 0.535 1.111
Kyiv _N_atlonal_ . K Karpenko-Kary Theatre, Cinema and 0.424 0.402 0.466 1.098
Television University
Kyiv National University of Technology and Design 0.497 0.379 0.387 0.779
Borys Hrinchenko Kyiv University 0.452 0.335 0.426 0.942
Kyiv University of Law of the National Academy of 0.485 0.329 0510 1.052
Sciences of Ukraine
Simon Kuznets Kharkiv National University of Economics 0.431 0.328 0.395 0.917
Kharkiv National Medical University 0.360 0.382 0.454 1.260
H.S. Skovoroda Kharkiv National Pedagogical University 0.434 0.308 0.357 0.822

The analysis of the overall integrated indicators for assessing the innovative activity of
HEI (see Table 3.9) showed that not all higher education institutions have a positive growth
rate in the 2018-2019 academic year compared to the 2012-2013 academic year. The HEI
that have the maximum tendency to increase are highlighted in bold in the table and they
form the core of the national system of higher education. The calculation of the local
integrated indicators by the type of activity of the HEI (Annex D) showed that most higher
education institutions have a positive dynamics in terms of educational activity, but the
opposite trend is observed for other local indicators.

The revealed tendency of change of integral coefficients will allow to allocate those
indicators and local indicators in the field of educational, scientific and technical,
international and innovative activities to which it is necessary to pay attention when making
administrative decisions on increase of innovative activity of certain HEI.

Block 3. Econometric modeling was used to assess the impact of local integrated
indicators of evaluation of educational, scientific, technical, innovative and international
activities on the overall integrated indicator of evaluation of innovative-active HEI. The
calculation results of the parameters of the models of dependence of the general indicator of
the development of innovative-active HEI on the local integrated ones are presented in table
3.10.
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Table 3.10
The results of building an economic and mathematical model
| b* | Std. Err. of b* | b | Std.Err.ofb |  p-value |
Academic year 2012-2013 (R?=0.753)
Intercept 0.079 0.017 0.0001
Logyc 0.363 0.038 0.254 0.026 0.0005
Lee—toch 0.362 0.038 0.189 0.019 0.0005
Lnnoy 0.586 0.0365 0.233 0.015 0.0032
Liptor 0.448 0.037 0.165 0.014 0.0041
Academic year 2014-2015 (R?=0.796)
Intercept 0.023 0.012 0.0651
Lguc 0.345 0.041 0.212 0.025 0.0025
Lev_tocn 0.323 0.040 0.255 0.032 0.0035
Linnop 0.482 0.033 0.247 0.017 0.0002
Lintor 0.422 0.033 0.236 0.018 0.0012
Academic year 2018-2019 (R?=0.841)
Intercept 0.057179 0.021598 0.008795
Loguc 0.243852 0.044906 0.196137 0.036119 0.001470
Lec_toch 0.369495 0.043423 0.322592 0.037911 0.001789
Linnoy 0.550734 0.043445 0.493694 0.015280 0.003470
Iinter 0.460407 0.045032 0.231784 0.022671 0.004280

Thus, the system of economic and mathematical models of the impact of
educational, scientific, technical, innovative and international activities on the general
level of innovative-active educational institution are as follows:

For the academic year 2012-2013:

Liotar = 0.079 + 0.254  I,qc + 0.189 * oo _tocn + 0.233 * Iinnop + 0.165 * Iipter

For the academic year 2014-2015:
Liotar = 0.023 + 0.212 * I, gy + 0.255 * Igo_tocn + 0.247 * Iipnon + 0.236 * Iipter

For the academic year 2018-2019:
Liotar = 0.057 + 0.196 * I, + 0.323 * Igo_tocn + 0.494 * Iipnop + 0.232 * Iipter

Based on the results of the constructed models, the following conclusions can be
made:

1) in the academic year 2012-2013, the general activity of the HEI was significantly
influenced by educational activities, and then by innovative activities. The rating of the
impact of the analyzed activities on the innovative activity of the HEI is presented in the
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form of a tuple:

{Ieduc - Iinnov - Isc—tech - Iinter} = Itotal

2) in the academic year 2014-2015, in connection with the changes that took place
in the educational space (adoption of the law "On Higher Education"), innovative-active
level of educational institution depended on scientific and technical activities, i.e. the
system of influence was as follows:

{Isc—tech - Iinnov - Iinter - Ieduc} = Itotal

3) in the academic year 2018-2019, the level of innovative-active HEI is influenced
by the innovative activity of the university:

{Iinnov - Isc—tech - Iinter - Ieduc} = Itotal

All this confirms the fact that innovation today is the dominant factor in the
development of higher education, the most important factor in its successful
modernization in the global transformation of the higher education system. If earlier
HEIcould function successfully by concentrating attention mainly on educational
potential, today there is a necessity of their interaction with stakeholders that allows to
form the university of entrepreneurial type.

Block 4. We will stratify higher education institutions at the national level by year
using the clustering method. The initial information of stratification was made by 4 local
integrated indicators on 193 institutions of higher education, it is proved that it is
expedient to classify the initial set into 3 groups (Fig. 3.20).

Tree Diagram for 193 Cases
Ward's method
Euclidean distances

Linkage Distance

Fig. 3.20. Dendrogram of stratification of higher education institutions for the
academic year 2012-2013
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The stratification of HEI was carried out for the of 2014-2015 and 2018-2019. The
results of the stratification of HEI are presented in Annex D and the fragment - in

Table 3.11.

Table 3.11

The results of stratification of innovative-active HEI of Ukraine (fragment)

Academic years

Management and Business,

Finance and Economics, E.
Pirogov Vinnytsia National
Medical University, Kyiv
International University, Kyiv

named after Vadym Hetman,
Kyiv National Linguistic
University, National Technica

Institute”, National Technical
University of Ukraine "Kyiv

University "Kyiv-Mohyla
Academy ", Lviv Polytechnic
National University, National
University of Life and
Environmental Sciences of
Ukraine, Yaroslav the Wise

Bukovynian State University of

National Economic University

University "Kharkiv Polytechnic

Polytechnic Institute”, National

National University of Law, etc.

Management and Business,
Bukovynian State University of
Finance and Economics, E.
Pirogova Vinnytsia National

Medical University, National

Economic University named after
Vadym Hetman, Taras Shevchenko
National University of Kyiv,
National Academy of Statistics,
Accounting and Auditing, National
Academy of Management,
Bogomolets National Medical
University, Kharkiv Polytechnic
National University, National
Technical University of Ukraine
"Kyiv Polytechnic Institute",
National University "Kyiv-Mohyla
Academy", V. Karazina KhNU et
al.

2012-2013 2014-2015 2018-2019
1 2 3
1 cluster of HEI with the highest innovation and activity
Berdyansk University of Berdyansk University of Berdyansk University of

Management and Business,
Bukovynian State University of
Finance and Economics, E.
Pirogov Vinnytsia National
Medical University., Vinnytsia
National Technical University,

National Economic University
named after Vadym Hetman,
Taras Shevchenko National
University of Kyiv, Lviv State
University of Physical Culture,
National Academy of Statistics,
Accounting and Auditing,
National Academy of
Management, Bogomolets
National Medical University,
National Technical University
"Kharkiv Polytechnic Institute",
National Technical University of
Ukraine "Kyiv Polytechnic
Institute” and others.

2nd cl

uster of HEI with average innovative a

ctivity

Lviv National Agrarian
University, Lviv National
University of Veterinary
Medicine and Biotechnology
named after S Gzhytsky, lvan
Franko National University of
Lviv, Mykolayiv National
Agrarian University,
International University of
Economics and Humanities,
National Aviation University,

ME Zhukovsky "Kharkiv
Aviation Institute" and others.

National Aerospace University.

Kyiv National Linguistic
University, Kyiv National
University of Culture and Arts,
Lutsk National Technical
University, Lviv Institute of
Economics and Tourism,
Ternopil National University of
Economics, Ukrainian State
University of Chemical
Technology, Kharkiv National
Automobile and Road University,
Kherson State University,
Chernihiv National Technological
University, Petro Mohyla Black
Sea State University and others.

Ivan Franko National University
of Lviv, Mariupol State

University,

University of Economics and
Humanities, National
Metallurgical Academy of
Ukraine, National Aviation

University,

Ternopil National University of
, Ukrainian State
University of Chemical
Technology, Kharkiv National
Automobile and Road

Economics

University,
University,

University of Technology and

others.

International

Kherson State
Chernihiv National

3rd

cluster of HEI with low innovation activity

Vinnytsia State Pedagogical
University named after
Mykhailo Kotsyubynsky,

State University of Economics and
Technology of Transport,

Dniprodzerzhynsk State Technical

Vinnytsia State Pedagogical

University

Kotsyubynsky, Vinnytsia

named after Mykhailo
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The end of the table 3.11

1

2

3

Vinnytsia National Agrarian
University, Glukhiv National
Pedagogical University, State
University of Economics and
Technology of Transport,
Donbass State Engineering
Academy, Donbass National
Academy of Civil Engineering
and Architecture, lvano-
Frankivsk National Technical
University of Qil and Gas,
Lviv National Medical
University named after Danylo
Halytsky, V.O. Sukhomlinskiy
National University of Mykolaiv,
International University of
Science and Technology,
International University of
Finance and others.

University, Dnipropetrovsk State
Institute of Physical Culture and
Sports, Donbas State Machine-
Building Academy, Donbas
National Academy of Civil
Engineering and Architecture,
Donbas State Technical
University,

Donetsk State Music Academy
named after S Prokofiev, Donetsk
State University of Management,
Classical Private University,
Kremenets Regional Humanitarian
and Pedagogical Academy. Taras
Shevchenko, V.O. Sukhomlinskiy
National University of Mykolaiv,
International University of Science
and Technology, International
University of Finance and others.

National Agrarian University,
Glukhiv National Pedagogical
University,

Dniprodzerzhynsk State
Technical University, Donbas
State Academy of Mechanical
Engineering, Donbas National
Academy of Civil Engineering
and Architecture, Donbas State
Pedagoaical University,

V.0. Sukhomlinskiy National
University of Mykolaiv,
International University of
Science and Technology,
International University of
Finance, National Aerospace
University. ME Zhukovsky
"Kharkiv Aviation Institute",
Odessa National Maritime
University and others.

In the academic year 2014-2015, such positions as Petro Mohyla Black Sea State

University (2 — 3), Odessa National University of Economics (2 — 3), Kyiv National
University of Culture and Arts (1 —2), Kyiv National I. K. Karpenko-Kary Theatre,
Cinema and Television University (1 — 2), Taras Shevchenko National University of
Luhansk (1 — 2) erred in their position on innovation and activity. Such changes were
related to the adoption of the new Law of Ukraine "On Higher Education”, the
development of the Concept for the development of higher education for the period 2015-
2025, which set new goals and performance ratios for higher education on the way to the
European and global educational space for ensuring high-tech and innovative
development of the country, the needs of society. Today the main task of innovative-active
activity of the university is to acquire scientific knowledge by conducting research and
development and their direction on creation and introduction of new competitive
technologies, ensuring innovative development of society and training of specialists of
innovative type which, in turn, plays an important role in formation the ranking of the
university among other HEI.

Thus, the stratification of the HEI of Ukraine allowed to obtain the following
results:

a set of national HEI is defined, which constantly carry out various innovations in
certain types of their activity. As a result, they are the leading HEI that are included in the
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world rankings and occupy high positions in the national rankings. Such HEI are the
driving force of further development of national HEI in the direction of integration into
the world educational and scientific space;

the obtained values of the integrated indicators of the HEI of Ukraine establish not
only the rating of universities according to the level of their innovative activity, but can
also be used as reference values for HEI with a lower rating. That is, on the basis of the
obtained values in further research, there will be formed systems of management decisions
to support and further strengthen the innovation activity of a particular HEI within their
resource constraints.

3.4. Educational migration: challenges and threats to the higher education
system and the activities of innovative-active HEI

One of the characteristic modern trends in the development of the higher education
system is the rapid growth of student migration. Today, more and more young people,
choosing a future profession, have the opportunity to study in both domestic and foreign
educational institutions. When choosing an educational institution, a certain number of
entrants choose educational institutions of neighboring regions, countries because of the
higher status and level of education than where they live. For a certain group of such
entrants and students it is, first of all, a desire to live in a more developed and economically
successful country in the future, others receive education abroad in order to return to their
country and develop it, but there are also those who go only through the HEI brand, or to
be away from the family. It should be noted that a certain part of young people go abroad
to receive not the first higher education, but in order to improve the existing one, or to get
a second education. It should be noted that this topic is relevant for Ukraine, as there are
several major student centres in the country, where applicants from other regions come to
receive higher education.

The prerequisites for educational migration are many factors, therefore, it is
advisable to first analyze the essence of the term "educational migration™ and related
categories. Educational migration is the subject of research by a number of scholars, who
mainly consider it in the context of the problems of interethnic interaction and adaptation
in a multicultural environment. Scientific works of such domestic scientists as L.I.
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Beztelesna [44], K.S. Brenzovych, O.C. Grinkevich [51, 97, 98], L.A. Zhurakovska [288],
E.M. Libanova, I.L. Petrova, L.V. Semiv [212, 215], E.V. Stadny, I. Khomyshyn [224,
104], V.M. Filatov [83] and many others, are devoted to the analysis of the impact of
European integration processes on the domestic economy, labour market, assessment of
labour and educational migration. In their research, scientists analyze the professional and
migration intentions of applicants and students, the role of education as a tool of migration
policy and integration policy, pay attention to the mechanisms of adaptation of migrants
to the national system of higher education.
Summarizing the existing results of research by scientists in the field of educational
migration, we can provide the following definitions of the essence of this category (Table
3.12).

Table 3.12
The essence of the category "educational migration*
Author Characteristics of the category "educational migration™
V.M. Filatov , J.V. unites the spatial movements of people wishing to receive education in a
Romashova [83], territory other than their permanent place of residence. At the same time,

S.V. Ryazantsev [208], | the separation of educational migration as a component of educational
K.M. Alieksieieva [33] | migration is considered inappropriate, as educational migration is a broader
concept

O.S. Grinkevich [96], | it is a mass socio-cultural phenomenon associated with the movement of
T.G. Vasyltsiv [84] people outside the region or country of residence in order to improve their
educational level, to acquire new knowledge. The terms related to
educational migration, namely "cross-border education” and "academic
mobility"”, are additionally used by the expert community to denote the
processes of human movement for research and teaching in scientific circles

I. Romanenko [200] | is mainly temporary resettlement for the purpose of receiving education and
advanced training outside the administrative-territorial unit of permanent
residence

K. S. Brenzovich [51], | is the movement of people between countries in order to obtain education
L. O.Pysmenna [170] | at different levels, regardless of the period of stay outside the country of
origin

K.S. Brenzovich [51] | educational migration covers the movement of people who belong to
different age groups, they are consumers of educational services in another
country, participants in academic exchange programs outside the host
country

0.D. Vykhovanets [87] | consists of two types of relocation: relocation, i.e. the return of scientists,
entrepreneurs, professionals who have previously gone to study or intern
abroad, and scientific and educational migration, i.e. migration of students
and trainees between countries to gain new competencies and inclusion in
international network labour, research and communicative relations

L.Semiv [215] projects the impact of international educational migration on territorial
economic systems

L.l. Beztelesna [44] educational migration as a tool for implementing strategic human capital
management
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Thus, summarizing the different characteristics of educational migration, it can be
noted that all researchers understand educational migration as a set of movements of
people of different ages in order to obtain education at different levels and for different
periods.

Educational migration covers both internal and external movements and is always
aimed at acquiring new professional or scientific competencies, regardless of the
prospects for further migration or return.

The related concepts of educational migration are also the concepts of "academic
mobility"”, "cross-border education", "educational migration”, "emigration through
education”.

Thus, the study [51] notes that the provision of educational services by a foreign
institution of higher education (HEI) (export of services), the so-called "cross-border
education”, does not always lead to the movement of the consumer of the service abroad.
The latest methods of e-learning allow you to acquire knowledge remotely while being in
your country. Such training, according to the author [59], is almost devoid of the features
of educational migration, as it does not involve the integration of the learner into another
cultural space, reduces the possibility of educational migration into labour, and, therefore,
the consequences of this type of education will have mostly personal effect.

Defining the meaning of the concept of "student migration”, it can be considered
narrower than the concept of "educational migration™, as the latter includes training in
educational institutions of different levels, covers the trips of both students and teachers.
Student migration can be both individual (i.e. self-organized) and academic (within
international academic exchange programs). Thus, student migration can be defined as the
conscious temporary movement of people outside the country of their citizenship in order
to obtain knowledge and obtain a higher education degree.

Educational migration, which is formed on the exchange of students between
countries, is positive for the development of education and science, and enriches both
countries with knowledge. Specialists return home and use their experience in the national
economy, raising the intellectual level of their country. At the same time, there is a set of
such migrants who do not plan to return home and, therefore, such processes are called
"brain drain".

With the increase in the outflow of future entrants and students to study abroad, the
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issues of generalization and analysis of the impact of educational migration processes on
the market of higher education of the host country and on the market of educational
services of the donor country are becoming increasingly important. At the same time,
when studying educational migration, one should take into account both positive and
negative consequences. Researchers [198] propose the following scheme of distribution
of opportunities / challenges and threats that are inherent in educational migration
(Fig. 3.21).

EDUCATIONAL MIGRATION

T

1

Threats: Features:
_ >  formation of national social
> reduction of demand for || capital through the return of young

services of national HEI, and, as a result,
reduction of jobs in HEI

> increase of financial expenses of
the state due to import of educational

people home with
knowledge

> use the experience of teachers
working abroad in the development of

the acquired

services of HEI national educational programs and
> loss of labour potential due to the disciplines

dep_ar_ture qf young people abroad and > gaining and expanding the
their intentions to stay there experience of intercultural

communication

Fig. 3.21. Threats and potential opportunities for educational migration

Figure 3.21 shows the most pressing threats and opportunities for educational
migration in the modern world. According to the World Education Monitoring Report
[158], there is a two-way link between migration and education, the main point of which
is that:

for countries from which migrants leave, the prospects of emigration reduce the
incentives to invest in national education, the probability of migration among educated
people to obtain a second education or even move to permanent residence and work abroad
increase;

for host countries, the legal framework for providing migrants with the right to
education is being improved, national training programs are being revised to attract
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foreign students, and student mobility is being encouraged through the
internationalization of higher education.

According to the experts [212], modern educational migration has led to the
emergence of the fifth wave of migration. Recently, the volume and intensity of migration
has increased both for movements between regions and abroad. Ukrainian students,
scientists and researchers migrate in order to implement individual educational, academic,
research programs in foreign HEI. At the same time, the author [212] suggests using
educational migration as one of the indicators of migration in general. This makes some
sense, as those who migrate to study are increasingly seeking employment in the region
or country where they study. As motivations for educational migration, L.K. Semiv notes
that in the context of the European integration and growth of migration processes, the
central aspect that determines the balance between academic mobility and educational
migration is to identify and take into account the main motives of educational migrants
inside and outside the country. These motives characterize the socio-economic, political,
socio-demographic conditions of educational migration and are decisive in the ratio of
outgoing and incoming educational migrants [42, 212].

At the same time, it should be noted that the main motivating factors of educational
migration in the Ukrainian society are the problem of employment of freelance graduates,
incomes received by graduates in certain specialties, unemployment rate, military-
political situation in the country. In addition to the above conditions of motivational
impact, the peculiarity of the environment of educational migration is also determined by
the general migration situation and policy in the regions and the country as a whole
(indicator of migration growth or reduction within interstate migration), the level and
quality of life of the population of the country and individual regions (according to the
human development index).

Qualitative characteristics of external educational migration according to certain
criteria are given in table 3.13 [42].

Migration is characterized by a complex of socio-cultural, demographic, political
and economic factors. Thus, the definition of the main indicators, factors and
consequences of educational migration, taking into account its types, is a necessary
condition for substantiating the directions and tools to improve the efficiency of public
administration of these processes.
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Table 3.13

Characteristics of the types of external educational migration

Types of educational migration by
criteria

Characteristic

Criterion 1 - age

Among potential entrants

Carried out among young people under 18 to obtain their first
higher education

Youth migration

Carried out mainly among young people under 30, among
young professionals for a second higher education or training

Criterion 2 - time

Irreversible migration

Getting an education abroad in order to move to a permanent
residence in another country after that

Temporary migration

Return of the migrant to the homeland after education

Pendulum migration

Periodic crossing of the country's borders by a migrant when
he comes home for vacation, internship, etc.

Rotational (exchange) migration

Regular replacement (exchange) of educational migrants in
the host country by immigrants from the donor country

Criterion 3 - the level of legalization

Legal migration

Carried out under the terms of an agreement granting a
migrant full legalization in the country of study in accordance
with national and international law

Semi-legal migration

Legalization of migrants' stay in the country for the purpose
of study and possible illegal employment and further stay in
the country of study

Criterion 3 - level of qualification

Primary migration

Migration of people with secondary education

Intellectual migration

Migration of people mainly with a high level of education

(level of education "bachelor”, "master")

Criterion 4 - method of implementation

Organized migration

Carried out with the participation of the state, public
organizations, specialized business structures or universities

Unorganized migration

Individual migration of potential entrants or students of the
HEI

Peculiarities of modern international educational migration, which are the scale and

dynamism of migration processes, diversification of the geographical structure of

educational migration, strengthening national and international regulation of international
educational migration processes, form certain advantages and disadvantages for both
donor and recipient countries. In the table 3.14 [42] shows the main consequences of
educational migration in certain areas of research of this process.

The structure of educational migration consists of several flows of movement:

1) educational immigration, which includes movement in order to obtain secondary,
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2) immigration for the purpose of obtaining the second higher and subsequent
degrees of education, scientific degree, passing of scientific internship;

3) immigration for professional development (language courses, seminars,
trainings, retraining or certification programs, business education and MBA degree, etc.).

In this study, the emphasis is on the first type of movement of movements, in

particular, movement for higher education.

Table 3.14

Consequences of educational migration in the areas of research

For the donor country under the conditions of return
of educational migrants to their homeland

For the recipient country in case of non-return
of educational migrants to their homeland

The direction of research is educational

There is a stimulation of the development of the
national educational market and improving the
quality of educational services in order to attract
foreign students and the interest of national entrants
to get an education in their country

There is a dynamic development of the market
of educational services, the provision of
educational services is a profitable business,
stimulates the constant improvement of the
quality of HEI in order to attract foreign
applicants.

The direction of research is innovative

The possibility of involving national entrants and
students in the latest educational technologies,
knowledge and innovations, technology transfer is
increasing

The development of scientific and technical
potential of the recipient country through the
acquisition of highly qualified personnel

The direction of research is scientific

There is an expansion of scientific international contacts

The direction of research is branch

There is a development of science-intensive
industries, scientific enterprises are created, the
development of scientific and technical potential of
the country is stimulated

Development of international scientific
contacts, which leads to increasing the
scientific and technical potential of the country

The direction of research is socio-cultural

There is an accession to world culture and European values; knowledge of foreign languages is
improved

The direction of research is labor

The national labor market receives specialists with a
high level of knowledge. On the other hand, there is
a shortage of professionals with the competencies
needed by national employers, resulting in an
imbalance in the national labor market.

Tensions in the labor market are growing due
to competition between residents and non-
residents. On the other hand, the national labor
market is provided with highly qualified
personnel

The direction of research is demographic

The nation is aging due to the temporary outflow of
young people

The demographic structure of the population is
being optimized through the infusion of a
generation of young people
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Table 3.15 shows the dynamics of the number of foreign students who went abroad
and came to the countries of the European Union and Ukraine in 2013-2017 [205].

Table 3.15
Dynamics of international educational mobility in Europe and Ukraine
Country The total number of HEI students who The total number of HEI students
go abroad for education, thousand arriving for higher education,
people thousand people
2013 2015 2017 2013 2015 2017

Austria 15.8 17.3 19.2 70.9 67.7 74.0
Belgium 12.7 13.5 15.0 48.7 56.5 45.0
Bulgaria 24.9 24.3 25.1 11.6 11.8 13.7
Cyprus 26.3 25.5 24.5 4.8 6.5 10.5
The Czech 12.6 12.5 13.2 40.1 41.7 44.3
Republic
Germany 120.5 117.1 122.2 196.6 228.8 258.9
Denmark 52.9 5.0 5.3 29.5 32.3 33.6
Spain 30.0 35.0 41.4 56.4 49.8 64.9
Estonia 4.2 4.3 3.9 1.9 2.9 3.9
Finland 8.3 9.3 10.9 21.9 23.1 24.2
France 76.7 86.7 89.4 228.6 239.4 258.4
The United 28.6 315 35.3 416.7 430.8 435.7
Kingdom
Greece 33.9 37.2 37.0 27.6 23.7 25.1
Croatia 8.5 8.8 9.7 0.5 0.8 4.8
Hungary 8.8 10.6 12.3 20.7 21.7 28.6
Ireland 16.4 15.1 14.9 12.9 15.8 20.0
Italy 50.3 60.9 74.3 82.5 90.4 97.6
Lithuania 12.0 11.3 10.4 3.9 5.0 5.8
Luxembourg 9.0 10.1 11.0 2.9 3.2 3.3
Latvia 6.4 5.8 5.3 3.5 5.3 6.1
Malta 1.9 1.2 1.1 0.6 0.8 1.2
The 13.6 15.2 18.4 68.9 86.2 96.3
Netherlands
Poland 23.3 23.9 24.9 27.8 44.0 63.9
Portugal 11.3 12.2 14.0 14.5 16.9 22.2
Romania 32.6 32.3 36.0 21.6 23.1 27.5
Slovakia 33.2 31.5 324 10.2 10.9 10.8
Slovenia 2.6 2.7 3.2 2.6 2.4 3.1
Sweden 18.1 17.4 16.6 25.4 26.7 28.7
Ukraine 42.5 68.2 77.6 49.7 57.6 52.8

According to the dynamics of international educational mobility (Table 3.15), the
leading countries in terms of the inflow of foreign students among the European countries
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are the United Kingdom, Germany, France, Italy, the Netherlands, Austria, Spain, Poland,
Ukraine, Belgium and the Czech Republic.

These countries together accept about 1.5 million students a year and accumulate
85% of the European educational migrants. Almost all of these European countries have
a tendency to increase the number of foreign students annually for the period from 2013
to 2017.

As for the outbound educational mobility of students, most students go abroad to
study from Germany, France, Ukraine, Italy, Spain, Greece, Romania, Great Britain and
Slovakia. Every year about 0.5 million people go abroad to the European countries, i.e.
more than 58% of students. As we can see, population of the countries tends to migrate to
study in neighbouring countries with the most prosperous and promising situation in
higher education and employment in the region.

To assess the attractiveness of higher education, we compare the trend of the ratio
of the number of incoming and outgoing students by country in 2017 and 2013, Fig. 3.22.
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Fig. 3.22. The ratio of incoming and outgoing students by the European countries
and Ukraine

As can be seen from Fig. 3.22, the trend in Europe and Ukraine in the ratio of
students arriving and leaving in 2017 coincides with 2013. No significant changes took
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place in any country except Denmark, where in 2017 there was a significant increase in
the analyzed ratio. If this ratio is more than 1, it indicates the attractiveness of the country's
higher education system for foreign students due to the high level of development of the
higher education system in the country. This situation is observed only in some countries,
such as Austria, Belgium, the Czech Republic, Germany, Denmark, Spain, Estonia,
Finland, France, Great Britain, Hungary, Ireland, Italy, Latvia, Malta, the Netherlands,
Poland, Portugal, Sweden. At the same time, only in Great Britain, the Netherlands and
Denmark this ratio is much higher than 1 and even 2 times. As for Ukraine, the ratio
between students arriving for study and students leaving abroad is 0.68 in 2017, it
decreased compared to 2015 by 0.16 points, and compared to 2013, in which the country's
higher education system was of higher level of attractiveness for foreign students - by 0.49
points. This trend of declining interest of foreign students in the higher education in
Ukraine is explained by socio-political instability in the country.

Figure 3.23 shows the dynamics of the number of students in Ukraine who go
abroad to study [205].
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Fig. 3.23. Dynamics of the number of Ukrainian students going abroad

As can be seen from Fig. 3.23, during 2001-2017 the number of the Ukrainian
students abroad is growing steadily, but until 2012, when the socio-economic situation in
the country was more stable, the process of educational migration in the direction of going
abroad to study developed quite slowly - in on average 6% per annum, and after 2012 the
number of those who went to study in other countries increased quite a lot - 2.1 times and
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reached 77.6 thousand people.
Figure 3.24 shows the dynamics of the number of students who come to study in
Ukraine [205].
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Fig. 3.24. Dynamics of the number of foreign students coming to Ukraine

Considering the dynamics of growth of students (Fig. 3.24), who came to receive
higher education in Ukraine, we can distinguish two stages:

Stage 1 - extensive growth, the period of 2001-2014. During this time, the number
of foreign students increased 4.7 times and amounted to 60 thousand people;

Stage 2 - a downward trend, the period of 2015-2017, during which the number of
foreigners decreased by 12%.

All this proves once again that educational migration depends not only on the
quality of education, but also on political and economic stability in the country.

Fig. 3.25, according to the data [203, 205], shows a comparison of the total
migration growth of the population of Ukraine and the migration growth of students who
leave Ukraine and come to Ukraine to study from 2001 to 2017.

Fig. 3.25 shows that during 2001-2013 the same trend was observed in the
migration movement both for the entire population of the country and for the educational
migrants. From 2001 to 2005 there was a decrease in arrivals in Ukraine, both in general
and for education, and since 2005 the trend has changed - a positive increase in migration
was observed until 2014, and since 2015 there has been a sharp decline in foreign students,
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which is explained by the consequences of the political crisis and the instability of the
socio-political situation in the country.
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Fig. 3.25. Comparison of the general and educational migration growth in
dynamics

The number of foreign students who were already in Ukraine for 2011-2019 is presented
in Fig. 3.26. [113]

100

756 80.5

o

o
o))
o
©

(e2]
o

NN
o

N
o

thousand people

(@)

2011 2012 2013 2014 2015
Years

2016 2017 2018 2019

Fig. 3.26. Number of foreign students in Ukraine from 2011 to 2019

Fig. 3.26 shows that in 2015-2017 there was a slow growth of foreign students, but
since 2017 the number of foreign students began to grow faster. Thus, the number of
foreign students in Ukraine in 2018 amounted to 75,605 people, and in 2019 - 80,470
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people. At the same time, according to researchers, [113] the number of Ukrainians
studying abroad has begun to lose its past growth. These changes in the dynamics of
student migration indicate a certain stabilization of the situation in Ukraine and confidence
in the future of young people studying in our country.

The dynamics of the ratio of students arriving in Ukraine and leaving Ukraine who
leave and come to study is shown in Fig. 3.27.
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Fig. 3.27. Dynamics of the ratio of students arriving in Ukraine and leaving
Ukraine

Fig. 3.27 shows that from 2006 to 2014 the number of foreign students who studied
in Ukraine exceeded the number of the Ukrainians who went to study abroad. This means
that it was during this period that Ukraine's higher education system was attractive to both
foreign and national students. The events of 2014 influenced this trend towards its
deterioration. According to the study [113], the situation began to improve after 2017.

In the study, it is advisable to conduct a comparative analysis of educational
emigration and immigration. Thus, 13 times more people go to America to study than to
leave, to Great Britain - 16 times, to Australia - 22 times, to France - 4 times, to the Czech
Republic - 3 times, to Ukraine - only 0, 7 times according to the data of 2017 [205, 237].
Such data on Ukraine indicate, on the one hand, the accelerated integration of the national
education system into the world, as students often go abroad in the form of academic
migration, which involves returning to Ukraine after completing the curriculum. On the
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other hand, educational migration threatens the brain drain and the loss of an extremely
efficient segment of our country's human capital. Official statistics do not cover data on
the share of young people who stay there permanently after studying abroad, but
observations of the labour market and educational processes in border regions most clearly
characterize the impact of migration processes in education on the economy.

In general, the positive dynamics of changes in the number of educational migrants
observed in recent years and their distribution between the European countries and
Ukraine not only indicate a steady demand for professionals in the European and global
labour markets, but are also the indicators of adaptability of educational systems. Political
and social transformations taking place at the local and global levels determine the ability
of states to compete for talented prospective entrants.

According to the dynamics of the number of foreign students in Ukraine (Fig. 3.26),
it is not clear how many students came to study in Ukraine for the first time. To shed light
on this issue, let us consider the dynamics of the number of registered invitations for
foreign applicants (Fig. 3.28). [113]
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Fig. 3.28. Number of registered invitations for foreign applicants by year

The dynamics of registered invitations for foreign students (Fig. 3.28) shows how
many invitations to study were issued in the HEI of Ukraine in order to learn the language
for the further study in Ukraine. The overall dynamics tends to increase, except for the
last 2019, in which the number of applicants decreases, in contrast to the data in Fig. 3.26.
There is also a discrepancy between how many students study and how many of them
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come to enroll over the years. However, these statistics explain the partial increase and
decrease in the total number of foreign students. For example, the invitations to study in
2016 were issued by 7045 more than in 2015, while the total number of foreign students
increased by only 60 people. This discrepancy is due to the fact that a certain number of
students dropped out under any circumstances (completion of the course, expulsion,
academic leave), in addition, some of 7045 people received an invitation to join the HEI,
and another - to learn the language .

In 2017, the number of registered invitations increased, which affected the total
number of foreign students. The number of invitations increased by 49.5% compared to
the last year. The following year, the growth continued, but not as intensively in
proportion, only by about 25%. A certain slowdown in the number of people who were
issued invitations in 2018 was the first warning before the fall in the number of people
that occurred in 2019. Considering this fact, the number of people who received
invitations in 2019 decreased, and the number of foreign students increased, which
requires a more detailed analysis of the dynamics of the number of registered invitations.
It has already been mentioned that this indicator includes both those who will study in the
HEI and those who come for language training (Fig. 3.29) [113] for the purpose of further
education from the next academic year.

thousand invitations

2015 2016 2017 2018 2019

Basic education @ Language training
Fig. 3.29. Number of registered invitations for study purposes in 2015-2019

Figure 3.29 presents more detailed statistics of issued invitations for foreign
students, classified by purpose of study. We have that in 2019, compared to 2015, the
number of invitations to basic education has more than doubled, which indicates an



179
increase in the attractiveness of Ukraine as a centre of education.

The dynamics of invitations of foreigners to language training is growing until
2018, and in 2019 this indicator is declining, which indicates that in the future there will
be a decrease in the number of issued invitations for basic education. The fact that in 2018
Ukraine issued 27,705 invitations for language training, and the number of invitations to
basic education in 2019 was lower than this figure (23,138 invitations), also shows that
future students have changed their attitude to continuing their studies in Ukraine.
Undoubtedly, the decision on further education is influenced not only by the socio-
economic and political conditions in Ukraine, but also by what is happening in foreign
countries, as we have seen in the example of the dynamics of the Ukrainian students
studying abroad.

Let's analyze the structural characteristics of educational migration. This analysis
should take into account the fact that the distribution of foreign students by country of origin
and education, by formats, degrees and profile of education largely determines the effects of
educational migration flows between the countries of origin and education of students.

Thus, small countries that do not have diversified education systems often have
higher mobility of students and especially graduate students who plan to stay and work in
foreign research centres, which are among the leading in this field. Among the developed
countries with the highest proportion of students studying abroad, in the total number of
students are Iceland, Ireland and Greece [53].

Students from many countries study in Ukraine, but there are countries that are
leaders among those who come to study in our country. Analyzing the dynamics for 4
years of registered invitations for foreign students, we can identify the top countries by
origin of foreign applicants, which form the total number of foreign students in Ukraine
(Fig. 3.30) [113].

Fig. 3.30 presents not only the countries that are leaders in the number of invitations
received for foreigners, but also how many invitations were received during 2016-20109.
As can be seen from Fig. 3.30, the number of such invitations increased in 2017 and 2018,
but in 2019 this trend decreased for students from India, Morocco, Turkmenistan, Ghana
and Egypt.
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Fig. 3.30. Top 6 countries by origin of foreign entrants to whom the invitation was
registered in 2016-2019

The structure of countries by origin of the foreign students studying in Ukraine as
of the academic year 2019-2020 is shown in Fig. 3.31 [113].

As can be seen from Fig.4.31, the main influx of foreign students to Ukraine is
observed from India (23%) and Morocco (10%). Students from the post-Soviet countries,
who entered the top 10 countries by origin of the foreign students in Ukraine in 2019,
account for 17%. As for the dynamics of the share of students from the post-Soviet
countries, according to the data [110], it decreased from 29.47% in 2017-2018 to 21.52%
in 2019-2020, i.e. by almost 8% over 3 academic years.
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The distribution of foreign students entering Ukraine from all post-Soviet countries
is shown in Fig. 3.32.
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Fig. 3.32. Changing the number of foreign students from the post-Soviet countries
in the academic years 2018-2020

As can be seen from Fig. 3.32, in the last academic year there was the largest
decrease in incoming foreign students from Azerbaijan (by 758 people), Georgia (by 593
people), Moldova (by 275 people) and the Russian Federation (by 149 people). This
decrease in the number of foreign students who come to Ukraine for higher education
occurs against the background of an increase of almost 3 times the number of foreign
students who teach foreign students.

The dynamics of such HEI by academic years is shown in Fig. 3.33. [113]

With regard to the forms of HEI that provide training for foreign students, it should
be noted that in the academic year 2019-2020 there were 317 public HEI, 108 - private
and 30 - communal. The distribution of foreign students according to these forms of HEI
is as follows: 88.91% of foreign students study in state HEI, 10.89% - in private HEI, and
0.2% - in communal ones [113].

According to the levels of education, foreign students are distributed as follows (as
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of the 2019-2020 academic year): master's degree - 50.69%; bachelor - 35.88%; specialist
- 11.51%; junior specialist - 0.99%; Doctor of Philosophy - 0.93%. This distribution
indicates that the level of education in the Ukrainian HEI is quite high, as foreign students
receive a bachelor's degree in other countries, and to obtain a master's degree they study
in the HEI of Ukraine.
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Fig. 3.33. Dynamics of the number of HEI institutions in Ukraine that teach foreign
students

In general, Ukraine is the most attractive for higher professional education. This
indicator can be expanded due to the development of the pre-university training system,
which has developed in developed countries into a powerful springboard for migrants who
want to study in popular specialties.

Despite the fact that the number of foreign graduate students in Ukraine is extremely
small (0.93%) compared to the developed countries, their presence already indicates a
good trend in education. For countries with a developed system of higher education
(Switzerland, the UK), this figure ranges from 41 to 43%, despite the fact that these
countries have a high level of payment for postgraduate and doctoral studies [53]. The
small fate of such students in Ukraine may be explained not so much by the insufficient
level of quality of training, but by the fundamental differences between academic degrees,
titles and their recognition and compliance in the country of origin of a foreign graduate
or doctoral student. Such restrictions on academic mobility are becoming one of the main
factors in the low number of foreign graduate and doctoral students in the Ukrainian
universities.

If we consider the structure of the countries where the Ukrainian students go to
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study, then according to the Development Fund of the International Organization for
Migration (IOM) [264], most Ukrainian students studied in Poland in 2017 - 34.7
thousand people; the number of the Ukrainian students in Russia decreased, but remained
quite high - 15.3 thousand people. The third place takes the number of the Ukrainian
students in Germany - 6.1 thousand people. The desire to get education abroad is often
linked to the desire of young people to open their way to the international labour market.
According to a survey [269] conducted via the Internet in 2018 among 1,000 Ukrainians
studying in Poland, only 6% of them intended to return to Ukraine after graduation. The
increase in educational migration is also indirectly confirmed by the fact that families of
the Ukrainian labour migrants are reunited in their countries of residence. This is probably
due to the rapid growth in the number of the Ukrainian students in the countries where
numerous Ukrainian diasporas have been formed as a result of labour migration. For
example, in 2000, only 40 Ukrainians studied in the Italian universities, and in 2017 - 2.8
thousand, i.e. 70 times more [162].

Summarizing the results of the analysis of educational migration, we can conclude
that the education of foreign students in national educational institutions is not only the
image of the country, but also an important component of investment from abroad in the
economy. As of January 1, 2020, 80,470 foreign students from 158 countries were
studying in the Ukrainian higher education institutions. According to the Ukrainian State
Centre for International Education of the Ministry of Education and Science of Ukraine,
in 2019, the total cost of education, accommodation, insurance, paperwork, food,
transportation and other needs of foreign students studying in Ukraine reached more than
570 million dollars. That is, in the academic year 2019/2020 each foreign student brought
income to the region or country in the amount of 7,083.4 dollars. Thus, if the innovative
activity of the HEI in the direction of attracting foreign students is not supported, the
country, as a whole, will lose a significant amount of revenue to the state budget.

In the context of globalization, educational migration is one of the main trends of
today, and its impact on the development of national markets for educational services is
significant. As the analysis showed, in modern conditions Ukraine acts mainly as a
country-donor for students of foreign HELI. Since foreign students are one of the factors of
attractiveness of the higher education system and a sign of innovative and active HEI, the
state policy in the field of education should be aimed at:
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support for academic mobility in Ukraine as one of the most effective forms of
educational migration;

ensuring the balance of the processes of educational emigration and immigration
with a focus on stimulating the export of educational services;

consideration of educational migration as an intensive resource for the development
of scientific, innovative and cultural potentials of the state;

introduction of constant monitoring of educational migration processes in the
country by studying migration flows;

inclusion of migration policy in the policy of promoting the return of migrants to
their countries of origin, creation of a database of graduates of foreign HEI, creation of a
bank of vacancies for this category of graduates.

Of course, any country must effectively use the socio-economic and cultural-social
benefits of educational migration, and, above all, it will increase the competitiveness of
national HEI in the market of educational services by supporting and developing
innovative components of universities.
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CHAPTER 4. CONCEPTUAL-METHODOLOGICAL BASIS OF
CONSTRUCTION OF AN INNOVATIVE-ACTIVE UNIVERSITY

4.1. Modern paradigm of higher education system development and formation
of theoretical basis for building an innovative-active university

Socio-economic transformations of the late XX - early XXI centuries, which are
characterized by the processes of progressive globalization, the emergence of information
society and knowledge-based society, necessitate a paradigm shift in higher education, a
search for new approaches, technologies, forms, methods of educational process, criteria
for the selection of scientific and pedagogical staff, and form the basis of innovative and
autonomous activities of higher education institutions (HEI).

Education is a powerful factor in the socio-economic development of society. The
development of society in general and the state in particular depends on the level of
education in understanding the possession of certain knowledge with the possibility of
their effective use for personal, intrinsically motivated and social needs which should not
be inconsistent with each other. Such criteria of the representative of society are formed
through educational technologies. The structure of the world higher education is
characterized by diversity, but two trends still dominate (Table 4.1).

Table 4.1

Trends in the organizational support of higher systems
education in the world [168]

Trend Characteristic Countries
Unitary or single | higher education is provided by | such is the education in Italy, Spain, Austria,
system universities or their respective | Finland, Sweden. Some experts single out the
institutions.  Such institutions | countries with “integrated” universities which
offer both general academic | include specialized secondary and higher
degrees and  professionally | education institutions (Sweden and Spain) and
oriented programs of various | the countries belonging to the post-socialist
durations and levels. area.
Binary or dual | is based on the concept of the | such an education system is typical of most
system  with  a | university and a separate non- | developed countries of the world, where along
traditional university sector of higher | with the university sector there are numerous
university sector education which has a clearly | specialized institutions. Such  European
defined structure countries as Belgium, Great Britain, Greece,
Denmark, Ireland, the Netherlands, Norway,
Germany, France, Switzerland and others have
a binary system of higher education.

Tendencies towards a comprehensive (unified) university system, together with the
development of a strong non-university higher education sector, have contributed to a
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broader interpretation of the term “university”” which differs from the traditional European
university definition of intensive cooperation, teaching and having success in it, where
much attention is paid to individual learning. This trend is clearly observed today mainly
in the universities of those countries that are actively implementing the process of creating
an information society.

The middle of the XXth century was characterized by the transition of civilization
to a new stage of development which manifested itself in the emergence of new features
in the economic, political and cultural life of the developed countries and the formation
of global trends (Fig. 4.1).

accelerating the pace of scientific and technological progress, the
rapid development of information technology which has increased
the dependence of innovation and technological development of the
states on advances in theoretical knowledge

transformation of universities into research centers, around which
material resources and the most qualified personnel are concentrated,
which is manifested in the creation of technoparks and technopolises
on the basis of universities

y

education

expansion of the service sector against the background of reducing
the share of extractive and processing industries in the creation of
the national product

y

formation of a class of "intellectuals", whose work is characterized
— by the predominance of mental operations and has a creative
character

Global trends that have changed the system of higher

humanity's awareness of the urgency of the problems of sustainable

| civilization

Fig. 4.1. Global trends that have changed the system of higher education

Under these conditions, the centre of modern developments of scientists are:
research of promising and effective forms, teaching methods to enhance the quality of
education (Gaebel M., 2018; Taneja P., 2018) [89, 239]; creation of universities of
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innovative type, determination of dominants of their development, processes of
internationalization of universities and knowledge economy (Becker B. A., 2018; Kumar
S., 2018) [40, 143]; research of trends in the development of the higher education system
(Grencikova A. 2017; Estermann T., 2013) [99, 72]; quality management in higher
education institutions (Seyfried M. & Pohlenz P., 2018) [216], Elken M. & Stensaker B.,
2018) [71]; building a corporate scientific and educational system of HEI and
implementation of protocols of global computer systems in the PKI system (Oppliger R.,
2005) [167].

The university as a social institution depends on society, it serves the society that
builds it. Instead, society relies on functional support, and therefore, the mission of the
university is determined by internal trends in society.

A traditional university should perform the functions of a cultural centre, an
accumulator of cultural heritage of the peoples of the country and the world, education
and upbringing of cultural heritage, i.e. everything related to the creation, accumulation
and transfer of integrated knowledge about nature, personality and society, forming a
person with high ethical and spiritual qualities. In particular, classical universities:

1. Are becoming centres of telecommunications and the promotion of new
information technologies, significantly increase their role as information centres. This, in
its turn, increases their role as coordination and expert centres in the scientific, educational
and technological spheres, promotes integration with academic research institutions.

2. Are strengthened as centres of interdisciplinary research, especially in the
sciences of nature and society (ecology, natural resources, management, economics); that
allows to set the task of solving major complex problems, in particular, regional and
sectoral levels that require new approaches to sphere of exact sciences.

3. In the framework of globalization processes are strengthening their role as centres
of international cooperation, while gaining new opportunities to support basic research
[10]. Therefore, the world's leading classical universities bring together experts from all
major fields of science, which provides a synergistic effect of knowledge development,
especially in the most relevant interdisciplinary areas. At the same time, there is a change
in the usual tasks of development of the post-industrial society (the experience of solving
which has been worked out for a century) to solve the problems of a new, based on
knowledge of socio-economic system, i.e. an information society.
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The main goal of modern education is competitiveness of graduates, especially
since this indicator is one of the most important in determining the quality index of the
institution. At the same time, global transformations of information and communication
processes allow free access to scientific and educational resources without the mediation
of universities, provide prompt and flexible use of knowledge through advanced
information and telecommunications technologies, promote distance learning and self-
education. Therefore, universities today need to actively defend their positions in all areas
of the mass communication system, being involved in the development of its various
segments, taking into account their main advantages. Thus, the competitiveness of
HEIdirectly depends on the universities’ change of the vector of development from
conservative to progressive, from subordinate to the state to autonomous.
Table. 4.2 shows the evolutionary changes that are taking place in universities in
accordance with the transformational changes in society.
Table 4.2
The evolution of goals and objectives that improve the quality and efficiency

of education and training of future professionals

Stage Goals and objectives
improving the quality and efficiency of teacher education and training in
member countries in the context of new requirements of the “knowledge
Key tasks of society”

traditional skills development for the knowledge society

education ensuring equal access to ICT
increasing the share of people engaged in technical and natural areas
efficient use of resources
The goal of “Improving equal access to education” was to perform such tasks
as: creating an open educational space; making education attractive; support of
the active citizenship, equal opportunities and social harmony
The task of "Creating an open educational space” was to simplify the access to
education for all age groups which was planned to achieve, primarily, by
developing information and orientation guides and creating a system of so-called

_Go_als and "bridges” to make the transition from one field of study or one system education
objectives in the | to another - the Europeans must be able to accumulate their previous educational
context of achievements and be confident that the obtained credits and qualifications will be

globalization recognized throughout the EU.

The goal of "Openness of the EU education to the world" in the context of the
fundamental need to increase the relevance of the labour market and the challenges
of globalization includes: strengthening the links between industry and research
and society as a whole; development of entrepreneurial spirit; intensification of
foreign language teaching; enhanced mobility and exchanges; strengthening the
European cooperation
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The end of the table. 4.2

ensuring equal access to ICT, which was planned to be achieved not only by
providing appropriate equipment and wide communication capabilities (Internet /
Intranet), but also by high-quality software. The problem of involving young
people in the study of science and mathematics was planned to be solved by
updating the content of science and mathematics education at the secondary school
level, and strengthening the ties with industry and business.
Priority goals of | formation of those people who study, the view of education as a process that does
education in the | not stop throughout working life

information formation of the ability to continuous self-education with the use of information

society technology

The autonomy of the university determines its practical and pragmatic orientation.
Thus, within the framework of this approach, the model of “entrepreneurial university” is
developed and implemented, i.e. universities are actively looking for innovative forms of
educational and scientific activities.

The foundations of understanding the entrepreneurial, innovatively active university
were laid by Burton Clark, who published his article "Creating Entrepreneurial Universities,
Organizational Pathways of Transformation™ in 1998 [90]. Among the key characteristics of
such a university, he highlighted the willingness of universities to adapt to changing
conditions and the active search for ways of such adaptation in all areas of its activities.
Possessing these characteristics, the university seeks to adapt its research, teaching and
learning, as well as methods, forms of knowledge transfer to current and future needs of the
economy and society. M. Gibbons (1998) in his research [90] proved that such changes in
the activities of universities depend on the changes that have occurred in the 21st century in
the process of knowledge creation. He connects this with the emergence of a distributed
system of production and dissemination of knowledge, argues that research and training is no
longer an institutional priority only for universities, but they require broad interaction with
society, its various stakeholders through the involvement of modern information and
communication technologies.

Under these requirements, the conceptual approach to the management of innovative
universities should be based not only on the principles of general management theory, but
also on modern approaches and concepts of management of organizations aimed at
comprehensively meeting individual requirements and needs of consumers in terms of their
vocations, interests and abilities in more effective ways compared to other HEI. This is the
approach to management that will ensure the sustainability of the educational organization
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and society as a whole which, accordingly, determines the relevance of research in this area.

The generalization of various views and understandings of phenomena and

processes in education has led to the emergence of various concepts and conceptual

approaches in the theory of management of educational organizations, the results of which
are presented in table 4.3.

Table 4.3
Comparative characteristics of different concepts and conceptual approaches
in the theory of university management

Conceptual approach to management The essence of the concept of "management of educational
organization" in terms of approach

IAn approach based on the criteria of economic  [Educational organization is a closed, mechanistic, rational
efficiency of the educational organization system, the management of which is aimed at ensuring its
effectiveness

IAn approach based on the criteria of pedagogical JAn educational organization is a semi-open, organic, natural
effectiveness of the educational organization system, the management of which is aimed at integrating the
constituent elements in order to optimize its functioning.
Human relations and managerial behaviour are dominant in
the management of an educational organization in the view of
this concept.

IAn approach based on the criteria of flexibility of[The educational organization is an open and adaptive system,

the educational organization, which is in the process of management of which the main importance
conceptually based on the theory of development fis given to situational changes in the external environment in
management, development of organizational order to ensure its flexibility and adaptability.

structures, the theory of chance, institutional
development

An approach based on the criteria of relevance of [Educational organization is a holistic system of interacting

the educational organization, which is elements. The process of managing this organization should
conceptually based on the provisions of be based on the consciousness and criticality of the subjects,
existentialism, dialectical method, critical realismcontradictions and common goals in the context of cultural
and the theory of human relations relevance

Different scientific approaches can be used to solve the problems of IAU as a social
institution and business organization. The most common of them are: conceptual; process-
functional; systemic; synergetic; situational. We will conduct a critical analysis of these
approaches based on the task of the study, namely, the construction of an innovative
university (Table 4.4).

As noted above, modern universities face stiff competition from institutions that
provide educational and training services online. The reason for the latter is usually the
lack of effective interaction between freelancers and employers' organizations, consumers
of higher education and, as a consequence, the emergence of a persistent myth about the
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obsolescence of competencies acquired in universities from the real sectors of economy,
government and society.

Table 4.4

Characteristics of the most common scientific approaches used in the management

of educational organizations at the present stage

efficiency and flexibility and
adaptability of the
organization to the
requirements of entities and
the environment.

and purposefulness which takes into
account both the characteristics of
educational services and the approach
to management by creating conditions
for interaction elements of the system

Approach | The essence of the approach Benefits Disadvantages
1 2 3 4
According to the studied Based on the criteria of flexibility and
conceptual approaches, the relevance of activities in view of the
goals of management of fact that they emphasize the openness
educational organizations are | of educational organizations as Requires a focus on
Conceptual to ensure both economic systems and their subject orientation meeting the individual

needs of educational
customers

Process and

The approach is based on the
application within the
organization of a system of
processes together with their

- focus on the overall result of the
educational process;

- coordination of actions of different
functional subdivisions of the
university within the process;

- transparency and removal of barriers
between units;

- reduction of costs for the provision of

- responsibilities and
criteria for successful
management make
sense only in the
context of a specific
process;

- the complexity of
managing functionally

determined by the specific
situation that arose at a
particular time

organization;

- provides a high level of adaptability of
management and development of the
university;

functional identification and interaction, | educational services; mixed teams;
as well as their management | - increasing the efficiency and - increased dependence
to obtain the desired result effectiveness of the educational of the result on the
organization; personal qualities of
- identifying opportunities for employees of the
purposeful improvement of higher educational
education processes organization
System approach - a
methodology for studying .
objects as systems. The system - enables detailed structural and factor | _ the complexity of
; .| analysis which allows to identify .
consists of two Components. int t lati hi management which
the external environment mtg{?és :r?zjéﬁtabl%nsvilopsr' of th depends on the number
which includes input, system eIemenFt)S' ehaviou € of changes in the
output, communication with | ~ - . . system and its
S : the external environment, and makes it possible to determine the environment;
ystemic - goals and criteria of management and e hi
the internal structure - a set of . d o | - requires high
; subordination of the established criteria At
interconnected components to the general mission of the university; professionalism of staff
that ensure the process of - considers all elements of the system | &nd the use of :
influence of the subject of in its entirety and interconnectedness; | SXPENSIVE technologies
management on the object, | “focuses on poorly structured problems | 21d automated control
input processing in the output | 4nq finding the best solution systems
and achievement of system
goals
. ; e - There is no single best
The situational approach - the ability to combine specific way to manage an
techniques and concepts with specific ;
focuses on the fact that the S . : object.
S : situations to most effectively achieve
suitability of different the qoals of the educational - deep knowledge of
Situational | management methods is 9 professional

management tools that
have proven that their
effectiveness is
required
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The end of the table 4.4

1 2 3 4
- with a lack of
- allows to comprehend problems of g]grpuonccrt?ggiﬁrmuples
interdisciplinarity of preparation of institutions 9
S . . students (expansion of the (institutions), -
ynergetics is a science that nomenclature of disciplines of a insufficient intensity of
studies processes in unstable humanitarian cycle): P public interaction, such
systems, stages of transition | rovides intery enetration of an innovative
from a state of order to a state hp o P - infrastructure will
umanitarian and non-humanitarian . .
of chaos. (natural science and technical) function unproductively
Synergetic The main concepts of knowledge:; - missing required
synergetics are instability, ' achievements in the

order parameters and the
principle of subordination,

- provides opportunities for each
subject of education to determine the
individual trajectory of education, the

field of functional
activity of the brain,

the attractor system, as well : thinking

Py ace of learning; )
as the corresponding P o . and consciousness,
mathematical apparatus - allows you o achieve a certain - problematic

level of education;
- stimulates the independence of choice
and decision-making by the individual

guantitative assessment
of parameters and
characteristics of these

processes

Compiled by the author on the basis [80, 50, 134, 226, 169]

All this necessitates the adaptation of HEI to new conditions, and, as noted by Henry
Eyring and Clayton Christensen in [263] the need to change the structure of university
DNA from within on the basis of permanent innovation.

If the specifics of innovation are well studied for business structures, then the
entrepreneurial, innovative activities of universities is a phenomenon of the late XX - early
XXI centuries. Its emergence is directly related to the processes of comprehensive
globalization, autonomy of HEI activities against the background of reducing public
funding for their operation which transforms once state-owned economic entities into
business structures, changing approaches, methods, types of their activities.

In addition, the evolution of universities, which is expressed primarily in the
evolution of the mission of their activities, is directly related to the industrial revolutions
(Fig. 4.2).

The articles of such scientists as Mokyr, J. (2002), Etzkowitz, H. (2011), Etzkowitz,
H. and Viale, R. (2010), Xu, Q., Wanyan, S., Yang, H. and Chen, J. (2000), Campbell, DJ
(2005), Romano, A. (2009), Margherita, A. and Secundo, G. (2011), Ropke, J. (1998),
Carayannis, EG and Campbell, D.F. (2012), Guerrero, M., Toledano, N. and Urbano, D.
(2011) are devoted to the studies of the role of universities in society, the causes,
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characteristics and forms of interaction between universities, economics and society in the
development of civilization.

The third industrial
revolution -
The first industrial The second industrial synergy of
revolution - revolution - telecommunication and
The transition from development of energy technologies and
agrarian society to electricity, internal systems
industrial one combustion engines and
conveyor assembly
the 2d half of the early the 2d half of the early early
XVl century XIXth century XIX century XXth century  XXIst century
‘ educational ‘ ‘ Research mission - ‘ Mission of |
mission the creation of new commercialization
knowledge and dissemination

of knowledae
Fig. 4.2. The evolution of industrial revolutions and university missions
(developed by the authors on the basis of [214, 163, 285, 54, 210])

The analysis of these works allowed to form an evolutionary model of spirals which
includes the main stakeholders of the interaction of universities (Fig. 4.3), namely:

- a simple spiral corresponds to the educational mission of universities. The main
purpose of universities is to accumulate, preserve and transfer knowledge;

- the double spiral arose from the interaction of universities with industry and
transformed the educational mission of universities into research by adding the function
of generating / creating new knowledge. Academic and industry interactions have become
the basis of joint innovations and created the preconditions for the formation of an
entrepreneurial university. However, the main activity of universities was educational
activities;

- the triple spiral of interactions reflects a new view of the university, its academic
system which is based on new models of cooperation between industry consortia,
university relations and government agencies. There is a university of entrepreneurial
type, a distinctive feature of which is the versatility and interconnectedness of its activities
on the basis of various innovations. In these circumstances, its mission is not only to create
new knowledge, but also to commercialize and disseminate them in scientific, industrial
and social circles;
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Mission to create new knowledge, their
Educational Research mission: commercialization and dissemination:

mission training + research training + research +
innovation + development

Simple spiral Double spiral Triple spiral Quadruple spiral
Universities 1. Universities 1. Universities 1. Universities
/ scientific / scientific circles / scientific circles / scientific circles
circles 2. Industry 2. Industry 2. Industry
3. Government 3. Government
4. Civil society

Fig. 4.3. An evolutionary model of spirals of university interaction with economy
and society (developed by the authors on the basis of [214, 163, 285, 54, 210])

- the quadruple spiral is a modification of the triple one and supports its mission.
The fourth participant in the relationship is civil society which allows to maintain a
democratic approach to innovation, the essence of which is the social responsibility of
policies and practices for the creation and implementation of innovations for future
generations.

Based on the theory of knowledge [146], it is known that innovation, firstly,
requires knowledge that is disseminated among a large number of different participants
who make a significant contribution to the innovation process; secondly, knowledge is not
always easy to pass on, as it is often hidden and people-embodied. That is, the innovation
process is an iterative process of the emergence of new knowledge from existing one in
new forms. Of all the subprocesses of cognition, namely the creation, exchange,
acquisition, transmission and application of knowledge, the creation of knowledge has the
most dominant impact on innovation. Thus, among the stakeholders of the quadruple
spiral of university, interaction plays a key role and adaptation to the task of creating
entrepreneurial thinking, stimulating business creation and the use of ideas in society is
the key to their survival.

Thus, at the beginning of the XXI century a new paradigm of university
development was formed - business-type universities, which is that universities are
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designed to serve society, primarily by supporting the economy and improving the quality
of life of its citizens [31]. The new paradigm radically changes the culture of responsibility
and the value system of the university, as evidenced by the spread of management
approach and the use of the principle of value for money in higher education systems
around the world. The competitiveness and relevance of the university's existence is
assessed mainly in accordance with its contribution to the economic development of
countries and humanity as a whole. To adjust to the new paradigm, some adaptation is
needed - adaptation of the university's relations with the surrounding society / major
stakeholders, adaptation of its internal processes, core values, search for new innovative
foundations for its development in modern conditions.

Currently, there are two different approaches to understanding the essence of
entrepreneurial, innovative-active university.

The first approach treats it as an institution that does everything possible to develop
science, invent new technologies and stimulate new markets and industries, and the
entrepreneurial aspect of universities is associated exclusively with business and
commercialization of their intellectual property. This view is largely supported by the
views of the international community (e.g. the Organization for Economic Co-operation
and Development (OECD)), which views universities as sources of technological
innovation and "growth engines". At the same time, the criteria for the university's
innovation are the number of national and international patents filed, their citation in the
development of new patents, the impact of patents, and so on. Under these conditions,
various rankings were built, in particular, the rating of Reuters, which was compiled in
collaboration with Clarivate Analytics "TOP-100 most innovative universities in the
world" [222]. Following the results of 2019, for the fifth year in a row, three universities
occupy leading positions in this area - Stanford University, Massachusetts Institute of
Technology and Harvard University. The list of countries with the largest number of
innovative universities in the TOP-100 is the United States (46 universities), Germany
(9), France (8), the United Kingdom (6), South Korea (6), Japan 6).

The second approach considers more broadly innovative and active activities of the
university as a set of new initiatives in the organization and development of leadership;
experiments in pedagogy, organization of knowledge, introduction of new forms of
education and development of relevant business and society demands of academic
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programs; interaction of internal and external stakeholders; interdisciplinary research
activities related to the acquisition of new knowledge, methods and commercialization of
their results. This approach is related to the concept of entrepreneurship that focuses on
two key tasks: the formation of an enterprising person and the development of
entrepreneurial thinking [31].

Supporting the imperatives of the second approach, in the study under the
Innovative-Active University (IAU) we understand a business organization that has the
resource readiness, namely, the readiness of the management system, the readiness of
human, educational, scientific, financial, organizational potential, to promote accelerated
economic development and society through intensive transfer of new knowledge and
technologies generated at the university through partnership with labour market actors,
governmental and non-governmental organizations. In this context, the dominants of IAU
are:

- science as a tool for generating new knowledge on the basis of integration with
the external environment, primarily with high-tech enterprises;

- education as a way to bring knowledge to people, the formation of the intellectual
potential of society;

- interaction with industry, government, society as a means of concerted efforts to
ensure the stable development of the nation and civilization (Fig. 4.4).

The need to develop an innovative component of higher education, as noted in
Section 3, is one of the strategic priorities of the country's development in accordance with
the Association Agreement between Ukraine and the EU, the Law of Ukraine of July 1,
2014 Ne 1556-VII "On Higher Education”, National Doctrine of Education, National
Strategy for the Development of Education in Ukraine for 2012-2021, Concepts for the
Development of Education in Ukraine for the period 2015-2025, Conceptual foundations
for reforming public funding and university management. In these conditions, the
innovative activity of HEI and the formation of autonomous, entrepreneurial universities
of innovative type is one of the forms of integration of the higher education system of
Ukraine into the European and world educational and scientific space, maintaining its
competitiveness and attractiveness by permanently improving the quality of education,
scientific and educational innovations, introduction of information technologies and
creation of anti-corruption systems.
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Fig. 4.4. Operational model of university interaction with stakeholders (source:

developed by the authors)

The analysis of trends in the development of the higher education system in
Ukraine, the study of evolutionary trends in the transformation of its legal framework, the
experience of leading universities in the country led to the conclusion that the current
stage of development of the national higher education system is accompanied by a number
of systemic problems and contradictions, including:

1) the contradiction between the need for significant financial resources to ensure a
high level of competitiveness of the HEI of Ukraine and the reduction of public funding
for higher education;

2) the contradiction between the significant (excess) number of HEI in the
educational space of the state and the tendency to reduce the number of applicants due to
declining demographic trends and educational migration;

3) the contradiction between the state's need for highly qualified personnel to ensure
the development of the economy and society and the intensification of international
intellectual migration which leads to the outflow of educated and highly qualified
specialists;

4) the contradiction between the growing level of digitalization of society and the
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insufficient level of protection of information technology and support of educational and
scientific security in the conditions of hybridity and synergy of modern cyber threats;

5) contradictions between the existence in the legal field of laws declaring the
autonomy of HEland at the same time the absence of bylaws and documents regulating
their implementation and providing mechanisms for the practical implementation of
financial autonomy of HEI,;

6) contradictions between the high level of competition between domestic HEland
their desire for integration into the world educational space;

7) the contradiction between the reduction of public funding and the growing need
for resources HEI in the implementation of scientific, innovative, inventive activities.

These contradictions form, the main one for Ukraine and the world, educational
space problem - the need for a significant rethinking of the forms, methods and practices
of activities HEI in accordance with the challenges of the current stage of civilization.

Based on this, the HEI of Ukraine faces the task of finding tools, ways, approaches
to permanent transformation from a traditional university to an entrepreneurial, innovative
and active structure of the country's higher education system (Fig. 4.5).

University 1.0 University 2.0 University 3.0
-traditional / «innovation-active, sinnovation-active,
academic university research university entrepreneurial
university
\ \

Fig. 4.5. Vector of transformation of university activity in accordance with
the modern trends in the development of the world system of higher education

The conceptual bases of origin and development of IAU contain two groups of
approaches:

- general scientific approaches that declare the direction of scientific research,
highlight its specific aspect and do not clearly indicate the specifics of research tools. They
form the basis of any research by determining the general paradigm of obtaining new
knowledge;

- specific scientific approaches / concepts that reflect the features of scientific
research by clearly defining the possibility of using appropriate scientific principles,
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statements, categories, tools, methods, etc. In this study, the focus of retaining new
knowledge is the processes of construction and operation of an innovative university.

Based on the purpose and objectives of the study and based on a critical analysis of
general scientific approaches (Table 5.5), the study proposes the use of the following
approaches:

1. The process, or functional, approach. Management is seen as a process, as a
sequence of continuous interconnected actions aimed at ensuring the success of the
organization. Such actions are defined as management functions. Therefore, the
management process is presented as a set, as the total sum of such functions. In general,
the process approach emphasizes the importance of taking into account the
interdependence of management functions;

2. The system approach emphasizes the interdependence of individual parts of the
organization, as well as the interdependence of the organization and the environment. The
application of systems theory to the management of IAU allows us to consider the
educational organization in the unity of its components, which are also inextricably
intertwined with the outside world, and promotes integration.

The beginning of the application of new methods of management of education and
educational institutions was laid by realization of ideas of the system approach. The need
for such implementation in solving management problems is justified by the formation of
ideas about education as a complex social system that has its own substructures,
phenomena, processes, between which there are various connections and relationships.
The educational subsystem (process), which is central to any university, defines its overall
structure as a social organization and structure. In its turn, this process has a complex
multilevel structure and consists of a set of components (subprocesses), among which are,
for example: individual educational processes - the interaction of specific teachers and
specific groups of students, the set of which forms a general educational process; learning
processes in certain disciplines; learning processes by cycles of specialties and branches
of knowledge, flows and groups, etc.; educational process as a whole; processes outside
educational work; educational process as a whole (as the unity of education and
upbringing). The output of the "university" system is the results of education;

3. The situational approach involves the use of opportunities for direct application
of science to specific situations and conditions. The central element of this approach is the
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situation - a specific set of circumstances that significantly affect the activities of the
organization at a given time. Given the general similarity of management processes, the
situational approach allows, for significant variation of specific techniques used by
managers, to effectively achieve the planned results of the organization. In turn, the
effectiveness of these specific techniques and concepts of management is determined by
their adequacy to the current specific situations.

Specific scientific concepts are aimed at determining the characteristics of certain
areas of research and the peculiarities of the application of scientific techniques. The
concepts of S. Slaughter and L. Leslie (introduction of the term "academic capitalism"),
B. Clark, M. Gibbons (the concept of "business university"), G. Chesbro (the concept of
"open innovation" and G. ltzkowitz (the concept of "triple helix") should be considered
as the fundamental works for understanding the need to form and obtain new knowledge
about the construction and specifics of IAU development (Table 4.5).

Table 4.5
Specific scientific concepts of construction and functioning of AU

Period Concept name Content concept
1997 "Academic Considers the change of the classical university model under the
Capitalism™ influence of globalization due to the introduction of elements of
(S. Slaughter and | market structure in the activities of universities
L. Leslie) [222]
1998 The concept of Defines an entrepreneurial university through a set of conditions
"business (characteristics),  including:  strengthened  guiding  core
university" (administration), expanded periphery of development (provides a
B. Clark [56], high degree of decentralization), diversified funding base, stimulated
M. Gibbons [127] | academic structures and integrated business culture
2003 The concept of Defines open innovation as "valuable ideas that can come both from
"open innovation” | the company and from outside and can be provided in the market as
G. Chesbro [56] | a result of actions of the company and other structures”; and the
paradigm of open innovation - as innovation policy and innovation,
in which "external ideas can and should be used along with their own,
as well as" internal "and" external "ways of entering the market with
their more advanced technologies.” Open innovation is the use of
targeted knowledge flows to accelerate internal innovation processes,
as well as to expand markets for more efficient use of innovation.
1998 - The concept of Under the University of Entrepreneurship one means a higher
2011 "triple education institution that, in addition to traditional sources of
spirals ™ funding, actively develops and uses patents, research and other areas
G. Itskovica [111] | of contractual cooperation with private enterprises as effective tools
for expanding sources of funding and investment in the university
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Modern education today is impossible without an appeal to the individual.
Personally-oriented learning ensures the development and self-realization of the
individual, meeting his educational, spiritual and cultural needs, to be competitive in the
labour market. That is why the task of a university is to help students understand the
essence of the chosen profession, its requirements for the performer, goals, content and
functions of professional activity, possible individual strategies for professional duties,
specifics of professional skills and ways to master it, methods of creative adaptation to
content and structure. activities [6]. Improving the quality of education and ensuring its
mobility, competitiveness in the labour market require further improvement of the
organization of the educational process in universities on the basis of humanity,
personality-oriented pedagogy and include:

development and self-development of a student as a subject of cognitive and subject
activity;

focus on abilities and inclinations, interests, values and subjective experience,
should create opportunities for each student to realize themselves in different activities;

student independence in designing a selective vector of education;

the main purpose of modern education is education as a set of educational
competencies, individual abilities and is the most important means of formation of
spiritual, intellectual qualities of a student, forms an individual perception of the world;

opportunities for its creative transformation, extensive use of subjective experience
in the interpretation or evaluation of facts, phenomena, events of the surrounding reality
on the basis of personality-oriented learning, developing the student's personality, creating
conditions for his self-development, self-expression.

The marketing approach involves the orientation of the control subsystem of the
management system to the consumer in solving any problem, taking into account their
needs and requests [226]. It is the marketing approach to management that ensures the
balancing of the interests of IAU, stakeholders and society (Table 4.6).

hus, based on the above research and proposals, the activities of the innovative-
active university should be based on the following conceptual approaches (Fig. 4.6).
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Table 4.6

Essential characteristics of existing concepts of marketing approach to
management, applied to educational organizations

The concept of
marketing approach to
management

The essence of the concept

Features of application of the management
concept in the educational organization

The concept of
production
intensification

At the heart of the concept of
intensification  of  commercial
efforts is the approach "from the
inside out". It is based on the
interests of production. Her main
focus is on the product. The
ultimate goal - profit, by increasing
sales, is achieved through the sale
and promotion of goods

Management of educational and scientific
activities of  educational  organizations
according to this concept is based on the
principles of typical educational programs for
training applicants of a certain educational
level, which provides a standardized approach
to the training of future professionals through
specialization of educational institutions,
distribution of functions among employees and
unification of educational processes.

Clean marketing
concept

This concept is that the company's
achievement of its global goals
depends on identifying the needs
and demands of target markets and
on more effective compared to
competing consumer satisfaction.
The concept of marketing uses an
"outside-inside" approach. It is
driven by the market, focuses on
consumer needs, uses
comprehensive marketing efforts to
increase  profits by satisfying
consumers

Management in HEI is aimed at maximizing the
needs of consumers / stakeholders of
educational  services  through  research,
segmentation and implementation of a set of
marketing approaches in management, i.e.
involves active adaptation to the changing
needs of potential customers of educational
services - applicants, students and employers

Logistics concept

The concept of logistics is a system
of views on the rationalization of
economic activity by optimizing
material flows

Management in an educational organization is
based on the rational use of management and
marketing achievements in educational and
research  activities aimed at bringing
educational services to the end user and
achieving the latter satisfaction not only from
receiving services but also service from the
educational organization in the future

The concept of socio-
ethical marketing

The essence of the concept is that
the company must identify the
needs and interests of target
markets, and then provide higher
consumer value in more efficient,
than  competitors, ways that
improve the well-being not only of
the customer but also society as a
whole

Management in an educational organization is
based on the comprehensive satisfaction of the
requirements and needs of consumers in view
of their vocations, interests and abilities in a
more effective, compared to other universities,
way, which ensures consumer loyalty to higher
education, leads to continuity of education
("lifelong learning™), the very sustainability of
the  development of the educational
organization and society as a whole
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conceptual approach

process and functional

general and
scientific

situational approach

synergetic approach

system approach

autonomously oriented

marketing and oriented /
environment and oriented

personality and oriented

the concept of academic
capitalism, entrepreneurial
university, open innovation,
“triple spiral”

Fig. 4.6. Conceptual approaches to the construction of IAU

In the table 4.7 the connection of the offered approaches and directions of the
application in research is resulted.

Table 4.7
Relationship between the proposed approaches and areas of application in
the study
Approach / concept Areas of application
1 2
conceptual and process- | to develop elements of the methodology for constructing a

functional approaches

mechanism for the transformation of HEI into an innovative type of
university

system approach

to form a comprehensive view and develop new knowledge about the
phenomenon of "autonomous and innovative university"”, its
components and relationships between them, to develop a system of
information and analytical evaluation of the components of the
mechanism, to build technology for strategic development of
innovative universities on the basis of quality assurance education; to
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The end of the table 4.7

1 2
build technology and develop an information security system in the
world-class KNOS University

situational approach to form a system for monitoring the components of the mechanism of
transformation of HEI

synergetic approach to identify possible threats to the construction of an electronic
document management system HEI

autonomous-oriented to determine the level of development of educational, scientific,

approach technical, innovative and international activities of domestic

universities, to develop an adaptive system to strengthen the
components of the mechanism of transformation of HEI through the
introduction of e-government based on the use of X-509 standards,
processes of educational services in the conditions of modern
cyberthreats and application of technologies of cyberspace

environmental-situational to build a management system for the development of the HEI
approach and marketing- | educational environment of innovative type
oriented

concepts of academic | for the formation of a comprehensive view and the development of
capitalism, entrepreneurial | new knowledge about the phenomenon of ™"autonomous and
university, open innovation, | innovative-active university"

"triple helix "

Thus, on the basis of the conducted researches the following results are received:

- global trends, which have influenced the change of the higher education system
and led to a change in the paradigm of the functioning of the Higher Education Act, have
been identified. It is proved that the competitiveness of HEIdirectly depends on the
universities’ change of the vector of development from conservative to progressive, from
subordinate to the state to autonomous one;

- it is substantiated that the conceptual approach to the management of innovative
universities should be based not only on the principles of general management theory, but
also on modern approaches and concepts of management of organizations aimed at
comprehensive satisfaction of individual requirements and needs of consumers in terms
of their vocations, interests and abilities in more effective ways compared to other HEI.
This approach to management will ensure the sustainability of the educational
organization and society as a whole;

- on the basis of generalization of the world experience, the evolution of industrial
revolutions and missions of universities is developed, which reflects a vector of
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transformation of their activity from educational mission to mission of commercialization
and distribution of knowledge;

- it is determined that the new paradigm of development of universities - universities
of entrepreneurial type- is that universities are designed to serve society, primarily by
supporting the economy and improving the quality of life of its citizens. It radically
changes the culture of responsibility and the value system of the university. The
competitiveness and relevance of the university's existence is assessed mainly in
accordance with its contribution to the economic development of countries and humanity
as a whole. To adapt to the new paradigm, some adaptation is needed - adaptation of the
university's relations with the surrounding society / major stakeholders, adaptation of its
internal processes, core values, search for new innovative foundations for its development
in modern conditions;

- against the background of the analysis of two key approaches to understanding the
essence of entrepreneurial, innovative-active university, its interpretation has been
improved. Thus, the innovative-active university (IAU) means an entrepreneurial
organization that has the resource readiness, namely, the readiness of the management
system, the readiness of human, educational, scientific, financial, organizational potential,
to promote accelerated economic development and society through intensive transfer of
new, knowledge and technologies generated at the university on the basis of partnership,
with labour market actors, governmental and public organizations;

- an operational model of the university's interaction with stakeholders has been
developed, which, unlike the existing ones, is based on technology transfer and knowledge
transfer and is aimed at finding effective forms of such interaction;

- a conceptual basis for the construction of the IAU is developed, which contains a
definition of the problem, the contradictions that exist in the national system of higher
education; the classification of conceptual approaches is offered and the directions of their
application for the purposes of research are defined.

4.2. Development of the concept of formation of innovative-active university

Based on the analysis of item 5.1 and taking into account that the innovative activity
of HEI and the formation of autonomous, entrepreneurial universities of innovative type
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Is one of the strategic directions of the development of the higher education system of
Ukraine, the study developed conceptual principles of construction and functioning of an
innovatively active university (IAU), which determine the basis for the process of
transformation of a traditional university into the latest innovative-active structure that
operates on the basis of interaction with stakeholders and is characterized by a high level
of competitiveness in the domestic and global educational market.
Formation scheme of conceptual foundations of construction and functioning of
innovatively active university contains a set of logically related stages, shown in Fig. 4.7.

4 N\ N r
Stage 1. Formation Stage 2. Stage 3.
of hypotheses on Development of Construction of a
the construction conceptual system of
and operation of provisions for the principles of
IAU construction and construction and
\ y operation of IAU formation of IAU
\ J . J
4 N\ 7 N
Stage 5.

Stage 4. Formation

Development of an of the framework

instrumental basis

for the construction for the functioning
and formation of and development
IAU of IAU

\. J . J
Fig. 4.7. Scheme of development of conceptual bases of construction and
functioning of innovatively active university

Let us consider in detail their content.

Stage 1. The formation of hypotheses of construction and functioning of IAU.

Construction and testing of hypotheses as forms of development of scientific
knowledge within the formation of conceptual foundations of construction and
functioning of IAU should take place as a complex phenomenon that provides purposeful,
multivariate and reasoned search for the desired result in conditions of uncertainty. In this
regard, the paper proposes statements that underlie the construction and formation of an
innovative type of university and hypotheses, which together form the methodological
basis for developing the conceptual foundations of an innovatively active university
(Table 4.8).
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Table 4.8

Methodological basis for the formation of the concept of construction and

operation of IAU

Assertion

Working hypothesis

1. The creation of business-type
universities is a key area of
development and growth of the
level of competitiveness of the
higher education system of the
world and Ukraine

1. The level of competitiveness of the higher education system is
a key factor in strengthening the competitiveness of the state
through the formation of innovative autonomous universities
which create a quality and attractive for domestic and foreign
consumers educational product

2. The role of HEI in the
innovation process significantly
goes beyond the development of
innovations, but also aimed at
their commercialization, which
has a significant impact on the
development of society.

2. The tendency to reduce the number of entrants within the
national higher education system, provoked by the demographic
crisis and increasing the attractiveness of foreign education, must
be reversed by the objective regularity of innovative activity of
HEI aimed at improving the quality of educational services,
scientific and technical developments and international image

3. IAU is a complex and
structured system that combines
the intellectual potential of HEI,
as well as its financial and
organizational resources.

3. The creation of an innovative type of university presupposes the
presence of a synergetic effect of three components - the
concentration of talents, the availability and sufficiency of
resources and effective management.

4. The development of
innovative universities should
take place on the basis of
effective interaction of
universities with major
stakeholders.

4. The formation of an innovative university depends on the
combination of efforts of the state, which creates the legal basis,
and a specific institution of higher education that actively seeks
ways, forms and tools to increase its image attractiveness in both
national and European market of educational services

5. The transformation of a
traditional university into an
innovative one should be carried
out through the development of
the latest tools, namely,
mechanisms, technologies,
methods and models.

5. The mechanism of transformation of HEI into a world-class
university should cover the main directions of its activity, namely,
educational, scientific-technical and innovative, international, and
its effectiveness involves the development of conceptual-
methodical and model-information tools that will allow such
transformation on systemic principles

6. The quality of education is a
key  component of the
development of all components
of IAU.

6. Internal quality assurance of education is an important
component of strategic management of innovative development
and competitiveness of the higher education system at the
institutional and state levels

7. In the conditions of
information society and global
digitalization of the processes of
civilization development, the
activity of 1AU should be based
on the principles of ensuring a
high level of protection of
information flows and resources.

7. The effective functioning of an innovative university should be
ensured by a corporate scientific and educational information
system that is a tool to prevent corruption and protect the main
business processes of providing educational services and corporate
information in the context of the spread of cyberspace
technologies.

Thus, the hypotheses are the result of the implementation of the first stage and
embody the essence of the scientific process of forming the conceptual foundations of the
construction and operation of innovative universities.
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Stage 2. The development of conceptual regulations for the construction and
operation of 1AU.

Based on the need to prove the hypotheses, the study on the basis of generalization
and thorough refinement [204, 136] formed the key provisions of innovative-active
universities in the modern paradigm of higher education, namely:

Regulation 1. The main activities of IAU are educational, scientific, technical,
marketing and international activities, which are combined with a high level of innovation
and are carried out on the basis of the latest modern technologies and management
principles. The main purpose of scientific and technical activities in the context of its
innovative content is the generation of new knowledge, educational - the use of new
knowledge in the educational process and the formation of intellectual potential of society,
marketing - commercialization of knowledge and innovation through interaction with
stakeholders and image of the university, international - the development of international
cooperation and integration of the university into the world scientific and educational
space (Fig. 4.8)

educational activities « innovative quality of education
4 " N
scientific and technical " generation of new knowledge
activities « creation of innovative products and
L technologies y
( T - - - N
_ o » commercialization of innovations on the basis
marketing activities of interaction with stakeholders
L » formation of the image of the university )
f = development of International Cooperation )
international activities « study and implementation of international
L experience y

Fig. 4.8. Key innovative results of the main activities of IAU

Regulation 2. The basis for ensuring the effective implementation of the main
activities of IAU is its organizational structure and information flows which form a
favourable environment for the implementation and development of innovations. Under
these conditions, it is advisable to distinguish two supporting activities of 1AU:
organizational and information-communicative (Fig. 4.9).
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Herewith, supportive activities can also be carriers of innovation. In particular, the

purpose of organizational activities in the context of its innovative nature is to improve

the organizational structure of the university. At the same time, the innovative orientation

of information and communication activities is manifested in the creation of the latest

corporate research and educational systems based on modern information technologies
and platforms.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B | MAINACTIVITIES J ]
| - educational activities ;
| « scientific and technical activities ;
| » marketing activities }
| « international activities |

—( CSUPPORTINGACTIVITIES 1

« organizational activities
« information and communication activities

Fig. 4.9. Relationship between the main and supporting activities of IAU

Regulation 3. Effective educational activity of IAU is ensured by strategic
partnership with state and regional structures, business representatives, leading higher
education institutions in Ukraine and abroad, public institutions, alumni community,
which is a necessary condition for its development as a centre of production and transfer
of new knowledge to society.

Regulation 4. The key task of AU is to form students' innovative entrepreneurial
thinking and creative competencies, i.e. the ability to independently acquire new
knowledge and professional skills. The scientific-educational and entrepreneurial cycle of
education of students should be aimed at creating value-added potential in business and
society in the form of basic and professional competencies acquired by them.

Regulation 5. The permanent dynamics of changes in educational standards must
meet the requirements of the accelerated reproduction of large-scale and continuous
innovation in the economy and society and must be aimed at meeting the current and
future needs of human development. Such changes should be based on effective and
constant interaction of the university with stakeholders based on the involvement of
practitioners in the educational process and monitoring of current and future socio-



210
economic trends. That is, the quality standards of research and educational activities are a
function of the ever-changing requirements for product and other innovations.
Regulation 6. Scientific activity in AU is carried out within the framework of basic
and applied research, the customers and consumers of the results of which are stakeholders
(state, labour market actors, society) through the effective technology of transfer of
scientific results.
Regulation 7. The traditional linear model of scientific and technical research (Fig.
4.10, a) should be replaced by a contour aimed at a constant close cooperation with the
real sector of the economy and society both in finding orders for scientific and technical
development and in the commercialization of new knowledge and technologies (Fig. 4.10,
b). The difference between the latter is in the combination of components “customer" and

""consumer”.
( N ( N é N\ 4
customer - basic research:; performer C‘ZRASE?S{S
(MES of - applied Ukraine
HEI !
Ukraine) developments (HEI) stakeholders)
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a) the traditional linear model of scientific research
é N ( N [ D (
customers MESOf Ukrialne performer consumers
(basic, applied (stakeholders)
(stakeholders) research) (HED
) \. J \ J \

Enterprises and organizations of innovative nature
b) a model for conducting research on the basis of interaction with stakeholders

Fig. 4.10. Transformation of the model of scientific and technical research

Regulation 8. The human resources of HEI, which represents its intellectual
potential and is the basis of all IAU activities, should be transformed in the direction of
readiness to acquire and apply entrepreneurial skills, which allows for a full cycle of
reproduction of new knowledge - from research tools to generate new ideas to creation of
research samples of product innovations, and its bringing to society and the basis of
commercialization and technology transfer.
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Regulation 9. The transformation of the organizational structure of AU should be
of a dual nature:

1. modernization of the existing structure by creating new units engaged in business
activities (institutes, own microfirms, consulting units, etc.) both on the basis of its own
resource base and by creating joint structures with stakeholders;

2. introduction of new business functions within the existing divisions.

All this will allow the transition from a traditional to an innovative university, which
has close ties with stakeholders and in the face of reduced public funding has the
opportunity to diversify the sources of funding for their activities.

Regulation 10. Adaptation of IAU to global processes of information society and
digitalization should be carried out in two directions:

1) external adaptation, i.e. the creation of information communications between the
university and stakeholders in order to increase the rate of diffusion of new knowledge
and technologies in the business environment and society;

2) internal adaptation that contains two components:

a) increasing the level of automation and informatization of educational processes
in order to improve the quality of education and the introduction of distance and blended
learning;

b) creation of corporate scientific and educational systems (KSES) as platforms for
protection of corporate information from cyber attacks and implementation of the anti-
corruption system in the educational sphere.

Thus, the conceptual provisions proposed in the study form the result of the second
stage of developing the foundations for the construction and operation of an innovative
university.

Stage 3. Construction of a system of principles of construction and formation
of IAU.

Systemic changes that accompany the transformation of traditional universities and
ensure a high level of competitiveness of higher education in the higher education system
of Ukraine and the world should take place on the basis of principles, laid as the
foundation for the construction and operation of IAU. In this regard, the study proposes a
system of principles (Fig. 4.11).

Let us consider in more detail their content. Thus, in the system of principles of
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construction and functioning of the innovative-active university, in our opinion, it is
expedient to allocate the following:

1) principles that form the basis of interaction of innovative-active university
with stakeholders - subjects of the external environment (state, business, civil society),
namely: the principle of strategic orientation of scientific research on global trends and
urgent needs of the state economy provides that the implementation of scientific and
scientific-technical activities of IAU should be based on continuous monitoring of global
and national trends in economic and social development and study the needs of key
stakeholders in order to identify current problems and challenges as basic areas of HEI
research;

Principles of functioning and development of innovatively active
university

Principles of interaction with the Principles that determine internal
subjects of the external environment processes and development

strategic orientation of scientific research
on global trends and urgent needs of the
state economy

promoting sustainable innovative
development of society

strategic partnership between the
university, the state, research institutions,
industry and business

integration into the international
educational and scientific community

unity of educational, scientific and other
processes of the university on the basis of
innovation;

flexible and personalized learning;

academic integrity and quality of
education;

call-based learning;

lifelong learning;

development of entrepreneurial thinking;
built-in mobility;

ensuring a high level of cybersecurity

Fig. 4.11. The system of principles of construction and functioning of innovation-
active university

the principle of promoting sustainable innovative development of society by
training specialists in innovative formation, formation of students and staff skills and
competencies of an entrepreneurial nature, generation of new knowledge and technologies
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and their transfer on the basis of interaction with stakeholders;

the principle of strategic partnership between the university, the state, research
institutions, industry and business, implementation of which is due to close cooperation
and formation of a system of relations between actors-participants of the "triple spiral”
(state - university - business), which ensures the creation of a favourable innovation
environment in which universities interact with the real economy and society as in search
orders for scientific and technical developments, as well as in the commercialization of
new knowledge and technologies.

the principle of integration into the international educational and scientific
community certifies that the innovative nature of AU should be largely ensured through
the study and implementation of international best practices in educational, scientific and
other activities of the HEI, as well as on the basis of active cooperation with international
partners, joint research, etc.

2) principles that determine the functioning and development of the internal
environment of 1AU, which include:

the principle of unity of educational, scientific and other processes of the university
on the basis of innovation substantiates the innovative nature of all types of IAU activities
as an effective factor in achieving competitive advantages by the university, advanced
development of HEI and ensuring a high level of its competitiveness in the world and
national educational space;

the principle of flexible and personalized learning provides that the educational
process of IAU is based on a combination of training modules of high academic standard,
the content of which is offered by stakeholders and created in cooperation with
stakeholders with the formation of an individual trajectory of higher education;

the principle of academic integrity and quality of education, the implementation of
which should ensure the responsible implementation of the norms of academic integrity,
compliance with the quality of education, which reflects the compliance of learning
outcomes, educational processes and institutional conditions of IAU with the current goals
of personal development and society;

the principle of learning based on challenges provides for the creation of an
educational environment in AU, where methods, tools, technologies and infrastructure of
the educational process are formed on the basis of innovation, and innovation in education
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is stimulated by applicants, industry, government and public institutions;

the principle of lifelong learning is to ensure the continuity of updating knowledge
and competencies on the basis of the integrity of the processes of formal, non-formal and
informal lifelong learning and provides for the continuity of the transition from youth
education to adult one;

the principle of development of entrepreneurial thinking - its implementation is
aimed at the formation of students, faculty and other employees of innovative
entrepreneurial thinking, creative competencies, and the ability to apply the acquired
knowledge and skills in the process of finding innovative ways and methods of solving
the most complex problems of today;

the principle of built-in mobility provides for the organic integration of physical,
virtual and mixed mobility of students, teachers and staff of stakeholders in all activities
of AU, which will take advantage of international experience in education and research,
the formation of organizational and corporate culture of the university, etc.;

the principle of ensuring a high level of cybersecurity is based on the need for
innovative and active university to use modern information resources, platforms and
technologies that allow to ensure a high level of protection of the HEI information system
from cyber threats and anti-corruption.

Thus, the developed system of principles is the result of the third stage of
development of conceptual bases of construction and functioning of the innovative-active
university.

Stage 4. Formation of the framework for the functioning and development of
IAU.

An important component of the conceptual foundations of the functioning and
development of innovative universities are the frameworks (English framework -
framework, structure) [201], the formation of which in this study is proposed in the
following sequence (Fig. 4.12).

1. Defining 2. Formation of 3. Characteristics of 4. Formation of

the purpose E> tasks of IAU [> the directions of fl> the framework of
activity Innovation activity IAU activity

of IAU of IAU

Fig. 4.12. The process of forming the framework for the functioning of IAU
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Therefore, based on the above provisions and principles, it can be affirmed that the

key goal of IAU activity is the formation and development of IAU as a subject of market
relations in the context of interaction of the university with the economy and society on
the basis of intensive transfer of new knowledge and technologies generated at the

university.

To achieve this goal it is necessary to solve such tasks (Table 4.9).

Table 4.9
List and content of tasks

The name of the task

The content of the task

1) ensuring the innovative
content of education

combining basic education with the formation of innovative thinking
and entrepreneurial competencies of students

2) ensuring the quality of
education

on the basis of a combination of competency approach, creating an
individual trajectory of higher education and interaction with
employers

3) conducting applied and
basic research and
development

focus on solving urgent tasks identified as priorities at the national
and global levels

4) development of
international cooperation

a set of measures and forms of integration of the university into the
world scientific and educational space

5) development of innovation
infrastructure

formation of the infrastructure of the full innovation cycle of
educational and scientific activities (from the idea to the launch of the
finished innovative product) on the basis of strategic partnership with
the state and stakeholders

6) formation of innovative
corporate culture of the
university

a set of collective basic ideas necessary and sufficient to adapt to
changes in the external environment and create a competitive internal
environment of the university

7) diversification of
university funding sources

formation of discretionary (formed at own discretion), multichannel
base of receipts and active fundraising

8) creation of an adaptive
university management
system

flexible organizational structure and high quality staffing

9) introduction of
fundamentally new
educational technologies

integration of education, science and innovation; informatization of
the process of teaching and learning on the basis of information
security and anti-corruption

As you can see, the key component that combines the selected tasks and determines
the target direction of the university-type business, is the innovative orientation of all its
activities (Fig. 4.13).
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Fig. 4.13. System-forming directions of IAU innovation activity
(generalized by the authors according to [14, 13], expanded and supplemented)

Thus, innovations in education include:

- formation of entrepreneurial skills in the teaching staff of the university, which
can be achieved through regular training, participation in research and projects, active
development of cooperation with stakeholders, etc.;

- development and inclusion in the curricula of new specialties that are relevant and
in demand in the labour market, the latest areas of training and retraining of higher
education;

- formation of an individual trajectory of higher education;

- introduction into the educational process of training courses and disciplines related
to the formation of entrepreneurial competencies of applicants for higher education;

- introduction into the educational process of disciplines and forms of education
aimed at mastering the skills of independent work, development of creative abilities and
the ability to critically process the amount of input information;

- use in the learning process of the latest technologies and forms that involve
collective or independent creative participation of applicants;

- introduction into the educational process of modern information tools and
instruments, including technologies and distance learning platforms.



217

The implementation of such areas as scientific and technical innovations requires a
combination of research and design activities and considers that within IAU it is possible
to implement a full cycle of research, from generating ideas to bringing to market a
prototype or a finished innovative product. This requires IAU to have an appropriate
modern and efficient infrastructure, and can be implemented primarily by creating
business structures based on interaction with stakeholders (micro-firms, production of
research samples, prototyping, etc.). The results of scientific and technical innovations
include innovative knowledge-intensive technologies, products, patents, scientific and
technical services, etc.

Innovations in management should be focused on increasing the efficiency of the
university by optimizing staffing, material and financial support. The main tasks of
realization of this direction of innovative activity are:

1) formation and development of the intellectual potential of IAU, capable of
implementing innovative projects of varying complexity by creating a favourable
environment and systems of incentives and motivation of staff;

2) training and retraining for various areas of business on the basis of interaction
with stakeholders;

3) provision of information and consulting services for university stakeholders;

3) diversification and optimization of IAU funding sources;

4) formation of an organizational structure that meets the requirements and strategic
goals of IAU,;

5) use of modern information technologies and resources on the basis of ensuring a
high level of cybersecurity KSES.

The target areas of innovations in marketing activities of the university promotes
the university in the market of educational services, commercialization of research and
development ideas and developments, patenting and licensing, creating a university brand,
implementing measures to improve the image of the university, etc.

Innovative activity of the university in the context of its international cooperation
aimed, on the one hand, at the introduction of modern international experience in the
educational process, and on the other - at the integration of HEI into the international
educational space. In this regard, the key objectives of this area of innovation should
include:
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- study and implementation of international experience in improving the quality of
education;

- creation and implementation of joint master's and postgraduate programs with
foreign partner educational institutions;

- development of academic mobility, internships and grant activities, participation
In joint research projects, etc .;

- Improving the attractiveness of HEI in the international educational space in order
to attract foreign students and increase the position of the university in international
educational rankings.

Thus, the combination and effective implementation of the selected areas of
innovation of HEI will ensure a high level of its competitiveness and compliance with
the requirements of modern global challenges.

Therefore, based on the results of research, we believe that the framework of
innovative-active university, in our opinion, should include, on the one hand, constituent
components of the environment of its activity, and on the other — factors supporting their
functioning and development (table 4.10).

To the components of the internal environment of IAU functioning it is proposed to
include the university management system, a set of key processes that implement the main
types of its activities (namely, educational, scientific, technical, marketing and
international) and organizational structure that ensures the effective functioning of HELI.

At the same time factors that support the successful operation of key components
of innovative-active university, should include the following:

factors that shape corporate culture and ethics on the basis of innovation and
entrepreneurship;

factors that contribute to the formation and development of entrepreneurial skills of
the university staff;

factors that ensure the formation and development of students’ entrepreneurial
skills.

Thus, we can conclude that the targeted impact of the selected factors, primarily, is
aimed at improving the quality of education through the development of entrepreneurial
skills and higher education and strengthening the entrepreneurial component in
educational and other processes, which is one of the key tasks of IAU.
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Table 4.10

Framework for the functioning and development of an innovative university

Components of 1AU functioning environment

Component support factors

University management system
- mission; - strategy; - professional management; -
independence - autonomy; - flexibility - adaptability
to changes in environmental conditions

Educational process
- bachelor's and master's educational
doctoral studies;
- separate courses in disciplines of entrepreneurial
character;
- advanced training and deepening courses;
- entrepreneurship courses for beginners -
schoolchildren, housewives, ordinary citizens, etc.
- research in accordance with the needs and orders of
stakeholders;
- information and consulting services

programs,

Factors in the formation of corporate culture
and ethics:

- teaching staff;
- students;
- researchers and other employees of the university;
- code of professional ethics and academic integrity;
- university attitude to entrepreneurship;
- university system of awards and incentives for
students, faculty, researchers and other university
staff, etc.

Marketing activities:
- creating a brand of the university,
- measures to promote the university in the market of
educational services;
- commercialization of research results, patenting and
licensing;
- measures to improve the image of the university.

Factors of formation and development of

entrepreneurial skills in the staff:
- involvement of university staff in the activities of
stakeholders;
- constant and regular professional development of
faculty and other staff;
- participation of teachers in international programs,
projects, academic mobility, joint research;
- monitoring of current and future socio-economic
trends in society.

International activities:
- implementation of foreign experience in the
educational process;
- integration into the international educational and
scientific space

The organizational structure:
- Creation of innovation-oriented divisions: business
incubators, centres for creation of new firms, science
parks, etc. independently and in interaction with
stakeholders;
- introduction of new business functions within the
existing divisions

Factors of formation and development of
entrepreneurial skills of students:

- academic disciplines aimed at the formation of
entrepreneurial competencies; - modern methods of
teaching and learning; - application of innovative
educational technologies;
- involvement of practicing entrepreneurs in the
educational process; - use of modern information
technologies and tools; - "double diploma"
programs; - academic mobility;
- participation of students in workshops,
conferences and other events to share experiences,
etc.

Thus, the formed framework of functioning and development of the innovative-
active university is a result of realization of the fourth stage of development of conceptual
bases of construction and functioning of the innovative-active university.

That is, on the basis of the conducted researches, the conceptual basis of
construction and functioning of innovative-active university is formed, namely:
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A number of contradictions have been identified and systematized, which determine
the existence of the main problem of development of the world and national higher
education system in the 21st century, namely, the need for significant rethinking of forms,
methods and practices of HEI in accordance with modern challenges in the innovative-
active , entrepreneurial structure, the activities of which are contained in the interaction
of the university with the economy, public administration and society;

1. The analysis of the evolution of approaches to understanding the new mission of
the university led to the conclusion that at the beginning of the 21st century a new
paradigm of development of universities was formed - business universities, the operation
of which requires the university to adapt its relations with society / major stakeholders,
adapt its internal processes, basic values, a search for new innovative bases of its
development in modern conditions;

2. Based on the analysis of key concepts of transformation of a traditional university
into an entrepreneurial, autonomous-innovative organization, a number of hypotheses for
the construction of an innovative-active university and a system of conceptual provisions
and principles of its functioning have been developed;

3. The framework bases of functioning and development of the innovative-active
university are formed, containing the list of components of the internal environment and
the factors providing their support on the basis of development of business and innovation.

4.3. The mechanism of functioning of innovative-active university: conceptual
and methodological support

The generalizing stage of process of the development of conceptual bases of
construction and functioning of innovative-active university acts the fifth stage
«Development of an instrumental basis for the construction and formation of IAU».

The instrumental basis of the study should be presented in the form of a mechanism.
The meaning of the term "mechanism" has a number of interpretations. Thus, the
academic dictionary [223] considers three options for defining the mechanism:

a device that transmits or converts motion;

an internal structure, system of something;

a set of states and processes that make up a certain physical, chemical and other
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phenomenon.

In economic research, the term "mechanism™ is very common, mainly from the
standpoint of a systems approach. Thus, in the "Explanatory Dictionary of the Economist"
[94] a mechanism is defined as a set of processes, techniques, methods, approaches or the
implementation of certain actions to achieve the goal; in the encyclopedic dictionary of
economics and law [290] presents the term "economic mechanism”, which is a set of
organizational structures and specific forms and methods of management, including legal
norms by means of which the economic laws operating in concrete conditions, process of
reproduction are realized; according to the authors [142], the concept of mechanism
control reflects the set of means of influence of the subject on the controlled object, along
with this, timely and balanced use of various means and tools of influence are of a great
importance; according to Yu.A. Andriychuk [36], mechanism is a system of processes,
techniques and methods that become an important tool for achieving both short- and long-
term goals through making the right and timely decisions.

Thus, the mechanism of construction and operation of IAU will be understood as a
system of interconnected and interdependent methods, techniques and tools that determine
the process of creation, transformation, operation and development of innovative-active
university, aimed at ensuring and maintaining a high level of competitiveness in the
educational area of the country and the world.

Based on the management theory, any tool - method, model, technique, technology,
mechanism, - is a part of the management system and decision-making process / an object
of the study. Therefore, based on the theory of cybernetics and a systems approach, the
study developed a management system for innovative-active university (Fig. 4.14).

So, an object of the system management is the process of formation and
development of IAU, which includes the main and supporting types of its activities (see
paragraph 4.2).

Management entities represent the management of the university within the
hierarchical levels of its organizational structure (rector, vice-rectors, deans, heads of
departments, etc.).

The resource base of AU activity, which forms the entrance to the system, consists
of two components:

traditional resources, used by both classical HEI and business-type universities;
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innovative-active resources, arising within the framework of interaction with
stakeholders, the involvement of which allows IAU to identify and understand the needs
of stakeholders to ensure the accelerated reproduction of large-scale and continuous
innovation in the economy and society, to attract private funds for innovation and, thus,

diversify the revenue base (Fig. 4.15).
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Fig. 4.15. The structure of the input resource base of IAU

Entrance, that is, the result of the IAU management system is the effective activity
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of 1AU, which is determined by the level of economic effect obtained by the university
and indicators of efficiency (return) of its resource base.

Feedback is provided through the reaction of stakeholders to the results of 1AU,
which is monitored and analyzed by the subjects of management at the appropriate levels,
which serves as a basis for them to exercise adequate management influence on the object
of management in order to increase the efficiency of IAU.

AU activities are carried out in an environment with a high level of dynamism and
stochasticity, characterized by the presence of systemic fluctuations, the sources of which
are:

trends in the development of the world system of higher education;

socio-economic situation in the country;

technological structure of the national economy;

the legal framework of the country as a whole and the educational space;

ratings of the higher education system of the country and individual HEI;

demographic situation;

level of educational migration;

the level of digitalization in society.

Thus, the management system of the innovative-active university reflects the state
and dynamics of the object of management, allows to take into account the influence of
the external environment, as well as to receive and respond to feedback from key
stakeholders with whom HEI interacts.

The methodological basis for the formation of the mechanism of construction and
operation of AU are the following principles (Fig. 4.16).

Let us consider in detail their content.

1) the principle of systematization determines that the innovative-active university
is a complex system within which various activities are implemented, which have both
basic and supporting nature, but at the same time they are all combined with innovative
content and focus. In this regard, within the framework of this principle in the mechanism
of construction and operation of IAU all types of its activities are considered as
interconnected elements that provide a systemic innovative nature of the higher education
institution;
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2) the principle of adaptability determines the focus of the mechanism to ensure the
balance of external and internal opportunities for 1AU development, where external
opportunities are generated by the market environment, and internal - reflect the ability of
the IAU management system to restructure its elements and relationships between them
according to external environment transformation and internal transformations;

3) the principle of functionality indicates that each of the main and supporting
activities of IAU performs a certain function and ensures the achievement of relevant key
innovation results, thus, enabling the innovative nature of not only individual activities,
but also university as a whole;

4) the principle of synergistic effect is a logical addition to the previous one and
assumes that since each of the main and supporting activities must be innovative, the
growth of innovation within each activity will increase the overall level of university
efficiency as a whole;

5) the principle of new tasks is that in the conditions of evolution of the external
environment, receiving feedback from stakeholders and other significant changes, the
activity of an innovative university can receive new qualitative characteristics, on the basis
of which there are new opportunities and prospects for the development of all activities;
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6) the principle of self-organization testifies to the ability of innovative-active
university to independently provide support for the conditions of functioning, i.e. self-
support of the exchange of resources both within the HEI and between the university and
the external environment;

7) the principle of self-development is that the innovative-active university is in
constant development, and this provides for the independent provision of conditions for
improving the efficiency of resource use and innovative development of HEI;

8) the principle of information accessibility and reliability is achieved by providing
IAU management entities with the necessary, complete, objective and comparable
information on the processes of innovative development in the external and internal
environment;

9) the principle of social responsibility. |IAU's effective activity is ensured by
strategic partnership with state and regional structures, business representatives, leading
higher education institutions in Ukraine and abroad, public institutions, the alumni
community, which determines the formation of social responsibility of the university to
society for educational, product and other innovations, for the knowledge transferred to
new generations, the newest created technologies and other results of innovative activity
of HEI.

The proposed principles together determine the structural composition of the
mechanism, its tasks and model tools for their solution.

Provided that the innovative-active HEI operates in the external national and world
educational and scientific space, the content of the mechanism of its functioning and the
permanence of its renewal depends on the key factors of the external environment,
namely:

» the purpose of the development of the system of higher education of Ukraine;

* global trends in the development of higher education system;

* legislative and regulatory framework of Ukraine, in particular, which regulates the

functioning of the higher education system.

Thus, based on the content of the proposed conceptual principles of construction
and operation of innovative-active university, management system of innovative-active
university and developed principles, the study developed a mechanism for construction
and operation of innovative-active university (Fig. 4.17).
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According to the purpose, tasks of each of the offered stages, in the mechanism are
allocated:

- the contour of the external environment that combines stages 1-3 of the
mechanism. Its content orientation corresponds to the problems of analysis and
assessment of the external environment of the functioning of innovative universities;

- the contour of the internal environment that includes stages 4-7 of the mechanism
which reveal the essence of the modification of the main and 1AU supporting activities.

Let us consider the content of the stages of the mechanism in the following tuple

< the purpose of the stage - the task of the stage - the tools for solving the problem >.

Stage 1. Assessment of the international position of the SVO of Ukraine.

The purpose of the stage is to determine Ukraine's position among the European
countries in terms of the level of development of the higher education system and to assess
trends in this position.

Within this stage, the assessment of the position of the higher education system of
Ukraine among the European countries is carried out. To implement it, a number of tasks
are solved, the relationship of which with the tools is presented in Fig. 4.18.

Thus, within the solution of task 1.1 in accordance with the chosen goal using the
methods of monographic, comparative analysis, logical generalization is the formation of
information space research which, on the basis of a systematic approach, allows to
diagnose and characterize the higher education system of a country. To do this, the study
proposes the formation of a system of indicators of attractiveness of higher education
systems (HSE) which includes:

a group of indicators of society's readiness for higher education;

a group of indicators of the attractiveness of universities by applicants;

a group of indicators of state support for the development of HEI, each of which
includes a substantiated list of evaluation indicators.

The solution of task 1.2 is aimed at forming homogeneous groups of the European
countries (the Eurozone countries and Ukraine) with a certain level of attractiveness of
higher education based on the application of economic and mathematical tools, in
particular, the method of multidimensional taxonomic analysis. To do this, it is planned
to conduct three experiments, the result of which is the formation of five clusters of the
studied countries according to the level of attractiveness of HEI.
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Fig. 4. 18 The relationship between the goals, objectlves and tools of the first stage

The content of task 1.3 is to determine the current position of the selected country
in the area of study, which is proposed to supplement the analysis of migratory changes
in the dynamics. This allows grouping countries in accordance with the level of
sustainability of the trajectory of HEI development and to form recommendations aimed
at ensuring the growth of the level of attractiveness of the national higher education
system. The exploratory nature of the experiments made it possible to determine that the
HEI of Ukraine is in the cluster of a high level of attractiveness, but during the analyzed
period there was a negative trend towards the loss of international positions. Thus, the
combination of the results of scientific experiments revealed the latent reasons for the
formation of a negative trend. In these conditions, the state and the Ministry of Education
and Science of Ukraine should create a stimulating basis and environment for real
autonomy of universities, and their transformation into innovative, entrepreneurial
educational institutions and further systematic modernization of the national structure of
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higher education.

The methodological basis for the implementation of the tasks of the first stage of
the mechanism is:

methodical approach to building a system of monitoring and stratification of
universities (SMSU);

guidelines for determining the attractiveness of the national higher education
system.

Thus, the result of the implementation of the first stage of the mechanism is a
comprehensive assessment of the international position of the higher education system of
Ukraine in the European educational space and the development of recommendations for
its further improvement.

Stage 2. Evaluation and positioning of HEI of Ukraine according to the degree
of innovation activity.

The purpose of the second stage is to determine the level of innovative activity of
HEland the formation of homogeneous universities at this level. Within this stage, a
system of integrated indicators for assessing the innovative activity of HEIis being
formed, which is the basis for stratification of higher education institutions at the national
level relative to the level of their innovative activity.

The relationship between the goals, objectives and tools of this stage is shown in
Fig. 4.19.

The solution of task 2.1 is aimed at forming a system of indicators that characterize
the level of innovative activity of HEland provide the possibility of their stratification, for
which it is proposed to use the methods of monographic, comparative analysis, logical
generalization and construction of structural-logical connections. In this regard, the study
proposes to form four groups of indicators for the assessment of HEIby the type of their
activity, and to determine the list of indicators for each group:

for the first group of indicators, which characterizes the educational activity of HEI,
- the index of quality of human resources of HEI, the index of quality of training, the
number of applications submitted to HEI, the number of those who joined HEI, the ratio
of contractors and state employees;

to the second goup of indicators, which characterizes the scientific and technical
activity, - the number of publications in Scopus, the number of citations in Scopus, Hirsch
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Flg 4.19. Relationship between goals, objectives and tools of the second stage

to the third group of indicators, which characterizes the innovation activity, - the

number of patents, the rank of openness (Transparency Rank or Opennesss Rank), quality
rank (Excellence Rank);

to the fourth group of indicators, which characterizes the international activity, - the
index of international recognition, the rank of influence (Impact Rank), the rank of

presence (Presence Rank), the number of foreign students.

Within the solution of task 2.2 there is a construction and calculation of a system of
integrated indicators of the level of innovative activity of HEI by using an algorithmic
model based on the method of taxonomic analysis, which includes a general indicator of
efficiency of HEI and a set of local integrated indicators formed by the activities
(educational, scientific and technical, innovative and international). This approach will



231
allow a comprehensive analysis of the values and dynamics of the integrated indicators of
evaluation of innovative and active institutions of higher education in Ukraine.

The solution of task 2.3 aims to determine the evolutionary changes in the priority
of the activities of HEIby building a set of economic and mathematical models of the
dependence of the overall development of innovative active resources HEI from the local
integrated indicators by using econometric modeling methods to determine which
activities cause a significant impact on the overall level of development of HEI.

Within the framework of solving task 2.4, the higher education institutions of
Ukraine are stratified by the level of their innovation activity by years using the clustering
method and the selection of target clusters for the migration of HEI in accordance with
their opportunities to become world-class universities. The initial information for
stratification consists of 4 local integrated indicators of HEI by the types of activity that
were calculated for 193 institutions of higher education, which allows to classify the initial
set of HElinto 3 clusters:

1st cluster - HEI with the highest innovation and activity;

2nd cluster - HEI with an average innovation and active activity;

3rd cluster - HEI with a low innovation activity.

It is proposed to use the obtained values of integrated indicators of activity HEI of
Ukraine to build a rating of universities by their level of innovation activity, as well as
reference values for HEI to form a system of management decisions to support and further
strengthening of their innovative activity within resource constraints.

The methodological basis for the implementation of the tasks of the second stage
of the mechanism is:

methodical approach to building a system of monitoring and stratification of
universities (SMSU);

methodical recommendations on stratification of HEI of Ukraine according to the
level of their innovative activity.

Thus, the result of the implementation of the second stage of the mechanism is a
comprehensive multifaceted assessment of the level of innovation activity of HEI of
Ukraine and their positioning within the formed groups of innovatively active universities,
which is the basis for developing recommendations for choosing a strategy for innovative
development.
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Stage 3. Assessment of the ability of universities to build an innovative
organization.

The purpose of the third stage of the mechanism is to form a system of factors
influencing the competitiveness of national HEI and their comprehensive analysis. Within
this stage, the development of a complex system of factors of competitiveness of the
university on the basis of the formed features of classification, as well as its transformation
into a hierarchical structure using the methods of systemic and morphological analysis.

The relationship between the goals, objectives and tools of this stage is shown in
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Flg 4.20. Relationship between goals, objectives and tools of the third stage

As classification features for the formation of the detailed system of factors of
competitiveness of HEI in research it is offered to use (task 3.1):

- signs of innovative HEI, i.e. factors of ability to adaptive response and factors
of ability / ability to implement innovations;

- types of activity of HEI - educational, scientific and technical, marketing,
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international, organizational, information and communicative;

- the direction of influence of the factor - internal and external,

- the nature of the influence of the factor - socio-humanitarian, managerial,
resource, educational, scientific, communicative, economic, political, socio-cultural and
partnership.

According to the defined classification features in the course of solving task 3.2
there is the formation of a 4-level model of distribution of factors of competitiveness of
HEI which, in turn, serves as a basis for the formation of a full range of factors of
competitiveness of HEI.

Building a system of factors / indicators for a particular factor of competitiveness
is the content of solving task 3.3 and involves building a hierarchical structure of their
relationships. To do this, it is proposed to implement the following steps:

1) grouping of certain factors is done according to the impact on the competitiveness
of HEI, their numbering is proposed to be submitted according to the general list:

1 - customer orientation - ensuring the development of international relations and
improving the material and technical base;

2 - source of financial resources of HEI - mixed financing;

3 - innovation and investment potential of HEI - satisfaction of participants in the
markets of educational services and labour;

4 - strategic management - positioning of integration processes in the market of
educational services of HEI,

5 - labour rationing - stimulating the level of internal labour productivity;

6 - internationalization - mobility of students and teachers in the international grants
and projects;

7 - monitoring - tracking the complexity of indicators of the level of development of
HEI,

8 - informatization - creation, carrying out, introduction of educational activity
concerning the expanded list of specialties and employment of graduates;

9 - the quality of training of HEI applicants

1) construction of a directed graph between the factors of HEI competitiveness;

2) construction of the reachability matrix based on the results of the analysis of the
directed graph;
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3) determination of levels of hierarchy of factors at a choice of directions of HEI
competitiveness.

The methodological basis for the implementation of the tasks of the third stage of
the mechanism is: methodical approach to the classification of factors and factors of
competitiveness of HEI.

That is, the result of the third stage of the mechanism is a complex system of factors
influencing the competitiveness of HEI, which is characterized by significant internal
relationships and synergistic effects and is the basis for building a list of factors to increase
innovation activity of the university in accordance with the nature of the determining
factors and areas of activity and taking into account the available resource constraints.

Stage 4. Assessment and analysis of retrospective trends in the development of
HEI (by the type of activity).

The purpose of the fourth stage of the mechanism is to assess and analyze the
retrospective dynamics of the level of innovation activity of HEI on the basis of the
developed system of internal monitoring indicators that characterize the main and
supporting activities of innovative-active university. To achieve this goal, a number of
tasks are solved, the relationship of which with the tools IS presented in Fig. 4.21.
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The content of task 5.1 is contained in the formation of a complex system of
indicators, which is the basis for assessing retrospective trends in the implementation of
basic (educational, scientific, technical, international and marketing) and supporting
(organizational, information and communication) activities of innovative university. To
do this, the study proposes the use of methods of analysis of statistical reporting,
monographic, comparative analysis, the method of analysis of hierarchies and heuristic
methods.

Within the solution of task 5.2 there is a construction of a two-level system of
taxonomic indicators for assessing the level of HEI innovation, where the first level is
formed by the local integrated indicators that characterize the level of innovation by the
main and supporting activities of IAU, and at the second level - there is a construction of
the general integrated indicator which provides an opportunity to comprehensively assess
the dynamics of changes in innovation activity of the university in retrospect.

The solution of task 4.3 is aimed at analyzing the retrospective dynamics and
identifying key trends in the development of innovation activity within the main and
supporting activities of innovative-active university on the basis of the developed set of
integrated indicators.

The methodological basis for the implementation of the tasks of the fourth stage of
the mechanism is methodological support for creating a complex system of monitoring
and adaptive system adjustment of indicative parameters of strategic development of the
university of innovative type, the functional focus of which is assessment and analysis of
IAU (by its activities) modern packages of applications and information shells.

Thus, the implementation of the fourth stage of the mechanism is the construction
of a set of integrated indicators and the analysis of retrospective trends in the development
of innovative-active university in the context of the main and supporting activities.

Stage 5. Construction of reference executions by types of activity (on the
example of leading, innovatively active universities of the world and Ukraine).

The purpose of the fifth stage of the mechanism is to develop a system of reference
penalties that reflect the level of development of innovation activity in terms of the main
and supporting activities of the university type of business. Within this stage, the analysis
of the positions of HEI in the most important world and national rankings, the selection
of reference HEI with the highest rating positions and, accordingly, the performance
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indicators which are the basis for the formation of reference losses by the type of
innovative-active university. The relationship between the goals, objectives and tools of
this stage is shown in Fig. 4.22.
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Fig. 4.22. Relationship between goals, objectives and tools of the fifth stage

Thus, within the solution of problem 5.1, an analysis of the positioning of HEI in
the key world and national rankings is performed, the results of which are the basis for
forming a set of universities with the highest ranking positions and, accordingly, can be
included in the list of reference HEI.

The implementation of task 5.2 is aimed at forming a sound system of indicators
that provide an opportunity to assess the level of innovation activity of reference HEI in
the context of their main and supporting activities based on the use of methods of
comparative analysis and expert evaluation.

Based on the calculation of the selected indicators for the largest innovative
universities in the world and Ukraine, the formation of reference strata by the type of
activity of 1AU takes place (task 5.3).

The methodological basis for the implementation of the tasks of the fifth stage of
the mechanism are methodological recommendations for building a system of reference
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penalties for the activities of innovative-active university on the basis of the use of rating
analysis and economic-mathematical methods.

Thus, the result of the implementation of the fifth stage of the mechanism is a set
of reference strata that characterize the level of development of the largest innovative
universities in the world and Ukraine by tthe type of activity.

Stage 6. Assessment of the level of innovation of HEI on the basis of
comparative analysis and identification of strengths and weaknesses.

The purpose of the sixth stage of the mechanism is to form a comprehensive
assessment of the level of innovation of HEI based on a combination of methods of
comparative and strategic analysis, assessment of the impact of competitiveness factors
and identification of resource constraints and innovative development potential of the
university. To achieve this goal, a number of tasks are solved, the relationship of which
with the tools is presented in Fig. 4.23.
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Fig. 4.23. Relationship between goals, objectives and tools of the sixth stage

Within the solution of task 6.1 there is a diagnostics of strengths and weaknesses of
innovative activity of HEI by means of the comparative analysis and the analysis of
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deviations of actual values of the indicators calculated for the kinds of activity of
innovative-active university from the values of reference strata that will allow to define
the kinds of HEI activity requiring access to a fundamentally better qualitative level of
innovative development.

The solution of task 6.2 is aimed at assessing and determining the strength of the
influence of competitiveness factors on the efficiency of HEI, their ranking and formation
of a set of determining factors of competitiveness based on the methods of hierarchical
classification, graphing and matrix analysis.

The implementation of task 6.3 involves assessing the resource constraints and
development potential of an innovative university. The importance of its solution is due
to the high level of dependence of the choice of directions of transformation of the
traditional university into innovative one and is active on its ability to effectively use all
available types and attract potential resources. In this regard, it is advisable to use the
methods of SWOT-analysis and economic-mathematical modeling.

Within the solution of task 6.4 there is a construction of the complex generalizing
indicator of an estimation of the innovation level of HEI on the basis of a combination of
three estimating components:

assessment of the priority type / types of 1AU activities that require access to a
fundamentally better level of innovative development;

building a system of key factors influencing the competitiveness of the university
and establishing a system of key performance indicators (KPI);

formation of a model of resource allocation for the introduction of innovations in a
certain type of HEI on the basis of assessing the resource potential of innovative HEI
development.

The methodological basis for the implementation of the tasks of the sixth stage of
the mechanism is:

methodological support for building a hierarchical structure of factors influencing
the competitiveness of HEI;

tools for diagnosing the potential and (self) evaluation of the effectiveness of the
participation of internal stakeholders of the university of innovative type in the processes
of ensuring the quality of education, which allows to determine the real and potential
capabilities of HEI to conduct innovative activities;
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methodical approach to the construction of a general indicator for assessing the
level of innovation of HEI;

optimization model of resource allocation.

Thus, the result of the sixth stage of the mechanism is a comprehensive assessment
of the innovation level of HEI, which is the basis for strategy and tactics to ensure its
innovative development in terms of resource constraints and the results of which are used
to develop a system of internal key performance indicators (KPI).

Stage 7. Development of directions of transformation of activity of HEI in
innovative-active university.

The purpose of the seventh stage is to form a strategy, tactics and operational
contour of innovative development of HEI on the basis of decomposition of its activities,
justification of appropriate time horizon for innovation and taking into account resource
constraints of the university to strengthen its competitive advantages and form and
maintain its entrepreneurial characteristics. The relationship between the goals, objectives
and tools of this stage is shown in Fig. 4.24.

Thus, the solution of task 7.1 is aimed at forming an initial list of educational
innovations adequate to the current and future development of society and the economy
based on the analysis of literature sources on current and future trends in civilization.

Within the solution of task 7.2 it is expedient to allocate two directions:

1) construction of a reference list of innovative measures based on the analysis of
innovative development strategies of leading foreign and national innovative universities;

2) analysis of current and future development needs of the main stakeholders of
HEI and the used forms of interaction with them.

The implementation of task 7.3 is aimed at forming an invariant of innovative
measures in terms of types of educational innovations, which involves the implementation
of the following steps:

- construction of an appropriate set of measures in accordance with a certain type
of innovation;

- ranking of innovative measures according to the level of their priority and the
possibility of their application in the practice of the studied HEI.

Within the solution of task 7.4, a three-dimensional model of IAU innovation
direction is built on the basis of determining the relationship between the types of
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innovations, AU activities and its ability to innovate based on a combination of statistical,
strategic analysis and economic-mathematical modeling.

Formation of
strategy, tactics
and operational
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development of
HEI
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Fig. 4.24. The relatlonshlp between the goals, objectlves and tools of the

seventh stage

Solving task 7.5 involves developing an adaptive strategy and tactics for
implementing innovations and justifying the appropriate time horizon for their
implementation based on the formation of a system of key performance indicators (KRI)
of innovative-active university, on the basis of decomposition of its activities and taking
into account available resource constraints.

The methodological basis for the implementation of the tasks of the seventh stage
of the mechanism is a methodical approach to strengthening the innovative activity of the

university.

Thus, the result of the seventh stage of the mechanism is the development of
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detailed strategies and tactics for the development of units of innovative-active university,
corresponding to a certain type of its activities, as well as a list of strategic, tactical and
operational measures aimed at achieving target values of key performance indicators
(KPI), and the implementation of which is aimed at strengthening the competitive
advantages of the university and the formation and maintenance of its business
characteristics.

Thus, within the framework of the conducted researches, the conceptual and
methodological support of the mechanism of construction and functioning of the
innovatively active university is formed, namely:

1) the meaning of the concept "mechanism of construction and functioning of IAU"
is defined, which is proposed to be understood as a system of interconnected and
interdependent methods, techniques and tools that determine the process of creation,
transformation, functioning and development of innovative-active university, the level of
its competitiveness in the educational space of the country and the world;

2) based on the theory of cybernetics and a systems approach, the study developed
a management system for innovative-active university, which reflects the state and
dynamics of the control object, allows to take into account the impact of the environment,
as well as to receive and respond to feedback from key stakeholders, with which the
innovative-active university interacts;

3) within the framework of the development of the methodological basis for the
formation of the mechanism of construction and functioning of IAU, a list of key
principles of the mechanism is proposed, their content is revealed;

4) on the basis of the developed conceptual bases of construction and functioning
of innovative-active university, management system of innovative-active university and
certain principles, the maintenance of stages of the mechanism of construction and
functioning of innovative-active university is revealed, which are distributed between
contour of the external environmenta (combines stages 1-3 of the mechanism) and the
contour of the internal environment (combines stages 4-7), behind the motorcade < the
purpose of the stage - the task of the stage - the tools for solving the problem >. The
methodical basis of the realization of the tasks of stages of the mechanism of construction
and functioning of 1AU is formed.
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CHAPTER 5. MANAGING THE DEVELOPMENT OF THE EDUCATIONAL
ENVIRONMENT OF AN INNOVATIVE HIGHER EDUCATION INSTITUTION
ON THE BASIS OF QUALITY ASSURANCE

5.1. Global changes and transformation of universities

Integration of the Ukrainian system of higher education into the European education
field maps out the developmental pathways of the higher education institutions in Ukraine.
Integration and globalization changes in the modern world initiate altering the demands
and social expectations of the society towards the education system in general, giving
priority to 1) the integration process of the national education system with the European
and world educational fields; 2) the elaboration of education based on the human-centered
approach principles and competence-based approach in teaching; 3) the improvement of
physical facilities; 4) the implementation of new information technologies in management
and teaching; 5) the creation of conditions for the personal and professional development
of the subjects of the educational process

The social order of society to the higher education system is determined by public
demands for knowledge-based capital, for providing all social and economic fields with
skilled professionals. The changes in the external environment dictate the need for
transformation and development of local educational environments, in particular higher
education institutions.

With the intensive development of science and technology, the global development
of the economy and society takes place. The key factors of this development are
innovation, competitiveness, quality.

The World Economic Forum in Davos mentioned the beginning of the fourth
industrial revolution [219]. Klaus Schwab outlined the three major aspects that clearly
determine it: 1) the pace of development (rather an exponential pace, new technology
itself synthesizes more advanced and effective technologies in an interdependent world);
2) the latitude and the depth (it is based on the digital revolution and combines various
technologies that cause unprecedented paradigm changes in the economy, business,
society, each individual); 3) the systemic impact (it involves holistic external and internal
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transformations of all systems across countries, companies, industries and society as a
whole) [219].

New technologies and universal innovations play the most important role in these
revolutionary changes. Many actual scientific studies define modern society and the
modern economy as innovative.

In his research, H.P. Klimov reveals an innovative society as one that constantly
searches, develops, implements innovations, and, due to this, moves forward all the time.
An innovative society is "a society that is not just open to innovation. It continuously
generates innovations of different types and levels. Its functioning depends entirely on the
speed of the introduction of new knowledge in all spheres of public life. Such a society is
the most dynamic and sustainable, but with one condition: it must correctly assess the
consequences of the introduction of each innovation and exclude those that pose a threat
to human life" [135].

The economic context of innovation is reflected in the transition to an innovation
economy and economy of knowledge.

"An innovative economy is based on scientific knowledge, innovations that become
a key factor of competitiveness, the perception of new systems and technologies, the
ability to implement them, plays an important role in the system of national management”
[157].

The development of innovative processes, in particular in society and the economy,
also affects the development of the educational sector. More relevant is the relationship
in the chain of "education” - "science” ("innovation") - "business" - 'society".

The transition to an innovation economy and innovation society sets the building
patterns for innovation ecosystems in business and educational environments.

According to Fedulova L.I., Marchenko O.S. "The innovation ecosystem is a set of
organizational, structural and functional components (institutions) and their relationships
involved in the creation and application of scientific knowledge and technologies that
determine the legal, economic, organizational and social conditions of the innovation
process and ensure the development of innovative activities both at the enterprise level
and at the level of the region and the country as a whole on the principles of self-
organization™ [81].

The Report Summary for the Annual Meeting of the New Champions,
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"Entrepreneurial Ecosystems Around the Globe and Company Growth Dynamics™ at the
World Economic Forum (September, 2013) identified the components of the
entrepreneurial (innovation) ecosystem, namely: 1) available markets; 2) human capital
workforce; 3) financing and finance; 4) the system of support for mentors' advisers; 5)
regulatory framework and infrastructure; 6) education and training; 7) major universities
as catalysts; 8) culture support. We see that in this structure an important place is given to
education and universities.

The challenges of our time are to build institutional innovation ecosystems, in
particular in higher education. Ukrainian scientists Sbruiev A.A., Fedulova L.I.,
Marchenko O.S., Lanovska G.I., and foreign scientists Adner R., Wang P., Audretsch
D.B., Wessner C., Bramwell A., and others devoted their work to this study.

The innovation ecosystem of higher education is interpreted by Sbrueva A.A. "as
an interactive community of individuals, groups and organizations, which is a network
co-evolutionary structure and aims to develop and implement innovations in high school
at the institutional, national, and global levels through the formation and development of
a creative, innovation-friendly educational environment™ [209].

Lanovska H.l. believes that "an innovation ecosystem is a synergy of the state,
entrepreneurial and research environment using organizational, regulatory, educational,
methodological and financial resources and the introduction of a mechanism for the
transfer of knowledge in order to transform into innovative products" [5)].

Considering the structural model of the university's innovation system, L. Fedulova
distinguishes the following ingredients: a) government/policy; b) innovative
entrepreneurship: incubators, startups, technoparks; c) teachers-scientists, creative groups
of students, inventors; d) public and start-up capital; €) investors (venture capital),
business angels; professional associations and network groups; b) innovation centers,
technology transfer centers; g) competence centers [81].

In accordance with the changes in the external environment, together with the
development of innovative society, the formation of an innovative economy and
knowledge economy, the system of higher education in Ukraine is developing, higher
education institutions, and their educational environments are being transformed.

The draft National Strategy for Education Development in Ukraine has updated the
mission and vision of higher education by 2030, which aims to create a competitive
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national higher education system focused on the development of educational, scientific,
innovative.

The mission of higher education is to ensure sustainable innovative development of
Ukraine through the training of highly qualified specialists, the creation and sharing of
knowledge, the formation of the intellectual, social, and spiritual capital of society, ready
for the challenges of the future [233].

The vision of higher education in Ukraine is a competitive system of various higher
education institutions, which, through cooperation with scientific institutions and the
entrepreneurial sector, forms the professional and scientific, and educational potential of
the nation on the basis of continuous professional and personal development, focused on
the highest achievements and practices, integrated into the world educational and research
space [236].

The strategic development of higher education should take place with the gradual
transformation of higher education institutions from classical academic universities to
higher education institutions of innovative type.

The draft of “National Strategy for Education Development in Ukraine until 2030
states that the development of research, industry-specific, and virtual universities is
trending.

Thus, the core of higher education is defined as research universities “that carry out
training in many fields of knowledge, provide in-depth thorough theoretical training,
acquisition of competencies necessary for scientific research and practical activities, in
cooperation with scientific organizations carry out fundamental and applied research in
priority and promising areas of development of science and technology, actively involve
students in the implementation of scientific research, development of applied research
projects” [236].

The main tasks and peculiarities of higher education institutions of the industry
direction are that they should become the main provider of innovations, applied scientific
and technical developments for the needs of the public and private sectors. In such
universities, students are actively involved in the development and implementation of new
technologies, techniques, methods, etc. In the structure of such HEIs, there are startup
centers, business incubators, production units [236].

In turn, "virtual universities can train in many or individual specialties, exist as a
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separate online platform, or be a virtual duplicater of a traditional university. Their
objectives are to expand access to higher education and educational process opportunities
[236].

The Universities of the new generation should: combine the functions of high-
quality pre-emptive training of specialists in demand in the labor market; carry out
innovative scientific research at the request of the state and business; create conditions for
applicants of higher education and scientific-pedagogical workers on the development and
implementation of high-tech innovative products, technologies, and services, to create
business incubators at the university [174].

Kirby D., Clark B., Humboldt W., Zghurovskyi M., Yefimov V., Laptev A,
Konstantinov G., Filonovich S., Romanowskyi O.et al. have conducted their research
work in the field of transformation. There is a gradual transition from classical universities
with one educational mission to innovative universities: research universities with two
missions (education and research), and entrepreneurial universities with three missions
(education, research, commercialization of innovations).

As noted in the Analytical Note of the National Institute for Social Research (2015),
"a modern innovative or entrepreneurial university is primarily not an economic or
managerial educational institution producing certified entrepreneurs or managers, but
above all a higher education institution of natural science and engineering and
technological profile, teachers, students and postgraduates of which are able to implement
their innovative developments, implement the results of their research and development
in the economy. by creating new enterprises” [118].

5.2. Ensuring the quality of education as a factor in the development of the
educational environment of an innovative type of higher education institution

The transition to innovative universities (research, entrepreneurial) will ensure the
competitiveness and quality of higher education at the request of the development of an
innovative society and an innovative economy. On the one hand, innovative universities
will provide better training of competitive personnel of the new generation for various
areas of management. On the other hand, such universities will become centers for the
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creation of innovative products and technologies for the development of the economy and
society.

Meanwhile, ensuring the quality of education in general and the quality of higher
education in particular is one of the priorities of the national system of higher education
in Ukraine due to its active reforming process, and entering the European educational
space. At another point, self-sustained quality assurance is in connection with the quality
of the educational environment of higher education institutions, namely with the
availability of appropriate conditions, influences, and opportunities for quality training of
higher education specialists and, as a result, with the quality of qualifications obtained,
personal and professional development, success in the social and professional sphere.

The category “quality of education” is complex and is described in the scientific
literature with the help of different approaches. Ukrainian scientists I. Annienkova, V.
Bakhrushin, G. Yelnykova, G. Dmitrenko, V. Kremin, T. Lukina, V. Lunyachek, A.
Lyashenko, S. Nikolayenko, A. Ovcharuk, Y. Romanenko, and others have devoted their
studies to education quality. Among foreign scientists this category was studied by E.
Korotkov, M. Potashnik, P. Tretiakov (Russia), C. Boll, L. Harvey, D. Green, R. Barnett,
J. Brennnan, R. Williams, R. Harris, D. McNamara (Great Britain), Ch. McClain (United
States), E. van Kemenade (Netherlands), S. Harris Hemmert (Germany) and others.

O. Liashenko characterizes the quality of education as a systemic object: the quality
of the goal, the quality of the pedagogical process, and the quality of the result [147].
T. Lukina, when determining the quality of education among its internal components,
distinguishes the quality of the basic conditions, the quality of the implementation of the
educational process, the quality of the results of the educational process [152].

YU.A. Romanenko understands the quality of education “as a multidimensional
model of social norms and requirements for an individual and educational environment in
which its development takes place and the education system that implements them at
certain stages of human learning” [199]. He believes that a systematic study of the quality
of higher education involves the study of a set of problems that covers: a) clarifying the
essence of basic concepts of the quality of education (its definition, structural components,
properties, criteria, and norms, etc.); b) determining of procedures and indicators of
assessment of the quality of education (as an educational process, as its result and a
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functional system); c¢) monitoring and making management decisions to ensure the
established standards of quality of education at all levels [199].

The concept of the quality of higher education is considered as “a complex
characteristic that reflects the range and the level of educational services provided by the
education system in accordance with the interests of a person, society, state” [70]. “This
IS a systemic category that covers the concepts of “the quality of learning” and “the quality
of training”. The first is multi-complex, it involves a certain level of qualification of
teachers, the state of the material and laboratory base, qualities and quantities of scientific
and methodological literature, modern curricula, the quality of professional student
practices, etc. The quality of training is the ability of a student, a future specialist to meet
the requirements of the field of the national economy, to fulfill the tasks which he/she is
completing in a higher education institution” [70].

The general characteristics of the quality of higher education are the compliance of
educational processes, conditions, and results with the target priorities of higher education
stakeholders. “The quality, although difficult to determine, is mostly the result of
interaction between teachers, students, and the educational environment of the institution.
Quality assurance should ensure the educational environment in which program content,
learning capabilities, and resource support meet this goal” [225].

The quality of higher education is “a concept that covers all aspects of the activities
of a higher education institution: educational and academic programs, scientific and
research work, teaching staff and students, educational and material base and resources”
[183].

In the Law of Ukraine "On Higher Education™, the quality of higher education is
defined as “compliance of the conditions for conducting educational activities and the
results of training with  the requirements of legislation and standards of higher education,
professional and / or international standards (if any), as well as the needs of interested
parties and society, which is ensured through the implementation of procedures of internal
and external quality assurance" [180].

Particular attention is paid to the problem of quality management of higher
education.

So, V. Kachalov, T. Lukina, and others distinguish the managerial approach to
determining the category of quality of education. In accordance with this approach, the
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quality of education is considered as an object of managerial influence simultaneously
from several positions: from the point of view of the quality of the educational system,
the quality of the educational process, and the quality of the graduate's personality [70].

According to Yu. Romanenko, “as a category of management, the quality of
education defines strategies for influencing certain indicators of the functioning of the
educational system and chooses possible ways of its changes and development™ [199].

Ensuring the quality of education at the university represents “an ongoing process
of assessment (evaluation, monitoring, provision, maintenance, and improvement) of the
quality of the higher education system” [183].

In accordance with the Standards and Guidelines for Quality Assurance in the
European Higher Education Area (ESG, 2015), higher education institutions form an
internal quality assurance system. This system provides for the introduction of certain
procedures according to ten standards: 1.1 Policy for quality assurance; 1.2 Design and
approval of programmes; 1.3 Student-centred learning, teaching, and assessment; 1.4
Student admission, progression, recognition and certification; 1.5 Teaching staff; 1.6
Learning resources and student support; 1.7 Information management; 1.8 Public
information; 1.9 On-going monitoring and periodic review of programmes; 1.10 Cyclical
external quality assurance [225].

Ensuring the quality of education at the innovation university also provides for the
provision and support of the formation of an internal innovation ecosystem, the
development of the educational environment for the innovative activities of participants
in educational and scientific processes.

Quality assurance is an important factor in the development of the educational
environment of a higher education institution, a condition for its quality.

Let us pay attention to the definition of the concept of “the educational environment
of a higher education institution” (Table 5.1).

As you can see, the most common understanding of the educational environment of
a higher education institution is represented by the definition of its essence as a system of
conditions, resources, influences on the personal and professional formation, and
personality development.
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Table 5.1

Definition of the term “the educational environment of a higher education

institution”

Determination of the EE of the HEI

Author, Source

1

2

A developing spatial continuum that combines a complex of objective
components (scientific and pedagogical schools, people, subjects in the
relationship and interaction of their general and special properties) and
subjective characteristics of participants in the educational process

Fr. Artiukhina. [35]

The general, aggregate, united, integral factor of personality development,
which plays a decisive role in the modification of behavior, which unfolds as a
consequence of planned and unplanned environmental factors, contributes to
personal and professional development. That is, the LE of a university is a set
of conditions for the education of a person, developed purposefully and
spontaneously in an institution that performs educational functions.

M. Bratko [48]
(Soroka)

Multilevel system of conditions that provide optimal parameters of educational
activity in the target, content, procedural, effective, resource aspects.

The conditions of the educational environment are a system of opportunities
(internal and external, dynamic and static) necessary for the successful
development of the professional competence of future specialists.

P. Fedorova [86]

The system of influences and conditions of personality formation according to
a given sample, as well as opportunities for its own development, contained in
the social and spatial, and objective environment

A. Yasvin [283]

The most important additional resource of professional development of the
student's personality and self-realization;

the area of joint activity of educational subjects, where certain connections and
relationships are established between them and elements of educational
systems, ensuring the implementation of personal and social goals of education;
it is based on the principles of openness, activity, diversity of sources, stability,
comfort, and self-organization. P.80

I. Haba [102]

A more detailed analysis of this concept made it possible to determine that the
educational environment of a higher education institution is determined in many aspects,

namely:
1) as an object/phenomenon:
a system (V. Yasvin, A. Vinevskaia, M. Bratko),
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a set of subsystems (V. Masterova, components - Ye. Vasilieva), factors (V.
Novykov, phenomena - O. Kernitskyi), a set of spiritual and material conditions of an
institution (Shapran Yu.P., Shapran O.1.);

developing continuum (O. Artyukhina); formation (Bratko);

a pedagogical phenomenon (O. Artyukhina, O. Kernytskyi), a socio-cultural
phenomenon (I. Arendachuk);

area of reality (P. Fedorova),

multi-subject and interdisciplinary systematic structure (M. Bratko),

social and pedagogical phenomenon (T. Meng), psychological and pedagogical
reality (1. Arendachuk),

2) according to the system characteristics of an object/phenomenon:

ordered, integral (as a set of components, A. Vinevskaia),

multi-object, multi-subject (Bratko),

multilevel (A. Vinevskaia),

complex (as a system) (Bratko),

interconnected (as a system) (Bratko),

multidimensional (as a phenomenon) (T.V. Meng);

3) according to the essence of the object / phenomenon:

influence (V. Yasvin),

conditions (O. Artyukhina, A. Vinevskaia, P. Fedorova, Yasvin),

resource (Mykytiuk, 1. Haba),

a factor (O.Artyukhina, Bratko, V. Novykov),

opportunities (P. Fedorova).

Thus, it can be determined that the "quality of higher education” is a dimensional
integral characteristic of institutional goals, conditions, educational processes, resources,
and results. The quality of higher education at the institutional level (level of a higher
education institution) is a multidimensional integral characteristic of the mission, goals,
conditions, processes, resources of higher education institutions, formal and informal
results related to personal and professional development, the success of higher education
subjects; their compliance with individual and social needs, institutional, state,
international standards.

Considering the relationship of categories "environment"”, “space”, "system", V.
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Kremen draws attention to the fact that for different systems their environment is usually
not identical [138]. V. Bykov emphasizes the fact that it is very important to understand,
find out — in relation to which system its environment is considered, because, in general,
what is the environment for one system is not an environment for others that are part of
the set of target spaces. That is, the category environment is associated with a significant
surrounding space of the system in which this system operates, develops and / or is
studied.

"In the educational environment of an educational institution, there may be and, as
a rule, are created several educational environments, some components of which with the
same indicators (for example, the same means of learning) can be included and associated
with several educational environments and simultaneously with the educational spaces of
different educational institutions™ [138].

Exploring the development of an environment approach, one can see what systems
the concept of the environment in education was studied, namely: educational system
(educational environment), educational system (educational, learning environment),
information system (information and educational environment); development systems
(innovation environment); social system (socio-cultural environment) etc.

In our study, we will look at the educational environment in the context of: 1) higher
education systems; 2) concepts of innovation university; 3) system of internal quality
assurance of education.

The educational environment of a higher education institution is a complex, holistic,
dynamic, open, multilevel, multidimensional system of conditions, influences,
opportunities, interaction with which directly or indirectly contributes / supports /
encourages personal and professional development and self-development of the
educational process subjects to meet their educational needs, labor market requirements
and society.

The educational environment of the University of innovation type is a system of the
value-based, target, socio-psychological, informational, organizational and activity,
spatial and objective (physical and virtual) conditions, opportunities, and resources that
affect the quality and results of educational, scientific, innovative, entrepreneurial
activities of university subjects, their personal and professional development and self-
realization at the individual, institutional, sectoral levels [174].
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An innovative educational environment is being formed and developed in an
innovative type of higher education institution.

In the context of considering the innovative educational space of the region, Ye.
Bachynska considers the innovative environment in two areas: as an environment, an area
within which there are agreed rules of innovation activity, and as a holistic system, the
result of which is the latest ideas and original technologies [37].

L. Vashchenko defines the mission of an innovative educational environment,
which consists of generating innovative flows and increasing the innovative potential of
each educational institution and the system as a whole, preserving both local and
administrative innovations [272].

A number of Ukrainian scientists consider the innovative educational environment
as a factor of quality education and personality development at different levels of
education (preschool, secondary school, higher education), training of future specialists
in higher education institutions (M. Bychko, L. Vashchenko, A. Katashov, V. Leliukh,
N. Razina, N. Tkachuk, O. Shapran, O. Tsuniak, etc.).

Exploring the problem of preparing masters of primary education, O. Tsuniak
argues that "the innovative educational environment is a system of pedagogical conditions
of personal and professional development of the individual, which includes the territory
within which the rules of innovation activity and the latest ideas, original pedagogical
technologies used in the professional training of future masters of primary education and
contribute to the improvement of their professional competence [268].

S. Lytvynova, researching the development of the educational environment of the
general secondary education institution, draws attention to the fact that the innovative
educational environment combines purposefully created organizational and pedagogical,
procedural and technological, information resources and on a single value-target basis
provides innovation as a way and mechanism for the formation of components of
pedagogical culture, the formation of the subjective position of future teachers and the
content of forms, methods and content techniques, technologies aimed at the formation
of pedagogical culture [153].

The peculiarity of the innovative educational environment of a higher education
institution is the target orientation of its development to create conditions, opportunities,
resources for deploying the innovative potential of participants in the educational process
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and higher education institutions in general.

The quality of the educational environment of a higher education institution is
characterized by the quality of its components. In scientific and pedagogical literature,
considerable attention is paid to the structure and content of the educational environment.
Let us consider them in the time dynamics of formation.

H. Kovalev (1993) in the structure of the educational environment sees: 1) physical
environment, 2) human factors, 3) training program [283].

V. Yasvin (1997, 2001), considering the educational environment at the local level
(educational institution), distinguishes four components: 1) subjects of the educational
process; 2) social component; 3) spatial and objective component; 4) technological (or
psychedidactic) component. As you can see, the scientist distinguishes separate
components of the subjects of the educational process and various activities necessary for
learning and development (technological, psychodidactic) [283];

Y. Kulyitkin, S. Tarasov (2001) in the educational environment of any educational
institution consider the following components of the structure: 1) spatial and semantic, 2)
meaningful and methodical, 3) communication and organizational [140]. Associations of
teachers, initiative groups, etc.). In this list of components, there is a communication
component, which in turn reflects: the characteristics of the educational environment, the
communication sphere, and organizational conditions (features of management culture,
the presence of creative associations of teachers, initiative groups, etc.).

H. Belenko (2011), exploring the cultural and educational environment of a higher
education institution and its impact on the formation of professional competence of the
future teacher, highlights the following subsystems: 1) logistical; 2) socio-psychological;
3) informational [43].

Ye. Vasilieva (2011) considers the structure of the educational environment in the
context of management and evaluation, which contains the components: 1) subject and
object, 2) functional and target; 3) technological; 4) diagnosis and effective. A special
thing in the provided structure is the diagnostic and effectiveness component, which is
important for the management and evaluation processes [273].

O. Horchakova (2011), considering the peculiarities of the environment approach
to the management of educational activities, considers the following components of the
educational environment of the educational institution: social and psychological,
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informational, pedagogical, cognitive, communicative, spatial and objective [105].

V. Novykov (2012) in the formation of the basic structure of the professional and
personal stimulating environment of higher education, represents its generalized
component composition as follows: 1) value and semantic; 2) informational and content;
3) organizational and actional; 4) spatial and objective [166]. The special thing is the
inclusion of the first component, which reflects the elements of the organizational culture
of the institution (attributes, values, mission, traditions of higher education).

O. Artiukhina (2012) believes that during the design and monitoring of the
dynamics of the educational environment of the department of a medical higher education
institution, its structure contains components: 1) scientific; 2) logistical; 3) ecological and
hygienic; 4) educational and methodological; 5) communicative [35], which corresponds
to the specifics of the department's activities and education.

M. Bratko (2015), exploring the functions of the educational environment, reveals
the following components: 1) personal, 2) axiological and semantic, 3) informational and
content, 4) organizational and actional, 5) spatial and objective [47].

David E. Anstrand, Edward E. Kirkbride believe that the educational environment
includes the social environment, the educational environment, and the physical
environment. The social environment contains forms and connects the educational and
physical environment. The educational environment defines relationships, activities, and
time. The physical environment is a "place™ where training takes place - in or outside the
classroom.

The presented review allows us to get an idea that most often scientists consider the
structure of the educational environment in the dimensions: spatial and objective
environment, social environment, learning environment, and activities of the subjects.
Considerable attention is gradually gaining information and communication component,
which, in our opinion, is associated with the formation of the information society, the
growth of cognization, and the informatization of society.

Based on the analysis and generalization of recent works, in particular, M. Bratko
[49], O. Horchakova [105] on the structure and content of the educational environment,
our previous research (H. Poliakova [171]) and following the vector of quality assurance,
we identified the following components of the educational environment of a higher
education institution: value-oriented (leadership and vision), socio-psychological
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(stakeholder), information and communication (information), content, organizational and
activity (functional), spatial and objective (physical and virtual).

The defined components of the educational environment of the University acquire
a new meaning in the modern conditions of educational transformations since their content
is based on the implementation of integration processes of higher education into the
European educational environment, human-centered and competence approaches,
intensive informatization of education, the transformation of the university of innovative
type. In modern conditions of constant and rapid changes, the distinguished components
of the educational environment are dynamic, their content changes in accordance with the
defined development strategies of HEI, taking into account internal and external resources
[171].

When agreeing on the concepts of the quality of higher education and the quality of
the components of the educational environment, the relationship can be traced, namely:
compliance of the results with educational goals is consistent with the value-orientation
component of the educational environment; the quality of educational programs - with
meaningful and methodological; the quality of processes - with organizational and
actional; the quality of interaction between participants in the educational process and the
environment - with the socio-psychological; quality of educational programs - with
information and communication, and spatial and objective.

We will consider the development of the educational environment of the University
as: 1) the process of progressive coevolution of its components at different levels of the
organizational management structure, taking into account changes and priorities of the
development of the external environment, which is aimed at meeting the established
standards of quality of education, meeting the educational needs of stakeholders of higher
education, personal and professional development and self-development of educational
process subjects; 2) the result of controlled and unmanaged quantitative and qualitative
changes in the states of its components.

We will reveal the content of the components of the educational environment,
taking into account the goals and objectives of the development of the educational
environment of an innovative type of higher education institution and in accordance with
the Standards and Recommendations for Quality Assurance in the European Higher
Education Area (ESG) (Table 5.2).
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Table 5.2
Structure and content of development of components of educational environment
of an institution of higher education of innovative type in the context of internal
guality assurance (according to ESG standards)

Compo The tasks of Component Contents ESG standards
nents | development of EE at [225]
HEI
1 2 3
Formation of quality | a) quality policy; 1.1. Quality

Target
(\Value-oriented)

policy in the subjects
of educational process
and scientific,
innovative activity

b) policy of creation and commercialization
of innovations, innovative products, the
introduction of innovations in the
educational process;

c) goals, values, priorities, models of
behavior to ensure, maintain and improve
quality on an innovative basis;

d) focus on achieving personal and
corporate success of innovatively active
HEI

Assurance Policy

Stakeholder
(Subjective. Socio-psychological)

Supporting the | a) Internal stakeholders — (students, | 1.3. Student
development of | postgraduates,  teachers, heads and | centered learning,
educational ~ process | employees of departments, administration) | teaching and
subjects in accordance | b) external stakeholders (representatives of | evaluation

with their educational | the business environment, labor market, | 1.5. Teaching
needs, the | public, partners, state management, etc.); | staff

requirements of the
educational  services
market

C) expectations, needs, requests, motives,
stakeholder requirements;

d) the socio-psychological climate of an
innovative type of HEI;

e) attention to the personal and professional
development of students;

f) attention to the quality and development
of scientific and pedagogical staff

Ensuring the quality of
educational programs

a) high-quality content of educational
programs;

educational programs;
e) educational and methodological support
of the educational process.

1.2. Development
and approval of

o in accordance with | b) variability of the content of the selective | programs

< national and | component of educational programs; 1.6. Learning
E,g international standards | ¢) introduction of research work into | resources and
S % educational programs; student support
38 d) taking into account the needs,

€3 satisfaction of internal and external

*g S stakeholders in the development of

O
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The end of the table 5.2

2 3 4
Supporting and | a) Normative, instructional, regulatory | 1.7. Information
developing the image | information related to the performance of | management
= | of higher education | the functions of higher education | 1.8. Public
-% institutions  in  the | institutions regarding innovation activities | information
2 national and world | and quality assurance of education,
= educational dissemination of scientific and technical
S E environment. information;
23 Building of a system | b) communication processes of internal and
%g of effective external | external information exchange;
e and internal | ¢) information infrastructure, access to
-8 communications. information, network communications;
S Integration into the | d) access to open world information
S international resources of scientific research;
£ educational and | e) coverage of the processes and results of
| scientific environment | the development of the educational
environment of hem.
Creating favorable | a) A variety of forms, methods, methods of | 1.3. Student-
conditions and | educational, research, innovation activities | centered learning,
qualitative of teachers, students, heads of different | teaching and
performance of | levels of higher education; evaluation
functions in the areas | b) student-centered pedagogical | 1.9. Ongoing
’g of educational | (educational, methodological, | monitoring  and
5 scientific, innovative | organizational,  educatory, scientific, | periodic review of
_ < processes innovative) activities of teachers; programs
S 2 c) human-centered management activities | 1.4. Enroliment,
% o of scientific and pedagogical staff at all | achievements,
S -% levels of management of higher education | recognition  and
L N institutions; attestation of
§ d) planning, monitoring, and self- | students
S assessment of the quality of educational, | 1.10. Cyclical
= research, innovation activities and its | external quality
results by the subjects of the educational | assurance
process;
e) procedures for internal and external
quality assurance of education
=2 Developing physical | a) Physical and virtual spatial and objective | 1.6. Learning
25 and virtual educational | environment (educational buildings and | resources and
S & environment of | dormitories), student support
= O universities b) logistical support of educational and
<2 scientific processes;
S ‘_cz c) infrastructure of the educational
é'g environment of HEIs (startup centers,
oG coworkings, scientific parks, etc.)
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Table 5.2 shows that the coevoluation development of educational environment

components is aimed at ensuring appropriate quality standards, the description of which
Is determined by a higher education institution.

5.3. The essence and technology of managing the development of the
educational environment of higher education institutions of innovative type on the
basis of ensuring the quality of education

We define the educational environment of an innovative type of higher education
institution as a complex holistic, dynamic, open, multi-level, multidimensional system of
conditions, influences, opportunities and resources for personal and professional
development and self-development of educational process subjects on the basis of
innovative activities and ensuring the quality of education.

For the development of the educational environment of universities, ensuring the
competitiveness of universities as a whole, meeting the needs and requirements at the level
of society, customers and consumers of education, universities, subjects of the educational
process, coordination and direction of activities of heads, scientific and pedagogical
workers of structural units, applicants for higher education are important. This requires
the search for new approaches to managing the development of the educational
environment of a higher education institution, making changes based on systemic
innovation processes.

Scientists A. Vinevska, I. Haba, O. Kernytskyi, O. Koshevoy, O. Yaroshynska
devoted their works to the issues of designing, modeling, creation of the educational
environment of higher education institutions.

For example, I. Haba believes that "design is the process in which conditions for a
reflexive and innovative environment are created, which provides the possibility of a free
creative search for a unique solution to the educational and professional problem
inactivity" [102].

The problem of managing the educational environment of educational institutions
was investigated by Ukrainian scientists M. Bratko, L. Martynets, etc.

L. Martynets singles out the management of the educational environment of
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professional development of teachers, which is defined as "the purposeful, planned and
systematic impact of the management of a comprehensive educational institution on
certain components of its educational environment, aimed at creating conditions for the
systematic improvement of the professional characteristics of teachers in the process of
continuous education and self-education™ [156].

M. Bratko defines "the management of the educational environment of higher
education as a complex type of intellectual activity aimed at regulating processes and
modifying the components of the educational environment of higher education
institutions, which is associated with the identification and resolution of the problems of
the educational environment of higher education institutions, which ensures the existence
of its integrity and achieves the set educational goals of higher education
institutions” [47].

In order to form and develop the educational environment of an innovative
institution of higher education, an appropriate management system should be built. This
management system should take into account: 1) changes in the external environment at
the global (world), national, industry levels (educational and field of training); 2) features
of the formation of an innovation ecosystem; 3) processes and procedures of the internal
quality assurance system of education; 4) needs of external and internal stakeholders; 4)
ensuring compliance with international and national standards of education quality
(Fig. 5.1) [171].

Management of the development of the educational environment of an innovative
higher education institution and its characteristics should be:

a) strategic — aimed at fulfilling the mission, strategic goals, objectives, plans for
the activities and development of a higher education institution, its transformation to an
innovative type of institution, ensuring the quality of education;

b) adaptive, which involves the interaction of the manager and managed subsystems
on the basis of coordination of the development strategies of a higher education institution
and the specifics of its departments, motives, and capabilities of participants in the
educational process, taking into account the conditions of the external and internal
environment to achieve a common goal through the processes of self-organization and
current feedback;
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Fig. 5.1. Subject field of management of the development of the educational
environment of higher education institutions of innovative type on the basis of

guality assurance of education, where
K1 - value-orientation component, K2 - subjective, socio-psychological component, K3 - content and
methodology component, K4 - information and communication component, K5 - organizational and
actional component, K6 — spatial and objective component.

¢) marketing — focused on quality assurance in the areas of activity of higher
education institutions in accordance with the order of employers and society, on the
promotion of their own brand and image in the external competitive educational
environment and innovation ecosystem; marketing and monitoring, which involves the
study of the external and internal environment of higher education institutions as a
marketing environment, conducting marketing and monitoring research that form the
informational basis for managing the quality of educational, scientific, innovative
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activities and the quality of higher education;d) competence oriented — such that, on the
one hand, is carried out by competent specialists in the field of education management, on
the other — aimed at ensuring the training of competent, competitive graduates of higher
education institutions capable of professional activity in changing conditions of
innovative economy and knowledge economy;

e) client-oriented (stakeholder), which is based on research of the positions of
internal and external stakeholders, which allows determining the quality of educational
services in the training of specialists with higher education, their demand in the labor
market, the level of commercialization of created innovative technologies and products;

e) reflexive, which provides for the implementation by subjects of the socio-
pedagogical system of higher education institutions rethinking the processes, results,
means of their achievement; identify ways to improve the quality of processes and results;

h) complex — one that systematically covers different directions and levels of
activity of a higher education institution [173];

e) team - the main characteristics of which are: the presence of a management team
(head, deputy head, heads of structural units, active members of the team); joint
(collective) performance of managerial functions; matrix organizational management
structure; effective team interaction; actual resources that contribute to team interaction
(material, technical, informational, financial) [175].

By its essence, managing the development of the educational environment, a higher
education institution of innovative type is change management, which involves the
transition from its current to the desired state of quality.

The components of the system of management of the development of the
educational environment of a higher education institution of innovative type are:

1) principles on which it is based (purposefulness, openness, adaptability, customer-
oriented);

2) development management entities, which include stakeholders; namely, internal
stakeholders — students, teachers, heads of different levels of management of higher
education; external stakeholders — employers, scientists, representatives of the academic
community, business environment, public administration, etc.

3) functions that determine the content of management (collegial / joint definition
of strategic goals of the development of the educational environment; strategic, current
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planning and design of the development of the educational environment; organization and
cooperation of actions for the development of the educational environment; monitoring
and self-esteem of processes and results of the development of the educational
environment; regulation of processes and results of the development of the educational
environment in accordance with the goals);

4) the organizational structure that ensures the construction of interaction between
participants in the management process (by hierarchy and level of responsibility - head,
deputy head, heads of structural and functional departments, teachers, students; by type -
matrix organizational structure);

5) tools that allow you to implement management functions (framework program,
qualifier models);

6) criteria by which the results of the management process are evaluated.

Management of the development of the educational environment of an
innovative type of higher education institution, we define as a purposeful interaction
of the management and managed subsystems of a higher education institution in order to
transfer the components of the educational environment into a system of conditions,
opportunities and resources to a qualitatively new state for personal and professional
development and self-realization of educational, research, innovation, entrepreneurial
processes.

When building management of the development of the educational environment of
an innovative type of higher education institution on the basis of quality assurance, it is
worth turning to recognized quality management models. These models include:

1)  Model of the European Quality Management Fund (EFQM — European
Foundation for Quality Management).

The EFQM Model is a globally recognised management framework that supports
organisations in managing change and improving performance. The EFQM Model
structure is based on the simple but powerful logic of asking three questions: 1) WHY -
“Why” does this organisation exist? What purpose does it fulfill? Why this particular
strategy (DIRECTION; 2) HOW - “How” does it intend to deliver on its Purpose and its
Strategy (EXECUTION); 3) WHAT - “What” has it actually achieved to date? “What”
does it intend to achieve tomorrow (RESULTS) [240].

A model that meets the requirements of the TQM (Total Quality Management)



264
concept. A core definition of total quality management (TQM) describes a management
approach to long-term success through customer satisfaction. In a TQM effort, all
members of an organization participate in improving processes, products, services, and
the culture in which they work [277]. This model is aimed at the quality of the approach
to the leadership of the organization, based on the participation of all its members, and
aimed at achieving long-term success by meeting consumer requests and benefits for all
members of the organization and society.

2) Model of the quality management system that meets the requirements of the
international standard DSTU ISO 9001:2015 (ISO 9001:2015, IDT) Quality
Management Systems. International standards ISO series 9000 are standards describing
the requirements for the quality management system of organizations and enterprises;
these are standards for managing the quality of products, and not on the products
themselves; provide for control and quality assurance of production at various
technological stages — from order processing to shipment of goods.

These quality management models in organizations are used in various sectors of
the economy, including education.

When developing a system for managing the development of the educational
environment of a higher education institution of innovative type and self-assessment of
the quality of its functioning, it is worth choosing a basic model of quality management.
This will determine key goals, approaches, principles, indicators, indicators of change
management.

To develop and implement a system for managing the development of the
educational environment of a higher education institution on the basis of ensuring the
quality of education, we offer such a tool as a framework program.

A framework program is a multifunctional form, the purpose of which is to model
the basis for the gradual development and implementation of a management system for
the development of the educational environment, as well as to identify the quality of
processes and results of management influence in achieving development goals.

The components of such a framework program are: 1) stages of implementation of
the management system for the development of the educational environment; 2) tasks of
each stage; 3) indicators of the implementation of the stage; 4) assessment of the quality
of the stage implementation.
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We will reveal the content of the framework program for the implementation of
management of the development of the educational environment of an innovative
institution on the basis of ensuring the quality of education.

Stage I. Target.

Stage tasks. Formation of a strategy for the development of the educational
environment on the basis of quality policy and innovation.

Stage indicators. Defining the purpose, tasks, principles of development of the
educational environment of a higher education institution on the basis of quality assurance.
Existence of strategy of development of the educational environment, target orientations,
values. Involvement of internal and external stakeholders in determining the strategy of
educational environment development, policy to ensure its quality, innovation policy.
Selection of a basic model of quality management in a higher education institution.

Score from O to 1.

Stage I1. Prognostic.

Stage tasks. Formation of conceptual, methodological principles of management
of the development of the educational environment on the basis of ensuring the quality of
education.

Stage indicators. Having (developing) a management system for the development
of the educational environment of higher education institutions. Having (developing) a
quality management system. Having (developing) a model of the innovative educational
environment. Having (developing) a criterion basis for assessing the quality of the
educational environment: standards, indicators, quality indicators. Identification of groups
of key internal and external stakeholders.

Score from O to 1.

Stage I11. Organizational

Stage tasks. Determine the degree of organization of development management on
the basis of quality assurance.

Stage indicators. Existence and functioning of the organizational structure of
management of the development of the educational environment in a higher education
institution and collegial governing bodies by matrix type. Distribution of internal quality
assurance functions by hierarchical levels of organizational management structure.
Support of management of development of the educational environment (normative and
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instructive, organizational and methodical, informational and analytical). Involvement of
internal and external stakeholders in the processes of managing the development of the
educational environment.

Score fromOto 1

Stage IV. Functioning.

Task stage. Implementation of management processes for the development of the
educational environment and internal quality assurance procedures.

Stage indicators. Implementation of the functions of managing the development of
the educational environment of a higher education institution. Implementation of
educational environment development functions. Implementation of internal quality
assurance processes and procedures (according to ESG). Formation of organizational
culture aimed at innovative development, the readiness of participants in the educational
process for change, and self-development. Management of innovation, innovation,
technology. Information management, internal and external communications. Human
resources development management. Resource management.

Score fromOto 1

Stage Va. Monitoring and self-assessing the processes.

Stage tasks. Periodic determination of the degree of implementation of processes
and procedures for managing the development of the educational environment.
Monitoring and self-assessment of activities and results in the formation and development
of the innovative educational environment at all levels of the organizational structure of
management.

Stage indicators. Conducting marketing-monitoring and socio-psychological
research on the quality of processes and results of the educational environment.
Involvement of internal and external stakeholders) in decision-making in the areas of
educational environment, development to ensure quality and improve it. Coverage of
monitoring and self-assessment results according to the indicators defined in the
management system of educational environment development. Making decisions and
taking measures to improve the processes and results of the development of the
educational environment.

Score from O to 1.

Stage Vb. Monitoring and self-esteem of results.



267

Stage tasks. Periodic determination of the degree of realization of the results of the
management of the development of the educational environment.

Stage indicators. Results for internal stakeholders. Results for external
stakeholders. Results for society. Key performance results.

Score from O to 1.

Stage VI. Improving the processes and results.

Stage tasks. Regulation and improvement of the quality of processes and results of
the development of the educational environment.

Stage indicators. Implementation of measures to regulate the processes and results
of the development of the educational environment in accordance with the

Score fromOto 1

The scale of evaluation of the stage of management of the development of the
educational environment of a higher education institution of innovative type is interpreted
as follows: 0-0.25 — insufficient level; 0.26-0.50 — low level; 0.56-0.75 — medium level;
0.76-0.90 — optimal level; 0.91-1 - high level.

The main result of managing the development of the educational environment of an
innovative type of higher education institution on the basis of quality assurance is
coevoluation qualitative changes in the components of the educational environment.

To determine the state of these qualitative changes in accordance with the priority
tasks, we use such a tool as a qualimetric model.

The basis for the development of this model is a qualimetric approach (from the
"qualifier" — quality, "metrio" — measure), which provides for a quantitative description
of the quality of objects or processes (quantitative quality assessment) [110].

The offered qualimetric model of development of components of the educational
environment of a higher education institution contains:

1) quality measurement objects — components of the educational environment of the
higher education institution;

2) value (m, v) — the significance of the object for the target result, which is
calculated by the method of expert evaluations;

3) criteria for the quality of development of educational environment components;

4) reference, desired values of criteria for the development of components of the
educational environment in accordance with the development goals;
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5) actual significance of criteria for the development of the educational environment
components in accordance with development goals;

6) coefficient of conformity (K) — co-implementation of the obtained actual values
of the criteria for the development of components of the educational environment from
the desired in accordance with the development goals.

The basic qualimetric model of the development of components of the educational
environment of a higher education institution of innovative type is presented in Table 5.3.

Table 5.3
Qualimetric model of the development of components of educational environment
of a higher education institution of innovative type

Components of — Groups of indicators of the state and g\ § ol = 85
the educational | 3 development of the HEI educational S| % g|g 8
environment S environment S © > < S8
1 2 3 4 5 6 7
Target my The definition of HEI mission, vision, values Vi K1
(Pi= my(vir Kot The definition of HEI strategic goals, policies, ) K>
+V2+K2) tasks of development
The quality of students’ groups V3 Ks
The quality of the scientific and pedagogical staff | va K4
Stakeholder The team of external stakeholders of universities | vs Ks
(P2 = my(vax Ks+ | m2 | The quality of pedagogical communication and | Vs Ks
Ky + VKot interaction of educational process subjects
Ve Ko+ V7x K7) The quality of interaction and partnership with | v; Kr

customers and consumers of educational services,
innovative products
The quality of the content of educational programs | v Ks

Content The quality of educational and methodological | vo Ko
(Content and m support (including electronic multimedia and
Methodology) % | interactive support)
(Ps = ma(ver Kgt The consideration of needs of internal and external | vio Kio
+ Vo Koy viox Ko+ stakeholders in the development of educational
programs
The support of the corporate information system of | vis Ki1
Information an institution
(Information and The support of the HEI site and social networks V12 Kiz
Communication) The quality of regulatory and instructional support, | vi3 Kis
(Pe= ms (V 11~ information resources of innovative directions of
Kurx Vigr Kiz+ iz m activity
Kiaviar Kiat+vis=Kss “ | The marketing and monitoring support for the | vis K14
+ VigKiet V 17+ development of the HEI educational environment
Kirt+ Vig*Kigt The communication processes of internal and | vis Kis
Vig*Kio* + external information exchange
V20*Kz0) The quality of international communications and | vie Kas

partnerships
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The end of the table 5.3

1 2 3 4 5 6 7
The quality of coverage of the information on | vi7 Ki7
processes and results of EE development
The quality of the organization of the educational | vz K2o
process
The quality of student-centered learning, teaching, | va1 K21
. and evaluation
(Orgz:ig(;ttlizgl and The quality of scientific, innovative activity of | vz K2,
Action) teachers apd students '
(P s=Ms+ (Vaor Koos | Ms Th_e _quallty _ of_ professmnal dfevelopment and | Vo3 K2z
Vois Kot Vaze Koss training o_f suenyﬂc and_ pedagog_lc_al staff
Vare Kans Vose K ;I’hehquallty of international activity of students, | vaa K2s
- eachers
% V26+KK§6+ vare The quality of academic mobility of students, | vz Kos
2 teachers
The quality of student self-government Vg K2
The quality of support of educational process | Vo7 Kaz
subjects
Physical and Virtual The material and technical conditions of the | vz Kas
(Spatial and m educational process
Objective) ® | Computing and networking support Vas Kao
(Ps=mg+(Vag* Kos+ The design and equipment of study rooms V3o Kso
Voor Kogs Vaox Ksp)
Effectiveness m7 | The satisfaction of internal stakeholders Va1 Ka1
_ The satisfaction of external stakeholders V32 Ksz
(Pr=mz(Var- i a1+ The quality of learning outcomes v K
Va2 Kaor Vazr Kase gquattty g — . - 33 33
Vage Kaa) Th(_e guallty of results of scientific and innovative | vas Kas
activity

The general assessment of the quality of the development of the educational

environment of a higher education institution of innovative type ( D ) is determined by
the formula: D =Pi+p, +p3 +ps +Ps + Pg +P7,

The scale for assessing the quality of educational environment development is
interpreted as follows: 0-0.25 — insufficient level; 0.26-0.50 — low level; 0.56-0.75 —
medium level; 0.76-0.90 — optimal level; 0.91-1 - high level.

The qualimetric model of the development of components of the educational
environment of an innovative educational institution is a tool for planning, monitoring,
and self-assessment of the development of the educational environment. The obtained
assessment allows identifying the level of quality of individual components of the
educational environment and the level of quality of the educational environment as a
whole in accordance with the established goals. This data is the basis for management
decisions on further quality improvement actions.
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Thus, we can conclude that the work considers the problem of managing the
development of the educational environment of an innovative type of higher education
institution on the basis of ensuring the quality of education. The relevance of this problem
is due to global changes, the beginning of the fourth industrial revolution, the development
of an innovative society, and an innovative economy. Global trends in changes are driven
by changes in various sectors of the economy and society, in particular, they direct the
development of the educational sector, the reform of national higher education systems,
the transformation of higher education institutions. Under the influence of changes in the
external educational environment, there is a need to build appropriate changes in the local
educational environments of higher education institutions. This process becomes effective
subject to targeted development management.

Attention is paid to innovative processes in higher education. The concept of the
innovation ecosystem of higher education, the innovative educational environment is
considered. The essence of the innovation ecosystem of the institution of higher education
iIs the interaction of educational process subjects, representatives of the business
environment, a network of formations associated with the creation and distribution of
innovative products and technologies.

The analysis of the transformation of higher education institutions in the context of
transition to an innovative society and innovative economy made it possible to allocate a
new generation of higher education institutions (innovative type) — research and
entrepreneurial universities. The mission of such universities is not only educational
activities but mainly scientific, innovative, entrepreneurial, formation, and
commercialization of new knowledge, innovative products, technologies.

A key factor in the transformation of higher education institutions, which
contributes to their development and competitiveness in the educational services market,
is the quality assurance of education. It is determined that the general characteristics of
the quality of higher education are the compliance of educational processes, conditions,
and results with the targeted priorities of stakeholders of higher education, international
and national quality standards.

In the course of consideration of the category “educational environment of a higher
education institution”, studying approaches to determining its structure, its definition has
been clarified. The concept of the educational environment of the university of innovative
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type, which is a system of value-target, socio-psychological, informational,
organizational-activity, spatial and objective (physical and virtual) conditions,
opportunities, and resources that affect the quality and results of educational, scientific,
innovative, the entrepreneurial activity of the university subjects, their personal and
professional development and self-realization at the individual, institutional, branch
levels.

The concept of the educational environment of the university has been clarified,
which we consider in two aspects: 1) as a process of progressive coevolution of its
components; 2) as a result of controlled and unmanaged quantitative and qualitative
changes in the states of its components.

The structure and content of the components of the educational environment of the
institution of higher education of innovative type in the context of internal quality
assurance (according to ESG standards) and the tasks of their development have been
clarified and revealed: 1) target (value-oriented); 2) stakeholder (subjective, socio-
psychological); 3) content (content and methodology); 4) information (information and
communication); 5) functional (organizational and action); 6) physical and virtual (spatial
and objective).

The subject field of management of the development of the educational
environment of a higher education institution of innovative type on the basis of ensuring
the quality of education, which contains: taking into account the environmental
conditions, is distinguished; formation of an internal innovation ecosystem; construction
of an internal quality assurance system for education, implementation of relevant
procedures (assessment, self-assessment, monitoring, support, continuous improvement,
and self-regulation).

The essence of managing the development of the educational environment of an
innovative higher education institution as a purposeful interaction of the governing and
managed subsystems of a higher education institution in order to transfer the components
of the educational environment into a system of conditions, opportunities, and resources
to a qualitatively new state for personal and professional development and self-realization
of educational, research, innovation, entrepreneurial processes is determined.

The main characteristics and components of the system of management of the
development of the educational environment of a higher education institution of
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innovative type are revealed: principles, subjects, functions, organizational structure,
tools, criteria.

A framework program is a tool for managing the development of the educational
environment of an innovative type of higher education institution. Its application allows
to gradually develop and implement a system of management of the development of the
educational environment of an innovative type of higher education institution, to
determine and evaluate the quality of each stage according to certain indicators. The
framework program contains seven stages: Stage | - target, stage 2 - prognostic, stage 3 -
organizational, stage IV - functioning, stage V - monitoring and self-assessing the
processes and results, stage VI — improving the processes and results.

To determine the main result of managing the development of the educational
environment of an innovative type of higher education institution — coevolution of
qualitative changes in the components of the educational environment, we have developed
a basic qualimetric model. This qualimetric model contains: components of the
educational environment, the significance (value) of each of them for the development of
the educational environment; criteria by which it is possible to assess the quality of their
development; reference and actual values of the manifestation of criteria. The general
assessment of the quality of development of the educational environment of the institution
of higher education of innovative type according to the qualimetric model has a
measurement scale and allows to set the level of development (insufficient, low, medium,
optimal, high). The qualimetric model is a tool for planning, monitoring, and self-
assessing the development of the educational environment.

Further research will be in the development of submodels for the development of
the educational environment of an innovative type of higher education institution for their
use at different levels of organizational management structure.
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CHAPTER 6. DEVELOPMENT OF THE CONCEPT OF SECURITY AND
ANTI-CORRUPTION IN THE CORPORATE GOVERNANCE SYSTEM IN THE
PROVISION OF EDUCATIONAL SERVICES IN HIGHER EDUCATION
INSTITUTIONS

6.1. Development of a conceptual framework for building a corporate
governance system in the provision of educational services at a university based on
anti-corruption

The basic component of the proposed methodology is a corporate information and
education system based on the Open Systems Interconnection Basic Reference Model,
which uses open protocols to ensure the security of information resources of the corporate
information and education system (CIES). CIES can refer to critical cybernetic systems
that affect not only the conditions of the Ministry of Education and Science of Ukraine,
and / or the economic and political environment of national security [80]. In addition, the
analysis [80, 159, 60, 61, 207, 100] showed that with the development of an active
innovative university, CIES can be considered as a synthesis of information and
communication systems and cybernetic physical systems, which allows to form possible
attacks from two directions of cyber attack vectors. This integration is the result of
advances in information and communication technology (ICT) to improve interoperability
with physical processes. All these definitions emphasize the constant and intense
interaction between cyber and the physical world. However, their development has
determined a new direction in the development and / or modification of old threats,

Thus, to prevent or maintain a security loop in cyberphysical processes for the
analysis of deviations from normal operation and / or hacking of the system requires a
unified approach to building a classification of threats, taking into account their synergy
and hybridity to all components of security: information security (1S), cybersecurity
(CyberSec) and safety of information (SI), in terms of their presentation with the methods
of social engineering and lack of funds to ensure the required level of security.

Studies in [62] have shown that almost all protocols provide open-ended operation,
which significantly reduces the possibility of security (provision of security services) at
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all levels of ISO / OSI models. In the table. 6.1 presents the main protocols to ensure the
circulation and processing of information resources (IR) KIOS.

Table 6.1
Basic protocols for ensuring the circulation and processing of IR CIES
Level Information Protocols
HTTP, gopher, Telnet, DNS, DHCP, SMTP, SNMP,
Applied: Data CMIP, FTP, TFTP, SSH, IRC, AIM, NFS, NNTP,
access to network services NTP, SNTP, XMPP, FTAM, APPC, X.400, X.500,

AFP, LDAP, SIP, IETF, RTP, RTCP, ITMS

Presentation: )
IMAP, POP3, SMB, MFTP, BitTorrent, e2k,

data representation and Data

. PROFIBUS and many others.
encoding
Session: Data ASN.1, XML, TDI, XDR, NCP, AFP, ASCII,
session management Unicode
Transport: ASP, ADSP, DLC, Named Pipes, NBT, NetBIOS,
secure and reliable point-to- Blocks NWLink, Printer Access Protocol, Zone Information
point connection Protocol, SSL, TLS, SOCKS, PPTP
Network:

TCP, UDP, NetBEUI, AEP, ATP, IL, NBP, RTMP,

route definition and IP| Packages
SMB, SPX, SCTP, DCCP, RTP, STP, TFTP

(logical addressing)
Channel:

MAC and LLC (physical Staff
addressing)

IPv4, IPv6, ICMP, IGMP, IPX, NWLIink, NetBEUI,
DDP, IPSec, ARP, SKIP

Physical: ARCnet, ATM, DTM, SLIP, SMDS, Ethernet, FDDI,
cable, signals, binary, Bits Frame Relay, LocalTalk, Token Ring, PPP, PPPoOE,
transmission StarLan, WiFi, PPTP, L2F, L2TP, PROFIBUS

However, studies [61, 62, 207, 77, 30, 78] indicate the need to strengthen security
requirements based on web technologies, and the use of commercial solutions for the
construction of automatic information protection system (AIPS).

To ensure preventive measures to combat the elements of corruption based on the
introduction of electronic circulation and elements of e-learning in modern educational
institutions, it is proposed to use PKI (Public Key Infrastructure, public key infrastructure)
based on digital signature (DS) based on the X.509 standard. .

The use of a cryptographically stable mechanism based on a digital signature (DS)
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allows for the formation of the Concept of Security and Anti-Corruption in Educational
Institutions. The Concept should be considered as a methodological basis for security at
different levels of government, the hierarchy of which is proposed on the basis of [100].

The security of the innovative university is implemented at the following levels:

at the strategic level - the university management - creating conditions for the
impossibility of making corrupt changes in the governing documents for the organization
of the educational process, providing basic utilities and communication services of the
university, living conditions of students and transparency of educational services.
Ensuring effective control over the implementation of the schedule of the educational
process at the faculties of the university;

at the operational level - the management of the faculty, departments and services
involved in the service delivery system - prevention of corrupt changes in the objectivity
of student assessment in the learning process, accrual of scholarships (grants, etc.).
Organization of examinations during the entire cycle of the educational process, creation
of conditions for effective control over the implementation of the schedule of the
educational process in the specialties of the faculty, prevention of corruption in the
departments and services of the university;

at the tactical level - the management of departments - increasing the level of
objectivity of assessment of students in certain disciplines, creating conditions for
transparent choice by students of academic disciplines from the block of the selective
component of the educational process. Formation of conditions for effective control over
the implementation of the schedule of the educational process by teachers of departments.

The concept of security and anti-corruption is presented in Fig. 6.2, a, b, c.

The first level describes the overall corporate strategy of the university and its
functional strategies in ensuring the security of confidential (personal) data in the
provision of educational services to students. At this level, in accordance with the
synergetic approach, the general concept of CIES security is considered and the goals and
objectives of cybersecurity are formed. Functional strategies of one level have horizontal
links and are coordinated at the level of goals with further detailing at the next level of the
strategic set.

At the second level, the corporate strategy of information security in CIES is
formed, the goals and objectives of the main business processes are determined, which
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are related to the protection of personal data of legal and physical partners of the university
in providing educational services.

At the third level, an adaptive system of protection of CIES information resources is
formed on the basis of modern security mechanisms. It is recommended to use commercial
cryptographic systems to prevent cryptocurrencies.

The proposed approach takes into account not only the main functions of the
hierarchical management structure of the CIES of the information-active university (IAU),
their goals and objectives, but also to ensure the fight against elements of corruption and
complex hybrid threats based on the construction of AIPS. The main elements of AIPS is
the Certification Center (CS), which provides not only authentication / authorization, but
also automatic control of electronic document management, which significantly reduces
the risks of corruption schemes at all levels of IAU management.

In addition, the LDAP server, which is part of the CS, allows you to securely
authorize/authenticate CIES users.

This approach provides securities services to public authorities, local governments,
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enterprises, institutions and organizations of any form of ownership, as well as
individuals. In fig. 6.3 shows a physical virtual network for the deployment of a
comprehensive information security system (CISS) based on the PKI infrastructure [281,

68, 75, 77, 78, 83].
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To verify the securities, a key certificate is used - an electronic document issued by
the confirming center (CA) or the authorized person of the CA and which confirms that
the securities verification key belongs to the owner of the certificate verification key
certificate [281, 68, 75, 77, 78, 83].

In fig. 6.4 shows a variant of the structural scheme of CIES of the information-active
university, taking into account the main functions of management and security of
information resources (IR CIES) in the face of hybrid threats and possible corruption
schemes.

As a rule, CIES is formed on the basis of web technologies that allow to meet the
requirements of informativeness, openness and accessibility to IR CIES.

Therefore, in addition to ensuring the authenticity of CIES-based IR, to ensure the
confidentiality and integrity of IR, it is proposed to use the commercial implementation
of crypto-code structures of McEllis and Niederwright. This approach will provide not
only the required level of cryptocurrency in the emergence of a full-scale quantum
computer, the efficiency of cryptocurrencies at the level of block-symmetric ciphers,
reliability, but also counter cryptocurrencies based on encryption standards. The basics of
practical construction of crypto-code constructions of McEllis and Niederwright on
modified elliptical codes and loss codes are considered in [160].

Thus, the proposed approach to the provision of basic security services allows to
ensure the required level of security of IR, and to counter modern cyber threats, both
external and internal.

The conceptual synergetic model of CIES security (corporate information and
educational system, CIES) of IAU is formed on the basis of private models: improved
models of CIES infrastructure and violator, synergetic model of threats that allow to assess
the level of security.

The improved CIES infrastructure model is described by the model:

GCIES — {{OCIES}’ {LCIES}’ {IA}}, (61)

where {O°'F5} is the set of environment objects that describe the elements of the CIES
infrastructure and their affiliation to the levels of the ISO / OSI model,
{Lcies} is the set of relationships between the elements of the infrastructure, which
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Eachitem1, « {1,} described by a vector

N = (Type, A%, A", A" A™).

Type - a type of information asset, described by a set of basic values
Type = {PID, StO, Ol, YI, PD, Sl},

where PID - payment documents, StO - statistical reports, Ol - public information, YI -
control (regulatory) information, PD - personal data of CIES users, Sl - scientific
information (know-how).

AC - confidentiality,

A' - integrity,

A* - authenticity, availability

AN - continuity - properties of information to be provided. Take the value 1 - if the
property is needed, O - otherwise.

Each item o, < {0°"*}, described by the vector:
0, = {Y“'E5,10R}
where YC'ES is the level of the hierarchy of the information structure, which is determined
by the set
YC'E={FL, NL, OSL, DBL, BL},

where FL - is the physical layer, NL - is the network layer, OSL - is the level of operating
systems (OS), DBL - is the level of database management systems, BL - is the level of
technological applications and services.

To specify the type of connection and the existing relationship of the IOR between
information assets and objects of the environment, the rule is used:

10" = HIO”R

(6.2)

where 10 - reflects the presence and type of connection between the i-th information
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asset and the I-th object of the environment. Withvie {1,},avie {0“*}:

0, there is no connection
cs, enables and saves
pt, processes or transmits
so, supports functioning

10} =

The synergetic model of threats can be formally presented in the form of:

THM O = ((DF TS LT LT T LAY (63)

Many sources of CIES security threats are represented by the tuple
DFSIES _ {V NS,V AS} ’

in which VNS is a class of natural sources of threats,

AS

V4= (v A% v AR v M- a class of anthropogenic threats,

where VA®S - is a set of cybersecurity threats, VA'S - is a set of information security threats,
VASI - s a set of information security threats.

Trisk - qualitative indicator of risk,

Tp - set of basic terms of probability of realization of at least one threat of the j-th
asset,

Ty - set of basic terms of loss from realization of threat ui,

VH - set of destructive states of CIES infrastructure elements, which means
undesirable and unplanned situation element of CIES in which he found himself as a result
of the implementation of one or more threats.

To obtain a synergistic effect of increasing the level of information security, it is
necessary to take into account the complexation of threats:

DF '™ (v "} U (v, where {v ) — (v} o (v "}~ (v ') (6.4)

Each element of a set of threatspF < {DF “"**} , can be represented by such a vector
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of values
DI:i (T, Tp, prij, rmotiv),

where T - is the time of successful realization of the threat,
Tp - is the set of basic terms of probability of realization of at least one threat to
the j-th asset,
prij - is the probability of realization of at least one threat j-th asset, i - threat,
vien, n - the number of threats, j - information resource (asset), Vjem, m -

number of assets;
I'motiv - the probability of motivating the attacker to implement the threat.

The estimation of the probability of realization of the i-th threat to the j-th asset is
determined on the basis of taking into account the links between the sources of threats and

the elements of CIES, which is given by the matrixA™ = [a," |, dimension n by m, where

n is the number of threats, m- number of assets. For each i-th threat to the j-th asset, the
probability of realization is determined pr;, on the basis of which the accumulated

statistical data specific to the given region and operating conditions (in quantitative and /
or qualitative form), or by an expert way.

The calculation of the probability of realization of at least one threat for each asset
is performed by the formula:

Py =1-11 (l_ prij)’ (65)

i=1
where p,; is the probability of realization of at least one threat to the j-th asset.

It is assumed that in the case of implementation for the j-th asset at least one of the

threats fromthe set v ** = {v *** v ** v **'} | the loss is equal to the value of the asset based

on the details of assets and careful selection of current threats:

gj = U; (6.6)
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It is believed that threats can be implemented independently of each other, then the
risk price R; for each j-th asset is determined by the formula:

Rj = prij x gj .(6.7)

The cost of total risk is equal to the sum of the risk prices of all assets:

Row =2 R;. (6.8)
j=1

Thus, the probability of realization of the medium pr;, with the domain P=[0, 1] is
given by the set of basic terms

Tp = {unrealized, minimal, medium, high, critical} = {01, 02, Ox3, Oxg, Oxs}

We will define the formal improved model of the malefactor taking into account
offers in works [6, 8] in which categories and actions of malefactors are defined:

CIES
1A

G = {aid, T\ S, Plyl ) Vien Viem, (6.9)

where aid |, « {aid |} - violator identifier, Tis - time of successful threat implementation,
S . - Probable damage to the system, pri; - the probability of realization of at least one

threat to the j-th asset, i - threat, vi e n, n - the number of threats, j - information resource
(asset), ¥j e m, m-number of assets; rmeyv - the probability of motivating the attacker to

implement the threat.

To assess threats, we use many sources of threats, which include sources of four
types:

CIES

DF ™ = {(v™ v™ Ts,PI NI}, (6.10)

where TS - technical means and systems; Pl - intentional violators; NI -
unintentional violators (malefactors).

Thus, the proposed model allows to take into account the complexation of threats,
their synergy and hybridity, to form preventive measures based on the analysis of the
criticality of threats and critical points in the elements of the infrastructure of CIES.
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6.2. Development of a model for ensuring anti corruption and simulation
modeling

Corruption means any actions that violate the regulations and development of any
field of activity through the use of public opportunities to pursue personal or corporate
interests to the detriment of public [108, 213, 165].

Thus, corruption in the field of education will be understood as the activities of
persons authorized to perform state functions, aimed at the illegal use of their powers to
obtain material goods, services, benefits and other advantages. In this case, the interests
do not necessarily have to be material, they can be intangible, when actions are made in
accordance with some ideas or for ideological reasons.

Scenarios of behavior of participants in the corruption process and anti-corruption
bodies can be presented in the form of a mathematical model.

The purpose of the model of behavior of various participants in corruption is, above
all, the possibility of scenario modeling of the behavior of the parties.

This, in the end, influences the choice of the direction of anti-corruption actions and
the investment of limited financial resources in anti-corruption programs.

To achieve this goal requires the solution of the following tasks:

— identify the basic concepts used in the models of behavior of participants in
corruption, which directly affect the decision to direct funds to prevent and protect against
corruption, as well as assumptions and limitations of the model,;

— develop mathematical models of behavior of the parties to the conflict that affect
the adoption or change of previously adopted decisions to prevent corruption;

— perform simulation based on the developed mathematical model to confirm the
logic of the behavior of the parties to the conflict and assess the impact of their behavior
on the use of anti-corruption budget.

The analysis allowed to form a list of basic concepts and concepts used in describing
the processes in anti-corruption systems, which should be used in the developmental
model of behavior of participants in corruption.

In the table. 6.2 presents the basic concepts related to financial strategies in anti-
corruption systems, which underlie the interaction of participants in the corruption process
in a dynamic model of behavior.
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The formed concepts are included in the mathematical model, because they reflect
the nature of the interaction of participants in the corruption process and affect the
distribution of limited funds to combat corruption.

Table 6.2
Basic concepts in the models of behavior of participants in corruption
Concept Definition
Reputation Authoritative and universally recognized name or position for merit,

achievement, reliability, etc. In this case, the reputation belongs to the public
prestige of the university.

\Vulnerability (Vul)

The level of reliability of the university's anti-corruption system.

Security vectors (Vi)

Types of corruption are externally visible and accessible resources of the
university that can be used to implement corrupt agreements and subsequently
assessed against the potential damage that may be caused to the reputation of|
the university.

Anti-Corruption
Opportunities (CP)

Existing resources to be allocated to increase the level of protection of
university assets from corrupt transactions.

Opportunities for
initiators of corruption

(c"

Part of the resources of corrupt officials available for distribution among
university staff.

Part of investment (FI)

Part of the university's capabilities is designed to protect the university's assets
from corrupt deals.

Part of corruption deals
(AF')

The number of used corruption agreements that corrupt officials make
according to the types of corruption.

Successful

deals (A’)

corruption

Acts of corruption that achieved the set goal and brought the expected result

Anti-Corruption
System (DAP) Profits

Cash income from the implementation of anti-corruption agreements, which
in turn increases the reputation of the university, increasing its financial
performance.

Profits  of
officials (CA)

corrupt

Monetary advantage obtained as a result of corrupt agreements.

The construction of the model of behavior of the parties to the conflict is based on



the assumptions and limitations presented in Figure 6.5.

| Assumptions and limitations of the model
The impact of Reputation losses are considered to be indirect costs incurred by the
corruption on company as a result of corruption.
reputation )
> > The model assumes a value for each of the three areas of corruption as a
weight that corresponds to the impact of this area of corruption.
Capabilities of The model used assumes that the budget for protection against
|, anti-corruption corruption does not depend on the financial indicators of the university.
bodies
Opportunities for| | Opportunities for initiators of corruption are assumed to be permanent
- corrupt officials [, for each period. It is unknown how corrupt people behave, what they
build their economic behavior on and how they shape their resources
for future action.
The cost of a The cost of a single corruption agreement determines the damage that
L single this operation brings to the university, in particular, how much money
corruption [ is needed to prevent this corruption agreement.
deal
Types of The model does not distinguish between internal and external corrupt
corruption and IR officials, and their number is not defined.
corrupt
officials
The cost of The cost of preventing corruption is reflected in the investment of
| counteraction [l funds to combat each type of corruption
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Fig. 6.5. Assumptions and limitations of the behavior model of the parties to

the conflict

The model does not include various financial indicators and approaches, such as:
cost-benefit analysis, risk analysis, net present value (NPV), annual forecast of losses
(ALE) from corruption, etc. The reason for this is that financial analysis would require a
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more sophisticated model, including empirical data, to provide more accurate research
results. These issues can be considered as areas for future research.

The model focuses on the dynamics of interaction between participants in the
corruption process to identify strategies used in the process of combating corruption.

It describes the behavior of the anti-corruption party, which tries to hinder the
implementation of a corrupt operation, which can affect the reputation of the university,
which ultimately leads to financial losses.

The formation of the model is limited to three possible areas of corruption - the
admissions committee (type 1 corruption), current educational activities (type 2
corruption) and administrative activities (type 3 corruption). Anti-corruption must be
implemented in each of the areas. Anti-corruption is considered effective if the relevant
corruption transactions are prevented or detected.

The model consists of three submodels - submodels of the corruptor, submodels of
the environment for the implementation of corruption and submodels of the anti-
corruption side, the relationship between which is shown in Fig. 6.6.

The anti-corruption model is a mechanism for preventing or detecting corrupt
transactions. In each period of time, the anti-corruption party decides to direct the
available funds to prevent corruption operations of one kind or another. It is assumed that
the opposing party has the necessary means to influence each of the types of corruption,
and their capabilities are sufficient for the additional efforts required in the event of a
threat to the reputation of the university in the event of corruption.

The anti-corruption party organizes the prevention (or disclosure) of corruption
agreements with the help of anti-corruption tools, which are reflected in the blocks of
success of corruption agreements. The result of the resistance ultimately affects the
reputation of the university, which can be assessed by financial results. The block of
success of the corruption agreement is determined by the probability that this agreement
will be successfully implemented and not disclosed in the future. For each unit, the success
of anti-corruption actions is calculated. The allocation of funds to combat corruption of
one type or another is calculated on the basis of the share of successfully conducted anti-
corruption actions on a particular type of corruption.

The reputation of the university is assessed in relative units. It is adjusted based on
the results of detected or prevented corruption agreements on all types of corruption.
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Submodel of the party

. i Opportunities for
anti-corruption

counteraction

Means to combat Means to combat Means to combat
corruption type 1 corruption type 2 corruption type 3

Submodel of interactign environment (implementation of corruption| operations)
Y Y Y

~ Success of ~ Success of ~ Success of
implementation of a implementation of a implementation of
corruption agreement corruption agreement a corruption
of type 1 of type 2 agreement of type
A A A
Type of corruption 1 Type of corruption 2 Type of corruption 3

Opportunities for
Submodel of the corrupt corruption

Fig. 6.6. The general structure of the anti-corruption model

In the case of a successful fight against corruption, the reputation of the university
grows, while successful corruption agreements lead to the loss of reputation.

The financial indicators of the university are determined based on expert
assessments of the monetary value of each reputation score.

The corrupt person aims to commit a corrupt agreement and makes some efforts to
do so.

It should be noted that the same person may be interested in committing various
types of corrupt agreements. However, mostly its focus on one or another type of
corruption is fixed for a specific period of time.

He can base his actions on information obtained from both official sources and
informally transmitted information. It should also be borne in mind that the corrupt will
try to implement corrupt transactions that will bring him more profit (direct or indirect)
than the money spent on such an operation.



290

The effectiveness of corrupt officials can be defined as the sum of all successful
corruption deals multiplied by the profits from the deal.

To reflect the interaction of corrupt officials and the anti-corruption side, each of
which has certain opportunities and makes appropriate decisions, implemented a third
submodel - a submodel of the interaction environment. The main variables of this model
are the probability of successful corruption deals for each type of corruption. These
probabilities are determined, in turn, by the level of effectiveness of anti-corruption
measures on a particular type of corruption. High values of probability for a particular
type of corruption indicate the existing weaknesses in ensuring counteraction for this type.

The main relationships between the previously described variables determine the
essence of the relationship between the participants in the counteraction process, which
leads to a change in the investment scenario and the redistribution of university funds for
anti-corruption measures. The formal representation of these relations is given below in
the form of a system of algebraic and differential equations.

Given the presence of feedback in the real interaction of the parties to the anti-
corruption process (amplifying and damping circuits), it would be necessary to indicate
the time for each variable, but such a record will significantly complicate the system of
equations.

The basic relations for each submodel are as follows:

- submodel of the counteraction side:

AT (1) - A,

RS

(t-1)=(R,-D,)At, R, = A’ /T,

BUR

: d (Re [(Ad /T°"if Ad >0
FI, =AY 1Y A", ( p):BU—ER,BU={ / , (6.11)
- dt | 0if Ad<0
‘Ad/TRLifAd<O 3
ER = ,Ad=IR-Rep, IR=R* - YV xVul,
| 0if Ad20 =

d
DFP = (RMR * Rep) + BFP, L(PAP) o
dt

where R; - increase in the number of successfully conducted corruption agreements on a
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specific type of corruption for the time required by the opposing party to report on the
conducted corruption agreements;

D;i - the number of reported corruption agreements reported divided by the time

required to prevent those agreements;

A" —successful corruption deals that became known;

A’ —successful corruption deals;

TRA—the time required to report corruption transactions;
NPA—number of prevented corruption agreements;

T ° - time to prevent corruption;

F1, — part of the funds directed to counteract corruption on the i-th type;

Rep-—reputation;

T ®F —time to strengthen the reputation;

T ** - time of loss of reputation;

RE - basic (initial) reputation;

v, - the value of a corruption agreement of type i,

vul. - the probability of success of a corruption agreement by i-th type;
DFP - financial indicators of the anti-corruption side;
RMRC - the ratio of reputation to cash rate;

BFP - basic financial indicators;

DAP - accumulated profit of the anti-corruption party;

IFP - increase in financial performance,

At — the time interval between successive corruption deals.

- submodel of interaction environment;

A

Vul, = (C*x AF xC") = (C” x F1)),

j(cA*AFi)—((CD*AFi)/c”A)if Vul >0
SA, = .
| 0if Vul <0

(6.12)

where C* - opportunities for corrupt officials; AF, - part of corruption agreements
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of type i; CYA - the cost of one corruption deal; CP - the possibilities of the opposition.

- submodel of the corrupt:

A" (1) - A" (t+1) =B, - At,

[oif A® -V <1

S RA P AS
B.=A /T ,V, (t)=A (t—1),si=<Llif R (6.13)
: ° d (AAW
AinsixAiAs/ZsixAi“,PA=ZBixc“A,¥=|AW,
i=1 i=1 dt

where: A" - accumulated successful corruption agreements of type i; A’ - successful

corruption agreements of type i; v,” - previous value of type i corruption; s - switch
between types of corruption i; P* - productivity of corrupt officials; B, - corruption by

type i; AAW - accumulation of welfare of corrupt officials; IAW - increase the welfare of
corrupt officials.

The resulting system of equations describes the behavior of the corrupt and the anti-
corruption parties, the interaction of which determines the direction of investment in the
anti-corruption system, as well as moments of change in the direction of funding.

The following were selected as initial data for the simulation experiment:
preliminary data on the distribution of corruption by type, the ratio of funds of corrupt and
anti-corruption, zero initial level of income from corruption, the probability of successful
counteraction to corruption of these types.

In particular, it was assumed that the ratio between corruption agreements of the
first, second and third types is 1: 0.75: 0.5. The proposed simulation model is based on
the ratio of the number of recorded cases of corruption. The limit value of this ratio was
1: 1: 1. A similar remark can be made about the ratio of funds for the implementation of
corruption agreements and anti-corruption, while the average value of the income of a
corrupt official from a single corruption agreement was estimated at 1,000 USD. The
model is scalable in terms of cost, which is a reasonable assumption in the face of possible
inflation.

Figures 6.7, 6.8 presents the results of simulation modeling of the behavior of
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participants in the corruption process. Figure 6.7 shows the cumulative growth of the well-
being of corrupt officials. Figure 6.8 presents the results of simulation of successfully
conducted corruption agreements for all three types of corruption.

200,000¢
150,000+
100,000¢ — Accumulated Attacker Wealth

50,0001

01 Jul 01Jan 01 Jul

Fig. 6.7. Income growth of corrupt officials (1,000 USD)

—Successful Attacks Vector A
Successful Attacks Vector B
- Successful Attacks VVector C

01 Jul 01 Jan 01 Jul
|
Fig. 6.8. Distribution of successful corruption agreements by types of
corruption: type 1 corruption - Vector A; type 2 corruption - Vector B; corruption
of the kind 3 - Vector C

An interesting feature can be noted on this graph. The number of successful
corruption agreements on the second type of corruption (current educational process)
increases sharply in January and June, ie during the session. But the first type of corruption
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agreements (corruption related to the work of the selection committee) fall sharply after
the end of the work of the selection boards. A similar trend is observed for corruption of
the 3rd type - administrative corruption.

This can be partly explained by the fact that the main part of the violations may be
related to the settlement of students in the dormitory, and the lists for settlement in the
dormitory are formed during the work of the admissions committee.

6.3. Synergetic model of threats to the security components of cybersystems

To form a threat model usually use an adapted model of the CIA triad
(confidentiality, integrity, availability), which is the basis for its further modifications of
practical models. However, in the conditions of post-quantum cryptography (in the
conditions of the appearance of a full-scale quantum computer), US experts question the
provision of the required level of security by modern symmetric and asymmetric
cryptosystems [76, 78]. In addition, the use and rapid growth of "G" technologies can
significantly change the vector of use of cyberspace as the main channel of information
transmission between cybersystems and information and communication systems, which
include CIS systems, which significantly reduces security and can virtually reduce it to
zero. . In such conditions, it is necessary to consider in complex threats - their
complexation and hybridity, leading to a synergistic effect with a further increase in the
probability of realization of the threat on the basis of synthesis with the methods of social
engineering. In [197], the authors proposed a fundamentally new approach to the
methodology of building security systems based on a synergistic model of threats, which
provides the formation of methodological foundations for building a classifier of modern
threats to cyberphysical systems. In fig. 6.9 the structural scheme of synergetic model of
synthesis threats on information-critical cybernetic systems (on an example of the
organizations of banking sector) and on CFS is offered.

However, the consideration of threats to the banking sector fully coincides with
possible attacks on CIES in the context of the creation of AIU. Thus, the vector of threats
to critical cybernetic systems together with cyberphysical systems allows to predict the
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conditions of their actions, as well as the possible actions of insiders higher education
institutions.

According to the ISO / IEC 27001: 2013 standard, threats are divided into
intentional, accidental and / or environmental. Typical examples are technical failures,
unauthorized actions, software interference, physical damage, compromising functions,
etc. However, the standard, like other international regulations, does not consider the
synergy and hybridity of modern threats, their integration with social engineering
methods, which significantly increases the risk of realizing the threat.
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The proposed approach takes into account the possibilities of modern threats, their
synergy and hybridity, the possibility of integration with the methods of social
engineering. To build a classifier of threats to cyberphysical systems in Fig. 6.10 offers a
block diagram of the methodological foundations of this classifier [218].

Consider in more detail the proposed approach to the formation of the threat
classifier. At the first stage, experts are asked, using their experience, to form tuples of the
threat classifier based on 5 platforms. The first platform determines the level of criticality
of the threat (critical, high, medium, low, very low), which allows step 5 to calculate the
economic "profitability" of critical threats.

The second platform determines the attitude to the component of security
(information security (I1S), cybersecurity (CyberSec), safety of information (SlI), which

STEP 1. FORMATION OF METRIC FACTORS OF THREATS

CPS CIF CPS CIF
= ZZW

i=1 k=1

STEP 2. FORMATION OF WEIGHT COEFFICIENTS OF THE MANIFESTATION OF
THREATS o™ i [0,067;0,133,0,2;0,267;0,333]

STEP 3. DETERMINING THE IMPLEMENTATION OF EACH THREAT

N
CPS CIF pCPS CIF 1 CPS CIF CPS CIF CPS CIF CPS CIF
W, P. =—P E W, W« roe P, .e{a. }
] ] i K ] i ] i ] i i

STEP 4. DETERMINING THE IMPLEMENTATION OF THREATS ON THE SECURITY

SERVICE
WCFS CIFC WCFS CIFC CPS CIFC WCFS CIF Aff CFS CIF Aff CPS CIF Aff
synerg synerg i i synerg synerg i i

STEP 5. DETERMINATION OF TOTAL THREATS TO THE COMPOSITION OF SECURITY

W 1S _ z Z CFS CIFC ﬂz CFS CIFI Z CFS CIFA z CFS CIFAu Z CFS CIF Aff CPS CIF
synerg synerg i synerg i synerg i synerg i synerg i

=1

STEP 6. DETERMINING THE ECONOMIC COSTS OF ATTACK PREVENTION
Tres e a = {Tr| (R ~C#) > 0} VTr e Tr = TP " —arg max K? K}

vTh eTrC

determined automatically based on mathematical expressions

Fig.6.10. Block diagram of the threat classifier
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allows in step 5 to assess the synergistic effect on some of the components of threats.
integrity, confidentiality, accessibility, authenticity and involvement), which allows step
4 to assess the impact of several threats on security services, and to determine the vector
of the direction of impact on infrastructure elements.

The fourth platform determines the nature of the areas of threat (regulatory,
organizational, engineering).

The fifth platform provides an assessment of the focus on the elements of the
infrastructure and allows you to "identify" critical points in the integrated information
security system (11SS).

Thus for objectivity of judgments of experts we use weight coefficients of
competence of experts (ki) are resulted in tab. 6.3.

The total assessment of the i-th threat is determined by the number of experts
according to the expression:

Z X, x Kk,
X; = S=—, (6.14)
K

where Xx - Is the assessment of the k-th expert influencing the i-th threat; kg - the level
of competence of the expert; K- number of experts.

Table 6.3
Weighting of experts' competence
No. Weight coefficient
of Qualification of experts value (k)
salary

1 international expert in the field of IS, CS, Sl 1.0

2 national expert in the field of IS, CS, Sl 0.95

3 certified international specialist in the field of IS, CS, Sl 0.9

4 Full Doctor of Science in IS, CS, SI 0.9

5 Director of security 0.85

6 Doctor of Philosophy in IS, CS, Sl 0.8

7 security officer 0.7

8 System Administrator 0.6

9 Security Engineer 0.5

10 | postgraduate student in the field of IS, CS, SI 0,4
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A measure of consistency of expert assessments is the variance, which is
determined by the expression:

2

ZK: ke (%= %) - (6.15)

2

X

L
K
The statistical probability of the obtained results 1 - o;, is: [xi — A X, + A} . where

the value of x; is distributed according to the normal law with center in x, and dispersion

o’. Then A is defined by the expression:

A=tyol/N, (6.16)

where t - is the value of the Student's distribution for K-1 degrees of freedom.

To form metric (weight) threat factors (Fig. 6.10) and their impact on security
services, we introduce the following notation:

J - security service for both ICS and CPS. Basic security services:

C - confidentiality; | - integrity; A - availability; Au - authenticity, Aff - involvement.
Thus, a tuple of security services is formed in the classifier j = {C,1, A, Au, Aff } ; N - the
number of threats; K - the number of experts who participated in the expert threat
assessment; (i} - stream number of the i-th threat; (k}, - stream number of the expert.

To assess the hybrid and synergistic components of the impact of modern threats,
we use the following sequence of actions:

1 step. Determining the average expert assessment of all threats to a particular
security service

- _Z Z |cs|k = _Z Z Cp5|k (617)

i=1 k=1 i=1 k=1

' - the value of the metric coefficient set by the k-th expert for the i-th threat

ICSIk

where w
of the j-th securlty service for ICS,
w - the value of the metric coefficient set by the k-th expert for the i-th threat

CPS ik

of the j-th security service for CRS.
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2 steps. Formation of weights of conditions of manifestation of threats for ICS and
CPS (tab.6.4):

IC

a/°%,ie[0,067;0,133;0,2;0,267;0,333], @, ,iec[0,067;0,133;0,2;0,267;0,333].

Table 6.4
The choice of weights a; manifestation of the i-th threat

ai conditions of manifestation
0.067 the threat appears no more than once every 5 years
0.133 the threat appears no more than once a year

0.2 the threat appears no more than once a month
0.267 the threat appears no more than once a week
0.333 the threat is manifested daily

3 steps. Determining the implementation of each threat for ICS and CPS:

N

cps z cpsi ae Pcps| { CPS} (6 18)

1 L

) ) ) ) ) 1
j i i i Ics i i
WICSiPICSi - K PICSi z Wicsir A Plcs| {ai }’ WCPSiPCPSi - K

k=1

For each security service and i-th threat:

- for ICS:
1 K
Wi o @ e = — Qg D Weey - PrivVacy service ;
K =
| 1 1 H H H .
Wicsi aICSI = T s z Wicsik ~ Integrlty SErvICE,
K
1 K
Wi o = a0 Y W, -accessibility service;
K k=1
1 K
Wooota el = —a S W, -authenticity service,
K 1

K

1 : :
W ol = Y W - INVOlvement service,

ICSi ICSi ICS ik
K k=1
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where w, & w o, W, W, W, - expert weighting factors of security services:
confidentiality, integrity, accessibility, authenticity and involvement;

C | A Au Aff

@iesi v @iesin Diesi st o+ s - Weighting factor of security service:

confidentiality, integrity, availability, authenticity and reliability of the attack of the i-th
threat.

- for CRS:
1 K
W, @l = —a., Y w5 - privacy service ;
K k=1
1 K
gy = ' - integrity service;
CPSi CPSi K CPSI Z CPS ik g y H
1 K
we,la = —a Y w,, " - accessibility service;
K k=1
1 K
WCPSI'AuaCPs;AU = T Qs z cPs:{u - aUthenUClty Service,
K
1 K
weo e, M= =a, M w, M- involvement service,
K k=1

where w_, ", w, . w,, " w,, " w,, - expert weighting factors of security services:
confidentiality, integrity, accessibility, authenticity and involvement;

C | A Au Aff

Ups, ' Aopsir Cepsin @eps v aope - Weighting factor of security service:

confidentiality, integrity, availability, authenticity and reliability of the attack of the i-th
threat.

4 steps. Determining the implementation of several threats to the security service:

Icsc CPSC o
ICSsynerg Z W|CSI i CPSsynerg Z WCPSl i CI/IHepFeTI/I‘lHI/II/I e(beKT

Ha MOCIYTryKOH(}iZeHUINHICTD; (6 19)

M

ICS | W | _ | CPS I o
ICSsynerg Z WICSl i CPSsynerg Z WCPSia i CHHCPICTHYHHHU e(l)eKT
i=1

Ha NOCIYry IiJTiCHICTB;
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M
A ICS A A _ A CPS A o
ICSsynerg z Wicsi @ i CPSsynerg z Weps; @ i = CHHCPICTHMYHUHU edexr
i=1
Ha mocunyry I[OCTyrIHiCTL;
w Au ICS Au W Au CPS Au o
ICSsynerg z ICSi o i CPSsynerg Z CPSi o i - CI/IHepFeTI/I‘lHHI/I C(IJCKT
Ha mocunyry aBTeHTI/I'-IHiCTB;
Aff ICS Aff U \N Aff CPS Aff o
ICSsynerg z WICSl a CPS synerg z WCPSl a i - CI/IHepFeTI/I‘IHI/II/I e(beKT

Ha NOCHYTY NPUYACTHICTH.
where M - is the number of multiple threats selected by the expert from the set {i}iM , Which

is a subset of the whole set of classifier threats, ie M < N .

When forming metric coefficients, it is considered that the obtained results are
independent threats, in case of their dependence (coincidence of tuples of threats) it is
necessary to use the expression to determine the full probability of dependent events:

P(AB):P(A)+ P(B)—P(AB).

5 steps. Determination of the total threat by security components taking into account
expression (6.19):

N
1S Cc | A Au Aff ICS
Wsynerg =Z(WICSi ﬂWICSi ﬂWICSi ﬂWICSi ﬂ\NICSi )ai U
i=1
N
C 1 A Au Aff CPS
U Z (WCPSi ﬂ WCPSi ﬂ WCPSi ﬂ WCPSi ﬂ WCPSi )ai
i=1
N

cs c 1 A Au Aff ICS
Wsynerg _Z(chsi mWICSi ﬂWICSi mWICSi ﬂWICSi )ai U
i=1

N 1

C ! A Au Aff CPS
U Z (WCPSi ﬂ WCPSi ﬂ WCPSi ﬂ WCPSi m WCPSi )ai

i-1
N
si c | A Au Aff Ics
Wsynerg = Z (WICSi N Wicsi N Wicsi N Wicsi N Wicsi )ai U
i-1

| A Au Aff CPS
U Z ( CPSi CPSi ﬂ WCPSi ﬂ WCPSi ﬂ WCPSi )ai

. (6.20)

To determine the generalized synergistic threat:
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W Sesst oy s Uw s Uw S . (621)

synerg synerg synerg synerg

To determine the generalized synergistic threat given its hybridity for ICS:

hybria €1 A Au Al € Nw ' Nw “ Nw 4« Nw 7 (622)

ICS synerg ICS synerg ICS synerg ICS synerg ICS synerg ICS synerg
To determine the generalized synergistic threat given its hybridity for CPS:

hybria €1 A Aw AT\ c Nw I Nw 4 Nw Au Nw A7 (623)

CPSsynerg - CPS synerg CPSsynerg CPSsynerg CPSsynerg CPS synerg

To determine the generalized hybrid synergistic threat:

hybrid 15,CS ,S1 hybrid 1A 4w Al hybrid C,7,4, Au, Aff (6 24)
synerg - ICS synerg CPSsynerg ) '

6 steps. Determining the economic costs of preventing an attack.

The introduction of cost indicators of threats allows to implement an algorithm for
building a rating of potential threats and the importance of information resources to be
protected.

Both sides of the attack are determined by the importance (rating) of attacks, which
are economically feasible.

Step 1. Identification of attacks, the effect of which exceeds the cost of their

implementation:

Try ={Tr|(P"-C/)>0}vTreTr (6.25)
where Tr' - many potential threats, the implementation of which is effective for the

attacker; Tr, - threat to the i-th information resource; p,* - assessment of the cost of

success of the attack on the i-th resource by the attacker; ¢ * - the cost of an attack on the

i-th resource by the attacker;

Step 2. Determining the direction of protection that provides the effect is higher
than the cost of providing them.



303
Tre ={Tr|(P°-C”)>0} VTr eTr (6.26)
where Tr” - many threats against which it is economically feasible to build protection;

p,” - assessment of the cost of loss of the i-th information resource for the defense; c” -

the cost of protection of the i-th information resource for the defense;

Step 3. Determining the importance factors for attackers. Defined as a fraction of
the gain from the total amount of gain that can be obtained potentially in the
implementation of the whole set of threats to attackers:

p"-c/
K'=— — VTreTr, M :‘TrRA,

X (R"-cf)

i=1

(6.27)

where K " - rating coefficient (importance) of the threat of the i-th information resource;

M - the power of many selected potentially effective threats to the attacking party.

Step 4. Determining importance factors for defenders. Defined as the share of
winnings from the total amount of winnings that can be obtained potentially in the

implementation of the whole set of protective measures:

p°_c’
D i i D D
K = ,VTrJ.eTrC,N=‘TrC,

] N

X (R7-c)

i=1

(6.28)

where K ? - rating coefficient (importance) of building protection of the j-th information

resource.

Step 5. The selection of critical threats based on the assessment of the product of

the coefficients of importance of the attacker and attacker is the maximum:

Tr =arg max K, -K/. (6.29)

I
vTr,sTrCD
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Thus, the main difference of the proposed approach is the ability to take into
account not only the opinion of experts, but also to form an objective assessment and
integration of threats, which allows to form their synergistic effect, and hybridity. In
addition, the use of the ISO model in the classifier allows to "identify" critical places in
the infrastructure of not only cyberphysical systems, but also in the synthesis with Internet
technologies of cyberspace and technologies "G". This approach intuitively allows you to
focus on the weaknesses of comprehensive protection, taking into account the economic
costs of low funding and "profitability” of the attack by attackers.

6.4. Development of methodological principles for building and managing
CIES in the fight against corruption

Operational interaction of the decision-maker with the corporate information and
educational system is one of the main operations of the entire technological cycle of
management of innovative-active university, which is considered as a business system.
At the same time, the characteristics of man as an element of the contour are increasingly
becoming a bottleneck in operational management in such a structure of means and
methods of human-machine interaction [57, 138, 147].

The way out of this situation is to create a semiotic structure of the corporate
information system, which allows you to:

- collection and integration of information about potential opportunities and threats
to the normal functioning and sources of their implementation;

- processing and storage of this information with acceptable degrees of aggregation;

- automatic and (or) human-machine assessment of the state of the security level
and the environment of business processes with forecasting the emergence of new
opportunities and types of threats;

- automatic and (or) human-machine search for solutions by choice of control
means, initiated by assessments of the state of the controlled object and the environment
of its operation, as well as unfavorable forecasts of development trends;

- automatic and (or) human-machine optimization in terms of money spent and time
of found and recommended solutions;
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- human-machine decision-making with the ability to call for analysis of both the
data that underlie the search for proposed solutions for management, anti-corruption, and
the logic used, and mathematical methods on which the search for proposed solutions was
based.

The semiotic approach investigates the scheme in which the governing body knows:

- not always a certain set of parameters {x} that characterize the current state of the
control object and its operating environment;

- a set of ways to divide {x} into classes of states K = {k1, k2,..., kz}, which require
decision-making;

- set of solutions for finding solutions {M};

- many solutions for finding solutions on models - {¢}.

In the implementation of such a scheme dynamically formed sets {k} and {M},
with the possibility of obtaining the necessary solutions in a reasonable time, but the
nature of the solutions — qualitative.

The system of anti-corruption contour of business processes should be based on the
concept of human-machine management. This statement stems from an analysis of the
many functions assigned to the system, existing approaches to automating decision-
making processes, and the availability of decision-makers who are teamed up.

Analysis of the tasks to be solved in decision-making systems with intelligent
mechanisms for automatic search of anti-corruption tools shows that:

- the formal apparatus that describes the processes of recognizing situations, making
and making decisions in a fleeting environment with elements of uncertainty, must be
extremely flexible;

- decision-making and decision-making processes are based not only on
quantitative characteristics, but also on factors that do not always have quantitative
measures (psychological, moral, etc.).

Therefore, the preparation of information for decision-making on the means of
combating corruption should be considered as a creative act of choice from a set of
possible solutions. In this case, quantitative factors are combined with the heuristic
abilities inherent in ECM, which forms the decision. Decisions are formed on the basis of
two components of development and decision-making— formal and creative;

- special attention should be paid to the decision-making procedure itself, ie it is
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important to know which components of the management process should be controlled by
decision maker (DM), and which can be performed by computers;

- An important place is occupied by the problem of human-computer
communication. This problem has two sides—meeting the information needs of the
information available in the system and participating in the decision-making process. A
natural requirement for the means of presenting information is their informativeness and
ease of use of the language of communication—proximity to the language of professional
vocabulary and its slang. The form of communication should be dialogical;

- the problem of training or adaptation of the developed system to the manifestation
of new acts of corruption requires the development of a special procedure that allows the
issuance of information presented formally (algorithmically) and informally (expertly).
Such a procedure should be human-machine in nature and acceptable for a large class of
situations;

- the problem of designing and generating different versions of software decision-
making systems requires the development of special human-machine design technology
within this class of systems.

Given the nature of the systems of this type, based on the ability to adapt and build
purposeful behavior, we will distinguish between two types of information in the
corporate system [64]:

- information that carries out the purposeful behavior of the system by organizing
the processes of recognizing the manifestations of corruption, finding and making
decisions on counteraction;

- information that is elements of processing by the above processes.

The first type of information is called system knowledge about the subject area of
management — models, problems, algorithms.

The second type of information is called data on the state of the system, object and
environment of threats — parameters of the system, object, environment and scope of these
parameters.

Analysis of decision-making processes allowed to base the concept on the following
concepts [184, 64]:

- global logical model of knowledge as a set of tasks, models and ways of their use
for the organization of processes of purposeful recognition of situations of manifestation
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of corruption, development and decision-making on counteraction;

- area of interpretation of the global logical model of knowledge as a structured and
ordered dynamic set of attributes that characterizes the parameters of the business process
system, object and operating environment;

- team of system analysts, experts, which, using the means of recognition and
communication, can identify and describe the elements of the global logical model of
knowledge and the scope of its interpretation to the extent sufficient to solve problems
that can be posed in any problem situation.

The following characteristics of the model should be taken into account when
developing the concept:

Expertise— as a basis for the formation of the goals of the business process system,
models that are the area of decision search, search rules and decision-making to protect
the contour of business processes

Associativity— as a basis for automatic accumulation, generalization of information
and adaptation of the university as a business system to a changing environment.

Multi-alternative— as a basis for displaying all possible ways of finding solutions.

Semiotics— as a basis for the development of mechanisms for the integration of
disparate information about the object of protection against corruption and the
environment of its formation.

Communication— as a basis for the implementation of dialogic means of
communication between the system and DM.

Virtuality - as a basis for reflecting the globality of information, which is
characterized by territorial disunity and multilevel sources of obtaining, storing and using
information.

Effectiveness - as a basis for the implementation of the model of ensuring the required
level of security in software and hardware environments.

The resulting model has a number of new properties, for example, it is both a means
of solving problems arising before the system, and a methodology for designing and
implementing such systems. The team of experts has both formal and informal knowledge
of the subject area of management. In this case, each expert performs a certain educational
function in the team. This allows it to easily construct and populate a knowledge model,
allocate a specific local logical knowledge model, and access global knowledge and data
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models. The presence of experts allows in addition to procedures for recognition,
development and decision-making also to build:

- procedures for identifying consistent knowledge, using dynamically changing
groups of experts; to create expert models of decision-making for different classes of
problematic situations of corruption;

- model any combination of centralized and decentralized decision making; achieve
greater commonality, which allows you to implement different methods of solving
problems. In addition, such a team has the opportunity to formalize communication
between experts and build on this basis standard means of communication. With the help
of these funds, various modes of interaction are organized - from the explicit appeal of
one expert to another to the implicit appeal, when the addressee is determined by the
function performed by him. The presence of many tasks, models and knowledge of how
to use them in certain situations of development and decision-making allows you to
develop a single means of describing such information and the organization of their use
by the system. Linguistic and software support tools are used as such tools: languages for
determining the logical model of knowledge (LKM) and manipulating the elements of the
logical model of knowledge (KMM). Definition of knowledge involves the introduction
of new types of information, such as model, task. Knowledge manipulation is based on
planning solutions for finding solutions in the global knowledge model by using, first of
all, the goal-setting mechanism. This concept is in good agreement with the nature of
complex human-machine decision-making systems and allows, using the knowledge of
experts and programmers:

- to form knowledge about possible types of corruption for the corresponding
contour of business processes;

- to build models of recognition, classification of a condition, goal-setting,
development and acceptance of administrative decisions concerning counteraction to
corruption;

- to build a functionally complete set of computational algorithms that characterizes
a specific area of anti-corruption;

- “fill” the anti-corruption software system with specific content;

- design and generate system software and organize its problem orientation.

Summarizing the above, we can conclude that this concept is fully consistent with the
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problems of managing complex social objects, methods and theories of building large control
software packages, security systems for business processes. Ensuring the necessary level of
anti-corruption contour of business processes will be considered as a human-machine activity
to determine the state of the protected object. This requires decision-making related to search
and selection through purposeful coordination of behavior patterns of all participants in the
business process, embedded in the database - M; and existing in DM - M..

Model representation is determined by knowledge of methods and mechanisms to
combat corruption, the goals and limitations of the parties, objective and subjective
preferences for the choice of ways to achieve goals and assess the degree of their
applicability. The interactivity of human interaction with the system is organized by
introducing the concept of human-machine situation, which requires decision-making Sy
and defines this concept of a set of attributes. The nature of this activity, on the one hand,
IS set by a person by managing the processes of setting the task of monitoring the progress
of its decision. On the other hand, the system clarifies the correctness of the tasks, offers
alternative ways to solve them, using the "knowledge and experience" of finding solutions,
reflected in its model. Thus, man and system interact as partners,

Symbiosis will be optimal only when the system is organized in the mode of
"Intellectual” human advisor. The system performs routine functions of automatic
recognition of situations, as well as the search for countermeasures based on information
obtained from both experts and using system knowledge.

This knowledge exists in the system in the form of two types of structured sets
{computational and theoretical-multiple}, {dialogic and expert (logical-algebraic and
logical-linguistic}) models for recognizing the situation of possible corruption and finding
ways to counteract it. situations for which an algorithm can be found that connects the
required parameters with the given, and the search for options is not very large. The second
type of models is used to find solutions that are highly dependent on situations and where
the search is extremely large. and set-theoretic models are analogs of computational
operations in finding solutions, and dialogic and expert — analogues of solution search
methods.

The capabilities of each of the interacting parties of the business process are
determined by the completeness of behavior models, decision-making procedures and the
model basis of decision-making procedures. In this case, the processes of decision-making
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and behavior are considered as semiotic (symbolic). The sequence of steps used in this
case (related to causal, temporal, spatial and other relations) of finding control solutions
for each problem situation is considered as the logic of finding solutions.

At each step of the interaction of DM and the decision support system of one of the
parties, a request is formed in the form of a problem situation and (or) a subset of algebraic
operations of the model in accordance with the logic of finding solutions. The task of the
decision-making system is to find the interpretation of these operations in terms of its
model, their implementation and in the appropriate formation of the request. Formal
representation of the model of DM behavior in operational decision-making is given by
the expression

M; = <BT, DM, IT>, (6.30)

where BT = <Lgt, ACS,®> — behavior theory (system knowledge model);
DM = <x?, b?, 4, p>> — information model of data describing the system;
IT = <Uly, .Cl,> — interpretation of BT in DM.

Here Lgr = LkpLLppL —the language of description of the model of behavior,
which is a combination of languages for determining knowledge and data;

ACS- axioms of theory;

©® —rules for deriving statements in theory;

X%, b*— set of variables and state constants;

f2, p* — the set of functional and predicate state variables;

Ul,—user-defined interpretation of the elements of the knowledge model of the
system, which determines the expert compliance of the rule of correspondence between
the syntactic structure of the elements of the Lgr language and their content in this area
(semantics of DM);

Clo— machine interpretation of elements, which expertly sets the algorithm for
establishing the correspondence between the semantic structure of the elements of the Lgr
language and their truth at each current moment of finding solutions (pragmatics).

Formal model of behavior of the participant of the business process depending on
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the restrictions imposed on the rules of derivation of statements ®,can be described by
means of logic of first-order predicates, production and algorithmic systems. Indeed, in
the logic of predicates there are no restrictions on the application of inference rules. Any
derivation rule applies to any statement already derived, if the statement allows its use. In
production systems, which are also based on the logic of predicates, there are additional
conditions for the applicability of a particular derivation rule. These conditions may
change during the operation of the production system depending on the receipt of certain
information in the output process. In algorithmic systems, the sequence of application of
rules is defined unambiguously. The language of first-order predicate logic and the
language of information processing algorithms are used as the language of description of
control theory.

The connection of the model of behavior with problem situations and tasks of search
of decisions is reached by the account of logical sequence of stages of work of ATS and
allocation of set of decision-making procedures characteristic of DM,

This set of procedures can be represented in the form of such a sequence (Fig. 6.11).

Defining the
information basis
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Fig. 6.11. The structure of the relationship of corporate procedures information
and educational system in the fight against corruption

Situation classification procedure:
P]_ = <S, J, Kp, Ks>
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where S - a situation given by some relation on the set of elements I:
J —the set of expert preferences for the choice of classification rules, given on the
set {S x K},
K, — set of classification rules —decision-making procedures;
Ks —many classes of situations for which there are models for finding solutions;

-model classification procedureallows you to identify the many models of decision-
making, organizing calculations on which you can find the necessary solutions to ensure
the required level of anti-corruption:

P,=<S, K, A, M;>
where A, - is the set of alternatives for choosing solutions for finding solutions, the
weights of which depend on S and Ks, may seem like a person in an interactive mode of
operation with the system; M; - a set of models for finding solutions;

-the procedure for forming strategies for the purpose of finding solutionsallows you
to define many local and (or) global goals of the business process system that need to be
achieved with the help of solutions found in this class of situations:

P; = <S, Ky, G, Cr, Str>
where G —the set of current goals facing the control system; Cr —a set of criteria for
achieving goals (both goals and criteria may vary and change over time); Str—a set of
strategies for the purpose of finding solutions;

- procedure for finding targeted management decisions allows you to organize
the search for solutions for each of the problem situations in accordance with the goals
and criteria for ensuring the security of the contour of business processes:

P,= <S§, Str, M1, Rg>,
where Rg — the set of target control solutions that can be found in the solution search
model (knowledge base) M;, configured for the current situation s;eS when using the
strategy str; eStr.
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This procedure performs two functions — scheduler of computational sequence of
search of decisions and the solver.

The first function is to form a crucial sequence of programs, the second - to organize
the implementation of these programs and obtain control recommendations in a specific
computing environment;

- procedure for determining the possible results of the implementation of
decisionsallows you to set the achievability of local and (or) global management goals in
the implementation of certain decisions to combat corruption. This is done by organizing
calculations on the model of the allowable decision area—Mapa, defining this area —Oaca,
in accordance with the objectives of G and the criteria - Cr, characteristic of this level of
decision-making. This procedure is specified

Ps = <S, Rg, G, Cr, Mapa, Oaca, Re1>

where Rg; —the set of those management decisions which are satisfactory consequences,
ie consequences at which realization local and (or) global management purposes can be
reached;

- procedure for substantiation of decisions allows you to assess the quality of
decisions (their optimality) by organizing calculations on the model of determining the
optimal decision-making area (Mopa) to select the area of optimal management decisions
(Oop) in accordance with the objectives and criteria. The tuple element Rg; is a set of
those control solutions that satisfy the Oop and can be primarily recommended for
implementation. This procedure

Ps = <S, Re1, G, Cr, Mopa, Oop, Re2>

- decision synthesis procedure allows you to reduce the number of simultaneously
recommended countermeasures, regardless of how many situations are analyzed
simultaneously by the system. In addition, the procedure ranks the issued DM solutions
both on the information obtained from the procedures Ps, Ps and using the many
advantages of "narrowing" the set Rg. These benefits can be set expertly. The procedure
IS specified in the form

P7 = <S, Re2, Oacp, Oopr, R>,
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Information for DM after this procedure is issued in the form

<{S}=>{R,0acp,O0pr}. Dession maker can relate the current situation to the required
solutions based on their affiliation with Oacp or Oopr by specifying Re2;

- decision selection procedure allows you to organize the process of human-
machine interaction in order to make a single decision to be implemented. In this case, the
DM can choose one of the recommended means of counteraction or take its own, different

from the recommended, RG, which he must notify the system. If R, NR=0 ,then this

solution can be implemented. Here R =R, 1R M R., —many solutions are forbidden.

Formally, this procedure
P8 = <S’ R! Fe_l RG>I

- procedure for evaluating the results of implementation of decisions allows to
estimate efficiency of the accepted and realized decisions for the purpose of correction (in
the mode of training or self-study) of model of knowledge of system and transfer of a part
of the information of a kind {< situation> — < decision>} from the field of decision-
making to the field of automatic implementation of the decision, this procedure:

Py=<S, RCRG, My, P13>,
where P53 —procedure of training (self-learning) of the system and correction of its model
of knowledge My;

- decision tracing procedureallows you to monitor the logic of machine reasoning
in finding solutions and the information base used. This procedure returns the DM
property of observation, ie the ability to establish any relationship on the elements of
decision-making procedures. The tracing procedure is based on the modification of the
ordered sequence of P; — Py procedures. The modification is to introduce in each
procedure Pi a statement about the correctness of obtaining the results with its help.
Formally, this procedure:

Pio= <tk P4, y778 Pz,...,,Ug: Py, Cor>,
where 1a, 1o, ..., 1y —conditions of execution (statement of correctness) of procedures P;,
Po, ..., Py, respectively, are written in the form ;:P;. With the help of elements of this
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tuple, a person has the opportunity by interacting with the system to psychologically
believe in the correctness of the solutions found. Statements belonging to Cor determine
the consistency of the logic underlying the model and procedures of the computer and
DM, ie they allow the system to notify DM that the next cycle of search and decision-
making is complete;

- information dialogue procedure organizes human-machine interaction of DM
with the system in order to obtain the information it needs. This procedure:

P11 = <Py, P2, P3, P4>,

where P; — P, — the procedures in which the following substitutions are made are
considered: S/Rp, M1/Ma, C/Cp, G/GD; R/R;

Rp —a set of requests coming from DM,;

MaeM; —many models of answer search by areas of query definition;

Strp —a set of strategies for the purpose of finding solutions ranked by a set of Ma;

Gp —set of current goals;

Ro—the set of responses issued by the DM when the system responds to a request;

- procedure for determining the information base for decision making
communicates with the information collection system in order to organize the processing
of this information and record it in the information model (database) of systems. Formally,
this procedure:

P12 = <S, Py, P2, P3, P4, M1, Mp>,

where Mp —information model that preserves the current state of the object;

- adaptation / training procedure allows you to organize automated setup of the
system to the area of counteraction. This procedure:

P13 = <L, Ex, Ep>,
where L. —the mechanism of correction of models of bases of knowledge and data (means
of the description of knowledge and data) that allows to connect the information in its
machine representation; Ex, Ep— many elements of the level of the model of knowledge
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and data;

- automated design procedure, or, alternatively, a dialog system of automated
design of the anti-corruption system. For DM and systems analysts, this is the procedure:

P14 = <S, Lok, Lomt, Lo, MEO™P>,
where S —design situation from the class of situations of human-machine design, which
reflects the subject-oriented formulation of the problem of building an information-model
base;
Lok, Lome, Loor - language tools for describing the elements of the model
knowledge base and data;
M - machine representation of information-model basis.

Figure 6.12 shows the structural and logical scheme of the methodological
foundations of the construction of CIES IAU in the fight against corruption. To build a
conceptual synergetic security model of CIES IAU, we use the advanced classification of
threats to cyberphysical (CFS) and information and communication systems (ICS),
proposed in [218].

Thus, offering a structural and logical scheme of methodological principles of
construction of CIES IAU in the fight against corruption allows to automate the process
of control of electronic documents and e-education services at all levels of the hierarchical
structure of university management. The main mechanisms of automation are services
based on the use of CSC and commercial implementation of cryptographic algorithms.
This approach provides the necessary level of security services, effective control of anti-
corruption in today's cyber threats (both internal and external).

The main limitations of the modeling are the subjectivity of the choice of types of
corruption and assessment of current threats to corporate networks of universities.

Further development is to conduct research to increase the level of anti-corruption in
the 1AU on the basis of a pilot project to implement the principles of building and
managing a corporate information and educational system of innovative and active
university.
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6.5.Technology of building a modified electronic document management
system at the university

The creation of an internal university system of document management elements,
which is aimed at improving the effectiveness of control over the provision of educational
services by higher education institutions, objectivity in assessing the learning process and
preventing corruption in the HEI is based on HEI. This approach is mandatory in the
context of the creation / transition to a free enterprise of a new entrepreneurial type -
innovative-active university.

Accordingly, the technology of building an electronic document management
system (EDMSs) is proposed, which is aimed at preventing corruption in the provision of
educational services (Fig. 6.13).

Stage 1.

Development of the
EDMs conceptual
framework

Stage 2.

Implementation of
EDMs

Stage 3. EDMs
evaluation

Fig. 6.13. Scheme of technology for building an electronic document management
system

Technology construction of electronic document management systemis an element
of the management and decision-making system in the CIES of the university. Its content
consists of management procedures related to the collection, movement, storage,
processing, analysis of information, providing it to structural units and individual jobs of
employees of the HEI. On these grounds, the study developed a set of tasks in accordance
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with the proposed stages of technology.

Stage 1. Development of conceptual bases of the project:

- substantiation of the need to introduce new global approaches to prevent
corruption based on the use of modern cryptographic mechanisms to provide basic
security services in the IAU electronic document management system;

- analysis of the world experience of deployment and implementation of the
electronic document management system of the university in the provision of educational
services;

- formation of the methodology of the hierarchical management system for the
provision of IAU educational services;

- construction of conceptual bases of development of software and technical
component of electronic document management system.

Stage 2. Project implementation:

- development of the necessary software adapted to the corporate system of higher
education institutions on the basis of CISS “Code X.509”;

- development of the necessary documentation on the use of document management
software and the use of special software CISS "Code X.509" in CIES IAU;

- formation of basic requirements, technical specifications for the implementation
of the system CISS "Code X.509" in the corporate network of HEI;

- formation of relevant guiding documents for the implementation of a system of
effective control over the provision of educational services;

- introduction of changes to job descriptions of relevant officials, to control the use
and operation of the electronic document management system;

- holding conferences, round tables, master classes, which contribute to the overall
objectives of the system of control in all parts of the organization and management of
educational services to students, free control of the objectivity of student assessment
throughout the cycle, providing household and other services for time spent at the
university in order to prevent corruption at all levels of the university management system;

- conducting information / promotion campaigns for faculty on the implementation
of the anti-corruption system in the provision of AU educational services, assessment of
support by the management of the HEI on the implementation of the anti-corruption
system, monitoring changes in the efficiency of electronic document management;

- conducting trainings with students of the HEI on the benefits of using the
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electronic document management system of the HEI, aimed at preventing corruption;

- coverage of the developed system of electronic document management as a means
of preventing corruption in social networks, regional mass media;

- publication of the results of the proposed system on the project website.

Stage 3. Project evaluation:

- conducting discussions / round tables with all parts of the HEI on the efficiency
of the electronic document management system, built on anti-corruption principles on the
basis of a modified system of electronic document management HEI in the provision of
educational services;

- making changes, clarifications in the guiding documents on the use of a modified
system of electronic document management;

- monitoring the efficiency of the system during the introductory campaign,
conducting examination sessions;

- conducting master classes / trainings with representatives of the strategic, tactical
and operational level of management HEI on the use of the proposed system of electronic
document flow of HEI in the provision of educational services;

- conducting informational / educational interactive events among students of
higher education institutions to discuss the basics of creating a system of control over the
objectivity of assessment and prevention of corruption in all parts of the hierarchical
system of management of educational services;

- conducting debates among the public to discuss the implementation of relevant
changes in the process of providing educational services;

- discussion of the possibility of implementing the developed system in the
universities of the Ministry of Education and Science of Ukraine.

The proposed approach provides for the formation of a cybernetic system based on
public key technology, which allows you to confidently fight corruption in the HEI on the
basis of technical solutions without human intervention.

Thus, the following conclusions can be drawn:

1. The analysis of threats in the conditions of rapid growth of computing resources,
both cyber technologies and “G” technologies, used in modern CIES of a higher education
institution (HEI) showed their vector of focusing on integration with social engineering
methods to obtain new characteristics such as synergy and hybridity. The entry of
mankind into the era of post-quantum cryptography (the emergence of a full-scale
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guantum computer) puts more stringent security requirements in both ICS and CPS, which
form the core of KIOS. In the conditions of possible security chaos (breaking by quantum
algorithms of symmetric and asymmetric cryptosystems) the synergetic model of threats
which allows to provide complexing of threats on security components: 1S, CyberSec, S
comes to the fore in the analysis of the current state of security.

2. The proposed concept of combating corruption not only takes into account current
trends in e-education, goals and objectives, but also provides counteraction to the elements
of corruption and complex hybrid threats. The basis for combating corruption is the digital
signature of the CSK on the basis of the X-509 standard, which also provides a security
service - authentication. To ensure the confidentiality and integrity of security services, it
Is proposed to use the commercial implementation of crypto-code constructions of
McEllis and Niederwright on MES and unprofitable codes. This approach provides the
necessary levels of reliability, efficiency and cryptocurrency, as well as countering
cryptocurrencies.

3. The proposed synergetic model of KIOS security allows not only to take into
account the synergy and hybridity of modern threats, but also to form preventive measures
based on timely detection of critical points in the CIES infrastructure and the formation
of AIPS.

4. The scheme of the unified classifier is offered taking into account synergetic model
of threats and economic expenses for maintenance of necessary level of safety. This
approach allows to form the methodological basis for its construction and confirms its
unification. The proposed classifier provides an intuitive approach to understanding its
structure, allows you to generate critical threats, identify critical points in the construction
of ICS / CPS (CIES) infrastructure, to ensure the formation of preventive measures in
terms of cost savings on CISS, with low computational and human costs.

5. An anti-corruption model has been developed, which reflects the scenarios of
behavior of participants in the corruption process and anti-corruption bodies. The main
result of the simulation of scenarios of behavior of the parties to the corruption process is
the dynamics of the distribution of corruption agreements over time and by type of
corruption. This allows for the effective redirection of the university's limited resources
to anti-corruption measures.
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Annex A
Table A.1
The Times Higher Education international rating system. THE Impact Ranking for
external evaluation of an innovatively active business university in the market of
educational services

journals identified by
Citescore (10%);
weighted index of citing
articles (10%); number
of publications (2014-
2018) (7%)

Intervention to combat hunger
among students (5.75%)
Sustainable food choices for all
students (vegetarian and vegan)
(5.75%)

Healthy and affordable food
choices for everyone on campus
(5.75%)

with knowledge, skills or
technology for local
farmers and food
producers (6.75%)
Activities for local
farmers and food
producers to connect and
knowledge transfer
(6.75%)

Access to HEI measures
for locals and food
producers to improve
sustainable farming
practices (6.75%)

Priority  purchase of
products from local,
sustainable sources
(6.75%)

Research Leadership Propaganda Teaching
1 2 3 4 5
SDG 1 - lack of 27%: weighted index of|Proportion of students receiving|HEI Programs for the
poverty citation of articles|financial aid (27%) Community Against
related to  poverty|Freelance programs against|Poverty (23%):
(10%);  number  of|poverty (23%): Education or resources to
publications related to|Tasks for admission of studentsfhelp start a sustainable
poverty (10%); the sharewho fall into the lower 20|business in the local
of scientific papers co-|percent of household income in{community - for
authored with authors|the country (4.6%) example, mentoring
from low-income|Graduation targets for students|programs, training
countries (7%) in the lower 20 percent of|seminars, access to
household income in the country|university facilities
(4.6%) (5.75%)
Support for students from the|Financial assistance for
poorest families to enable them|starting a sustainable
to complete free economicibusiness in the local
education  (including  food,|community (5.75%)
housing, transport, legal{Training or programs to
services) (4.6%) improve access to basic
Programs to help students in the|services for all (5.75%)
lower 20 percent of household|Participation in policy
income in the country to|development at local,
successfully complete their|regional, national and / or
studies (4.6%) global levels for the
Support schemes for poor|implementation of
students from  low-income|programs and policies to
countries (including offering|combat poverty (5.75%)
free education or grants) (4.6%)
SDG 2 - zero hunger  |Hunger research (27%):|Student hunger (23%): National famine (27%) |Proportion of graduates
Proportion of research|Student food insecurity Ensure food security and [\who obtain a degree
papers in the top 10|program (5.75%) sustainable agriculture  |(bachelor, master, PhD)

related to any aspect of food
sustainability, within the
agricultural course, among
the total number of
graduates in the field of
food sustainability (23%)

SDG 3 - ensuring good
health and well-being

Health and wellness
research (27%)
Proportion of research
papers reviewed or
downloaded (10%)

Cooperation and medical services (38.4%)

Smoking ban policy (8%)

Collaborate with local or global health authorities to
improve health and well-being (7%)
Community outreach programs to improve health and

well-being (7%)
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Continuation of Annex A
Continuation of the table A.1

1 2 3 | 4 5
Proportion of scientific|Access to sexual and reproductive health services for students|Proportion of medical
papers cited in clinical |{(7%) graduates (34.6%), ie the
guidelines (10%) Free mental health support for students and NPP (7%) proportion of HEI
Number of publications|Community access to university sports facilities (2.4%) graduates who obtain a
(7%) degree in a health-related
profession.
SDG 4 - quality Early age research and|Share of first generation|Lifelong learning activities (26.8%) |Proportion of graduates

education

lifelong learning (27%)
Proportion of research
papers  reviewed or
downloaded (10%)
Share  of scientific
papers in the top 10
journals identified by
Citescore (10%)
Number of publications
(7%)

students (30.8%)

Access to educational PHEI (5%)
Educational activities open to the
general public (lectures, special
educational courses (5%)
Educational activities that provide
professional training for non-HEI
students (5%)

Educational activities in the local
community, including schools (5%)
Policy to ensure that these activities
are open to all (6.8%).

with a teacher's
qualification (15.4%), ie
the proportion of graduates
who obtain a degree that
would allow them to teach
in primary school in their
country.

SDG 5 - commitment
to gender equality and
non-discrimination

Research (27%)

Share of total university
research authored by
women (10%)
Proportion of articles on
gender equality in 10

percent of  journals
identified by Citescore
(10%)

Number of publications
on gender equality (7%)

Share of first generation
female students (15.4%)
Measures for student
access (15.4%)
Tracking the level of
application, acceptance
and completion for
female students (1.6%)
Policy regarding the
level of applications,
admission, admission
and participation of
female students (4.6%)
Provision of appropriate
women's access
schemes, such as
mentoring (4.6%)

Measuring women's progress (15.3%)
Non-discrimination policy for women
(1.95%)

Non-discrimination policy
transgender people (1.95%)
Maternity and paternity policy that
supports women's participation (1.9%)
Auvailable childcare services for
students (1.9%)

Auvailable childcare services for staff
(1.9%)

Mentoring schemes for women
involving at least 10 percent of female
students (1.9%)

Tracking the percentage of female
graduates compared to male and
schemes to bridge the gap (1.9%)

for

Proportion of women
receiving educational
degrees (11.5%)
(bachelor's  degree in:
STEM; medicine; arts,
humanities and social
sciences.)

Encouraging the
submission of
applications in areas
where women are
underrepresented (4.6%)
Share of women in
senior positions (15.4%)

Policy for the protection of those
who report discrimination (1.9%)

SDG 8 - creating
decent working
conditions and
economic growth

Economic growth and
employment survey
(27%)
Share of articles in the
top 10 magazines
identified by Citescore
(14%)
Number of publications
(13%)

Employment practice (19.6%)
Payment of the subsistence minimum for staff and teachers

(2.45%)

Recognition of trade union and labor rights (2.45%)

Policy on the cessation
(2.45%)

of discrimination in the workplace

Policies against modern-day slavery, forced labor, human
trafficking and child labor (2.45%)

Guarantees of equal
contractors (2.45%)

rights of employees working in

Wage equity policy, including commitment to measure and

address wage disparities

among women (2.45%)

Measuring or tracking the pay scale by article (2.45%)

The process of appealing by employees of decisions on rights
and remuneration (2.45%)

Costs per employee (15.4%)

Proportion of employees working on secure contracts (19%)

Proportion of students who
are employed (19%)




354

Continuation of Annex A
Continuation of the table A.1

1 2 3 4 5
SDG 9 - industry, Research in industry,|Number of university
innovation and innovation and|branches (34.6%)

infrastructure

infrastructure (11.6%)
(publications in Scopus)
(2014-2018).

Patents (15.4%)
(published (2014-2018)
in the World Intellectual
Property Organization,
the European Patent
Office, the patent
offices of the United
States, Great Britain and
Japan)

Revenue from research
received by industry
from industry (38.4%)

(registered at least three
years ago by continuing
companies set up to
exploit intellectual
property derived from
HEI)

SDG 10 - reduction of
inequalities

Inequality reduction
research (27%)

Share of articles in the
top 10 magazines
identified by Citescore
(10%)

Weighted index of
citations of articles of
HEI (10%)

Number of publications
(7%)

Students and staff with disabilities (23%):
Proportion of students with disabilities (11.5%)
Share of employees with disabilities (11.5%)

Anti-discrimination measures (19%):

Non-discriminatory reception policy (1.9%)

Monitor the level of submission of applications and admission
of underrepresented groups (1.9%)

Programs for recruitment of students and staff from
underrepresented groups (1.9%)

First generation students
(15.5%)

Higher education students
at all levels from
developing countries (low-
and middle-income
countries as defined by the
World Bank) (15.5%)

Anti-discrimination and harassment policy for staff and
students (1.9%)

Presence of a committee, office or officer on diversity and
equality (1.9%)

Mentoring, counseling or peer support programs for students
and staff from underrepresented groups (1.9%)

Facilities for people with disabilities (1.9%)

Support services for people with disabilities (1.9%)

Access schemes for people with disabilities (1.9%)

Policy or strategy for the placement of people with disabilities,
including adequate funding (1.9%)

SDG 11 - sustainable
cities and communities

Survey of sustainable
cities and communities
(27%)

Share of articles in the
top 10 magazines
identified by Citescore
(10%)

Weighted citation index
of HEI articles (10%)
Number of publications
(7%)

Support for art and heritage (22.6%):

Public access to large university buildings (3.75%)

Public access to free economic libraries (3.75%)

Public access to museums, galleries or works of art of the Free
Economic Zone (3.75%)

Public access to open and green plantations (3.75%)
Carrying out of art actions for representatives of the public,
(3,8%)

Recording and preservation of local heritage (3.8%)
Expenditures on art and heritage (15.3%)

Targets for sustainable work trips (3.9%)

Promoting sustainable relocation (3.9%)

Encouragement of distance work, remote work or reduction of
working weeks (3.9%)

Affordable housing for students (3.9%)

Affordable housing for staff (3.9%)

Priorities for pedestrians on campus (3.9%)

Cooperation with local authorities to address planning issues,
including the provision of affordable housing for local
residents (3.9%)

Construction according to sustainable standards (3.9%)
Construction on sites (3.9%)
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Continuation of Annex A

The end of the table A.1
1 2 3 4 5
SDG 12 - responsible  |Research on responsible|Operational ~ measures|Publication of the report on the
consumption and consumption and|(26.7%) stability HEI for the last 3 years

production

production (27%)
Share of articles in the

top 10  magazines
identified by Citescore
(10%)

Weighted index of
citations of articles of
free economic zone
(10%)

Number of publications
(7%)

Ethical supply and food
supply policy (4.8%)
Policy on proper
disposal of hazardous
waste (4.8%)

Policy on measuring the
amount of waste sent to
landfill and the amount
of recycled (4.8%)
Plastic minimization policy
(4.8%)

Evidence that this policy
also applies to services
provided by contractors
(1.35%)

Evidence that this policy
also applies to suppliers
transferred by contractors
(1.35%)

Share of recycled waste
(27%)

Share of recyclable waste
(13.5%)

Share of waste not sent to
landfill (13.5%)

(19.3%)

SDG 16 - peace, justice
and strong institutions

Research (27%)
Share of articles in the

top 10 magazines
identified by Citescore
(10%)

Weighted citation index
of HEI articles (10%)
Number of publications
(7%)

University management
measures (26.6%)
Elected representation in
the governing body of
the university (3.35%)
Student trade union
recognition (3.35%)
Local stakeholder

engagement policy
(3.35%)

Policy to  support
academic freedom
(6.6%)

Publication of HEI

financial report (3.25%)

Cooperation with the government
(23.2%)

Providing expert advice to the
government (6.4%)

Ensuring coverage of national and
local self-government (6.4%)
Conducting a policy-oriented study
in cooperation with government
agencies (6.4%)

Providing a neutral platform for
political stakeholders to discuss
challenges (4%)

Share of graduates of legal
and civil services (23.2%)

SDG 17isa
partnership to achieve
goals

Research (27.1%)
Share of scientific
publications with co-
authors from
developing countries
(13.55%)

Number of publications
related to SDG 17
(13.55%)

Relationships to support goals
(18.5%)

SDG policy development with the
government (3.7%)

Cross-sectoral dialogue on SDG
with government or NGOs (3.7%)
Cooperation at the international
level for the collection of data
related to SDG (3.7%)
Cooperation at the international
level to develop best practices for
solving SDG (3.7%)
Collaboration with NGOs to
address SDG through student
volunteering programs, research
programs or educational resources
(3.7%)

Publication of SDG reports (27.2%)

SDG education (27.2%)
(how freelancers teach the
next generation to apply
stability in their lives)
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Annex B
Table B.1
Research of introduction of marketing innovations by domestic HEI on the basis of the analysis of Development
Strategies
Kind of innovative I. Franko NU of Lviv T. Shevchenko NU of NTUU KPI SSuU NTU "HPI"

changes

Kiev

the latest approaches
to career guidance

Expanding cooperation
with the Small Academy
of Sciences;
Organization and holding
of summer and winter
schools on the basis of
the University for
individual students, other
educational institutions
and research institutions

Expansion of cooperation
with institutions of
secondary and secondary
special education, the
Small Academy of
Sciences;

implementation of the
program of the center of
professional orientation
of student youth "Future
of Ukraine" (including
the All-Ukrainian festival
engineering talents
"Future of Ukraine");
faculty of pre-university
training

pre-university education system;
University Center for Scientific and
Technical Creativity of School Youth,
fruitful cooperation with the Small
Academy of Sciences: scientific work,
sections of the University Center for
Scientific and Technical Creativity of
School Youth, branches of the Small
Academy of Sciences under the
direction of university staff and
graduate students, sports sections,
creation of specialized training, clubs,
preparatory courses, holding university
competitions;

- a regional network of centers for
preparation of youth for external
evaluation was created (full-time and
part-time preparatory courses,
preparation for external evaluation at
centers of technical creativity of
schoolchildren, training courses for
external evaluation by distance form,
etc.)

- Transformation of the University
Children's Health Center "Universe"
into a summer camp with the priority
of vocational guidance for high school
students and with summer schools,
thematic changes (teams, groups) of
various directions (IT, robotics,
language component, sports by type,
etc.);

Pre-university
training,

Measures to promote
the results of
research

Promotion of scientific
achievements of the
University through
publications in the
media, participation in
regional, national and
international exhibitions,
etc.

annual holding of all-university
competitions of innovative startup
projects, competitions of NTSA, etc.
for search of new ideas for the
subsequent introduction of the
corresponding scientific and applied
results, development of material and
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technical base of researches and
developments;

participation in exhibitions of profile
orientation and thematic investment
forums with presentation of scientific
developments of the university;

scientific
conferences as a
factor in forming a
positive image of the
university.

Presentation of scientific
achievements of the
University at national
and international
scientific, scientific-
practical and innovative
conferences and
exhibitions

Supporting the image of
the university through the
organization and holding
of open events,
representation at
exhibitions, forums,
festivals, etc.

organizer of about 30 scientific
conferences, some of which host
participants from about 30 countries,
the materials of three conferences are
indexed by Scopus and / or WoS
databases;

Participation in
scientific and
practical conferences,
seminars, exhibitions

World recognition of
performance

Entry of scientific
publications and
publications into world
rating systems and
databases.

Continuous monitoring
of the publication of
articles in professional
journals included in
international databases
(Web of Science,
SCOPUS).

Deepen international
recognition

teachers of the
university, namely
obtaining the status of
"European

lecturer at the University
of Engineering »
(ING.PAED.IGIP)

Passing international accreditation not
less than 10% of educational programs,
thematic accreditation of programs by
relevant professional international
institutions (ACCA, international
passport of an engineer, international
e-leaning mark in the field of e-
learning, etc.) and international
accreditation of training programs for
doctors of philosophy

positioning in the group of leaders of
Ukrainian higher education according
to international ratings Webometrics
Ranking of World Universities and
uniRank University Ranking

International
recognition through
participation in
organizations,
associations, ratings

Promotion of the
University brand
through participation in
international scientific
and educational
organizations;
Increasing positions in
the leading world
rankings

Intensification of the
University's participation
in international and
European associations of
research universities and
in the Grand Charter of
Universities

KPI participation in
world university

ratings

Become one of the 450
leading universities in the
world in the QS rating
system

Webometrics
Ranking of World
Universities - 8th
place in Ukraine;

QS World
Universities Ranking
- 701-750 place, 4th
place among
Ukrainian HEI;
Included in the
catalog of the best
universities in the
world from the
ratings of THE WUR
and U-multirank

Advertising activities

programs of PR-events,
production of advertising

Information and advertising activities
of the university are implemented by
the Center for Media Communications
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products and attributes of
the University.

and Advertising. Press Center, a group
for brand management and production
of media content, a group of computer
design technologies, the Center for
Media Broadcasts, the Student Media
Agency Studiol6x9, the Department of
Journalism and Philology, the
university newspaper Resonance. The
"visibility" of the university in the
media space is growing, including
through the production of its own
media content.

creation of SSU Media Holding as a
structure that unites and coordinates
the activities of the Press Center, the
Center for Media Communications and
Advertising, the group for brand
management and production of media
content, the Center for Media
Broadcasts, the Student Media Agency
Studiol6x9, relevant IT departments
line studios and TV-studios-
production, video broadcasting
systems, Internet television and radio
broadcasting, publishing houses, other
departments of the university, purely
student media. This includes the
implementation of projects "SSU
Television", "Campus - Radio SSU",
the reorganization of the university
newspaper.
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Continuation of Annex B

Table B.2

Research of introduction of product innovations by domestic HEI on the basis of the analysis of Development
Strategies

Kind of innovative
changes

I. Franko NU of Lviv

T. Shevchenko NU of
Kiev

NTUU KPI

SSuU

NTU "HPI"

Formation of
specialists according to
the competence
approach

introduction of
interdisciplinary
educational programs
components.

directing the educational

program to the formation of
competencies relevant to the
labor market, by involving in
the formation of the content
of educational programs and

curricula of expert councils
of employers;

Training of highly
qualified personnel

Carrying out of
scientific
developments which
have a product
(commaodity) stage;

Increasing the number of
patented inventions

Carrying out works in the
fields of nanotechnology,
energy, energy efficiency
of enterprises;

About 1000 research and
development works are
performed annually and
scientific services are
provided to order by more
than 400 enterprises and
organizations of various
forms of ownership.

Production and
implementation of
experimental samples of
new equipment,
technologies; high-tech
products

development of
centers, intellectual

property

Scientific investment
projects involving domestic
and foreign business.

Formation of joint
scientific programs,
consortia for integration of
scientific researches of the
University into the
European and world
research space;
Corporation "Taras
Shevchenko University of
Kyiv Science Park",
further development of
activities on its basis of the
student business incubator.

Innovative

Sikorsky Challenge
ecosystem

Creation of joint
educational-scientific-
production complexes,
centers of common use,
laboratories with leading
scientific institutions and
companies

Innovative structures on
the basis of the university
(science park, technology
park, business incubator,
startup school);

support of existing and
creation of new educational

and training centers in most

specialties, including with
educational and production

functions such as translation

center, training bank, PR
agency, advertising bureau,

web design studio, audit and

consulting center, legal
clinic, etc .;
The university has

developed scientific schools

that have received
recognition for

world level; in a number of
areas is provided

40 scientific schools
were established,;

Joint science parks and
centers with foreign
partners

Continuation of Annex B
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The end of the table. B.2

Kind of innovative
changes

I. Franko NU of Lviv

T. Shevchenko NU of
Kiev

NTUU KPI

SSU

NTU "HPI"

a laboratory that simulates
space conditions for testing
micro- and nanosatellites;

full research and production
cycle: basic - applied
research - applied
development -

prototype - serial
production. -creation of
training and production
associations, basic
departments, laboratories

ertification of acquired
knowledge and
scientific products
according to European
quality standards

Implementation of the
European Charter of
Researchers at the
University.

Certification of the
quality of educational
services by the
European Organization
for the Evaluation of the
Quality of Higher
Education

Formation of
specialists according to
the competence
approach

- development of
educational programs based
on an integrated competency
approach

development of
competency models of
educational programs

Carrying out of
scientific developments
which have a product
(commaodity) stage;

Incubation of innovative
projects

Implementation of the
results of scientific,
scientific and technical
work in the practice of
economic organizations
and institutions,
educational institutions

creation and sale of
innovative technological
products;

development of
intellectual property
centers

LLC Science Park
"Uzhgorod National
university";

34 research institutes,
centers, laboratories,
educational and scientific
institute;

Technology transfer center

building a network of
research centers,
institutes.

KNEU Science Park
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Internationalization
of educational
activities

Development of programs
with joint and double
diplomas.

Increasing the number
of foreign partner
universities, "double
degree" programs

Type programs
"Double diploma™ with
foreign universities

Double and joint diploma
programs

Creation of joint educational
programs with foreign HEI;
compliance of educational
programs with international
qualifications

Independence in the
organization of the
educational process
taking into account
the needs of the
market and
stakeholders

ompliance of curricula
with European and world
standards;

Establishment of the
sociological service of the
University for the
systematic study of public
opinion.

Monitoring the needs
of the labor market;
Discovery of new
promising scientific
specialties;

taking into account
the needs of the labor
market in conducting
educational activities;

Optimization of the list and
content of educational
programs in accordance with
the requirements of the labor
market;

Conduct foresight research
labor market development
and high-tech business in the
context of prospects and
demand for specialties and
educational programs of the
university

Adult Education Center
Education for Life in which
new approaches to non-
formal adult education are
being implemented

Discovery of new specialties in
modern fields of knowledge;
adaptation of educational
programs to professional
standards and requirements of
employers

Participation in the
development of
productive forces of
the industry, region,
country.

Increasing innovation
potential, training of
highly qualified personnel
needed by society and the
state

Ensuring the diverse
development of
students.

Training of highly qualified
employees; interdisciplinary
training

Training of highly qualified
employees; interdisciplinary
training

Compliance of educational
programs with the needs of
society in accordance with the
National Qualifications
Framework

Foreign language
education

Teaching Master's
Courses and Ph.D. in
English.

Providing teaching of
educational
components and their
blocks in English and
other languages of the
European Union

Provide an increase in the
number of educational
programs with teaching
subjects in English

Opportunity to study in
foreign languages
disciplines of humanities,
general science and
professional orientation;
expanding cooperation with
the British Council, the
Goethe Institute and other
international institutions and
organizations to study and
use innovations in

in the field of foreign
language teaching;
development of existing and
creation of new linguistic
centers in English, German,
Polish, French and other
foreign languages.

creation of new
forms of interaction

The Sikorsky Challenge
ecosystem organizes the

Creation of joint
educational-scientific-

Joint research centers with
foreign partners
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of the university with
business

interaction of four groups of
participants: university
research schools, faculties
and departments, high-tech
companies, investment and
venture funds.

Innovative structures on the
basis of the university
(science park, technology
park, business incubator,
startup school)

production complexes,
centers of common use,
laboratories with leading
scientific institutions and
companies

involvement of
stakeholders in the
educational process

Involvement of employers
in the educational process

Involvement of
employers in the
design and evaluation
of learning outcomes;
Active activity of
public organizations,
foundations, patrons,
mass media in
development and
realization of
decisions of
educational and
scientific programs;

Participation of employers in
the development and
implementation of curricula
and programs,

Involvement in the selection
procedure for master's
degree programs, to involve
partner companies in the
selection

Directing the educational
program to the formation of
competencies relevant to the
labor market, by involving
in the formation of the
content of educational
programs and curricula of
expert councils of
employers;

IT training centers of
NetCracker, PortaOne,
MindK, AMS Bridge
successfully operate on the
basis of the university

Involvement of IT industry
specialists in curriculum
development

student government

Strengthening the role of
the University in society
and the development of
student government and

expanding the role of
student government in
the educational
process.

Promoting the development
of student government

Promoting the development of
student government

internships and
academic mobility

Academic mobility of
scientists, teachers and
students;

Outstanding scientists and
personalities are active
participants in the
educational process

Increasing the share of
foreign teachers.

Involvement in academic
programs

mobility.

Increasing the number of
University teachers who
teach, including abroad.
Invitation of foreign
specialists to teach individual
courses at the University

organization of
international academic
mobility programs for
students, graduate students,
students and staff;
additional preparation of
students for participation in
academic mobility
programs (language
training, cross-cultural
adaptation trainings,
information support, etc.);

Promoting academic mobility
and internships in leading
foreign HEIs
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International projects

Development of
international agreements
with effective work
programs.

More active
involvement of
scientific and
scientific-pedagogical
employees of the
University in
participation in
international
competitions under
the programs
HORIZON-2020,
CRDF

The University is actively
involved in TEMPUS,
Erasmus +, Horizon 2020
grant projects, OOH,
USAID, DAAD, British
Council programs,
intergovernmental research
projects, grants from
private foundations and
organizations.

Grant projects Horizon 2020,
STCU, NATO, CRDF,
ERASMUS +, DAAD

Opportunity to
cooperate with
business

an effective system of
cooperation with
business (Ukrainian
and international
companies) to attract
additional funds for
the development of
the University.

effective connections with
high-tech enterprises and
scientific institutions;
Bringing up to 80% of the
number of graduates
employed in the specialty

Interaction of scientific and
pedagogical workers with
science-intensive and high-
tech enterprises,
international institutions
and government
organizations

Most departments have
branches at enterprises
(organizations, institutions),
or located directly on
clinical bases where leading
practitioners are involved in
the educational process,
provide

management of students'
practice, course and
diploma projects, conduct
laboratory classes

Business hub that provides
consulting services for
small and medium
businesses.

Creation of training, research
and production clusters to
deepen the connection with the
labor market;

Dual training with IT
companies

Certification training

pedagogical improvement
skills, including online
Professional platform
Development Endeavors

short-term programs of
advanced training in
various directions,,
educational and methodical
seminars, seminars-
trainings, "round tables"

"School of Young Scientists" to
improve the theoretical,
pedagogical and
methodological knowledge of
teachers;

methodical schools-seminars
"Modern pedagogical
technologies in education”
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Commercialization
of research results

Improve the system of
commercialization of
intellectual property rights;
Introduce a system of
formation of innovative
structures for
commercialization of the
results of applied research
and development (science
and technology parks, small
enterprises such as spin-
offs, engineering centers,
etc.);

concluding dealer
agreements for the
introduction of scientific
and technical products of
the university, in particular
abroad;

sale of licenses for
scientific and technical
products;

Establishment of companies for
the purpose of
commercialization of
intellectual property rights

Internationalization
of educational
activities

joint international training
programs for bachelors,
masters and graduate
students

17 international agreements

Independence in the
organization of the
educational process
taking into account
the needs of the
market and
stakeholders

new areas of training,
specialty, specialization

transition to a new list of
specialties of training

intensification of university
activities in accordance with
the needs of stakeholders

involvement of
stakeholders in the
scientific process

carrying out of research
works which are carried out
within the limits of activity
on a self-supporting basis

cooperation with business in
order to identify competitive
areas of research;

Annual business forum
""Science-business-education:
strategic partnership";

creation of new
forms of interaction
of the university with
business

Fablab International

Laboratory for Startups;

coworking centers;

Creating startups

Scientific schools

creation of a business
incubator and business club
of Uzhhorod National
University for the
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Establishment of Tech
Business School;
Creation of a science
park; Establishment of
training and research
centers and laboratories
with the assistance of
leading companies and
firms

formation of student and
academic start-ups

involvement of
stakeholders in the
educational process

Annual organization of
lectures by leading
specialists of companies;
Concluding agreements
with enterprises (firms,
companies) on targeted
training

round tables, seminars with
employers, students, teachers
and scientists

development and
implementation of new
educational programs and
standards of educational
activities with the involvement
of stakeholders

Integration of
education, science
and production

Carrying out energy
saving measures

ncubation of
innovative projects

student research programs and
summer research schools

municipality

support for the functioning of
student and public self-
government bodies;
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Continuation of Annex B
The end of the table. B.2

internships and
academic mobility

cademic mobility of students,
graduate students, doctoral
students, teachers, researchers
and staff

Academic mobility

Academic mobility

Academic mobility

International projects

Submission of
applications for
international grants:
collective (Horizon
2020, Horizon Europe,
Erasmus Plus,
Volkswagen, NATO
program, joint
international projects
under the auspices of the
Ministry of Education
and Science, etc.)

Submission of
applications for
international grants
under Horizon 2020,
Erasmus +

Opportunity to
cooperate with
business

Concluding economic
contract research by
each department

Creating a system of
communication with leading
national and foreign
corporations interested in
university innovative
developments

provision of consulting
services

Commercialization of
research results

Creation of a venture
fund to finance the
commercialization of
research, technology
transfer and
development of
startups;

Increasing the number
of commercialized
intellectual property
objects

Increase in commercialized
scientific developments

Commercialization of
research and
development;

Commercialization of intellectual
property
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Continuation of Annex B

Table B.3

Research of introduction of technological innovations by domestic HEI on the basis of the analysis of
Development Strategies

Kind of innovative
changes

I. Franko NU of Lviv

T. Shevchenko NU of Kiev

NTUU KPI

SSU

NTU "HPI"

Organization of
educational space

Development and
implementation of
training programs that
are flexible to market
requirements

introduction of
interdisciplinary
educational programs
components.

Interdisciplinary
educational programs based
on the introduction of
flexible training programs,
development of new
training courses based on
results research work

Integration of educational and
scientific activities through
increasing the role of the
research component in master's
educational programs with the
mandatory allocation of
educational components that
provide both the development
of general research
competencies, skills and
abilities of interdisciplinary
teamwork; and research
competencies in the relevant
specialty

Constant updating of
academic disciplines

Information Technology

Introduction of the
newest information
technologies in all
spheres of activity of
the University
(introduction of
electronic document
circulation, training,
information
management systems
of the University).

Ensuring the
implementation of a
large-scale program of
informatization of the
University in order to
optimally and effectively
organize educational,
scientific, management
activities;

-use of elements of
artificial intelligence of
identification of the
person

Create a digital learning
environment

Integration of information
and computing resources of
university departments on
the basis of KPI Data
Center.

System upgrade

of electronic document
management of the
university with a qualified
electronic signature and the
function of control of
executive discipline

the only integrated information
system (11S), which forms a
modern telecommunication and
information scientific and
educational environment -
"virtual university".

Electronic magazines;
Electronic document
management information
system

E-learning projects:
"E-learning
resources”,
"Multimedia
workshop",
"Ambulance",
"Educational e-
space",

Development of the
standard "Electronic
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archive of the university" -
Unification of processes of
archiving of electronic
copies of paper documents
of the university
Development of
information technology and
video surveillance system at
the university

Forms of education

Innovative
technologies in the
educational process

Development of elements
of blended and distance
learning of students,
Reformatting of 100% of
academic disciplines in
accordance with the
requirements of blended
and distance learning.
Dual learning

Electronic and distance
learning; definition of the
model of blended learning on a
full-time basis as basic, which
corresponds to the modern trend
of "blended education” (blended
education);

to integrate mass on-line
courses, distance courses,
separate modules and separate
components of educational
disciplines into the educational
process;

Dissemination of
blended learning
practices;

Dual learning

Creating educational
platforms

Formation of a unified
information
educational
environment at the
University and its
integration into the
world information
space, ensuring a high
level of organization
and openness of web
resources.

"Electronic campus"

- electronic communication
of all participants of the
educational process,
information

support of the educational
process;

Providing 95% of academic
disciplines with web
resources (distance courses)
for educational purposes

Automated distance learning
system, consisting of a
subsystem for creating and
managing educational material,
a virtual learning environment
and a system for managing the
learning process through
electronic deaneries;

Complete e-learning
system, including
technical, software,
methodological and
organizational
support

Creating educational
programs

system of choice of
disciplines;
individual learning
trajectories within the

Students' choice of their own
individual learning trajectory;

25% - disciplines of
free choice
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selected educational
program

inclusion in the curriculum of a
wide range of disciplines of free
choice;

Organization of quality
control of training

The system of internal
and external evaluation
of the quality of the
educational process.

Collection, analysis and
interpretation of
information on the
quality of education and
teaching, including
through surveys of
participants in the
educational process;
External, including
international,
accreditation of
educational programs

Involvement of students in
the discussion of
educational programs,
conducting

surveys and taking into
account the opinion on the
quality of the educational
process, the system of
rating evaluation of the
activities of scientific and
pedagogical workers;
end-to-end monitoring
system and

improving the quality of the
fundamental

training: HEI - entrance
control - semester
certification -

rector's control

3 levels of quality assurance:
Council for ensuring the quality
of educational activities and the
quality of higher education;
bureau for ensuring the quality
of educational activities and the
quality of higher education
(hereinafter - BZYAVO);
laboratory for monitoring the
quality of educational activities
survey of the entire contingent
of full-time students on the
quality of the organization of
educational activities in the
study of academic disciplines
ensuring the participation of
employers in the assessment of
general and professional
competencies of graduates

System of internal
guarantee of quality
of education;

Monitoring for
compliance with
licensing and
accreditation
requirements of the
Ministry of
Education and
Science of Ukraine

Quality control of
scientific work

Formation of a new
culture of attitude to
intellectual property,
introduction of a
system of plagiarism
prevention at all levels
of the University

Improving the system of
monitoring academic
integrity with the use of
modern information
technologies for
technical verification
and text analysis;

formation and implementation
of the principles of academic
integrity, which is reflected in
the Code of Academic Integrity,
the Code of Corporate Culture
of the University, the
Regulations on Academic
Integrity and Ethics of
Academic Relations, the
creation of a group to promote
academic integrity, the
University Commission on
Ethics and Conflict
Management.
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Activity financing

cooperation with
business in order to
attract additional funds
for the development of
the University

Reach the level of 20 - 25%
from the total amount of
funds in the structure of the
university budget received
from foreign economic
activity from all possible
sources

increase of competitive and
grant activity, development of
highly intelligent university
business;

strengthening international
grant activities and fundraising
as tools for innovative,
technological and financial
support of the university to
increase the share of financial
revenues from innovation to at
least 20% of the total funding of
the university;

- attraction of investment
sources in the implementation
of project activities of the
university;

Execution of R&D
at the expense of
international grants;
Provision of paid
services by scientific
and research
departments of the
university

Energy efficiency

Implementation of
energy saving projects

Energy saving program,
costs not less than 5% of
the total budget of the
University for the
introduction of energy
saving technologies

Implementation of the
University Energy
Efficiency Program;
Reduction of consumption
of energy resources and
water due to increase of
energy efficiency of
engineering networks and
their equipment, increase of
thermal protection of
enclosing designs

Online library

Electronic library
resource and
development of own
repository of
publications, its
integration into the
information space of
the city, country and
the world

Full-scale digitization of
funds for use in the
Intranet environment of
the University and
further optimization of
useful areas of the
scientific library

Electronic catalog and
image catalog of NTB
printed publications.
Development of electronic
archive of educational and
scientific materials

OCW SSU and SSU Examiner
project as open electronic
resources of structured
collections of organizational,
educational and methodical
materials of disciplines,
organization of the Laboratory
of data analysis and digital
services to support quality
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Continuation of Annex B
Continuation of the table. B.3

Kind of innovative
changes

Lviv Polytechnic
National University

V. Karazina KhNU

S. KUZNETS KhNUE

Uzhhorod National University»

National Economic

University named
after Vadym Hetman

and quantitative digital
research, project management
consulting (RDM),
communication and publication
of research results;

Organization of
educational space

Onptimizina the content
of educational
proarams;

Introduction of
innovative educational
proarams for training
specialists

Constant change and
optimization of educational
programs

Changing the content of
academic disciplines and
strengthening interdisciplinary
interaction;

creation of a new generation of
interdisciplinary research
educational programs;

formation of
competitive
educational programs
that correspond to the
best world practices

Information Technology

Creation of an automated
system for issuing
documents to students
and staff on the principle
of "single window".

Corporate development
university management
information system and its
subsystems; Use of an
electronic journal of
accounting for learning
outcomes

E-learning technologies for all
forms of learning,

forms of education

Distance education;
Introduction of game
and imitation forms of
training; Development
of a regulatory
framework for the
introduction of "dual
education"

Development of dual
education

modern organizational
forms of education:
trainings, business games;
video lectures, webinars,
video conferences

Distance learning technologies

integration into
educational programs
of mass open online
courses

Creating educational
platforms

Creating a platform for
placing online courses
on the information
resources of the
Institute of Distance
Learning

Provision of disciplines
with electronic interactive
educational publications,
such as: lecture courses,
video tutorials, simulated
laboratory workshops,
interactive collections of
exercises, etc.,%

Automated training courses;
information platform for
knowledge exchange "e-
university»

Creating educational
programs

improving the selective
component of curricula;

individualization of the
approach to the
development of
creative educational
programs,
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Organization of quality
control of training

Interna_tional
accred!tatlon of
educational programs

introduction of a system
of effective quality
control of
educationmporiecy 3a
y49acTi CTyICHTCEKOTO
CaMOBPSAyBaHHS;
AkpenuTarlist OCBITHIX
nporpam

training of specialists in the
field of innovation management

development of the
internal system of
quality assurance of
education;
development of a
system for evaluating
educational outcomes
and processes with
the involvement of
stakeholders;
certification and
accreditation of
educational programs
in specialized national
and international
agencies

Quality control of
scientific work

introduction of the "anti-
plagiarism" system for
qualification works

Activity financing

Submission of requests
for international grants:
collective (Horizon
2020, Horizon Europe,
Erasmus Plus,
Volkswagen, NATO
program, joint
international projects
under the auspices of the
Ministry of Education
and Science, etc.);
Growth of revenues to
the university budget for|
research

Reducing the share of
funding for science from
the state budget;
Increasing the share of
other sources: charitable
contributions, grants,
gifts.

Fundraising programs in
the areas of activity of
the University

Increasing funding for
scientific, scientific and
technical work at the
expense of domestic and
foreign customers

creation of a fund for financing
research at the expense of extra-
budgetary funds of the
university;

attraction of donor assistance at
the expense of funds received
from projects of international
funds and programs;
fundraising projects and
programs

diversification of
sources of research
funding

Energy efficiency

introduction of the
energy efficiency
system of the
university functioning

Online library

Introduction of a new
automated library
information system

system of electronic formation
of library funds, electronic
catalog of books and periodicals
of the library
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Annex D
Table D.1
Dynamics of local integrated HEI
The rate of
HE 2012- 2014- 2018- | change in 2019
2013 2015 2019 compared to
2012,%
1 2 3 4 5
Berdyansk State Pedagogical University 0.218 0.225 0.265 1.214
Berdyansk University of Management and Business 0.211 0.208 0.308 1.450
Bila Tserkva National Agrarian University 0.276 0.273 0.225 0.817
Bukovynian State Medical University 0.259 0.264 0.297 1.149
Bukovynian State University of Finance and Economics 0.217 0.216 0.264 1.218
Ukraine Open International University of Human Development 0.213 0.236 0.362 1.695
Mykhailo Kotsyubynsky Vinnytsia State Pedagogical University 0.252 0.267 0.373 1.480
Vinnytsia National Agrarian University 0.269 0.27 0.239 0.887
National Pirogov Memorial Medical University 0.32839 0.324 0.238 0.726
Kyiv State Academy of Water Transport named after Hetman Petro Konashevych-Sahaydachniy 0.2017 0.209 0.337 1.672
Kyiv Medical University UANM 0.229 0.234 0.998 4.354
Kyiv International University 0.3197 0.292 0.250 0.782
National Economic University named after Vadym Hetman 0.516 0.477 0.230 0.445
Kyiv National Linguistic University 0.2584 0.308 0.3404 1.317
Kyiv National University of Trade and Economics 0.4651 0.4593 | 0.2823 0.616
Kyiv National University of Construction and Architecture 0.333 0.330 0.224 0.674
Taras Shevchenko National University of Kyiv 0.888 0.9426 0.221 0.248
Kyiv National University of Culture and Arts 0.3270 0.348 0.213 0.652
Kyiv National I. K. Karpenko-Kary Theatre, Cinema and Television University 0.281 0.270 0.340 1.214
Kyiv National University of Technology and Design 0.339 0.368 0.256 0.754
Borys Hrinchenko University of Kyiv 0.262 0.3026 | 0.347 1.303
Kyiv University of Law of the National Academy of Sciences of Ukraine 0.2025 0.215 0.238 1.178 |
Simon Kuznets Kharkiv National University of Economics 0.325 0.319 0.32 0.994
Kharkiv National Medical University 0.288 0.318 0.281 0.974
H.S. Skovoroda Kharkiv National Pedagogical University 0.3096 0.319 0.239 0.772
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Table D.2
Dynamics of local integrated indicators of assessment of scientific and technical activity of HEI
The rate of
HE] 2012- 2014- 2018- | change in 2019
2013 2015 2019 compared to
2012, %
1 2 3 4 S
Berdyansk State Pedagogical University 0.142 0.247 0.2233 1.566
Berdyansk University of Management and Business 0.347 0.231 0.221 0.639
Bila Tserkva National Agrarian University 0.250 0.237 0.22 0.876
Bukovynian State Medical University 0.295 0.2640 0.248 0.831
Bukovynian State University of Finance and Economics 0.347 0.21476 | 0.241 0.694
Ukraine Open International University of Human Development 0.252 0.2399 0.217 0.850
Vinnytsia State Pedagogical University named after Mykhailo Kotsyubynskyj 0.2478 0.239 0.209 0.843
Vinnytsia National Agrarian University 0.1489 0.246 0.2185 1.467
National Pirogov Memorial Medical University 0.2693 0.2560 0.2423 0.899
Kyiv Medical University UANM 0.3668 0.252 0.211 0.577
Kyiv International University 0.365 0.2367 0.209 0.573
National Economic University named after Vadym Hetman 0.465 0.244 0.220 0.472
Kyiv National Linguistic University 0.2478 0.21457 | 0.209 0.845
Kyiv National University of Trade and Economics 0.265 0.243 0.224 0.845
Kyiv National University of Construction and Architecture 0.267 0.2566 0.237 0.889
Taras Shevchenko National University of Kyiv 0.487 0.971 0.978 2.051
Kyiv National University of Culture and Arts 0.2695 0.2347 0.207 0.770
I.K. Karpenko-Kary Kyiv National University of Theater, Film and Televisionr 0.266 0.2478 0.252 0.948
Kyiv National University of Technology and Design 0.1653 0.24127 | 0.210 1.274
Borys Hrinchenko Kyiv University 0.134 0.234 0.213 1.582
Kyiv University of Law of the National Academy of Sciences of Ukraine 0,.257 0.2147 0.237 0.922
Simon Kuznets Kharkiv National University of Economics 0.2653 0.2425 0.227 0.855
Kharkiv National Medical University 0.2663 0.272 0.260 0.979
H.S. Skovoroda Kharkiv National Pedagogical University 0.1647 0.232 0.225 1.366
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Table D.3
Dynamics of local integrated indicators of evaluation of innovation activity of HEI
The rate of
HE] 2012- 2014- 2018- | change in 2019
2013 2015 2019 compared to

2012,%
Berdyansk State Pedagogical University 0.5559 0.5559 | 0.879 1.588
Berdyansk University of Management and Business 0.7824 0.7824 | 0.341 0.437
Bila Tserkva National Agrarian University 0.973 0.973 0.527 0.541
Bukovynian State Medical University 0.5400 0.540 0.517 0.957
Bukovynian State University of Finance and Economics 0.9783 0.978 0.61 0.623
Ukraine Open International University of Human Development 0.5825 | 0.58258 | 0.5515 0.946
Vinnytsia State Pedagogical University named after Mykhailo Kotsyubynsky 0.557 0.5572 | 0.452 0.811
Vinnytsia National Agrarian University 0.667 0.667 0.647 0.969
National Pirogov Memorial Medical University 0.7848 0.784 0.425 0.541
Kyiv State Academy of Water Transport named after Hetman Petro Konashevych-Sahaydachniy| 0.634 0.5611 | 0.768 1.210
Kyiv Medical University UANM 0.9417 | 0.7038 | 0.817 0.868
Kyiv International University 0.9047 0.678 0.790 0.874
National Economic University named after Vadym Hetman 0.803 0.6703 | 0.871 1.084
Kyiv National Linguistic University 0.800 0.503 0.457 0.572
Kyiv National University of Trade and Economics 0.686 0.429 0.38 0.564
Kyiv National University of Construction and Architecture 0.71458| 0.685 0.978 1.399
Taras Shevchenko National University of Kyiv 0.856 0.699 0.893 1.042
Kyiv National University of Culture and Arts 0.77658] 0.710 | 0.9278 1.287
Kyiv National I. K. Karpenko-Kary Theatre, Cinema and Television University 0.7914 0.665 | 0.8713 1.100
Kyiv National University of Technology and Design 0.7891 0.614 0.746 0.946
Borys Hrinchenko Kyiv University 0.7156 0.556 0.674 0.942
Kyiv University of Law of the National Academy of Sciences of Ukraine 0.6781 0.576 0.762 1.124
Simon Kuznets Kharkiv National University of Economics 0.599 0.434 0.486 0.810
Kharkiv National Medical University 0.38 0.50 0.8731 2.255
H.S. Skovoroda Kharkiv National Pedagogical University 0.4789 0.325 0.335 0.701
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Continuation of Annex D

Table D.4
Dynamics of local integrated indicators of assessment of international HEI activity
The rate of
HE 2012- 2014- 2018- | change in 2019
2013 2015 2019 compared to
2012,%
1 2 3 4 5
Berdyansk State Pedagogical University 0.4619 0.2041 0.495 1.072
Berdyansk University of Management and Business 0.4667 0.332 0.340 0.729
Bila Tserkva National Agrarian University 0.857 0.452 0.451 0.526
Bukovynian State Medical University 0.681 0.230 0.541 0.794
Bukovynian State University of Finance and Economics 0.412 0.378 0.374 0.899
Ukraine Open International University of Human Development 0.830 0.275 0.380 0.458
Vinnytsia State Pedagogical University named after Mykhailo Kotsyubynsky;j 0.825 0.304 0.268 0.324
Vinnytsia National Agrarian University 0.690 0.235 0.555 0.803
National Pirogov Memorial Medical University 0.468 0.309 0.728 1.550
Kyiv State Academy of Water Transport named after Hetman Petro Konashevych-Sahaydachniy 0.5250 0.3914 0.658 1.254
Kyiv Medical University UANM 0.7413 0.413 0.402 0.542
Kyiv International University 0.6377 0.427 0.400 0.627
National Economic University named after Vadym Hetman 0.611 0.300 0.778 1.272
Kyiv National Linguistic University 0.3843 0.384 0.356 0.924
Kyiv National University of Trade and Economics 0.660 0.292 0.294 0.446
Kyiv National University of Construction and Architecture 0.4988 0.334 0.504 1.020
Taras Shevchenko National University of Kyiv 0.5476 0.2983 0.463 0.846
Kyiv National University of Culture and Arts 0.5524 0.202 0.7189 1.301
Kyiv National I. K. Karpenko-Kary Theatre, Cinema and Television University 0.357 0.4230 0.399 1.116
Kyiv National University of Technology and Design 0.694 0.292 0.335 0.483
Borys Hrinchenko Kyiv University 0.695 0.2463 0.474 0.682
Kyiv University of Law of the National Academy of Sciences of Ukraine 0.801 0.308 0.800 0.999
Simon Kuznets Kharkiv National University of Economics 0.535 0.314 0.544 1.254
Kharkiv National Medical University 0.4979 0.433 0.399 0.542
H.S. Skovoroda Kharkiv National Pedagogical University 0.784 0.355 0,.628 0.627




