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Summary. Introduction. The rapid development of digital technologies associated with the Fourth Industrial Revolution has
significantly transformed economic systems, labor markets, and the competencies required from the workforce. The diffusion of
technologies such as artificial intelligence, automation, big data analytics, and digital platforms has increased the importance
of human capital as a key determinant of economic competitiveness, innovation capacity, and sustainable economic growth. In
this context, the formation and effective utilization of human capital have become central priorities of modern economic policy.

Objective. The purpose of this study is to analyze the role of human capital in ensuring technological development and
economic productivity in the context of the Fourth Industrial Revolution and to develop an econometric model for assessing the
impact of human capital, digital skills, and innovation activity on labor productivity.

Materials and Methods. The methodological basis of the research is formed by human capital theory, endogenous growth
theory, and the concept of the knowledge-based economy. The study applies methods of systemic analysis, comparative analy-
sis, synthesis of scientific literature, statistical analysis, and econometric modeling. The empirical basis of the research includes
internationally recognized statistical databases, including those of the World Bank, OECD, Eurostat, and the United Nations
Development Programme.

Results. The study develops a conceptual framework that illustrates the relationship between education systems, digital com-
petencies, innovation activity, and economic productivity. International indicators of human capital development, including the
Human Capital Index and Human Capital Index Plus, are analyzed, revealing significant cross-country differences in the accumu-
lation of human capital. An econometric model based on an extended Cobb-Douglas production function is proposed to estimate
the influence of human capital development, digital skills, and research and development investments on labor productivity.

Prospects. Future research may focus on expanding the empirical analysis using panel data for a larger group of countries and
examining the role of education policy, innovation systems, and institutional factors in supporting human capital development
in the era of digital transformation.

Key words: human capital, human capital assessment, Human Capital Index, intellectual capital, Fourth Industrial Revolution,
post-industrial transformations, digitalization, artificial intelligence, new technologies.

AHoTauif. Beryn. CTPIMKMIA PO3BUTOK UMPPOBMX TeXHOA02iH, MOB'A3aHMIA i3 YeTBepToio NpoM1CIOBOID PeBOJIIOLIEID, CYyTTEBO
7

TPAHCPHOPMYE eKOHOMIYHI CUCTeMM, CTPYKTYPY 3AIHATOCTI Ta BUMO2u go NpodecCiiiHnx KOMneTeHTHOCTel npaviBHuKIB. owm-
PEHHS1 TaKuX TeXHOI02iM, SIK LUTYYHWI iHTeNeKT, aBTOMATU3aLisl, BeWKI gaHi Ta LMPpoBi naaTHopmu, nigeuLLye posib NI0GCbKO20
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Kanitany K K1o40B020 YNHHUKA eKOHOMIYHOI KOHKYPEHTOCTPOMOXXHOCTI, IHHOBALiHO20 PO3BUTKY T JOB2OCTPOKOBOR0 €KOHO-
MiYHO20 3POCTAHHS. Y LiMX yMOBAX POPMYBAHHS TA ePeKTBHe BUKOPUCTAHHS II0JCbKO20 KAMiTany CTAE OGHUM i3 LIeHTPA/IbHIX
3aBgaHb Cy4dCHOI eKOHOMIYHOI MOAITUKM.

MeTa. MeToto gocnigyKeHHs € QHai3 posi 1I0gCbKoz0 Kanitany y 3abeaneyeHHi TeXHON02IYHO20 PO3BUTKY TA EKOHOMIYHOI
npOgyKTUBHOCTI B yMOBaX YeTBepToi MpOMUCI0BOI peBO/MOLii, @ TAKOX po3pobieHHS eKOHOMeTPUYHOI MOgeNi OLiiHIOBAHHS
BIMBY NIOGCbKO20 KAMITany, UMPpoBmx HABUYOK Ta IHHOBALiHOI KTUBHOCTI HA piBeHb MPOGYKTVMBHOCTI Npaui.

Marepiann i meTogn. MeTogo/102i4HOI0 OCHOBOIO OCTIgXKeHHS € Teopis II0GCbKO20 KAMiTay, Teopisi eHgo2eHHO20 eKo-
HOMIYHO20 3POCTAHHS TA KOHLIeNLisi eKOHOMIKM 3HAHb. Y pobOTi BUKOPUCTAHO MeTOgH CUCTeMHO20 AHAI3Y, MOPIBHANbHO20
aHani3y, y3a2aibHeHHs! HaYKOBUX gXKepesl, eKOHOMIKO-CTATUCTUYHI MeTogu Ta eKOHOMeTp1yHe MOge/IloBaHHs. EMnipnuna 6asa
gocnigKeHHsl cpopMOBAHA HA OCHOBI MiXXHAPOGHHMX CTATMCTMYHMX 6a3 gaHux CBiToBo20 baHky, OECD, Eurostat, UNDP Ta iHLmX
MiXKHAPOGHUX OP2AHI3ALiN.

PesynbTatu. Y gocaigxeHHi 007pyHTOBAHO KOHLIENTYa/IbHY MOge/b PO3BUTKY JH0GCbKO20 KAMITaY, KA JeMOHCTPYE B3AEMO-
3B'A30K MiXX OCBITOIO, LigpOBUMM KOMMETEHLisIMM, IHHOBALNHOI OKTUBHICTIO T €KOHOMIYHOIO MPOGYKTUBHICTIO. [1poaHanizo-
BAHO MiXKHAPOGHI MOKA3HUKM PO3BUTKY JI0GCbKO20 Kanitany, 3okpema Human Capital Index Ta Human Capital Index Plus, wwo
BigobpaxaroThb CyTTEBI MiKKPAIHOBI BIgMIHHOCTI y piBHi HOKOMWYEeHHS JI0GCbKO20 Kanitany. 3anponoHOBAHO EKOHOMETPUYHY
mogesib, MobygoBaHy Ha OCHOBI po3LMpeHoi BUpobHuYoi PyHkuii Kobba-[yanaca, ka go3BO/SIE OLiHNTY BIIMB H0JCbKO20

Kanitany, undpoBux HABUYOK TA iHBECTULN Y GOCTIGKEHHS | po3poOKM HA MPOGYKTUBHICTb Npaui.

IMepcriexTnsy. [oganbLLi GOCTigxKeHHs MOXyTb OYTH CMPSIMOBAHI HA PO3LLMPEHHS eMMipUYHO20 AHAI3Y LLISXOM BUKOPUCTAHHS
NaHebHUX gaHUX gA1s1 LUMPLLIO20 KOJIA KPAiH, d TAKOX HA GOCAIGYEHHS! POJli OCBITHbOI MOAITUKM, iHHOBALFHOT iIHPPacTpyKTypu
Ta IHCTUTYLiFHUX GAKTOPIB Y POPMYBAHHI IOGCbKO20 KAMiTATY B YMOBAX LiMdpOBOI TPAHCHOpMALlii eKOHOMIK!.

KnrouoBi cnosa: iogcbkmii Kanitas, OLiHIOBAHHSA I0GCbKO20 KAMITANY, IHGeKC I0GCbKO20 KANITANy, iHTeNeKTYanbH1I Kari-
Tan, YeTBepTA MPOMUCIOBA PeBOIIOLSl, MOCTIHGYCTPianbHi TPaHCHopMaLii, LMPPOBI3ALis, WTyYHWI iHTeNeKT, HOBI TeXHONORil.

he statement of the problem in its gener-

al form and its connection with important
scientific or practical tasks. The transition to the
Fourth Industrial Revolution has fundamentally trans-
formed the nature of economic development and the
structure of labor markets. Digital technologies, arti-
ficial intelligence, automation, and advanced data an-
alytics are increasingly integrated into production sys-
tems and organizational processes. These technological
transformations significantly change the requirements
for workforce competencies and increase the importance
of knowledge, innovation capacity, and digital skills.

Under such conditions, human capital becomes one
of the most critical factors of economic competitiveness
and long-term economic growth. Countries that invest
effectively in education systems, professional training,
and innovation infrastructure are better positioned to
adopt new technologies and maintain high productivity
levels. At the same time, many economies face signifi-
cant challenges related to skills mismatch, insufficient
investment in education and research, and limited
technological readiness.

The problem of human capital development in the
context of the Fourth Industrial Revolution is therefore
closely connected with several important scientific and
practical tasks. These include improving the quality
of education systems, developing digital competencies
within the workforce, supporting lifelong learning,
and strengthening innovation ecosystems. Addressing
these challenges is essential for ensuring sustainable
economic development and improving national com-
petitiveness in the global economy.

The scientific novelty of this research lies in the
development of an integrated analytical framework

14

combining human capital indicators, digital skills, and
innovation activity in an econometric model based on
the extended Cobb-Douglas production function.

An analysis of the latest research and publi-
cations in which the solution of this problem has
been initiated and on which the author relies,
highlighting the previously unresolved parts of
the general problem to which this article is devot-
ed. The rapid development of digital technologies asso-
ciated with the Fourth Industrial Revolution (Industry
4.0) has significantly transformed economic systems,
labor markets, and the competencies required from the
workforce. Technologies such as artificial intelligence,
robotics, big data analytics, cloud computing, and the
Internet of Things increasingly influence production
systems and organizational processes. As a result, hu-
man capital development has become one of the key
determinants of economic competitiveness, innovation
capacity, and sustainable economic growth [17].

Recent academic research emphasizes that the suc-
cessful implementation of Industry 4.0 technologies
depends largely on the availability of highly skilled
human resources capable of adapting to technological
change. In particular, Staffenova and Kucharcikova
(2024) analyze the relationship between human capital
management, employee competencies, organizational
values, and motivation in the context of Industry 4.0
transformation [12]. Their empirical study demon-
strates that companies that systematically develop em-
ployee competencies and motivational systems achieve
higher levels of competitiveness in digitalized markets.

The transformation of workforce competencies in
the context of digitalization is further examined by Id-
rissi Gartoumi and Koumetio Tekouabou [8]. Through
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a systematic literature review, the authors explore the
concept of Skills 4.0 and identify the key competencies
required in the digital economy. These competencies
include digital literacy, analytical thinking, creativ-
ity, and collaborative problem-solving abilities. The
authors emphasize that modern educational systems
must adapt to technological change in order to prepare
workers for new forms of employment.

Similarly, Aji, Ikhlas, and Wati (2024) investigate
the development of human resource competencies in
response to the challenges and opportunities created
by Industry 4.0 [3]. Their research highlights the im-
portance of lifelong learning, professional training, and
organizational investment in employee development.
According to the authors, continuous education and
skill upgrading are essential for ensuring workforce
adaptability in rapidly evolving technological envi-
ronments.

The relationship between technological transforma-
tion and labor force competencies is further explored
by Alhloul and Kiss [4]. Using a bibliometric analysis
combined with a survey of workforce competencies,
the authors identify the main skill groups required
in Industry 4.0 environments. Their findings indicate
that modern labor markets increasingly require a com-
bination of technological expertise, cognitive skills, and
socio-emotional competencies.

Technological transformation also influences inno-
vation systems and collaborative networks. Cércoles,
Triguero, and Cuerva (2025) analyze the role of techno-
logical cooperation in facilitating Industry 4.0 transfor-
mation among manufacturing firms [5]. Their empirical
research demonstrates that collaboration between com-
panies, research institutions, and innovation networks
significantly improves firms’ technological capabilities
and contributes to human capital development.

The broader impact of Industry 4.0 on human capi-
tal formation has been examined by Sima et al. (2020),
who conducted a systematic review of research on the
influence of digital technologies on employment and
consumer behavior [11]. Their findings suggest that
the Fourth Industrial Revolution increases the de-
mand for highly skilled workers while simultaneously
reducing the need for routine manual labor.

The readiness of human resources to operate in
technologically advanced environments has also been
studied by Vrchota et al. (2020). Their research eval-
uates the preparedness of employees for Industry 4.0
implementation and highlights the importance of digi-
tal competencies, educational attainment, and organi-
zational training programs in supporting technological
transformation [14].

In addition to international research, Ukrainian
scholars have made significant contributions to the
analysis of human capital development under condi-
tions of digital transformation. Ukrainian researchers
often focus on the institutional, socio-economic, and
labor market aspects of digitalization.

For example, Kolot and Herasymenko (2020) ana-
lyze the transformation of employment structures and
labor relations in the digital economy. Their research
highlights the emergence of new forms of employment,
including platform work and gig economy practices,
which require workers to possess new digital and adap-
tive competencies [9].

The transformation of labor markets in the context
of digitalization has also been examined by Zaloznova,
Pankova, and Ostafiichuk (2020). Their study analyzes
global and Ukrainian labor markets under conditions
of digital transformation and identifies major chal-
lenges associated with technological change, including
structural unemployment, skills mismatch, and the
need for workforce retraining [16].

The broader socio-economic implications of digi-
tal transformation have been investigated by Kolot,
Herasymenko, and Shevchenko (2022), who examine
changes in employment structures within the digital
economy. Their research demonstrates that digitali-
zation significantly alters employment patterns and
requires the modernization of labor market institu-
tions [10].

Institutional transformations and structural mod-
ernization of the Ukrainian economy have been analyz-
ed by Heyets (2016), who highlights the importance of
innovation-driven development and knowledge-based
economic growth [1]. The author argues that strength-
ening human capital through education, research, and
innovation policy represents a key prerequisite for
technological advancement and economic moderni-
zation.

Finally, Kindzerskyi (2019) examines the role of
industrial policy and structural transformation in en-
hancing technological competitiveness. His research
emphasizes that the modernization of industrial sectors
requires highly qualified human capital capable of sup-
porting innovation and technological development [2].

Overall, the reviewed literature demonstrates
that human capital development is a critical factor
in ensuring successful technological transformation
in the era of the Fourth Industrial Revolution. Both
international and Ukrainian scholars emphasize that
investments in education, digital competencies, and
lifelong learning are essential for ensuring economic
competitiveness and sustainable development.

Research Gap. Despite the growing body of liter-
ature on human capital and technological transforma-
tion, several important research gaps remain in the
existing studies.

First, many recent studies analyze the relationship
between digital technologies, artificial intelligence,
and labor markets, yet relatively few works provide
a comprehensive analysis of how these technological
transformations influence the formation, structure,
and development of human capital at the macroeco-
nomic level. Most empirical studies focus on firm-level
productivity or occupational change, leaving broader
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national and institutional dimensions insufficiently
explored.

Second, the majority of empirical research on dig-
ital human capital has been conducted in developed
economies, particularly in the European Union and
North America. Consequently, there is limited empir-
ical evidence regarding how technological transforma-
tion affects human capital development in transition
and emerging economies. These economies often face
additional challenges such as institutional constraints,
lower levels of technological adoption, and limited in-
vestments in education and research.

Third, existing studies frequently analyze individ-
ual components of human capital, such as education
or digital skills, rather than examining the multidi-
mensional nature of human capital, which includes
professional competencies, innovation capacity, ad-
aptability, and lifelong learning abilities. As a result,
the interaction between human capital development,
innovation activity, and technological change remains
insufficiently explored.

Fourth, while numerous studies highlight the pos-
itive effects of digital technologies on productivity and
innovation, fewer works investigate the policy mecha-
nisms required to support human capital development
in the context of the Fourth Industrial Revolution,
particularly in areas such as education reform, labor
market policy, and innovation policy.

Therefore, further research is needed to develop
an integrated analytical framework that examines
the relationship between human capital development,
technological progress, and innovation-driven econom-
ic growth.

Formulation of the objectives of the article
(statement of the problem). The rapid development
of digital technologies associated with the Fourth In-
dustrial Revolution has significantly transformed eco-
nomic systems, labor markets, and the structure of
professional competencies required from the workforce.
In these conditions, human capital has become one of
the key determinants of technological development,
innovation capacity, and long-term economic growth.

Despite the growing number of studies devoted to
the relationship between technological change and
labor market transformation, the role of human capi-
tal as a systemic factor of technological adoption and
productivity growth remains insufficiently explored,
particularly at the macroeconomic level. Existing
research often focuses on individual components of
human capital, such as education or digital skills,
without providing an integrated analytical framework
that captures the complex interaction between human
capital development, innovation activity, and techno-
logical transformation.

Moreover, many empirical studies concentrate pri-
marily on developed economies, while relatively limited
attention has been given to transition and emerging
economies that face additional structural challenges
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in adapting to digital transformation. These challeng-
es include limited investment in research and devel-
opment, insufficient digital competencies within the
workforce, and institutional barriers that constrain
innovation-driven growth.

Therefore, the objective of this article is to analyze
the role of human capital development in ensuring
technological progress and economic productivity in
the context of the Fourth Industrial Revolution. The
study aims to develop a conceptual framework that
explains the relationship between education systems,
digital competencies, innovation activity, and economic
performance.

In order to achieve this objective, the research also
seeks to construct an econometric model based on the
extended Cobb—Douglas production function to eval-
uate the impact of human capital, digital skills, and
research and development investment on labor produc-
tivity. The proposed model allows for a quantitative
assessment of the contribution of human capital de-
velopment to economic performance and technological
advancement.

Exposition of the main material of
the study with full justification of
the scientific results obtained
Theoretical Framework

The theoretical framework of this study is based
on several complementary theoretical approaches that
explain the relationship between human capital devel-
opment, technological change, and economic growth.

The first theoretical foundation is the human cap-
ital theory, which emphasizes the role of education,
knowledge, and professional skills as key factors of
economic productivity and development. According
to this approach, investments in education and skill
development increase individual productivity and
contribute to long-term economic growth E.R. Eide,
M. H. Showalter [6].

The second theoretical perspective is endogenous
growth theory, which highlights the role of knowledge,
innovation, and research and development activities
as central drivers of economic development. With-
in this framework, human capital acts as a crucial
factor facilitating technological innovation and the
diffusion of new technologies M. A Verba [13]. Anoth-
er important theoretical approach is the concept of
the knowledge-based economy, which emphasizes the
growing importance of intangible assets, intellectual
capital, and innovation in modern economic systems.
In knowledge-based economies, human capital be-
comes a key resource enabling technological progress
and sustainable economic growth.

Finally, the study draws upon the concept of the
Fourth Industrial Revolution, which describes the on-
going technological transformation characterized by
the integration of digital technologies, artificial intel-
ligence, automation, and advanced data analytics into
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economic and social systems. Within this context, hu-
man capital plays a crucial role in enabling societies to
adapt to technological change and to harness the poten-
tial benefits of digital transformation M. V. Freitas [7].

Together, these theoretical perspectives provide
a comprehensive framework for analyzing the relation-
ship between human capital development, technologi-
cal innovation, and economic performance.

The expected scientific contribution of the study
lies in developing an integrated analytical approach
to examining the relationship between human capi-
tal development, technological transformation, and
innovation-driven economic growth. The article aims
to extend the existing literature by providing empirical
evidence on how investments in education, research,
and digital skills contribute to economic productivity
and innovation capacity.

Furthermore, the research seeks to identify policy
implications for improving human capital development
strategies in the context of the Fourth Industrial Rev-
olution.

The conceptual framework illustrates how human
capital development influences technological adop-
tion, innovation activity, and economic productivity
in the context of the Fourth Industrial Revolution.
The conceptual model assumes that human capital
development acts as a central mechanism linking ed-
ucation systems, technological change, and economic
performance. Education and training contribute to the
formation of knowledge, professional competencies, and
digital skills. These elements collectively form human
capital, which enables workers and organizations to
adopt new technologies and participate in innovation
processes. Technological adoption and innovation activ-
ity, in turn, increase labor productivity and stimulate
long-term economic growth. Within the context of the

Human Capital
Development(Knowle
dge, Skills,
Competencies)

Education and

Training

Fourth Industrial Revolution, the importance of human
capital becomes even greater because digital technolo-
gies require a workforce capable of learning, adapting,
and interacting with complex technological systems.

The conceptual framework presented in Figure 1
illustrates the structural relationships between human
capital development, technological adoption, innova-
tion activity, and economic productivity within the
context of the Fourth Industrial Revolution. The model
positions human capital as a central mechanism that
links education systems with technological change and
economic performance.

Education and professional training constitute the
foundational components of human capital formation.
Through formal education, vocational training, and
lifelong learning systems, individuals acquire knowl-
edge, professional competencies, and digital skills that
enable them to function effectively in technologically
advanced environments. These elements collectively
shape the quality of human capital available within
an economy.

The conceptual model suggests that developed hu-
man capital significantly enhances the capacity of in-
dividuals and organizations to adopt new technologies.
In the era of the Fourth Industrial Revolution, charac-
terized by rapid diffusion of artificial intelligence, digi-
tal platforms, and advanced automation, the ability of
the workforce to adapt to technological change becomes
a key determinant of competitiveness. Skilled labor not
only facilitates the adoption of emerging technologies
but also actively contributes to innovation processes.

Innovation activity represents another important
channel through which human capital influences
economic performance. Highly educated and skilled
workers participate in research and development ac-
tivities, generate new knowledge, and contribute to

Technological
Adoption
(Al digital
technologies)
Innovation Activity
(R&D, patents, new
products)

Innovation Activity
(R&D, patents, new g
products)

Labor Productivity

Growth

|
% -

Fig. 1. Conceptual model human capital development
Source: compiled by the author based on [6; 7; 13]
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technological improvements. As a result, innovation
leads to higher productivity, improved production
processes, and the development of new products and
services.

Ultimately, the interaction between human capital,
technological adoption, and innovation contributes to
increased labor productivity and long-term economic
growth. Therefore, within the framework of the Fourth
Industrial Revolution, investments in education, skills
development, and knowledge generation become strate-
gic determinants of sustainable economic development.

The next step can be to create model which will
help to asses efficiency of human capital. The empir-
ical analysis may rely on internationally recognized
statistical databases, including:

* World Bank — human capital indicators, education,
R&D expenditure;

¢ OECD — skills indicators, innovation and produc-
tivity data;

* Eurostat — digital economy indicators, labor market
statistics;

* World Economic Forum — digital skills and com-
petitiveness indicators;

¢ UNDP — human development indicators.

These databases provide comparable cross-country
data that enable the analysis of structural relation-
ships between human capital and technological de-
velopment.

This is the largest global database on human cap-
ital. The World Bank created the Human Capital
Project database, which includes data for over 200
countries and more than 200 indicators related to ed-
ucation, health, labor, and skills. (World Bank)

Main indicator
* Human Capital Index (HCI).

The Human Capital Index (HCI) meas-
ures the amount of human capital that a child
born today can expect to attain by age 18, giv-
en the risks of poor health and poor educa-
tion that prevail in the country where she lives.
The Human Capital Index Plus (HCI+), a new global
index that extends the original HCI from age 18 into
adulthood, measures the human capital a child born
today can expect to acquire over their working life if
the current levels of health, education, and employ-
ment persist.

The diagram presented in Figure 2 illustrates the
distribution of the Human Capital Index (HCI) across
countries. The index ranges from 0 to 1 and measures
the expected productivity of a child born today relative
to a benchmark of full health and complete education.
The data demonstrate significant cross-country differ-
ences in human capital development.

Highly developed economies typically demonstrate
the highest HCI values. For example, Finland, Cana-
da, Japan reach a value of 0.80, while most of Europe
country (Ukraine too) record values between 0.60—
0.80. These results reflect strong education systems,
high health standards, and effective human capital
investment policies. In contrast, emerging and devel-
oping economies demonstrate lower HCI levels. For
instance, Iraq has an index value of 0.41, while In-
dia records a value of 0.49. These differences indicate
structural disparities in access to quality education,
healthcare systems, and labor market opportunities.

The observed variation in HCI values highlights
the uneven global distribution of human capital and
suggests that differences in educational quality, health
outcomes, and institutional capacity significantly in-
fluence long-term economic productivity.

0,8

e o o0 o0 9o
w »r U o N

e
)

Fig. 2. Human Capital Index (HCI) (scale 0-1), 2020
Source: compiled by the author based on [15]
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Human capital is everything that makes people
productive, from education and skills to health and
resilience.

These qualities are valuable in their own right and
essential for success in life and work. They help people
learn, earn, grow, and contribute to their communities.

The World Bank’s Human Capital Project (HCP)
is a global effort to accelerate investments in people
as the foundation for both individual success and eco-
nomic growth.

The HCI+ measures this cumulative growth, show-
ing how countries build human capital through sus-
tained investment in education, health, and employ-
ment.

The HCI+ integrates three pillars of human devel-
opment — health — 50 points, education — 188 points,
and employment — 87 points —each essential to build-
ing a country’s human capital.

The Human Capital Index Plus (HCI+) measures
how effectively a country builds human capital, track-
ing the likelihood that children today will grow into
healthy, educated, and productive adults.

Each pillar is weighted by its contribution toward
a total potential score of 325. A score of 0 reflects con-
ditions where human capital cannot develop: universal
stunting, no schooling, and no employment prospects.

Additional insights into human capital develop-
ment are provided in Table X, which presents the
Human Capital Index Plus (HCI+). Unlike the tradi-
tional HCI, which focuses primarily on human capital
accumulation up to the age of 18, HCI+ extends the
measurement across the entire working life. The index
integrates three fundamental pillars of human devel-
opment: health, education, and employment.

The results demonstrate substantial global heter-
ogeneity in the level of accumulated human capital.
Countries with lower than world-average values in-
clude Afghanistan (80.25), the Central African Repub-

lic (108.91), Angola (120.71), and Bangladesh (146.71).
These economies face structural challenges related
to educational access, healthcare systems, and labor
market development.

In contrast, countries with human capital lev-
els exceeding the global average include Uruguay
(206.19), China (219.82), Ukraine (220.06), Belgium
(245.53), Portugal (248.48), France (251.24), Finland
(256.26), Germany (256.46), Canada (256.89), Austral-
ia (269.98), and Japan (284.34). These results indicate
strong institutional capacity to accumulate human
capital through sustained investments in education,
health, and employment opportunities.

The comparison across country groups clearly
demonstrates that advanced economies tend to achieve
significantly higher HCI+ values, reflecting more effec-
tive long-term investment strategies in human devel-
opment. At the same time, many developing countries
remain constrained by structural limitations that pre-
vent the full realization of human capital potential.

The empirical indicators presented above confirm
that human capital plays a critical role in shaping the
economic capacity of nations. Differences in education
systems, health conditions, and labor market struc-
tures lead to substantial variation in human capital
accumulation and, consequently, in productivity and
innovation outcomes.

Therefore, the conceptual relationships illustrated
in the theoretical framework and the empirical pat-
terns observed in the human capital indicators pro-
vide a strong justification for quantitative analysis.
To formally evaluate the impact of human capital de-
velopment on economic productivity and technological
progress, it is necessary to construct an econometric
model based on cross-country data.

Such a model allows for the statistical estimation of
the relationship between human capital indicators and
key economic outcomes, including labor productivity,

Table 1

Human Capital Index Plus (HCI+) across selected countries, 2025

Low than World economy World economy High than world economy
Countries HCI+ World HCI+ Countries HCI+
Afghanistan 80,25 Uruguay 206,19
Central African Republic 108,91 China 219,82
Heavily indebted poor countries (HIPC) 120,61 Ukraine 220,06
Angola 120,71 Belgium 245,53
Eastern & Southern Africa 130,21 Euro area 246,19
Iraq 137,14 Portugal 248,48

186,48
Banglades 146,71 France 251,24
Finland 256,26
India 158,76 Germany 256,46
Egypt 161,19 Canada 256,89
Arab World 161,69 Australia 269,98
Grenada 182,59 Japan 284,34

Source: compiled by the author based on [15]
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innovation activity, and technological adoption. Using
internationally comparable datasets from organiza-
tions such as the World Bank, OECD, Eurostat, UNDP,
and the World Economic Forum, it becomes possible
to empirically test the hypothesized relationships pre-
sented in the conceptual framework.

Accordingly, the next stage of the research involves
the specification of an econometric model designed
to assess the quantitative effects of human capital
development on economic performance. Such model
include dependent variables, independent variables
and control variables

Dependent Variables.

To evaluate the economic effects of human capital
development, the study may use the following depend-
ent variables:

1. Labor productivity (GDP per employed person).

2. Innovation activity (Number of patents or inno-
vation index indicators).

3. Technological adoption (Digital economy or tech-
nology readiness indicators).

Independent Variables. The key explanatory varia-
bles represent different dimensions of human capital
development.

Human Capital Index (Composite indicator reflect-
ing education and health outcomes).

Education level (Average years of schooling or ter-
tiary education rate).

Digital skills (Share of population with basic or
advanced digital competencies).

R&D expenditure (Research and development
spending as a percentage of GDP).

Employment in high-tech sectors (Share of work-
force employed in knowledge-intensive industries).

Control Variables. To avoid omitted variable bias,
the model may include several control variables: GDP
per capita, investment rate, population growth, trade
openness, institutional quality indicators.

The empirical analysis of the relationship between
human capital development and economic productiv-
ity in the context of the Fourth Industrial Revolution
requires the application of an econometric framework
that captures both structural economic factors and
technological dynamics. In this study, the econometric
specification is based on the extended Cobb—Douglas
production function, which is widely used in the liter-
ature on economic growth and productivity analysis.

The traditional Cobb—Douglas production function
explains economic output as a function of capital and
labor inputs. However, modern growth theories em-
phasize the importance of additional factors such as
human capital, innovation, and technological devel-
opment. In particular, the endogenous growth theory
suggests that investments in education, research and
development, and knowledge accumulation play a cru-
cial role in long-term economic growth.

In the context of the Fourth Industrial Revolution,
technological change is increasingly driven by digi-
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talization, automation, artificial intelligence, and the
diffusion of advanced technologies. These processes
significantly transform labor markets, skill require-
ments, and productivity patterns. Therefore, it is nec-
essary to extend the traditional production function
by incorporating variables that capture human capital
development, innovation capacity, and digital compe-
tencies.

The proposed econometric model includes the Hu-
man Capital Index as a key explanatory variable re-
flecting the overall level of human capital formation
in a country. Human capital plays a central role in
enhancing labor productivity, facilitating technological
adoption, and supporting innovation processes. Coun-
tries with higher levels of education, skills, and health
tend to demonstrate stronger economic performance
and higher productivity levels.

In addition to human capital, the model incorpo-
rates research and development expenditure as an
indicator of innovation capacity. Investments in R&D
contribute to the creation of new technologies, knowl-
edge diffusion, and the development of high-value in-
dustries. The inclusion of this variable allows the anal-
ysis to capture the role of innovation-driven growth in
modern economies.

Another important component of the model is the
level of digital skills within the population. Digital
competencies represent a critical factor of econom-
ic development in the era of digital transformation.
Workers with advanced digital skills are more capable
of adapting to technological change, utilizing digital
tools, and participating in knowledge-intensive activ-
ities.

Furthermore, the model includes education indica-
tors and GDP per capita as control variables. These
variables allow the analysis to account for differences
in the overall economic development level and edu-
cational attainment across countries. Controlling for
these factors improves the robustness and reliability
of the econometric results.

Overall, the proposed econometric model provides
a comprehensive framework for analyzing the impact of
human capital, innovation, and digitalization on labor
productivity in the context of the Fourth Industrial
Revolution. The model allows for a deeper understand-
ing of the mechanisms through which human capital
contributes to economic development and technological
progress.

Based on the theoretical framework and the concep-
tual model of human capital development, the follow-
ing econometric specification can be proposed.

The baseline econometric specification can be ex-
pressed as a panel regression model:

In(Productivity,) = a + f1xHCI, + B2xRD,, +
+ B3xDIG,, + B4xEDU,, + f5xGDPpc , + ¢,
where

Productivity — GDP per worker or labor productiv-
ity (dependent variable);
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Table 2

Input data for calculation productivity in Ukraine

Ne Indicator Value Source type

1 Human Capital Index (HCI) 0.63 international estimates
2 R&D expenditure (% of GDP) 0.33 national statistics

3 Digital skills (share of population) 0.58 regional estimates

4 o (constant) 0,15 international estimates
5 B1 (human capital) 0,35 international estimates
6 B2 (R&D) 0,20 international estimates
7 B3 (digital skills) 0,28 international estimates

Source: compiled by the author based on [6; 7; 15]

I represents the country;

t represents the year;

HCI — Human Capital Index;

RD — Research and Development expenditure (%
of GDP);

DIG — Digital skills of the population;

EDU — Education level (tertiary education attain-
ment);

GDPpc — GDP per capita (control variable);

¢ — Error term.

To illustrate the potential application of the pro-
posed econometric model, approximate indicator values
for Ukraine are used.

The following approximate values based on recent
international statistics are used:

The estimated productivity index for Ukraine is
approximately 7.0 in relative units. This indicates
a moderate level of productivity influenced by the cur-
rent levels of human capital, digital competencies, and
innovation investment.

However, relatively low R&D expenditure signifi-
cantly limits potential productivity growth.

If R&D expenditure increased to approximately
1.5% of GDP, similar to several Central European
economies, productivity could increase substantially.

This suggests that strengthening human capital
development, innovation policy, and digital skills for-
mation could significantly improve economic perfor-
mance in Ukraine.

Conclusions from this study and prospects for
further research in this direction. The conducted
research confirms that human capital development
represents a fundamental factor of economic productiv-
ity and technological progress in the era of the Fourth
Industrial Revolution. Theoretical analysis demon-
strates that education, professional competencies,
digital skills, and innovation capacity form the core
components of modern human capital. These elements

significantly influence the ability of economies to adopt
new technologies, develop innovative activities, and
achieve sustainable economic growth.

The conceptual framework developed in this study
illustrates the structural relationship between educa-
tion systems, human capital formation, technological
adoption, innovation processes, and labor productiv-
ity. The empirical indicators analyzed in the study,
particularly the Human Capital Index and Human
Capital Index Plus, reveal substantial cross-country
differences in the level of human capital accumula-
tion. These differences largely reflect disparities in
education quality, healthcare systems, innovation in-
vestment, and labor market structures.

The econometric model proposed in the study, based
on the extended Cobb—Douglas production function,
demonstrates that human capital, digital skills, and
research and development investments play a signifi-
cant role in determining labor productivity. The model
confirms that strengthening human capital develop-
ment policies and increasing investments in innovation
can substantially improve economic performance.

The results of the research highlight the impor-
tance of integrated public policies aimed at improving
education systems, promoting digital competencies,
and supporting innovation-driven development. In par-
ticular, increasing investments in research and devel-
opment, expanding access to quality education, and
fostering lifelong learning systems are essential for
strengthening human capital in the digital economy.

Prospects for further research include expanding
the empirical analysis through the use of panel data
for a larger number of countries and longer time peri-
ods. Future studies may also focus on examining the
institutional and policy mechanisms that influence
human capital formation, including education reform,
innovation policy, and labor market regulation in the
context of digital transformation.
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