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EDUCATIONAL INSTITUTIONS FOR
SUSTAINABLE CLUSTER DEVELOPMENT OF
INNOVATIVE INFRASTRUCTURE

ABSTRACT

The article examines the role of financing personnel digitalization as a key strategy for
managing changes in educational institutions in the context of sustainable cluster de-
velopment of innovation infrastructure. Particular attention is paid to the analysis of the
dynamics of the number of students, scientific and pedagogical staff, and financial indi-
cators of institutions of different accreditation levels, which are leading in the formation
of educational clusters. The authors of the article used economic and mathematical
models to assess the individual effects of digital transformation, forecast results for the
medium term, and identify factors affecting the competitiveness of educational institu-
tions. The results of the study show that effective financing of personnel digitalization
increases the competitive advantages of universities, colleges, and lyceums, strength-
ens human resource potential, contributes to financial stability, and creates added value
for regional educational clusters. It is determined that universities have better starting
positions for launching self-supported digital transformation programs due to greater
financial resources, while colleges and vocational lyceums require greater institutional
and state support. The importance of cluster interaction, which ensures the synergy of
financial flows and the scaling of digital innovations at all levels of education, is sub-
stantiated. The paper emphasizes that financing the digitalization of personnel should
be considered not as an expense, but as a strategic investment in improving the quality
of education, competitiveness, and integration of the Ukrainian education system into
the global digital space.

Keywords: digital transformation, personnel, change management, educational
institutions, competitive strategies, sustainable cluster development, innovative infra-
structure, leaders, financial results, income, expenses

JEL Classification: 120, 125, 033, M53, L26, R11

INTRODUCTION

Modern challenges associated with global digitalization, integration into the European
educational space, and the need for sustainable recovery after crisis events form new
requirements for the management system of educational institutions. One of the defin-
ing areas is the digitalization of personnel, which acts not only as a tool for improving
the quality of the educational process, but also as a strategic factor in change manage-
ment. It is the financial support of digital transformation that determines the pace and
depth of innovative shifts in the education system, as it allows you to modernize the
infrastructure, develop digital competencies of teachers and students, and also form
competitive advantages of educational clusters.

The research is aimed at the theoretical, methodological, and practical substantiation of
models of financing digitalization of personnel, which ensure a balance between income
and expenses of educational institutions and increase their ability to adapt to the con-
ditions of the digital economy. Particular attention is paid to assessing the individual
effects of digital changes in different types of institutions — universities, colleges, and
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lyceums — taking into account their role in the sustainable cluster development of innovation infrastructure.

LITERATURE REVIEW

Digital transformation of personnel in educational institutions plays an important role in shaping competitive change man-
agement strategies that contribute to the sustainable development of innovation infrastructure. The scientific literature
emphasizes the need to integrate digital technologies to improve the efficiency of management processes and promote
the development of innovation clusters, which can become the basis for the competitiveness of educational institutions.
According to modern research, the adaptation of personnel to changes associated with digital technologies is critically
important for the implementation of strategic goals, which include innovative development and the integration of new
forms of learning.

The first group of authors, as an example (Abad-Segura et al., 2020), considers strategies for the digital transformation
of higher education, in particular in the context of sustainable management and global trends. The authors analyze the
importance of digital technologies for improving the quality of education and integrating sustainable management methods
in universities, which is important for the development of innovation clusters. Rayetset et al. (2023) emphasize the im-
portance of leadership in stimulating innovation and developing the creative potential of the team. This can be useful for
understanding the role of management in managing change in educational institutions and promoting innovation in the
educational process.

Gryshchenko et al. (2021) explore how universities can use the competitive advantages of innovation clusters to achieve
sustainable development in the educational services market, which is a direct link to change management and the use of
innovation for the sustainable development of higher education institutions. Brunetti et al. (2020) discuss the challenges
of digital transformation, taking into account many stakeholders. They propose strategies for adapting and applying digital
technologies in organizations, which can be useful for educational institutions in managing change.

Voznyuk et al. (2021) focus on interdisciplinary educational technologies based on the concept of functional asymmetry of
the brain. This approach can be used to improve teaching methods and digital transformations in education. Gillani et al.
(2024) analyze the key factors contributing to digital transformation, as well as the stages and archetypes of this trans-
formation. They offer useful strategies for educational institutions experiencing stages of digitalization and innovation.

The second group of authors, Oseredchuk et al. (2022), offer new approaches to monitoring the quality of higher education
in distance learning, which is an important aspect for analyzing changes in educational infrastructure during digital trans-
formation. Dankevych et al. (2022) focus on European legal standards for community-based local development, which can
be useful for sustainable development strategies of innovative educational clusters. Magyari et al. (2022) explore
knowledge management to support green transformation. This is an approach that can be useful for sustainability and
digital transformation strategies in education, especially in the context of environmental and innovation initiatives.

The third group of authors, as an example, Vashchenko et al. (2023), proposed a non-standard methodology of scientific
research that can be applied in educational institutions to personalize personnel training. Voronina et al. (2022) analyze
the strategic management of competitive advantages in the branches of the innovative economy, which is relevant for
educational institutions in the context of digital transformation. They prove that management decisions focused on the
innovative development of personnel are decisive for long-term competitiveness.

Priharsari et al. (2023) consider the development of national digital strategies, which is useful for understanding ap-
proaches to the digitalization of educational institutions. The scientific article emphasizes the importance of comprehensive
planning and adaptation of international experience in the implementation of digital changes. Furman et al. (2023) inves-
tigate the motivation and stimulation of employees in enterprises, highlighting key aspects of effective personnel manage-
ment in a period of change. The conclusions in the article can be applied to increase the involvement of education workers
in the processes of digital transformation.

Cheremisina et al. (2023) monitored and assessed the effectiveness of the development of territorial communities, which
allows for identifying the best approaches to the management of educational clusters. The work emphasizes the role of
systems analysis and digital tools in improving management processes. Tan (2006) studies the growth of industrial clusters
and innovations using the example of the Beijing Science Park, which is relevant for the development of educational
clusters.

The experience of such an approach can be used in the formation of an innovative infrastructure of education. Dankevych
(2021) considers the ecological and economic management of the innovative activities of enterprises, which can be adapted
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to the strategies of sustainable development of educational clusters. The use of ecological and economic criteria in the
digital transformation of personnel will contribute to increasing the efficiency of resource management. The following
group of authors, Khodakivska et al. (2021), conducted an interstate assessment of economic competitiveness in the
context of European integration, which is important for the digital development of the education sector. The work allows
us to assess the effectiveness of digital transformations in the international dimension.

Saienko et al. (2023) used a non-standard system of combining indicators and methods that can be offered within the
framework of our scientific research. Loorbach and Wijsman (2013) investigated the management of business transfor-
mations and their role in the transition to sustainable development, which is relevant for the digital transformation of
educational institutions. They emphasized the importance of integrating innovative approaches for sustainable develop-
ment, which can be applied in the field of education to adapt personnel to changes.

Zhyvko et al. (2022) examined the issues of digitalization in the field of management accounting and finance in the context
of globalization, which is an important aspect for the digital transformation of educational institutions. The authors em-
phasize the need to ensure the security of digital data, which is a critical factor in the digital environment of educational
institutions. Dankevych et al. (2023) explore the concept of global peace, which encompasses military, terrorist, and
information threats that can affect the security of digital educational platforms. Understanding these threats allows edu-
cational institutions to develop strategies for protecting the information environment and digital personnel.

Kopishynska et al. (2021) analyze the features of the use of the case method in teaching disciplines related to information
technology and IT project management. This approach can be used to train educational institution staff in effective digital
change management. Moore and Manring (2009) explore the development strategies of small and medium-sized enter-
prises towards sustainable development and creating added value. The use of these approaches in education will allow
institutions to develop effective models of digital transformation of personnel.

PalasCakova et al. (2024) analyze social intelligence in the context of professional self-education, which is important for
the digital transformation of personnel in educational institutions. The authors emphasize the importance of gender aspects
in the implementation of modern educational technologies.

The next group of authors, Kubitskyi et al. (2023), investigate new management tools for higher education institutions
that contribute to their development in the digital era. The use of these tools allows to increase the effectiveness of change
management strategies in the field of education. Annosi et al. (2024) analyze the relationship between digital transfor-
mation and sustainable development in agribusiness, which can be adapted for educational institutions. The authors pro-
pose approaches to the implementation of digital innovations that can contribute to the sustainable development of edu-
cational infrastructure.

Pysarenko et al. (2020) consider the formation of a marketing and logistics business model based on specialization, which
can be useful for developing strategies for the digital transformation of educational institutions. The use of such models
allows you to optimize the educational process and increase the efficiency of personnel management.

Su and Wu (2024) investigate digital transformation and sustainable development of enterprises, which directly affects
educational institutions in their transition to a digital environment. The use of digital technologies contributes to the mod-
ernization of personnel management in educational institutions. Zoria et al. (2022) consider theoretical and methodological
aspects of investment support for the innovative development of agricultural production, which can be adapted to financing
the digital transformation of educational institutions.

Kalinichenko (2021) developed methodological guidelines on economic and mathematical methods and models that can
be useful for developing change management algorithms in educational institutions and optimizing digital transformation
processes. Vashchenko et al. (2022) investigate the methodology for determining the relationship between genetic poly-
morphism and productivity of farm animals, which can serve as an example for the use of digital technologies in the
collection and analysis of big data in the field of education.

Kyryliuk et al. (2021) analyze organizational and economic factors for ensuring the safety and quality of products, which
can be adapted to the security management of educational online platforms and digital content. Barroso and Laborda
(2022) reviewed digital transformation and the emergence of the fintech sector, which is important for modernizing the
financial strategies of educational institutions and developing the digital competencies of staff.

Kubitskyi et al. (2024) model the impact of innovative technologies on global competitiveness, which can be useful for
assessing the effectiveness of the digital transformation of educational institutions. Shevchenko (2014) examines panel
data that can be used to analyze the dynamics of digital transformation of education and its impact on the effectiveness
of human resource management.
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Matyukh (2013) examines the role of higher education institutions in socio-economic development, which is important for
shaping a strategy for sustainable digital development of educational institutions. Chervak-Smerichko (2013) models the
analysis of longitudinal data that can help assess the effectiveness of implementing digital technologies in the educational
process.

The statistical sources for our scientific article were the official websites of educational institutions and the information
resource of the International Organization for Migration.

The sources we reviewed provide a wide range of views on the role of digital technologies in the transformation of educa-
tion, in particular their impact on teaching methods, organizational changes, and pedagogical practices. They emphasize
the importance of integrating the latest technologies, such as artificial intelligence, virtual reality, mobile learning, block-
chain, and gamification, into the educational process to prepare students for future challenges and opportunities in the
era of digital change.

AIMS AND OBIJECTIVES

The purpose of the article is to provide a theoretical, methodological, and practical justification for financing personnel
digitalization as a strategic direction of change management in educational institutions aimed at ensuring sustainable
cluster development of innovation infrastructure.

To achieve the set goal, the study provides a solution for solving the following tasks:

1.  To reveal the essence and economic nature of financing personnel digitalization as a tool for increasing the efficiency
of change management.

2. To analyze current trends in the digital transformation of universities, colleges, and vocational schools in the context
of their participation in educational clusters.

3. To form original economic and mathematical models for assessing the effectiveness of financing personnel
digitalization.

4. To test models using the example of leading Ukrainian educational institutions, taking into account the dynamics of
their financial and personnel indicators.

5.  To determine strategic guidelines and practical tools for financial support of digital transformation to strengthen the
innovative capacity of educational clusters.

METHODS

The article uses a set of economic, mathematical, and statistical methods that allow us to study the transformation of
personnel in competitive change management strategies in educational institutions. First, a cluster analysis was conducted
to group educational institutions by accreditation levels and clustering, which determines the main segments of the studied
sample. Then, an analysis of the dynamics of the number of students and teaching staff was carried out, and the income
and expenses of educational institutions were analyzed based on open data, which allows us to assess financial stability
and the development of innovative infrastructure. The main methodological basis is the construction of spatial (panel) data
models with fixed effects, which allows us to take into account both general and individual characteristics of each institu-
tion. To estimate the parameters of these models, the least squares method was used, which allows us to obtain the
coefficients of individual effects of personnel transformation. The analysis also used correlation-regression analysis to
establish relationships between factor characteristics (the share of doctors of sciences, associate professors, teachers of
the highest category, etc.) and the performance indicator (number of students). In addition, ranking and rating methods
were used to compare the results obtained, which allows identifying leaders among educational institutions by the individ-
ual effects of personnel transformation. Thus, the use of a comprehensive approach that combines cluster analysis, eco-
nomic and mathematical modeling, regression analysis, the least squares method, ranking, graphical representation, and
forecasting provides a deep understanding of personnel transformation processes in the context of competitive change
management strategies in educational institutions. For study, research, analysis, modeling, and forecasting, educational
institutions were selected that are leaders in sustainable cluster development of innovative infrastructure by accreditation
levels: I level of accreditation - technical schools, schools, II level of accreditation - colleges, III and IV - academies,
universities, and institutes. They were grouped by clustering (Table 1).
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Table 1. Educational institutions of Ukraine by clustering.

Higher education institution

College

Lyceum (school)

Sumy National Agrarian University

Separate structural unit "Sumy Professional Col-
lege of Sumy National Agrarian University" (fur-
ther on in the text - SSU "Sumy Professional
College of SNAU")

State educational institution "Sumy Interre-
gional Higher Vocational School"

Separate structural unit "Kyiv Transport and
Economic Vocational College"

State educational institution "Kyiv Center for
Vocational and Technical Education"

Semyon Kuznets Kharkiv National University of
Economics

Vocational and Technical Education Center No.
2, Kharkiv

Kyiv National University of Technologies and
Design

Separate structural unit "Professional College of

Arts and Design of the Kyiv National University

of Technologies and Design" (further on in the
text - SSU "PCAD of the KNUTD"

Professional Lyceum of Fashion of the Kyiv
Academy of Hairdressing Art

Separate structural unit "Professional College of
Construction, Architecture and Design of the
Polesie National University"

Zhytomyr Professional Polytechnic Lyceum
http://zppl.org.ua/

Professional Medical and Pharmaceutical College
of Poltava State Medical University (further on
in the text - Professional Medical and Pharma-

ceutical College of PSMU)

Kremenchuk Medical College

The results of the study were visualized using graphical methods, which facilitate visual comparison of data, and predictive
models were also built to assess changes in the number of students and individual effects for the next three years (2025-

2027).

RESULTS

Digital transformation of personnel in competitive change management strategies in educational institutions as leaders of
sustainable cluster development of innovative infrastructure must be carried out with data analysis. Indicators of compet-
itive change management strategy and innovative infrastructure are the number of students. According to open data of
selected educational institutions, we will analyze the number of students over the last seven years (Table 2).

Table 2. Dynamics of educational institutions by clustering, 2017-2023. (Source.: compiled taking into account official data of educational institu-

tions reflected in Table 1).

Indicators ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023
Sumy National Agrarian University

Number c_>f students a_t a high(_er education institution 6568 6970 7172 8374 8576 8778 10980

(higher education applicants), persons
National Transport University

Number (_)f students aF a highgr education institution 3635 3852 3969 4286 4703 5220 5737

(higher education applicants), persons
Semyon Kuznets Kharkiv National University of Economics

Number (_)f students aF a highgr education institution 2920 2100 7280 2460 7640 7720 8000

(higher education applicants), persons
Kyiv National University of Technologies and Design

Number c_>f students a_t a high(_er education institution 7112 7818 8524 9230 9936 10642 11048

(higher education applicants), persons

(continued on next page)
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Table 2. Continued.

Indicators ‘ 2017 ‘ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023

Polesie National University

Number of students at a higher education institution

(higher education applicants), persons 3311 3672 4132 4593 5053 2514 5974

Poltava State Medical University

Number of students at a higher education institution

(higher education applicants), persons 2838 3291 3744 4197 4650 >103 3556

SSU "Sumy Professional College of SNAU"

Number of students, persons ‘ 510 ‘ 539 ‘ 564 ‘ 588 ‘ 626 ‘ 659 ‘ 692

Separate structural unit "Kyiv Transport and Economic Vocational College"

Number of students, persons ‘ 1353 ‘ 1324 ‘ 1295 ‘ 1260 ‘ 1230 ‘ 1239 ‘ 1160

Kharkiv Socio-Economic Vocational College

Number of students, persons ‘ 663 ‘ 701 ‘ 733 ‘ 764 ‘ 814 ‘ 857 ‘ 900

Separate structural unit "Professional College of Arts and Design of the Kyiv National University of Technologies and Design"

Number of students, persons ‘ 410 ‘ 466 ‘ 493 ‘ 565 ‘ 751 ‘ 878 ‘ 936

Separate structural unit "Professional College of Construction, Architecture and Design of the Polesie National University"

Number of students, persons ‘ 540 ‘ 610 ‘ 680 ‘ 750 ‘ 820 ‘ 890 ‘ 960

Professional Medical and Pharmaceutical College of PSMU

Number of students, persons ‘ 710 ‘ 823 ‘ 936 ‘ 1049 ‘ 1163 ‘ 1276 ‘ 1389

State educational institution "Sumy Interregional Higher Vocational School"

Number of students, persons ‘ 322 ‘ 355 ‘ 406 ‘ 536 ‘ 482 ‘ 538 ‘ 603

State educational institution "Kyiv Center for Vocational and Technical Education”

Number of students, persons ‘ 311 ‘ 336 ‘ 395 ‘ 418 ‘ 416 ‘ 311 ‘ 437

Vocational and Technical Education Center No. 2, Kharkiv

Number of students, persons ‘ 314 ‘ 355 ‘ 398 ‘ 340 ‘ 390 ‘ 410 ‘ 475

Professional Lyceum of Fashion of the Kyiv Academy of Hairdressing Art

Number of students, persons ‘ 318 ‘ 351 ‘ 402 ‘ 384 ‘ 408 ‘ 366 ‘ 461

Zhytomyr Professional Polytechnic Lyceum

Number of students, persons ‘ 336 ‘ 369 ‘ 420 ‘ 403 ‘ 427 ‘ 384 ‘ 480

Kremenchuk Medical College

Number of students, persons ‘ 444 ‘ 477 ‘ 528 ‘ 540 ‘ 549 ‘ 526 ‘ 615

Analysis of the dynamics of the number of students in educational institutions for 2017-2023 indicates a general trend
towards growth, which indicates the growing popularity of educational institutions and their role in regional development.
Higher educational institutions demonstrate a significant increase in the number of education seekers.

Further analysis of the transformation of personnel in competitive change management strategies in educational institu-
tions will be carried out by determining the number of teaching staff of the studied educational institutions, their dynamics
over the past five years, and absolute and relative deviations in the number of staff over the five-year period. For analytical
research, information that is publicly presented on the websites of educational institutions was used.

The dynamics of the number of scientific and pedagogical staff in educational institutions for 2019-2023 indicate a general
trend towards growth in the teaching staff. At Sumy National Agrarian University, the number of teachers increased by
3.11%, while the number of doctors of sciences remained stable, and the number of associate professors and candidates
of sciences decreased slightly. At the same time, there was an increase in the share of senior teachers and assistants,
which may indicate a renewal of personnel. At the National Transport University, the total number of teachers almost did
not change, but the number of doctors of sciences and candidates of sciences increased, while the number of senior
teachers and assistants decreased. At the S. Kuznets Kharkiv National Economic University, a significant increase in staff
by 9.3% was recorded, which was accompanied by an increase in the number of doctors of sciences, associate professors,
and assistants. A similar trend is observed at the Kyiv National University of Technologies and Design, where an increase
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in the share of doctors of sciences in the total staff is also observed. Polesie National University demonstrated an increase
in the number of teaching staff, with a moderate increase in the number of doctors of sciences and candidates of sciences.
Poltava State Medical University also showed positive dynamics, although the share of doctors of sciences in the total staff
has slightly decreased. Professional colleges in general demonstrate positive dynamics of growth in the number of teaching
staff. In Sumy Professional College of SNAU and Kyiv Transport and Economic Professional College, the number of teachers
of the highest category, as well as candidates of sciences, has increased significantly. Kharkiv Socio-Economic Professional
College increased the number of teachers by 12.87%, which was accompanied by an increase in the number of teachers
of the highest category. State educational institution "Sumy Interregional Higher Professional School" was noted for an
increase in the total number of teaching staff, although the number of teachers decreased, and the share of master's in
industrial training has increased significantly. In general, the dynamics indicate an increase in the scientific potential in
universities and advanced training among teaching staff in colleges, which may be a consequence of the active implemen-
tation of advanced training programs and the digital transformation of education. We observe dynamic processes in the
number of scientific and pedagogical personnel over the last studied period at different levels of educational institutions,
which indicates the activity of pedagogical workers in the educational sector. To visualize the obtained data and compare
them, their graphic representation is possible.

Next, we analyze the dynamics of income and expenses of the studied educational institutions over the last five years, as
elements of the innovative infrastructure of the educational sector. Their share is shown in Table 3.

Table 3. Dynamics of income and expenses of educational institutions, 2019-2023. (Source: calculated taking into account official data of edu-
cational institutions shown in Table 1).

Indicators 2019 2020 2021 2022 2023 of.;: ;gr;;ﬁe ::‘Z:Itl'l‘t:' drz‘e’l':ttl":’?'
2023 2023 from 2023 from
2019, +,- | 2019,%
Sumy National Agrarian University
Share of income in financial re- 49.67 49.72 50.55 51.06 51.55 50.51 1.88 X
sults, %
Share of expenses in the finan- 50.33 50.28 49.45 48.94 48.45 49.49 -1.88 X
cial result of activities, %
National Transport University
Share of income in financial re- 49.79 50.38 50.95 51.51 52.05 50.94 2.26 X
sults, %
Share of expenses in the finan- 50.21 49.62 49.05 48.49 47.95 49.06 -2.26 X
cial result of activities, %
Semyon Kuznets Kharkiv National University of Economics
Share of income in financial re- 66.32 48.37 52.45 69.49 67.41 60.81 1.09 X
sults, %
Share of expenses in the finan- 33.68 51.63 47.55 30.51 32.59 39.19 -1.09 X
cial result of activities, %
Kyiv National University of Technologies and Design
Share of income in financial re- 50.67 50.26 50.07 50.17 50.08 50.25 -0.59 X
sults, %
Share of expenses in the finan- 49.33 49.74 49.93 49.83 49.92 49.75 0.59 X
cial result of activities, %
Polesie National University
Share of income in financial re- 50.26 48.32 46.95 55.21 54.23 50.99 3.98 X
sults, %
Share of expenses in the finan- 49.74 51.68 53.05 44.79 45.77 49.01 -3.98 X
cial result of activities, %
Poltava State Medical University
Share of income in financial re- 50.58 51.72 46.32 49.56 41.98 48.03 -8.59 X
sults, %
Share of expenses in the finan- 49.42 48.28 53.68 50.44 58.02 51.97 8.59 X
cial result of activities, %

(continued on next page)
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Table 3. Continued.

On average Absolute Relative
. deviation deviation
Indicators 2019 2020 2021 2022 2023 for2 32;9- 2023 from 2023 from
2019, +, - 2019,%
SSU "Sumy Professional College of SNAU"
Share of income in financial re- | 5, g7 51.10 51.11 47.52 52.21 50.56 1.34 X
sults, %
Share of expenses in the finan- | g 45 48.90 48.89 52.48 47.79 49.44 -1.34 X
cial result of activities, %
Separate structural unit "Kyiv Transport and Economic Vocational College"
Share of income i financial re- 50.87 50.94 51.11 47.36 52.08 50.47 1.21 X
sults, %
Share of expenses in the finan- )
cial result of activities, % 49.13 49.06 48.89 52.64 47.92 49.53 1.21 X
Kharkiv Socio-Economic Vocational College
Share of income in financial re- 50.87 51.10 51.23 47.64 52.21 50.61 1.34 X
sults, %
Share of expenses in the finan-
cial result of activities, % 49.13 48.90 48.77 52.36 47.79 49.39 -1.34 X
Separate structural unit "Professional College of Arts and Design of the Kyiv National University of Technologies and Design"
Share of income in financial re- | 9 39 42.81 46.53 48.10 46.44 46.65 -2.95 X
sults, %
Share of expenses in the finan- | 5, o) 57.19 53.47 51.90 53.56 53.35 2.95 X
cial result of activities, %
Separate structural unit "Professional College of Construction, Architecture and Design of the Polesie National University"
Share of income in financial re- | 5¢ 7 55.02 53.45 52.03 50.75 53.61 -6.03 X
sults, %
Share of expenses in the finan- | 45 53 44.98 46.55 47.97 49.25 46.39 6.03 X
cial result of activities, %
Professional Medical and Pharmaceutical College of PSMU
Share of income in financial re- | 5¢ 7 55.02 53.45 52.03 50.75 53.61 -6.03 X
sults, %
Share of expenses in the finan- | 45 55 44.98 46.55 47.97 49.25 46.39 6.03 X
cial result of activities, %
State educational institution "Sumy Interregional Higher Vocational School"
Share of income in financial re- 51.90 51.19 50.74 50.57 51.65 51.21 -0.25 X
sults, %
Share of expenses in the finan- | 44, 48.81 49.26 49.43 48.35 48.79 0.25 X
cial result of activities, %
State educational institution "Kyiv Center for Vocational and Technical Education”
share of income in financial re- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 X
sults, %
share of expenses in the finan- 100.00 100.00 100.00 100.00 100.00 100.00 0.00 X
cial result of activities, % ' ) ' ) ’ ' '
Vocational and Technical Education Center No. 2, Kharkiv
Share of income in financial re- 51.90 51.19 50.85 50.69 51.65 51.26 -0.25 X
sults, %
Share of expenses in the finan-
cial result of activities, % 48.10 48.81 49.15 49.31 48.35 48.74 0.25 X
Professional Lyceum of Fashion of the Kyiv Academy of Hairdressing Art
share of income in financial re- 51.90 51.19 50.74 50.57 51.65 51.21 -0.25 X
sults, %
Share of expenses in the finan-
cial result of activities, % 48.10 48.81 49.26 49.43 48.35 48.79 0.25 X
Zhytomyr Professional Polytechnic Lyceum
Share of income in financial re- | 5 g4 51.59 50.53 51.57 49.47 50.74 -1.07 X
sults, %
Share of expenses in the finan-
cial result of activities, % 49.46 48.41 49.47 48.43 50.53 49.26 1.07 X
Kremenchuk Medical College
Share of income in financial re- 50.54 51.59 50.53 51.57 49.47 50.74 -1.07 X
sults, %
share of expenses in the finan- | 4 4 48.41 49.47 48.43 50.53 49.26 1.07 X
cial result of activities, %
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Analysis of data on the dynamics of income and expenditure of educational institutions during 2019-2023 shows certain
changes in the financial result of various educational institutions, which indicate changing financial strategies and the
impact of economic factors on the education sector. According to general indicators for all educational institutions, the
share of income in the financial result of activities fluctuates around 50%, which indicates stability in financial activities.
At the same time, the share of expenses also remains within 49-50%, with small deviations from year to year, which may
be the result of changes in the cost of resources or financing needs.

In some institutions, such as Sumy National Agrarian University, National Transport University, and VSP "Sumy Professional
College SNAU", a moderate increase in the share of income in the financial result of activities is observed, which indicates
their ability to maintain stable financing and the ability to provide more resources for development. This trend is an
important indicator of financial sustainability.

On the other hand, some educational institutions, such as Poltava State Medical University, Professional Medical and
Pharmaceutical College of PDMU, and Professional College of Arts and Design of Kyiv National University of Technologies
and Design, show a decrease in the share of income in the overall financial result. This may indicate a decrease in revenues
or insufficient resources to cover needs, which is an important signal for adapting the financial strategy and finding addi-
tional sources of financing.

Deviation of the share of income and expenses: A significant decrease in the share of income in the financial result, for
example, in Poltava State Medical University, where a decrease of 8.59% occurred by 2023, may indicate inefficient use
of financial resources or a decrease in state funding. At the same time, in some universities, such as Semyon Kuznets
Kharkiv National Economic University, the dynamics of the share of income and expenses are more stable, which may
indicate effective budget management and the ability to maintain financial balance.

The average level of expenditures for educational institutions also shows small changes, with a tendency to reduce the
share of expenditures compared to revenues, which may indicate some optimization of expenditures and improvement of
resource efficiency. However, in some institutions, in particular, in Poltava State Medical University, there is an increase in
the share of expenditures, which may be the result of increased labor costs, infrastructure upgrades, or other factors.

Some institutions, such as the State Educational Institution "Kyiv Center for Vocational and Technical Education", demon-
strate a complete lack of revenues, which indicates a possible crisis situation or a change in the organizational structure
of financing, which requires careful analysis and adjustment of financial strategies.

In general, the analysis of financial indicators indicates the need for further optimization of finances, as well as the im-
portance of effective management of expenditures to ensure the sustainable development of educational institutions in
conditions of economic instability. For some institutions, it is necessary to pay attention to the growth of expenditures and
a decrease in revenues, which may affect their financial sustainability in the future.

The next stage of research into personnel transformation in competitive change management strategies in educational
institutions, as leaders of sustainable cluster development of innovation infrastructure, is the study of this process from an
economic and mathematical perspective.

To choose a method and methodology that is appropriate for obtaining certain results from the point of view of further
transformation of personnel in competitive strategies of change management in educational institutions, as leaders of
sustainable cluster development of innovative infrastructure, it is necessary to determine the elements that make up the
educational management system and directly affect the effectiveness of activities. It is for these reasons that the authors
have determined the effective indicator of the study of personnel transformation in competitive strategies of change man-
agement in educational institutions, as leaders of sustainable cluster development of innovative infrastructure, the number
of students of educational institutions.

The following factors were selected for universities: the share of doctors of sciences in the total teaching staff and the
share of associate professors, candidates of sciences in the total teaching staff; for colleges: the share of teaching staff of
the highest category, candidates of sciences in the total teaching staff and the share of teaching staff of the highest
category in the total teaching staff; for lyceums and schools: the share of pedagogical workers in the total teaching staff
and the share of senior masters in the total teaching staff, %/ the share of department heads in the total teaching staff.
These factor characteristics were not chosen by chance, because it is the scientific and pedagogical staff of an educational
institution that is the driving force behind innovation, novelty, development, improvement, and effectiveness of activities
in attracting and forming a personality.

So, in conclusion of the theoretical part of the study, we can say that this information encourages us to study, model, and
forecast the indicator (number of students) and certain factors of the personnel transformation system in competitive
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strategies of change management in educational institutions as leaders of sustainable cluster development of innovative
infrastructure using economic and mathematical methods and models, in particular spatial (longitudinal, panel) data mod-
els with fixed effects, correlation and regression analysis, simultaneous analysis of several educational institutions by
clustering, the least squares method, the method of comparison, ranking, rating, graphical representation and comparison
and forecasting.

So, educational institutions for research, economic, and mathematical methods and models have been preliminarily se-
lected, then we proceed to the practical part of the study, analysis, modeling, and forecasting of the effective indicator
(number of students) and selected factors of personnel transformation in competitive strategies of change management
in educational institutions as leaders of sustainable cluster development of innovative infrastructure. The study is con-
ducted in several stages. Previously, statistical data on the nhumber of students in educational institutions and the share of
scientific and pedagogical staff were formed (Table 2 and Table 3).

Next, the next stage is to consider building a spatial data model with fixed effects in the study of personnel transformation
in competitive change management strategies in educational institutions, as leaders of sustainable cluster development of
innovative infrastructure over the recent period. The coefficients of spatial data models with fixed effects in the study of
the effectiveness of educational institutions by clustering, 2019-2023, were obtained:

= for higher education institutions:

b -232,91
-333,07
= for colleges:
b 73,02
-17,93
= for lyceums, schools:
b 3,45
4,41

We find the individual effects of personnel transformation in competitive change management strategies in educational
institutions, as leaders of sustainable cluster development of innovation infrastructure for each educational institution,
using the formula:

ai = T1t = 1) Tyit — (T1t = 1), Txit)'B FE (D)

So, as a result of the calculations, we have the following result (Table 4):

Table 4. Individual effects of personnel transformation in competitive change management strategies in educational institutions as
leaders of sustainable cluster development of innovation infrastructure, 2019-2023.

Sumy National Agrarian University al 77.26
National Transport University a2 44.97
Semyon Kuznets Kharkiv National University of Economics a3 80.55
Kyiv National University of Technologies and Design a4 78.00
Polesie National University a5 44.56
Poltava State Medical University a6 73.38
SSU "Sumy Professional College of SNAU" al 68.78
Separate structural unit "Kyiv Transport and Economic Vocational College" a2 79.78
Kharkiv Socio-Economic Vocational College a3 76.52
Separate structural unit "Professional College of Arts and Design of the Kyiv National University of Technologies and Design" a4 43.93
Separate structural unit "Professional College of Construction, Architecture and Design of the Polesie National University" a5 62.98
Professional Medical and Pharmaceutical College of PSMU a6 61.06
State educational institution "Sumy Interregional Higher Vocational School" al 22.86
State educational institution "Kyiv Center for Vocational and Technical Education” a2 36.54
Vocational and Technical Education Center No. 2, Kharkiv a3 30.46
Professional Lyceum of Fashion of the Kyiv Academy of Hairdressing Art a4 32.66
Zhytomyr Professional Polytechnic Lyceum a5 24.87
Kremenchuk Medical College a6 29.45
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Thus, according to the coefficient of the individual effect of personnel transformation in competitive strategies of change
management in educational institutions as leaders of sustainable cluster development of innovative infrastructure, the
leader among higher education institutions is the Kharkiv National Economic University named after Semyon Kuznets
(KHNEU named after S. Kuznets) 80.55 p.p., among colleges the Separate Structural Unit "Kyiv Transport and Economic
Professional College" 79.78 p.p. and among lyceums and schools the State Educational Institution "Kyiv Center for Voca-
tional and Technical Education" 36.54 p.p.. Although it should be noted the qualitative value of this coefficient in all studied
educational institutions. Also, graphically, for comparison of the determined coefficients of the individual effect of educa-
tional institutions, they can be presented.

The next stage is forecasting. The author's own work is the forecasting of individual effects of personnel transformation
in competitive strategies of change management in educational institutions as leaders of sustainable cluster development
of innovative infrastructure using spatial data models for the next three years. To determine the effective indicator of the
number of students in educational institutions, we use the coefficients a0, al, and a2, which were calculated previously.
As a result, the forecast values of the factors and the effective indicator in the cluster section of each educational institution
for 2025-2027 were obtained (Table 5).

Table 5. Forecasting factors and performance indicators of educational institutions, 2025-2027.

Number of students in Share of associate pro-
e e | oo Seach. | fesors and candidate
tutions N g h of sciences in the total
tion applicants), per- ing staff, % teaching staff, %
sons, Y 9 170
2025 11984 13.08 64.60
sumy National Agrarian 2026 12786 13.17 64.71
University
2027 13588 13.27 64.22
2025 6566 9.18 40.27
gi?;ional Transport Univer- 2026 7012 9.32 40.64
2027 7458 9.45 41.01
2025 8104 5.64 35.33
Semyon Kuznets Kharkiv
National University of Eco- 2026 8179 5.77 35.40
nomics
2027 8253 5.91 35.46
2025 12458 7.21 27.70
Kyiv National University of
Technologies and Design 2026 13104 7.26 27.90
2027 13750 7.30 28.09
2025 6892 7.45 28.64
Polesie National University 2026 7352 7.48 28.78
2027 7811 7.52 28.91
2025 5603 14.21 64.28
Polta_wa State Medical Uni- 2026 5639 14.30 64.55
versity
2027 5734 14.77 64.63
I ——
Share of higher cate- .
Number of students, gory teaching staff, :2:: :(-:oafc?lligigesrt::ft?n
College Years ’ candidates of sciences o
persons. Y N . the total teaching staff.
in the total teaching o
staff. % °
2025 757 7.39 24.36
SSU "Sumy Professional
College of SNAU" 2026 789 7.67 24.39
2027 822 7.95 24.43
2025 1229 6.89 25.16
Separate structural unit
"Kyiv Transport and Eco- 2026 1220 6.97 24.89
nomic Vocational College"
2027 1212 7.05 24.63

(continued on next page)
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Table 5. Continued.

College

Years

Number of students,

Share of higher cate-
gory teaching staff,
candidates of sciences

Share of higher cate-
gory teaching staff in

Number of students,

persons. Y in the total teaching the total tei;chmg staff.
staff. % °
2025 974 7.39 24.66
Kharkiv Socio-Economic
Vocational College 2026 992 7.47 24.69
2027 1004 7.55 24.73
Separate structural unit 2025 950 5.51 23.02
"Professional College of
Arts and Design of the Kyiv 2026 989 5.58 23.27
National University of
Technologies and Design" 2027 1040 5.64 23.33
Separate structural unit 2025 1002 6.89 24.84
"Professional College of
Construction, Architecture 2026 1024 6.97 25.09
and Design of the Polesie
National University" 2027 1051 7.05 25.15
2025 1406 7.67 24.11
Professional Medical and
Pharmaceutical College of 2026 1442 7.87 24.35
PSMU
2027 1539 8.46 24.42

Share of teaching staff

Share of senior masters
in the total teaching

Lyceum, school Years ersons. Y in the total teaching staff. %/ Share of de-
P ' staff. % partment heads in the
total teaching staff. %
2025 671 58.52 30.21
State educational institu-
tion "Sumy Interregional 2026 711 58.55 31.76
Higher Vocational School"
2027 750 58.59 33.30
State educational institu- 2025 474 44.92 52.64
tion "Kyiv Center for Voca-
tional and Technical Educa- 2026 480 46.66 5213
tion" 2027 486 48.40 51.62
2025 493 46.80 53.39
Vocational and Technical
Education Center No. 2, 2026 512 48.19 52.46
Kharkiv
2027 525 49.58 51.53
2025 482 46.63 25.87
Professional Lyceum of
Fashion of the Kyiv Acad- 2026 500 50.93 25.87
emy of Hairdressing Art
2027 518 55.23 25.87
2025 508 58.72 15.06
Zhytomyr Professional Pol- 2026 512 58.15 15.09
ytechnic Lyceum
2027 587 57.59 15.21
2025 627 76.59 2.73
:(remenchuk Medical Col- 2026 646 26.69 281
ege
2027 653 76.72 2.90

It should be noted that under the proposed optimistic scenario, it is possible to increase both factor characteristics and
the effective indicator of the number of students for the next period under the influence of other dependent and inde-
pendent factors of an external and internal nature, which may be justified and logical.

Next, to predict the individual effects of personnel transformation in competitive change management strategies in edu-
cational institutions, as leaders of sustainable cluster development of innovative infrastructure for a certain period, we
carry out calculations. As a result of the calculations, the coefficients of spatial data models with fixed effects in predicting
the efficiency of educational institutions by clustering for 2025-2027 were obtained:
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= for higher education institutions:

1320,53
b
289,46
= for colleges:
135,49
b
94,13
= for lyceums, schools:
5,29
b
16,80

We find the individual effects of personnel transformation in competitive strategies of change management in educational
institutions, as leaders of sustainable cluster development of innovative infrastructure for each educational institution. So,
as a result of calculations, we have the following forecast result (Table 6).

Table 6. Forecasting individual effects of personnel transformation in competitive strategies of change management in educational
institutions as leaders of sustainable cluster development of innovative infrastructure, 2025-2027. (Source: calculated by the authors)

Sumy National Agrarian University al 79.44
National Transport University a2 46.08
Semyon Kuznets Kharkiv National University of Economics a3 82.04
Kyiv National University of Technologies and Design a4 79.26
Polesie National University a5 46.28
Poltava State Medical University a6 75.42
SSU "Sumy Professional College of SNAU" al 69.16
Separate structural unit "Kyiv Transport and Economic Vocational College" a2 80.22
Kharkiv Socio-Economic Vocational College a3 78.44
Separate structural unit "Professional College of Arts and Design of the Kyiv National University of Technologies and Design" a4 45.04
Separate structural unit "Professional College of Construction, Architecture and Design of the Polesie National University" a5 63.15
Professional Medical and Pharmaceutical College of PSMU a6 62.48
State educational institution "Sumy Interregional Higher Vocational School" al 25.50
State educational institution "Kyiv Center for Vocational and Technical Education” a2 38.75
Vocational and Technical Education Center No. 2, Kharkiv a3 32.46
Professional Lyceum of Fashion of the Kyiv Academy of Hairdressing Art a4 34.99
Zhytomyr Professional Polytechnic Lyceum a5 26.32
Kremenchuk Medical College a6 31.29

So, as a result of the forecasting, we observe an increase in the individual effects of personnel transformation in competitive
change management strategies in educational institutions as leaders of sustainable cluster development of innovative
infrastructure, and this can be optimistic and positive. Next, using the rating method, we group, rank, and compare the
obtained forecast results with previous calculations of individual effects of educational institutions (Table 7).
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Table 7. Results of individual effects of personnel transformation in competitive change management strategies in educational institu-
tions as leaders of sustainable cluster development of innovative infrastructure, 2019-2023, 2025-2027.

Higher education institu-

Individual effects of
personnel transfor-

Ranking of the indi-
cator by built-in sta-

Projected values of
individual effects of
personnel transfor-

Ranking of the indi-
cator by built-in sta-

tions Symbol T::;?:nl?nls‘;igt::iroii- tistical function, mation in higher ed- tistical function,
2019-2023 ! 2019-2023. ucation institutions, 2025-2027
2025-2027
S_umy National Agrarian Univer- al 77.26 3 79.44 2
sity
National Transport University a2 44,97 5 46.08 6
Semyon Kuznets Kharkiv Na- a3 80.55 1 82.04 1
tional University of Economics
Kyiv National University of
Technologies and Design at 78.00 2 79.26 3
Polesie National University a5 44.56 6 46.28 5
Poltava State Medical University a6 73.38 4 75.42 4
Individual effects of Predicted values of
the transformation | Ranking of the indi- | individual effects of | Ranking of the indi-
College Symbol of the staff of the cator by built-in sta- transformation of | cator by built-in sta-
g Y college educational tistical function, personnel of an edu- tistical function,
institution, 2019- 2019-2023 cational institution 2025-2027
2023 college, 2025-2027
SSU "Sumy Professional College
of SNAU" al 68.78 3 69.16 3
Separate structural unit "Kyiv
Transport and Economic Voca- a2 79.78 1 80.22 1
tional College"
K'harklv Socio-Economic Voca- a3 26.52 2 78.44 2
tional College
Separate structural unit "Profes-
sional College of Arts and De-
sign of the Kyiv National Univer- a4 43.93 6 45.04 6
sity of Technologies and De-
sign"
Separate structural unit "Profes-
sional College of Construction,
Architecture and Design of the as 62.98 4 63.15 4
Polesie National University"
Professional Medical and Phar-
maceutical College of PSMU a6 61.06 3 62.48 >
Individual effects of il::;fi‘\’r:;zez:il ‘é:fI::tss ‘;ff
personnel transfor- | Ranking of the indi- Ranking of the indi-
mation in educa- cator by built-in sta- personnel transfor- cator by built-in sta-
Lyceum, school Symbol - PR . . mation in educa- . -
tional institutions, tistical function, tional institutions tistical function,
lyceums, and 2019-2023 (lyceums, schools) 2025-2027.
- ’ r
schools, 2019-2023 2025-2027
State educational institution
"Sumy Interregional Higher Vo- al 22.86 6 25.50 6
cational School"
State educational institution
"Kyiv Center for Vocational and a2 36.54 1 38.75 1
Technical Education”
Vocational and Technical Educa-
tion Center No. 2, Kharkiv a3 30.46 3 32.46 3
State educational institution
"Kyiv Center for Vocational and a4 32.66 2 34.99 2
Technical Education”
Z_hytomyr Professional Polytech- a5 24.87 5 26.32 5
nic Lyceum
Kremenchuk Medical College a6 29.45 4 31.29 4

The last stage of the study is the summary of the obtained forecast results of the individual effects of the transformation
of the personnel of educational institutions by clustering and their graphical presentation and comparison for 2025-2027

(Table 8 and Figure 1).
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Table 8. Summary of the forecast values of the individual effects of the transformation of the personnel of educational institutions by
clustering, 2025-2027.

Educational institutions Predictive values of individual effects of person-
nel transformation, 2025-2027
£ Sumy National Agrarian University 79.44
§ , | National Transport University 46.08
® € . - . ;
8 S | Semyon Kuznets Kharkiv National University of Economics 82.04
- =
= . . . . . .
T £ Kyiv National University of Technologies and Design 79.26
= 0
2 Polesie National University 46.28
(=]
T Poltava State Medical University 75.42
SSU "Sumy Professional College of SNAU" 69.16
Separate structural unit "Kyiv Transport and Economic Vocational College" 80.22
g Kharkiv Socio-Economic Vocational College 78.44
1]
° Separate structural unit "Professional College of Arts and Design of the Kyiv Na-
S . S - 2 45.04
tional University of Technologies and Design
Separate structural unit "Professional College of Construction, Architecture and De- 63.15
sign of the Polesie National University" ’
Professional Medical and Pharmaceutical College of PSMU 62.48
State educational institution "Sumy Interregional Higher Vocational School" 25.50
8 State educational institution "Kyiv Center for Vocational and Technical Education” 38.75
E
g Vocational and Technical Education Center No. 2, Kharkiv 32.46
9 State educational institution "Kyiv Center for Vocational and Technical Education” 34.99
>
- . .
Zhytomyr Professional Polytechnic Lyceum 26.32
Kremenchuk Medical College 31.29
90
79,44 82,04 79,26 80,22 7844
80 75,42
69,16
70 63,15 62,48
60
50 46,08 46,28 45,04
38,75 4
40 3,46 34 31,29
30 25,5 26,32
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Figure 1. Graphical comparison of the forecast values of individual effects of personnel transformation in competitive change manage-
ment strategies in educational institutions as leaders of sustainable cluster development of innovation infrastructure, 2025-2027.
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The forecast values of individual effects of personnel transformation of educational institutions, provided for the period
2025-2027, allow us to assess the level of readiness of different types of educational institutions to implement changes
and personnel transformation. This approach allows us to see the difference in the effectiveness of these processes among
different categories of institutions (higher educational institutions, colleges, lyceums, and schools) and makes it possible
to predict which institutions can achieve greater progress in adapting to digital changes, innovations, and general improve-
ment of the skills of their employees. Higher educational institutions generally have higher values of individual effects of
personnel transformation compared to colleges and lower-level educational institutions. The highest values among univer-
sities are demonstrated by the Semyon Kuznets Kharkiv National Economic University (82.04) and the Sumy National
Agrarian University (79.44), which indicates that these universities probably have a more developed HR management
strategy, which includes a more active use of digital technologies and innovative approaches in organizing the educational
process. At the same time, among universities, there are also such as the Polesie National University (46.28), which
indicates a weaker level of transformations in personnel policy. Analyzing colleges, one can see some diversity. For exam-
ple, the VSP “Sumy Professional College of SNAU” has a predicted value of the transformation effect of 69.16, which is
relatively high, while the Separate Structural Unit “Professional College of Arts and Design of the Kyiv National University
of Technologies and Design” has only 45.04, which may indicate a significant difference in approaches to personnel man-
agement, as well as in the level of investment in personnel training and development. Colleges in general usually have a
smaller budget and resources for implementing large-scale transformations, which may explain the lower results. For
lyceums and schools, the predicted values are much lower, which may indicate significant challenges facing such institu-
tions in the context of personnel transformation. For example, “Sumy Interregional Higher Professional School” has only
25.50, and “Kyiv Center for Vocational and Technical Education” - 38.75. This means that these institutions probably have
fewer resources and strategies for investing in personnel and technological upgrades. Such results may indicate that these
institutions are less flexible in adapting to new labor market requirements and less prepared for significant changes.

In general, it can be concluded that higher education institutions (especially large universities) have higher forecasts of
the effects of personnel transformation due to greater financial and organizational resources. Colleges are at the average
level, with certain variations depending on the specifics of the institution, and lyceums and schools face the greatest
difficulties in personnel transformation, since their resources and capabilities are limited.

Such forecasts can serve as the basis for developing a digital transformation strategy and investments in personnel devel-
opment in educational institutions, in particular for optimizing management processes, improving the qualifications of
teaching staff, as well as integrating innovative technologies into the educational process.

We propose modeling the financing of personnel digitalization as a strategy for managing changes in educational institu-
tions for sustainable cluster development of innovative infrastructure. We rely on the variables, the number of students
Yit, the shares of income/expenditure Rit, Cit, as well as the personnel shares (doctors, associate professors, teachers of
the highest category, etc.), defined in the methodology.

Let us denote the following variables in the modeling:

= i - educational institution;

= t - year;

= Yit - number of students;

= Rit - share of income in the financial result;

= Cit - share of expenses;

= Dit - share of doctors of sciences;

= Ait - share of associate professors/candidates of sciences;

= Hit - share of teachers of the highest category (for colleges/lyceums);
= Kit - share of candidates of sciences in the teaching staff (for colleges);
= Sit - intensity of personnel training (hours/year per 1 rate);

. Iit - investments in personnel digitalization;

= Bit - available budget;

= W - adjacency matrix (cluster connections);

= A q, B, v, 8, n, 4, w - parameters/weights (for evaluation);

= Nit - number of personnel;

= ccap-capital costs;
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= cop-operating costs;

= D, A, H - qualification;

" S - training;

. Sec - security;

= Gov - governance;

= Use - Actual use of digital tools.

1.  Personnel digitalization funding adequacy index:
IDFit = lit/Nit(ccap + cop)
Compares actual Iit investments with the regulatory requirement per 1 employee (cap - capital, cop - operating expenses)

multiplied by the number of personnel Nit. IDF>1 means full coverage of human resources digitalization needs.

2. Integral index of digital maturity of personnel (geometric aggregation):
DPit =j € {D, A H, S, sec, gov, use}[[(x~j, it)wj,wj = 1
Geometric index by normalized components: qualification (D, A, H), training (S), security (sec), governance (gov), actual

use of digital tools (use). Provides sensitivity to "bottlenecks" and is a basic KPI for funding decisions

3. Long-term ROI of HR digitalization:
D — ROlit = p14Yi,t + 1+ f24Ri, t + 1 4+ B302i,t + 1/1it,0i,t + 1 = cost savings from digitalization
Takes into account the delayed effect of investment in human resources on recruitment growth Y, improvement of financial

profile R, and cost savings Q. Threshold of feasibility: D — ROI> (cost of capital).

4. Fixed-effects panel model for the demand for education:
Yit = ai + 1t + B1Dit + B2Ait + B3Rit + B4IDPit + B5(Dit - Ait) + it

Estimates the contribution of staffing structure, financial sustainability, and digital maturity to the dynamics of Y, controlling
for constant characteristics of institutions ai and shocks of years tt (consistent with the panel approach according to the
methodology of our article)

5.  Spatial cluster externalities (SAR):

Yit = pjYwijYjt + Xitp + uit, Xit = [Dit, Ait, Hit, Rit, IDPit]

Captures cluster spillovers: increased demand/attractiveness in neighboring (vertically connected) cells increases Yjt
through pwy. Fits well with university-college-lyceum triad.

6. Optimization of the portfolio of digital HR projects:

maxu'w — 2yw'Zws.t.1'w = 1,w = 0,c'w < Bit

Choosing funding weights w between projects (LMS, HRM, cybersecurity, RPA, etc.), taking into account expected re-
turns y, risks Z, budget Bit, and costs c.

7. Funding threshold to achieve target maturity:
litmin = argImin{IDPit(I) = IDP *}

Minimum investment required to move into the target IDP digital maturity zone. IDP((I) curve— monotonically increasing
with saturation effects.

8.  Savings reinvestment rule:

rit *= min{1, Bitn1Qit + n2(IDP » —IDPit)+}
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The share of savings Q that is automatically reinvested in the digitalization of personnel, reinforced by the deficit to the
target maturity; (x)+=max (x,0)

9. Digital Learning Equity Index:
DEQit = 1 — (1/(m—=1)) YX{k = 1}"m/|s_{k,it} — 1/m|,s_{k, it} = S_{k,it}/Y. S_{¢,it}
The balance of distribution of teaching hours s_{k, it between m categories of personnel (doctors, associate professors,

assistants, masters, teachers of industrial training). The closer to 1, the more even access.

10. Cybersecurity Performance Checker:
CSAit = IDPit » e™ — g?_sec, it
Risk-adjusted digital maturity: the higher the volatility/incident frequency o2 sec, the stronger the “penalty” to the actual

return on investment

11. Logistics of the diffusion of digital practices with cluster amplification:
da/dt = kait (1 — ait)(1+ 6 aC(i),t),aC(0),t = (1/|C)Y. ajt
The share of staff actually using a/t digital services grows along an S-curve; 0>0 adds a cluster effect of “contagion” from

partners in the “university-college-lyceum” link

12. Targeted App Attraction Feature:
Uit = (demandY ~it)wl(quality/safetyCSAit)w2(justiceDEQit)w3(financial stabilityRit)w4,Ywk = 1

A generalized indicator of transformation success that managers can maximize when planning program funding.

13. Differential-difference model of the budget rule:
Bi,t + 1 = Bit + ¢10it + $p2(Rit — Cit) — p3lit

Budget dynamics: replenishment due to savings Q and positive financial result R-C, decrease due to investments I. Helps
test the sustainability of financing trajectories.

14. Break-even point for digitalization of personnel:

v
litBE =1+ hd1A4Ci, t + 1(down) + 8§24Ri, t + 1(up) + §34Yi, t + 1(up) Y

Minimum investment that pays off through cost reduction 4Cdown, revenue growth ARup, and demand, monetization,
taking into account the barrier h (cost of capital/risk).

15. Readiness for Change Index:
CRIit = {1Dit + 2Ait + {3Hit + {4S~it + {5(Dit - Ait) — (6AgeRiskit

Composite indicator of human resource capacity to adopt and sustain digital change: professional structure, training,
interaction of qualifications, and age risks. Serves as a trigger for prioritizing funding for advanced training programs.

The results of the modeling of financing the digitalization of educational institutions' personnel showed that the current
level of digital transformation is characterized by a significant asymmetry between the university sector and institutions of
professional pre-higher and vocational education. The calculations showed that the index of adequacy of financing the
digitalization of personnel (IDF) is on average 0.65. This means that current investments in digital training cover only two-
thirds of the need determined by the regulatory model. Universities have higher IDF values, which is due to larger budgets
and targeted programs, while for colleges and vocational lyceums, this indicator is approaching the critical level of 0.4—
0.5. Thus, there is a risk of a digital divide between different levels of education, which may affect the integration of the
entire innovation infrastructure.
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The integral index of digital maturity of personnel (DP) showed an average value of about 0.58, which corresponds to the
phase of formation of basic competencies. The highest DP indicators were found in institutions where there are systematic
investments in digital educational platforms and management tools (Sumy National Agrarian University, Kyiv National
University of Technologies and Design, Poltava State Medical University). At the same time, in a number of colleges and
lyceums, DP does not exceed 0.45, which demonstrates only the initial level of digital readiness. Thus, despite the general
progress in the direction of digitalization, there remains a significant gap to the target level of DP = 0.75, overcoming
which requires systematic investments in staff training, cybersecurity, and updating educational resources.

The calculation of the risk-adjusted CSA indicator showed an average value of 0.52. The inclusion of cybersecurity factors
reduces the integral maturity results by approximately 10—15%, which indicates a significant vulnerability of educational
institutions to digital threats. This is especially dangerous for universities that are integrated into international educational
and scientific networks, because even a small disruption to the stability of the information infrastructure can have a
multiplier effect. Therefore, in the near future, the key area of funding should be the protection of information systems,
the development of internal security protocols, and training personnel in the rules of digital hygiene.

The Digital Education Equity Index (DEQ) showed an average level of 0.71, which indicates a relatively even distribution
of opportunities between different categories of staff. However, more detailed observations show that in large universities,
digitalization opportunities are concentrated mainly in highly qualified groups (doctors and associate professors), while in
vocational education institutions, the distribution is more balanced. This is explained by the fact that small teams are faster
at integrating new practices at all levels, while in large universities, differentiations in access to resources are formed.
Thus, the problem of digital equality in universities remains relevant and requires additional management intervention.

The assessment of the Readiness for Change Index (CRI) showed an average value of 0.55. This indicates a relatively
average readiness of staff to accept innovations. At the same time, universities demonstrate better results (0.60-0.65),
while in colleges and lyceums this index fluctuates within 0.45-0.50. The explanation lies in the greater concentration of
highly qualified personnel in universities, as well as in access to international grant programs. At the same time, the
existing age risks inherent in some staff restrain the speed of change. This means that the digitalization of staff should be
accompanied by active retraining programs and intergenerational interaction.

The long-term return on investment in digitalization (D-ROI) is on average 0.14. This relatively low value is explained by
the fact that the positive effects of digital transformation appear with a time lag. Nevertheless, in leading universities, the
return reaches 0.20-0.22, which already demonstrates positive economic dynamics. Colleges and lyceums are character-
ized by lower efficiency (0.08-0.10), which confirms the need to create common resource centers that would allow scaling
investments in digital infrastructure and distributing their results across several institutions.

The break-even point (IBE) calculation showed that for universities, the required level of investment for payback is about
UAH 3.2 million, while for colleges and lyceums, this value is lower by about UAH 0.8 million. This correlates with the
budgetary capabilities of the institutions and allows us to conclude that universities have a greater potential to launch self-
sustaining digital transformation programs, while for smaller institutions, payback remains problematic due to the limited
scale of activities.

An important result is the calculation of the minimum required investment (Imin) to achieve the target level of digital
maturity IDP = 0.75. For most universities, this figure is significant, from UAH 2 to 5 million, which requires either external
grant programs or consolidation of funds within clusters. For colleges and lyceums, Imin is relatively lower (up to UAH 1
million), but even such volumes are significant for their annual budgets. This once again emphasizes the relevance of
cluster interaction, which can ensure synergy of financial flows and more effective implementation of digital strategies.

Summarizing the results, we can conclude that the Ukrainian education system is in a phase of transition from fragmented
digitalization to strategic management of personnel digitalization. The calculations confirmed:

1. There is a significant gap between universities and colleges/lyceums, both in terms of financial capabilities and the
level of digital maturity.

2. The current level of investment is insufficient to fully cover the needs (IDF < 1), but is already creating a positive
multiplier effect in the form of resource savings and increased efficiency.

3. The target level of digital maturity (IDF = 0.75) for most institutions is achievable only if cluster cooperation
mechanisms are created and additional financial sources are attracted.

4.  Universities have better starting positions for the transition to self-supporting models of digital transformation, while
colleges and lyceums need increased institutional support.

618 DOI: 10.55643/fcaptp.5.64.2025.4968


https://fkd.net.ua/
https://www.fta.org.ua/

FINANCIAL AND CREDIT ACTIVITY: PROBLEMS OF THEORY AND PRACTICE
Volume 5 (64), 2025

5. The most critical areas remain cybersecurity, equal access to education, and increasing readiness for change among
staff.

Thus, financing the digitalization of staff should be considered not only as an expense, but as a strategic investment in
the competitiveness of the education system. Calculations prove that, subject to optimizing the cost structure, implement-
ing reinvestment mechanisms, and developing cluster initiatives, educational institutions will be able to move from the
stage of fragmented digitalization to sustainable innovative development, which will ensure the integration of Ukrainian
education into the global digital space.

DISCUSSION

The transformation of personnel in educational institutions is an important aspect in ensuring their competitiveness and
compliance with modern requirements of the educational process. In the context of rapid changes in the world of technol-
ogy, the development of digital platforms, and the need for a flexible approach to learning, human resource management
is becoming a key element of the successful development of educational institutions. Forecasting the individual effects of
personnel transformation is a necessary tool for planning and assessing the effectiveness of such changes in different
types of educational institutions. At the same time, there are a number of debatable issues. Thus, Abad-Segura et al.
(2020) emphasize the sustainable management of digital transformation in educational institutions, but one cannot agree
with limiting digital transformation only to technical aspects. The cultural and social implementation of changes in personnel
is also important, which can have a greater impact on the sustainability of changes.

Certain aspects of the scientific work of Rayets et al. (2023) may underestimate the importance of digital tools for innova-
tion management. Leadership is important, but modern technologies must be part of the process to achieve competitive
advantages.

The scientific article by Gryshchenko et al. (2021) lacks a deep analysis of the role of personnel in managing innovations
within the cluster, which may be underestimated in the work, especially when it comes to digital transformations in edu-
cation.

Voznyuk et al. (2021) do not take into account that the use of technologies based on brain asymmetry may be ineffective
in the context of general change management in educational institutions, where comprehensive approaches to transfor-
mation are important. A discussion may arise regarding the insufficient emphasis on personnel and their preparation for
changes in the process of digital transformation, which concerns the scientific work of Gillani et al. (2024). Since personnel
are the basis for the implementation of these changes, without their adaptation, the transformation may be ineffective.

Magyari et al. (2022) did not take into account that although smart knowledge management is important for green trans-
formations, the development of digital skills among staff is important, which is a critical success factor in knowledge
management.

The scientific article Voronina et al. (2022) lacks a focus on human potential in the process of managerial change. In the
educational context, it is worth emphasizing the preparation of staff for innovative changes. The scientific article Furman
et al. (2023) considers motivation, but not enough attention is paid to the issues of digital transformation as a tool for
motivating and developing staff in educational institutions.

The listed studies provide many topics for discussion, especially in the context of personnel management transformation
and sustainable development of educational institutions. One can object to approaches that do not take into account the
integration of digital tools and changes in the mentality of staff. Successful implementation of change requires a compre-
hensive scientific approach, including effective leadership, development, and implementation of innovation strategies,
formation of digital competencies among personnel, ensuring digital security, and development of inter-organizational
cooperation. Only under such conditions will educational institutions be able to become leaders in innovative development,
contributing to improving the quality of education and ensuring sustainable development of regions.

CONCLUSIONS

The results of the study confirmed that financing the digitalization of personnel is a strategic factor in effective change
management in educational institutions. Analysis of the dynamics of student contingents, staffing, and financial results
proved that systematic investments in the digital competencies of personnel provide not only an increase in educational
quality but also create added value for regional educational clusters. The constructed economic and mathematical models

DOI: 10.55643/fcaptp.5.64.2025.4968 619


https://fkd.net.ua/
https://www.fta.org.ua/

®IHAHCOBO-KPEAUTHA AIAMbHICTb: MPOBSIEMW TEOPIT TA MPAKTUKM
Tom 5 (64), 2025

made it possible to assess the individual effects of digital transformations, identify leaders among universities, colleges,
and lyceums, as well as predict their development for the near future.

Financial support for digitalization has proven its ability to reduce the gap between different levels of accreditation and
create a synergistic effect for innovative infrastructure. The introduction of a cluster approach contributes to increasing
the efficiency of resource use, the development of network interaction, and the creation of conditions for the sustainable
development of education. Therefore, the strategy of financing the digital transformation of personnel can be considered
as a basic tool for strengthening the competitiveness of educational institutions and the key to their integration into the
global digital space.

Further research should be aimed at developing more flexible financial instruments, in particular, involving public-private
partnerships and international grants for the sustainable financing of personnel digitalization. It is advisable to study the
effectiveness of advanced training and retraining programs in the context of digitalization, as well as analyze the readiness
of personnel to accept new technologies. The issue of forming a system for protecting the information environment of
educational institutions remains relevant, which requires comprehensive risk research and the development of innovative
solutions in the field of cybersecurity. Cross-national research is promising in order to adapt the best practices of personnel
digital transformation in the field of education. It is necessary to focus on assessing the impact of personnel digitalization
on the development of regional educational clusters, employment, and integration of Ukraine into the global educational
space. Thus, further research should cover both financial, economic, and socio-institutional aspects, which will provide a
comprehensive understanding of the processes of digital transformation and contribute to the formation of effective strat-
egies for the development of education.
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Coxatpb 1., CriiynHa A., Jleneviko T., BepryH M., Manapbyyk O., CazoHoBa T.

®IHAHCYBAHHA AVWDKUTANI3ALII NEPCOHANY SIK CTPATErISl YNPABIIHHA 3MIHAMU
3AK/IAQIB OCBITU 4151 CTAJIOIO K/IACTEPHOIO PO3BUTKY IHHOBALIIMHOT
IHOPACTPYKTYPH

Y poboTi gocnigkeHo ponb hiHaHCYBaHHA AnaKuTanisauii nepcoHany sk Kn4oBOi CTpaTerii ynpaBiHHsS 3MiHAaMKU B OCBi-
THiX 3aKnafax y KOHTEKCTi CTanoro KnacTepHOro po3BUTKY iHHOBALiMHOI iHdpacTpykTypu. Ocobnuea yBara npuaineHa
aHani3oBi AMHaMIKKN KiNbKOCTi CTYAEHTIB, HAaYKOBO-NeAaroriYHoro nepcoHany Ta iHaHCOBMX MOKa3HMKIB YCTaHOB Pi3HUX
piBHIB akpeauTalii, WO € NpoBiaHMMK Y (hOPMYBaHHI OCBITHIX KnacTepiB. ABTOpU CTaTTi 3aCTOCYyBa/lM EKOHOMiKO-MaTeMa-
TUYHI MOAeni AN OUiHKK iHAMBIAYyanbHUX edekTiB UMdpoBOi TpaHcdopMaLii, NPOrHO3yBaHHS pe3yfbTaTiB Ha cepeaHboC-
TPOKOBY MEPCMNEKTVBY Ta BUSIBNIEHHS YMHHWKIB, LIO BMIMBAKOTb HA KOHKYPEHTOCTPOMOXHICTb OCBITHIX iHCTUTYLN. Pe3ynb-
TaTh JOCNIMKEHHS 3aCBiAYYIOTb, WO edekTnBHe (iHaHCyBaHHS LMdPOoBI3aLil nepcoHany niaBuLLYE KOHKYPEHTHI nepesaru
YHIBEPCUTETIB, KONEMXIB i NiLEIB, 3MILHIOE KaAPOBUI NMOTEHUian, cnpusie GiHaHCOBIM CTabinbHOCTI i CTBOPIOE A0AATKOBY
BapTiCTb ANS perioHasibHMX OCBITHIX KnacTepiB. BuaHayeHo, Wo yHIBEPCUTETH MalOTb Kpalli CTapToBi MO3uLii 4518 3anycKy
camoniaTpuMyBaHUX nporpam umdpoBsoi TpaHcdopMaLii 3aBaskn 6inbwumm iHaHCOBUM pecypcaM, a Koneaxi Ta npode-
CilHi niuei NoTpebytoTb 6iNbLUOT IHCTUTYLIVHOI Ta AEPXXaBHOI MiATPUMMKM,. OBIPYHTOBAHO BaX/IMBICTb KIIACTEPHOI B3aeMOi,
sika 3abesnevye cvHeprito iHaHCOBMX NMOTOKIB i MacluTabyBaHHS LMdpPOBKX iHHOBALiM Ha BCi piBHi OCBiTU. Y pob6oTi niak-
pecneHo, wo diHaHCyBaHHS UMdPOBi3auii NnepcoHany cnig po3rnsgatv He KK BUTPaTy, a SK CTpaTeriyHy iHBeCTuUilo B
NiABULLEHHS SIKOCTI OCBITU, KOHKYPEHTOCMPOMOXHOCTI Ta iHTerpaLito 0CBiTHLOT cMcTeMu YkpaiHu B rnobanbHuii umdposuii
npocTip.

Knrouosi cnoBa: aumpxkutan-TpaHcdopmauis, nepcoHasn, ynpaeniHHA 3MiHaMK, 3aKnaay OCBITM, KOHKYPEHTHI cTpaTerii,
CTanui KNacTepHUi po3BUTOK, IHHOBALLIMHa iHPpPacTPyKTypa, niaepy, dhiHaHCOBUI pe3ynbTaT, A0X0AW, BUAATKU
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