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SCIENTIFIC SUSTAINABILITY INDEXAS ATOOL FOR
ASSESSING THE RESOURCE BASE OF NATIONAL
SCIENTIFIC SYSTEMS: A COMPARATIVE ANALYSIS OF
UKRAINE, POLAND, AND LITHUANIA

At the present stage, the competitiveness of countries largely
depends on the development of human potential, with science and
education as its core components. Their interaction influences socio-
political consolidation and supports the formation of an innovation-
driven economy, becoming a key factor of economic growth. However, a
comprehensive concept for studying scientific and educational potential
as a social phenomenon remains underdeveloped. Therefore, its analysis
is particularly relevant for defining strategic directions of science and
higher education development in Ukraine and the European Union.

This paper provides a comprehensive assessment of the scientific
and educational potential of Ukraine in 2010-2025. The sustainability
and development prospects of Ukraine’s education and science system
are examined in comparison with Poland and Lithuania, countries highly
integrated into the European Research Area with stable R&D funding.
The study relies on data from international statistical databases (World
Bank, WIPO, UNESCO, OECD), national higher education quality
reports, and innovation indicators, including R&D expenditures and the
number of researchers. Relationships between scientific and educational
potential and regional macroeconomic indicators, such as gross
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regional product and per capita income, are identified, and practical
recommendations for strengthening science and innovation policy are
proposed.

The findings indicate that Ukraine maintains one of the highest
tertiary education enrolment levels in the region, in some years exceeding
Poland and Lithuania. Despite demographic shifts and population
displacement, the higher education system has shown resilience
through rapid digitalization, temporary accreditation procedures,
and institutional relocation. Nevertheless, long-term risks persist,
particularly regarding the quality of student preparation, as evidenced
by international comparative assessments, including PISA 2022.

Keywords: scientiic and educational potential; scientific
sustainability; research and development (R&D); national innovation
system; higher education.

General statement of the problem. In the context of the global
transformation of scientific and educational systems, the importance of
scientific and educational potential as a key factor of sustainable state
development is increasing. In 2020-2025, Ukraine found itself in a situ-
ation of structural crisis caused by a combination of economic decline,
destruction of infrastructure, migration of scientific potential, and the
reallocation of public resources in favor of the defense sector. These pro-
cesses have significantly affected the dynamics of research and develop-
ment funding, the human resources capacity of science, and the stability
of higher education.

Thus, determining the degree of resilience and adaptive capacity of
the Ukrainian scientific and educational system in 2020-2025, as well
as identifying structural constraints and modernization opportunities in
a comparative perspective, makes it possible not only to assess the cur-
rent state of the national system of science and education, but also to
define priority directions for its development in the context of post-crisis
transformation and European integration. In particular, the experience
of Poland and Lithuania demonstrates that the resilience and competi-
tiveness of a national innovation system are directly correlated with the

178 DOI 10.34132/pard2026.31.08



IHoekc HayKko8oi cmilikocmi sIK IHCMPYMEHmM OYIHIOBAHHSL PeCYPCHOI 6a3U HAYIOHATbHUX
HAyKosux cucmem: nopieHanbHull ananiz Ypainu, Ionvwi ma Jlumeu

institutional consistency of public policy in the field of research and de-
velopment funding, the development of human capital, and deep integra-
tion into the European Research Area. Systematic participation in supra-
national research programs, institutional strengthening of the university
sector, and sustained growth in R&D investment create a synergistic ef-
fect that ensures the long-term modernization of the knowledge economy
and enhances the technological competitiveness of the state.

Analysis of recent research and publications. In recent years, the
academic discussion of scientific and educational potential has shifted
from a “description of resources” (funding, personnel, infrastructure) to-
ward an analysis of the resilience of national innovation systems (NIS)
and their capacity to maintain performance under conditions of shock
(the COVID-19 pandemic, war, energy disruptions). Within the frame-
work of NIS theory and the knowledge economy, it is emphasized that
the effectiveness of science and higher education is determined not only
by the volume of R&D expenditure, but also by the quality of institu-
tions, the density of research networks, knowledge transfer mechanisms,
and international integration.

Among the foundational works on national innovation systems is
[1], which conceptualizes innovation not as the result of isolated activ-
ity by firms or research organizations, but as a product of institutional
interaction among the state, universities, and business. According to the
author, the resilience of a national innovation system depends on the
ability of institutions to sustain processes of interactive learning and co-
ordination.

Nelson [2] highlights the role of public policy and institutional archi-
tecture in shaping the technological competitiveness of nations. This line
of thought is further developed in the “Triple Helix” model [3], where
the synergy of universities, industry, and government is viewed as the
core of the knowledge economy. Under external shocks, the resilience
of the scientific and educational system is determined by its capacity to
preserve institutional coordination, sustain R&D investment, and ensure
international integration.

Contemporary studies of higher education resilience in Ukraine
during wartime constitute a distinct strand in the international academic
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debate, focusing on institutional adaptation, quality of instruction, and
the transformation of academic mobility. Study [4] analyzes mechanisms
of resilience in Ukrainian universities through the experience of students
at Lviv University. The authors underscore the importance of everyday
adaptation strategies and flexible academic planning. Conceptually, the
study draws on the theory of “ordinary resilience,” according to which
resilience is formed through the use of familiar social and psychological
resources under extreme conditions.

Authors [5, 6] address the impact of war on the research system and
science. In particular, [5] notes that in 2022 approximately 18.5% of ac-
tive researchers left the country. Study [6] demonstrates how responses
to wartime challenges led to the expansion of distance learning, broader
international cooperation, and increased participation of Ukrainian stu-
dents and scholars in foreign programs, largely supported by the EU, the
United States, and other Western countries. While the study emphasiz-
es inclusivity risks associated with migration, it also identifies strategic
opportunities for strengthening academic mobility through online edu-
cation, international grants, and partnerships with foreign universities,
thereby reinforcing the role of external academic integration in sustain-
ing Ukraine’s higher education system.

Authors [7] employ the synthetic control method to quantitatively
assess the impact of war on higher education enrollment dynamics in
Ukraine. The results reveal statistically significant deviations from ex-
pected pre-war trends, confirming the substantial effect of the conflict
on the structure of higher education. The study shows that the war has
altered not only the current functioning of universities but also the coun-
try’s long-term educational trajectory.

In[8], the authors demonstrate that collaboration between universities
and companies (including those in Poland and Lithuania) enhances the
creativity of employees in small and medium-sized enterprises, thereby
positively affecting innovation and competitiveness. Differences in the
level of creativity and innovation activity among universities in the
region are identified, allowing for a better understanding of institutional
barriers and the potential for science—education integration. In [9], the
technical efficiency of Polish universities in research is assessed using
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the DEA method, revealing key institutional differences and the influence
of national funding policy on research outcomes.

Document [10], prepared within the OECD Education Working
Papers series, provides a comprehensive analysis of the structure,
missions, and profiles of Lithuanian higher education institutions. Based
on comparisons with other OECD countries, it evaluates how Lithuanian
universities adapt to contemporary educational and research challenges.
Lithuanian institutions are shown to participate actively in European
initiatives (Erasmus+, Horizon Europe, etc.), which enhances their
cooperation potential, academic mobility, and access to international
research programs. Quantitative and qualitative data on the development
of science and higher education in Lithuania over the past decade are
presented in [11], covering institutional structure, legislative changes,
R&D funding, requirements for researchers and doctoral candidates, and
international integration.

The evolution of Lithuanian higher education from a centralized
Soviet model to a diversified and European-integrated system illustrates
the role of consistent reforms in strengthening institutional resilience and
academic specialization. In contrast to Ukraine, where transformation
in 2020-2025 occurs under conditions of military crisis, the Lithuanian
experience shows that strategic modernization and European integration
can enhance the long-term resilience of the scientific and educational
system.

Authors[12,13] analyzethe evolution of Lithuania’s higher education
system — from a centralized Soviet model to a differentiated structure
including universities, professional colleges, and new educational
programs. As in Lithuania after the 1990s, Ukraine has undergone
institutional transformation involving diversification of higher education
institutions, expansion of university autonomy, and integration into the
European educational space. However, whereas Lithuanian reforms were
primarily aimed at improving efficiency, specialization, and international
competitiveness under stable European integration, Ukraine’s system in
2020-2025 is adapting under the conditions of external military shock
and infrastructure destruction.

Formulating the Goals and Objectives of the Article. The purpose
of this article is to provide a comprehensive assessment of the scientific
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and educational potential of Ukraine in 2010-2025 under conditions of
structural crisis and external military shock. The study aims to identify the
level of resilience of the national system of science and higher education,
as well as its adaptive mechanisms, in a comparative perspective with
Poland and Lithuania.

Within this objective, the research analyzes the dynamics of research
and development funding, human resource capacity, innovation activity,
and institutional changes in the higher education sector. Particular
attention is given to the role of public policy and international integration
in shaping the resilience of the national innovation system. The research
tasks include identifying structural constraints and determining directions
for the modernization of the scientific and educational sphere in the
context of post-crisis transformation and European integration.

Presentation of the Main Material of the Study. Ukraine, Lithuania,
and Poland demonstrate different models of interaction between higher
education and the research system, reflecting both historical legacies and
contemporary economic strategies. Fig. 1 presents the dynamics of the
share of the population aged 25-34 with tertiary education in Lithuania,
Poland, and Ukraine over the period 2010-2024 (for Ukraine, according
to available data up to 2021).

The presented graph reflects a steady trend toward the expansion of
higher education in all three countries; however, the intensity and stages
of this process differ. As shown in the figure, Lithuania demonstrates
the highest level of tertiary education attainment throughout the entire
period under consideration. During the 2010s, the indicator increased
from approximately 44% to 58-59%, after which it stabilized at this level.
Such dynamics indicate the consolidation of a mass university education
model comparable to that of developed EU countries.

In the first half of the decade, Poland was also characterized by rapid
growth in this indicator-from about 35% in 2010 to 45-46% by 2018-
2020. Subsequently, the figure stabilized within the range of 44-46%,
indicating the completion of the extensive expansion phase of the higher
education system and a transition to a stage of qualitative transformation
and institutional modernization.
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Fig. 1. Population aged 25-34 with Tertiary Education (%)
Source: compiled by the author

Between 2010 and 2021, Ukraine demonstrated a steady increase
in the share of young people with higher education-from 45% to more
than 53%. This trend confirms the traditionally high social significance
of university education and the strong educational engagement of the
younger population. Despite subsequent structural challenges, the
preceding dynamics reflect a substantial human capital potential.

Thus, in terms of the prevalence of higher education, all three
countries possess a significant educational resource capable of ensuring
the formation of qualified personnel for scientific and innovative
activities.

Substantial differences are observed not so much in the level of
higher education attainment as in the ability of national scientific and
innovation systems to effectively utilize this human capital to ensure
sustainable scientific and technological development.
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Ukraine entered the 2020s with chronically low R&D intensity
(approximately 0.3-0.4% of GDP), insufficient modernization of
research infrastructure, and a high yet demographically unstable level
of participation in higher education. Since 2022, these constraints have
been compounded by new challenges: the destruction of laboratories
and universities, the forced relocation of research personnel, student
migration, and the reallocation of public resources toward defense
needs. Under these conditions, institutional survival and the continuity
of the educational process became the primary priorities, while the long-
term innovation strategy temporarily receded into the background. The
low level of funding associated with the war has made the sustainable
development of research infrastructure particularly difficult.

Poland has demonstrated steady growth in R&D expenditure as a
share of GDP in recent years: the indicator increased from approximately
0.6% in the early 2010s to more than 1.5% in 2022-2023. This reflects a
consistent public policy aimed at supporting science, internationalizing
research programs, and increasing private sector participation in research
funding.

Lithuania has consistently invested in science at a level slightly above
1% of GDP, maintaining a stable position compared to other countries
in the Baltic region. Although its absolute investment volume is lower
than that of Poland, Lithuania shows a relatively stable trend, reflecting
sustained funding and integration into European research programs.

Fig. 2 presents the dynamics of indicators characterizing the state
of science funding in Ukraine, Poland, and Lithuania as a share of GDP
in 2010-2024. The graph displays R&D expenditure as a percentage of
GDP and the number of researchers per one million inhabitants. The
combination of these indicators makes it possible to simultaneously
assess the financial intensity of science and the human resource capacity
of the research infrastructure.

It should be noted that Poland demonstrates the most stable and
upward trend across both indicators, with a consistent increase in R&D
expenditure as a share of GDP throughout the period, accompanied by
steady growth in the number of researchers per million inhabitants. The
number of researchers rose from approximately 2,400 to more than 3,700
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per million population, representing an increase of about 50-55%. This
reflects the formation of a sustainable model for the development of
research infrastructure in the country.
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Fig.2. Trends in R&D Expenditure and Research Personnel in Ukraine,
Poland and Lithuania (2010-2024)
Source: compiled by the author

During the same period, Lithuania exhibited more moderate yet
stable dynamics. R&D expenditure increased from about 0.8% of GDP
to approximately 1.0-1.05%, corresponding to growth of around 25-
30%. The number of researchers rose from roughly 2,400 to more than
3,300 per million inhabitants, indicating an increase of about 35-40%.

A comparison of these indicators for Lithuania suggests a relatively
balanced model: the system does not exhibit sharp fluctuations but
maintains a stable level of research infrastructure.

In Ukraine, over the period under consideration, the share of research
expenditure in GDP shows a downward trend. R&D expenditure declined
from approximately 0.75% of GDP to about 0.33%, representing a
reduction of more than 50%. The number of researchers decreased from
around 1,350 to about 740 per one million inhabitants, indicating a
decline of roughly 45%.
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The simultaneous decline of both indicators points to a structural
weakening of research infrastructure: reduced funding is accompanied by
a contraction of research institutions. This reflects the limited investment
base of science and heightened risks of losing scientific potential,
particularly under conditions of macroeconomic and institutional shocks.

It should be noted that in Poland and Lithuania, increased funding
is accompanied by growth in the number of researchers, indicating the
functioning of a mechanism for the reproduction of scientific potential.
In Ukraine, the opposite trend is observed, suggesting a weakening of the
institutional resilience of the research system.

Fig. 3 presents a comparative graph of the dynamics of research
infrastructure efficiency in the three countries, calculated per 0.1% of
GDP allocated to R&D.
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Fig.3. Trends in Research Infrastructure Efficiency

(Researchers per 0.1% of GDP R&D), 2010-2024.
Source: compiled by the author

Fig. 4 presents the dynamics of the Scientific Sustainability Index
(SSI). The index values are scaled from 0 to 1 using the mi-max
normalization method, which makes it possible to compare countries
within a unified relative range.
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Themethodology for calculating thisindex is based onthe aggregation
of two core indicators: the share of gross domestic expenditure on
research and development in GDP and the number of researchers per
one million inhabitants. The normalized value of the indicator for each
country ¢ and year t is determined according to the following formula.

GERD,; — GERD,yy
GERD,,0y — GERDyyy,

GERDPY™ =

Rrorm — Rc‘t — Ronin

Rmax - Rmin

where GERD_, — Gross Domestic Expenditure on R&D,

GERD_., GERD__ - respectively, the minimum and maximum
values of this indicator within the sample,

R - Researcher per million people,

R0 R, the —extreme values of the number of researchers during
the specified periods.

Under the assumption that, in the baseline model, funding and human
resource capacity are considered equally significant, equal weights are
applied, and the resulting index formula takes the following form:

S§SI., =05 GERDZ{™ + 05 RI™

The value SSI_, of range from 0 to 1, with higher values indicating
a stronger resource base of the scientific system relative to other
observations in the sample.
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Fig.4. Scientific Sustainability Index (Composite Measure, 2010-2024
The index is calculated using GERD (% of GDP) data from the World
Development Indicators database [14], OECD [15], and UNESCO
Institute for Statistics [16]).

Source: compiled by the author

The graph shows that in 2010 Ukraine recorded the highest
relative value of the index, which is explained by its initially higher
parameters compared to the minimum values in the sample. However,
a steady decline is observed as early as 2012-2013. After 2014, the
downward trend becomes more pronounced, and by 2022 the index
value approaches the lower bound of the scale. This reflects a systemic
reduction in the share of R&D expenditure in GDP and a significant
decrease in the number of research personnel. As a result, by the end of
the period, Ukraine occupies the least sustainable position among the
countries under consideration.

In contrast to Ukraine, Poland demonstrates a pronounced upward
trend. From 2010 to 2015, the index increased gradually, after which
the growth accelerated, particularly during 2016-2020. By 2022, Poland
reached one of the highest index values in the sample. This indicates a
systemic strengthening of the country’s research infrastructure.
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Lithuania is characterized by a smoother and moderately volatile
trajectory. In 2010-2015, its index values exceeded those of Poland and
ranged between 0.57 and 0.70, pointing to a relatively strong resource
base at the beginning of the period. A temporary decline is observed in
2016-2017; however, the index subsequently resumes growth. By 2021-
2022, Lithuania reaches a level of 0.82-0.88, reflecting a high level of
research personnel availability alongside moderate funding dynamics.
Despite this positive trend, Lithuania remains slightly below Poland in
terms of the final composite index value.

Overall, the graph illustrates the divergence in scientific resource
sustainability among the countries: the strengthening positions of Poland
and Lithuania against the backdrop of Ukraine’s systemic weakening. The
trajectories reflect differences in public policy regarding science funding
and the dynamics of research personnel. Thus, the visualization confirms
the emergence of a persistent gap between Central and Eastern European
countries in terms of the resource parameters of their scientific systems.
It should be noted that this index measures resource sustainability and
does not capture overall scientific performance.

Conclusions. The presented results demonstrate a pronounced
divergence in the scientific systems of Ukraine, Lithuania, and Poland:
Poland is implementing a model of intensive expansion characterized by
simultaneous growth in funding and research personnel, while Lithuania
maintains a model of moderate yet efficient development with a high
concentration of research staff per unit of funding.

Unfortunately, Ukraine is currently experiencing a decline in both
financial and human scientific resources. A key priority for Ukraine
should be the gradual increase of R&D expenditure as a share of GDP.
Raising this indicator to 0.8-1.0% of GDP in the medium term would
contribute to stabilizing the scientific resource sustainability index. The
observed reduction in the number of researchers represents a critical
factor. Therefore, necessary measures should include programs for the
return of research personnel, comprehensive support for early-career
researchers, the establishment of competitive remuneration conditions,
and the stimulation of international scientific mobility with effective
reintegration mechanisms. Given that in EU countries a significant share
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of R&D expenditure is financed by the business sector, the development
of public—private partnership mechanisms in Ukraine could increase
overall investment in science without imposing excessive pressure on
the state budget.

The results of the Scientific Sustainability Index calculation indicate
that the most vulnerable component of Ukraine’s scientific system is its
human capital. In wartime conditions, this problem acquires a systemic
character due to forced migration, infrastructure destruction, and reduced
funding. In the short term, the primary objective should be to prevent
the irreversible loss of research capacity through targeted protective
grants for research teams in strategically important areas, flexible remote
working arrangements for displaced scholars, and expanded cooperation
programs with European research organizations.

More broadly, the findings confirm that the resilience of a national
scientific system depends not only on the level of resource provision but
also on the institutional consistency of public policy, the effectiveness of
human capital reproduction mechanisms, and the degree of international
integration. The proposed Scientific Sustainability Index may serve as a
tool for monitoring resource dynamics and evaluating the effectiveness
of science and higher education policy.

Thus, for Ukraine, the key challenge lies not only in restoring lost
scientific positions but also in forming a new model of scientific and
technological development. The implementation of these measures will
ensure the long-term sustainability of the national scientific system and
its full integration into the European Research Area.

THIEKC HAYKOBOI CTIMKOCTI IK IHCTPYMEHT
OIIIHIOBAHHS PECYPCHOI BA3U HAIIIOHAJIBHUX
HAYKOBHUX CUCTEM: IOPIBHSUIbHUIM AHAJII3
VYKPAIHM, NTOJIBIII TA JIUTBUA

Ha cyuacnomy emani KOHKYpeHmMOCNpOMOICHICb 0epoicas 6us-
HAYaemvpcsl PiGHEM PO3GUMKY JH0OCbKO20 NOMEHYIALY, KIIOUOBUMU
CKIA006UMU K020 € HayKa Ui oceima. Ixniil 63acmo36’ 5130k cymmeeo
BIIUBAE HA  COYIATLHO-NONIMUYHY KOHCOMIOAyilo CYCHitbCmed, d

190 DOI 10.34132/pard2026.31.08



IHoekc HayKko8oi cmilikocmi sIK IHCMPYMEHmM OYIHIOBAHHSL PeCYPCHOI 6a3U HAYIOHATbHUX
HAyKosUx cucmem: nopieHanbrull ananiz Ykpainu, Ionvwi ma Jlumeu

NpaKmuyHe 3acmocy8anHs 3HAHbL (POpMYE ITHHOBAYIUHY EeKOHOMIKY
ma cmae 6adcau8UM YUHHUKOM EeKOHOMIUHO020 3pocmaHHs. Boououac
yinicha KoHyenyis OO0CHIONCEHH HAYKOB0-OCBIMHbO20 NOMEHYIamy
AK  coyianvHoz2o (heHomena Ooci He copmosana. Lle 3ymosnoe
aKmyaibHicme 1020 AHANI3Y 015l BUSHAYEHHSI CIPAMEZIYHUX HANPSIMIE
PO36UMKY HAYKU U euujoi ocgimu 8 Yxpaini ma xpainax €8poneticbkozo
Coro3y.

Y cmammi 30ilicheno KOMNIEKCHY OYIHKY HAYKOBO-OCEIMHbO20
nomenyiany Yrpainu y 2010-2025 pp. Ilpoawnanizoeéano cmitixicmo
i nepcnekmueu po3eUMKy HAYIOHANbHOI cucmemu HAYKU U 0ceimu
vy nopienanui 3 Ionvwero ma Jlumeorw - kpainamu 3 ucokum pieHem
inmezpayii 00 €8ponelicbkoco  0OCTIOHUYLKO20 — Npocmopy ma
cmabinohum inancysannam R&D. Jlocniosicenns 6azyemocs na oanux
miscnapoonux cmamucmuunux 6az (World Bank, WIPO, UNESCO,
OECD), nayionanvnux sgimax iz 3abe3neuenus Skocmi suujoi oceimu
Mma NOKA3HUKAX ITHHOBAYIUHOI aKmMu@HOCMI, 30Kpema eumpamax Ha
00CHI0JCEHHL | PO3POOKU mMa HUCerbHOCMI O00CHIOHUKIG. BusHaueHo
63AEMO38’ SI3KU MINC HAYKOBO-OCBIMHIM NOMEHYIANOM | Pe2iOHATbHUMU
MAKPOEKOHOMIUHUMU NOKAZHUKAMU- BATIOBUM PEIOHATLHUM NPOOYKIMOM
i 0oxo0amu HacenenHs.

Pesynomamu ceiouams, wo Yxpaina 30epicac ooun i3 Hausuwux
PDIBHIB OXONNEHHA BUWOK OCEIMOK 6 pelioHl, )y OKpemi pOKuU
nepesuwyioyu noxasnuxu Ionvwi ma Jlumeu. Ilonpu Oemocpaghiuni
SMIHU Ma MIepayito HaACenen s, CUucmema nPoO0eMOHCMPYSAd CMIUKICIb
3a605KU  Yyugpposizayii, mumuacosum npoyedypam axkpeoumayii ma
penoxayii 3axnadie. Boonouac 36epicarombcsi 00620CmMpoKo6i puzuKu,
30Kpema w000 AKOCMi RIO20MOBKU GCTMYNHUKIG, WO NIOMBEPOAHCYEMbCS
Pe3YIbMamamu MIHCHAPOOHUX 00CHiOMdceHb, exkiouno 3 PISA 2022.

Knrwouogi cnosa: Haykoeo-oceimuiti nomeHyian; HaQyKo8a CMiliKicmb;,
docnidcenns ma pospobru (R&D); nayionansna innosayiiina cucmema,
suwa oceima.
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