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Abstract. The article analyzes the role of education as a key factor in the formation of
innovative human capital. It is shown that the largest proportion of learners are covered by
general secondary and higher education, and it is precisely within these levels that the main
processes of human capital formation take place. The state of Ukrainian secondary and higher
education is assessed in comparison with established global standards. For this purpose, a
comparative analysis of the effectiveness of secondary education (based on PISA results) and
higher education (according to global rankings, in particular QS) in Ukraine is carried out in
the context of global trends. Within the framework of PISA studies, it is revealed that Ukraine,
taking into account the volume of financial resources cumulatively spent on general secondary
education (from the beginning of schooling until reaching the age of 15), calculated at
purchasing power parity, belongs to the group of countries that spend no more than USD 75,000
on the education of one 15-year-old student. In this group of 32 countries, Ukraine ranks 4th,
which is a relatively good result. However, during 2018-2022, an overall downward trend in
results was observed for each subject tested within the framework of PISA. This indicates the
need to reconsider measures aimed at improving the quality of general secondary education,
taking into account resource constraints under the conditions of martial law. The main
challenges caused by the war are also highlighted, in particular, educational losses and a
shortage of teaching staff. A set of measures to improve the situation in the field of general
secondary education is proposed, including the development of the New Ukrainian School,
STEM education, deepening the implementation of digital technologies, and the adaptation of
inclusive approaches. It is noted that the situation with the formation of innovative human
capital in the domestic higher education sector, as the final level in this process, is worse. The
best Ukrainian universities occupy positions in the second half of the lists of all well-known
global rankings, and the share of GDP spent by Ukraine on R&D research, to which the higher
education sector is directly related, is the lowest among all neighbouring countries. This
indicates the presence of a systemic problem that needs to be urgently addressed, given the
existential challenges facing Ukraine. Based on the experience of other countries, a number of
measures that may improve the situation are proposed.
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In the contemporary landscape of
the global economy, human capital has
solidified its position as the primary
endogenous factor of economic growth.
Whereas the industrial era was charac-
terized by the accumulation of physical
capital and access to natural resources
as key economic catalysts, the modern
knowledge-based economy identifies
intellectual capacity, creativity, and
the ability to generate innovation as
the dominant sources of added value.
The theoretical foundations of human
capital, established by Nobel laureates
G. Becker and T. Schultz, are currently
evolving into the concept of "innovative
human capital” - a synthesis of know-
ledge and competencies that facilitate
not only adaptation to rapid technolo-
gical shifts but also the proactive leader-
ship of such advancements.

According to data from the World
Bank and leading analytical institutions,
human capital constitutes approximate-
ly 60 % to 70 % of national wealth in
developed nations. In Ukraine, howev-
er, this figure persists at a significantly
lower level of roughly 30 % [1]. This
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discrepancy reflects a profound mis-
match between the latent potential of
the Ukrainian nation and the actual le-
vel of capitalization of the human factor.
Consequently, the sub-optimal rates of
national economic development stem
not only from investment deficits and
external hostile pressures but also from
systemic inefficiencies in the mecha-
nisms of human capital formation, with-
in which the education system serves as
a fundamental pillar.

The impact of educational transfor-
mations on the genesis and evolution of
innovative human capital has become a
focal point of global scholarly discourse.
This intensification is evidenced by the
exponential growth in publication ac-
tivity within this domain, particularly in
journals indexed in prestigious biblio-
metric databases such as Web of Science
and Scopus (Fig. 1).

Fundamental contributions to the
understanding of the nexus between
educational quality and economic pros-
perity have been made by E. Hanushek
and L. Woessmann [3]. Their empirical
findings suggest that it is not the du-
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Fig. 1. Dynamics of scholarly research concerning the impact
of education on human capital development, number

Compiled by the authors based on source: [2].
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ration of formal schooling, but rather
the efficiency of educational technolo-
gies in cultivating authentic cognitive
proficiencies that exerts a decisive in-
fluence on GDP as a metric of national
development. Consequently, they argue
that educational policy must prioritize
learning outcomes (output) over the
mere accumulation of institutional re-
sources (input).

Nobel laureates ]. Heckman and
S. Mosso [4] emphasize the mitigation
of educational disparities and their
subsequent effect on human capital.
They posit that investments directed
toward early childhood development
and high-quality secondary education
yield the highest Return on Investment
(ROI), proving significantly more effec-
tive than interventions at later stages.
This underscores the imperative of en-
suring equitable access to education for
all school-age children. Complementing
this view, R. Eynon, C. Lewin, E Mac-
gilchrist, M. Oliver, L. Pangrazio, J. Potter,
N. Selwyn and B. Williamson [5] high-
light the necessity of bridging the "digi-
tal divide", which, in volatile economies,
can exacerbate social stratification and
compromise the aggregate quality of
human capital.

The conceptual framework of "Na-
tional Innovation Systems", advanced by
B.-A. Lundvall and R. Nelson [6], accen-
tuates the role of higher education as
the definitive stage in the formation of
innovative human capital. They contend
that a nation’s innovative capacity is in-
extricably linked to the synergistic co-
operation between academia, research
centers, and industry. In this paradigm,
higher education functions not mere-
ly as a supplier of skilled labor but as
an instrumental agent in Research and
Development (R&D). This perspective

is further extended by S. Slaughter [7]
through the theory of "academic capital-
ism", which justifies the evolving role of
academic staff in the commercialization
of knowledge and the proliferation of
university-based technological startups.
Scholars also emphasize that while
the continuous reproduction of human
capital is vital for societal success, cer-
tain periods of social instability may
hinder this process. This has led to the
investigation of "educational resilience"
in the context of crises and armed con-
flicts. E. Martey, M. Etwire and D. Atinga
[8] examine the mechanisms required to
prevent the collapse of educational sys-
tems under such conditions and the role
of international cooperation in human
capital recovery. Similarly, L. Londar and
M. Pietsch [9] analyze the Ukrainian ex-
perience of fostering resilience during
wartime, delineating the components
of an organizational resilience model.
Within this framework, research into
"brain drain" and "brain circulation”
underscores the critical importance of
developing robust strategies for the re-
patriation of highly skilled migrants.
Addressing the specificities of the
Ukrainian context, E. Libanova [10]
identifies profound demographic and
economic threats to human capital, as-
serting that the ongoing war has elevat-
ed the reproduction of human capital
to a matter of national security. Other
researchers [11] suggest that the impact
of these challenges can be mitigated
through accelerated digital transforma-
tion, the cultivation of Science, Tech-
nology, Engineering and Mathematics
(STEM) competencies, and the overar-
ching adaptation of the educational sys-
tem to the requirements of Industry 4.0.
Despite the extensive volume of existing
literature, the synergistic nexus between
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general secondary education reforms
and the modernization of higher edu-
cation remains insufficiently explored,
particularly regarding the formation
of innovative human capital under the
stringent constraints of martial law. This
article aims to clarify these issues.
Figure 2 illustrates the age-specific
distribution of the student population
in Ukraine for 2023, as compiled by
UNICEF based on data provided by the
SSI "Institute of Educational Analytics".
The visualization indicates that school
education, which covers the predomi-

450000

nant share of the country’s learners,
typically commences at age 5-6 and
concludes by age 18. While a marginal
proportion of students enter higher
education institutions (HEIs) at age 16,
the majority of the cohort completes
this stage by age 23. Furthermore, the
data highlights a distinct segment of
non-traditional students pursuing high-
er education beyond the age of 30, re-
flecting the ongoing trend of adult edu-
cation and lifelong learning.

Table 1 shows a comprehensive sta-
tistical profile of student enrollment
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Fig. 2. Distribution of the student population in Ukraine by educational level and age (2023)

Compiled by the authors based on source: [12].

Table 1

Structural composition of students and teaching staff
by educational level in Ukraine (2024/2025 a. y.)

Educational level Nsl:glc})eel:«tg f I\Itl:::::ll)lil;'(s) ! Percentage of Percentage of
(thousands) (thousands) students (%) teachers (%)

Preschool education 743.402 100.731 12.1 14.6
General secondary education 3,744.470 372.543 60.9 54.2
Vocational education 214.395 28.558 35 4.1
Pre-higher education 331.488 25.834 5.4 3.7
Higher education 1,112.965 161.385 18.1 234
Total 6,146.72 689.051 100.00 100.00

Compiled by the authors based on source: [13].
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and pedagogical personnel across vari-
ous educational tiers for the 2024 /2025
academic year.

The empirical data reveals that gen-
eral secondary education remains the
most substantial pillar of the national
educational infrastructure. Specifically,
this sector encompasses 3.74 million
students and 372,500 teachers, accoun-
ting for 60.9 % of the total student body
and 54.2 % of the teaching workforce,
respectively. Higher education repre-
sents the second-largest component,

600

catering to 1.11 million students and
employing 161,400 faculty members,
which translates to 18.1 % and 23.4 %
of the overall educational structure.
Consequently, it is evident that general
secondary and higher education are the
primary domains for the formation of
human capital in Ukraine.

To assess the efficacy of these sec-
tors, we employ internationally compa-
rable benchmarks. Figure 3 delineates
the correlation between cumulative
educational expenditure (calculated in
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Fig. 3. Graph of dependence between mean PISA 2022 scores (Mathematics, Reading,
Science) and cumulative 9-year educational expenditure per student (USD PPP)

Compiled by the authors based on source: [14].
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USD at purchasing power parity (PPP)
from the inception of schooling to age
15) and the mean performance scores
achieved by 15-year-old students in the
PISA 2022 assessment. Ukraine’s rela-
tive standing is highlighted by an en-
larged data point.

The analysis demonstrates that,
based on cumulative financial inputs,
Ukraine’s general secondary education
system belongs to a cohort of nations
characterized by expenditures not ex-
ceeding 75,000 USD per student. With-
in this 32-country peer group, Ukraine
ranks 4th, a result that indicates a high
degree of resource efficiency. Notably,
Ukraine outperformed several nations
with significantly higher funding levels
(e.g., Qatar), where students demon-
strated lower academic proficiency.

However, longitudinal data from the
Ukrainian Center for Educational Qua-
lity Assessment [15] indicates a discer-
nible downward trajectory in student
performance across all PISA domains
between 2018 and 2022. This decline
necessitates a critical re-evaluation of
strategies for quality assurance, parti-
cularly given the acute resource limita-
tions and the operational complexities

imposed by martial law. Scholars em-
phasize the imperative of sustaining the
"New Ukrainian School" (NUS) reform
by tightening academic standards, bol-
stering STEM education, integrating ad-
vanced inclusive learning technologies,
and implementing systemic measures
to mitigate educational losses [16]. Fur-
thermore, elevating the social prestige
and professional quality of teaching
staff remains a vital prerequisite for the
sustainable reproduction of innovative
human capital.

When evaluated through the lens
of globally recognized benchmarks,
the performance of Ukraine’s higher
education sector appears more con-
strained. Table 2 delineates the longi-
tudinal ranking trajectories of leading
Ukrainian universities within the QS
World University Rankings for the pe-
riod 2020-2025.

As evidenced by Table 2, even the
Taras Shevchenko National University
of Kyiv, the nation’s flagship institution,
consistently places in the second half
of the global top 1000. Notably, only
V. N. Karazin Kharkiv National Univer-
sity managed a brief ascent into the top
500 tier during the 2020-2021 period.

Table 2
Dynamics of leading Ukrainian universities’ positions
in the QS World University Rankings (2020-2025)
Universities 2020 2021 2022 2023 2024 2025
Taras Shevchenko National
University of Kyiv 541-550 601-650 601-650 651-700 681-690 701-710
V. N. Karazin Kharkiv National
University 491 477 511-520 541-550 691-700 741-750
Igor Sikorsky Kyiv Polytechnic
Institute 701-750 | 701-750 | 701-750 | 701-750 | 731-740 | 801-850
National Technical University
"Kharkiv Polytechnic Institute" | 701-750 | 651-700 | 651-700 | 651-700 | 901-950 |[1001-1200
Lviv Polytechnic National
University 751-800 | 801-1000 | 801-1000 | 801-1000 | 951-1000 |1001-1200
Sumy State University 701-750 | 701-750 | 701-750 | 801-1000 | 951-1000 | 1001-1200

Compiled by the authors based on source: [17].
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Researchers of Ukrainian higher ed-
ucation point to other problems as well,
beyond these modest rankings, parti-
cularly concerning quality assurance.
Institutional outputs - encompassing
research achievements, academic free-
dom, and citation indices - demonstrate
a weak correlation with current fund-
ing levels and resource allocations [18].
Furthermore, the absence of a system-
atic framework for tracking graduate
employment remains a critical gap. At
present, scientific leadership remains
underdeveloped; unlike peer institu-
tions in the EU and the US, Ukrainian
university-based science has yet to be-
come a primary driver of technological
advancement, a situation exacerbated
by chronic deficits in both material and
financial resources [19].

This critical context is further illus-
trated in Figure 4, which benchmarks
R&D intensity in Ukraine against neigh-
boring countries and global leaders as
of 2023. Given that the higher education
sector is inherently intertwined with
the generation of R&D, these figures are
telling.

Leading knowledge-based econo-
mies, such as Israel and South Korea, al-

locate atleast 5.0 % of their GDP to R&D.
Among Ukraine’s neighbors, the Czech
Republic maintains the highest invest-
ment level (1.8 % of GDP), while Belar-
us reports a significantly lower share
(0.58 %). Ukraine, however, exhibits the
lowest expenditure in this cohort, at a
mere 0.33 % of GDP. This underscores
a profound systemic impediment to the
cultivation of innovative human capital
at its terminal stage. The development
of breakthrough technologies necessi-
tates a robust pipeline of highly quali-
fied, innovative specialists produced by
the higher education system. Address-
ing this deficit is an urgent priority that
requires the integrated efforts of leading
universities and innovative industries,
taking into account the difficult existen-
tial challenges facing Ukraine.

Furthermore, according to many
data, human capital currently forms 60-
70 % of national wealth in developed
countries. In Ukraine, this factor con-
tributes only 30 % of national wealth
[22]. This disparity highlights a signifi-
cant underutilization of the nation’s hu-
man potential.

Fig. 5 explores the correlation bet-
ween the Human Development Index
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Fig. 4. R&D expenditure as a percentage of GDP in 2024: Ukraine, neighboring states
and global leaders

Compiled by the authors based on sources: [20; 21].
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(HDI) - a primary metric of socio-eco-
nomic prosperity and R&D intensity for
2023.

The relationship between these vari-
ables can be characterized as a satura-
tion curve. The data indicates that HDI
gains are most accelerated when R&D
expenditures transition from negligible
levels toward the 2 % threshold. This
suggests that prioritizing the develop-
ment of innovative human capital and
the integration of advanced technolo-
gies can catalyze rapid improvements in
socio-economic indicators and enhance
the overall sustainability of national de-
velopment.

The results of this study confirm that
Ukraine's sustainable socio-economic
development, especially during the crit-
ical phase of post-war reconstruction,
requires a strategic focus on strengthen-
ing the role and influence of innovative
human capital. This is necessary both to
strengthen national defence capabilities
and to address the urgent need for eco-
nomic recovery based on a developed
technological base.

Within the globalized knowledge
economy, human intellect and creativity

have emerged as the primary sources of
added value. For Ukraine, bridging the
gap in the capitalization of the human
factor, which currently stands at 30 % of
national wealth compared to 60-70 %
in developed nations, is a decisive task
for ensuring national survival and long-
term prosperity.

The education sector serves as the
fundamental catalyst for the formation
of innovative human capital, with gen-
eral secondary and higher education
constituting its most influential pillars.
These sectors encompass the vast ma-
jority of learners and pedagogical per-
sonnel in Ukraine.

The efficiency of Ukraine’s gener-
al secondary education, despite acute
resource constraints, remains relative-
ly high in a comparative international
context. The PISA-2022 results indicate
that the Ukrainian educational system is
capable of delivering competitive cogni-
tive outcomes even with limited fund-
ing (ranking fourth among nations with
expenditures below 75,000 USD per
student). Nevertheless, the current tra-
jectory toward declining academic per-
formance and significant war-induced
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learning losses requires an immediate
strengthening of the NUS reform, en-
hancement of STEM teaching technol-
ogies, digital transformation of educa-
tion, etc.

Conversely, Ukrainian higher educa-
tion represents a more significant bottle-
neck in the process of innovative human
capital formation. The modest standing
of Ukrainian universities in global rank-
ings (such as the QS second-thousand
tier) and the critically low R&D intensi-
ty (0.33 % of GDP - the lowest among
neighboring countries) underscore a
profound disconnect between academia
and innovative industries. Addressing
this systemic weakness requires proac-
tive state intervention to stimulate in-
vestment in Research and Development,
with a medium-term goal of increasing
R&D expenditure to at least 1.5-2 % of
GDP. This demand is further amplified
by the immediate necessity of advanc-
ing defence-related technologies. Fur-
thermore, effective policies must be im-
plemented to facilitate the repatriation

References

of highly skilled migrants and to lever-
age the advanced technological compe-
tencies of veterans. Failure to address
these issues risks relegating Ukraine to
the role of a raw-material appendage
within the global economy.

The reconstruction of Ukraine must
transcend the mere restoration of de-
stroyed infrastructure. It must be guid-
ed by the "Build Back Better" principle,
utilizing innovative human capital as
the primary strategic resource. The ob-
jective is to cultivate an innovation eco-
system where high-quality secondary
education provides the cognitive foun-
dation, while modernized higher edu-
cation and science act as the engines for
industrial renewal and the development
of the dual-use technology sector.

Ultimately, only through the synergy
of systemic reforms across all educa-
tional levels and the targeted support of
innovation can Ukraine realize its latent
potential, ensure sustainable post-war
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OCBITHI ®PAKTOPY ®OPMYBAHHS
IHHOBALIIHOTO JIIOACBKOTO KAMITAJIY B YKPAIHI

AHomayis. Y cmammi npoaHaniz08aHo po/ib 0c8imu sik K/A0408020 (hakmopa opMy8aHHs
iHHoBaYyiliHo20 Nt0dcbKko20 kKanimauy. [lokazaHo, ujo Hatisazomiwi yacmku 3006yeayie ocaimu
0X0NJIIMbCS 30201bHOK cepedHbOK Ma 8uwo 0c8imoro U came mym 8id6ysaromuCsi oc-
HO8HI npoyecu popMy8aHHs 1H0JCbko2o kanimaJy. OyiHeHO cmaH yKpaiHcbkoi cepedHboi ma
8UWOI 0c8IMU NOPIBHSHO 3 ycmaJeHUMU ceimogumu cmaHdapmamu. /15 ybozo npogedeHo
NopieHs/ILHUL aHA1i3 edhekmusHocmi cepedHboi (Ha ocHogi pesyabmamie PISA) i euwjoi ocei-
mu (32idHo 3i ceimosumu pelimuxeamu, 30okpema QS) YkpaiHu 8 KoHmekcmi 2106a/1bHUX MEH-
denyiil. Y pamkax docaidxcensb PISA susieneHo, wjo Ykpaina, 3 02450y Ha o6csieu piHaHco8UX
pecypcis, sBumpaveHux Ha 3a2a/abHy cepedHio 0c8imy KyMY/AsIMuBHO (8i0 noamky HaA84aHHs
ma do docsizHeHHs 15-piuHo20 8iKY) 3a napumemoM Kynige/ibHOi CNpOMONCHOCMI, HAEH UMb
do epynu KpaiH, AKi sumpa4aroms Ha nidcomosky 00H020 15-piuHo20 yuHs He bibuie 75 muc.
doa. CIA. Y yiti epyni i3 32 kpain Ykpaina nocidae 4-me micye, ujo € 6i0HOCHO HENO2AHUM pe-
3yabmamonm. [lpome enpodoexc 2018-2022 pp. cnocmepieaembesl Ui 3a2a/1bHA MeHOeHYist
nadiHHsA pe3yabmMamis 3a KOXCHUM npedMemoM, wo mecmyemscsi 8 pamkax PISA. L]e eka3ye
Ha HeobXxidHicMb nepeocMuc/1eHHs 3ax00ie i3 nidguujeHHs IKocmi 3a2a/1bHoi cepedHboi 0cai-
mu 3 ypaxysaHHsimM 06 MexdceHocmi pecypcie 8 yMosax 80eHHO20 cmaHy. Takodc nidkpecseHo
OCHOBHI BUK/UKU, CNPpUYUHEHI 8ilIHO, 30KkpeMa 0ceimHi empamu ma degdiyum nedazozivyHux
Kadpis. 3anponoHo8aHo Komnjekc 3axodie ujodo nosinuwieHHs cumyayii y cdepi 3aearbHoi
cepedHboi oceimu, exarouarydu podsumok HYIl, STEM-oceimu, nozaubaeHHs iMniemenmayii
yugposux mexHos02iti, adanmayito iHK103U8HUX nidxodie. 3a3Ha4eHo, wo cumyayis 3i cmeo-
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pPEHHSIM IHHOBAYIlIHO20 00CbK020 Kanimanay y cgepi simuusHsaHoi suujoi oceimu sik KiHyesoi
JIGHKU 8 YboMy npoyeci € 2ipworo. Halikpawi ykpaiHcbki yHisepcumemu nocidarome micys 8
dpyeitl nososuHi cnucky ecix gidomux ceimosux petimuHezis, a yacmka BBII, wjo sumpauaemo-
cs1 Ykpainoto Ha R&D-docaidxcenHs, 0o sikux 6esnocepedHbo npuiemua chepa suwjoi oceimu,
€ HaliMeHwo ceped ycix KpaiH-cycidis. Lle caiduums npo HaseHicmb cucmemHoi npob.iemu,
Ky nompi6bHO mepMiHO80 p038’s13y8amu, 38axicaryu HA eK3UCmMeHYiaabHi 8UKAUKU, WO No-
cmaau neped Ykpaivoro. Ha ocHosi docgidy iHwux KpaiH 3anponoHo8aHo HU3KY 3axodis, siki
MONCYymMb noJinwumu cumyayiro.

Kamwuoei caosa: inHosayitiHull todcbkull kanimadn, egpekmusHicms ocgimu, PISA, 3azanvHa
cepedHs oceima, suwa oceima, piHaHcose 3abeaneveHHs oceimu, IHHO8AYIIHUT p038UMOK.
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