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ABSTRACT: The significance of human capital for sustainable development has become a key area of research, especially in
the context of regional disparities. The study contributes new knowledge by revealing statistically measurable links between the
level of human capital development and the degree of achievement of sustainable development goals at the regional level. The
main goal of this paper is to assess the impact of human capital on sustainable development across all 16 voivodeships in
Poland, analysing the social, economic, and environmental dimensions. To provide a more comprehensive understanding, typo-
logical analyses were also conducted to classify regions based on synthetic indicators of human capital and sustainable devel-
opment. Using cross-sectional data from 2022 provided by Statistics Poland, we employed partial least squares structural
equation modelling (PLS-SEM) to examine the structural relationships. Our results reveal a strong and statistically significant
positive relationship between human capital and sustainable development (path coefficient = 0.875, p < 0.001). The social
(loading = 0.972) and economic (loading = 0.884) dimensions strongly, positively reflect the sustainability construct, while the
environmental dimension exhibits a moderately negative loading (-0.678), indicating possible trade-offs in policy priorities. The
findings highlight regional variation, with Mazowieckie, Matopolskie, Dolnoslaskie, and Pomorskie achieving the highest scores,
and Lubuskie performing the lowest across both human capital and sustainability categories. This study contributes novel
insights by applying a hierarchical PLS-SEM model and offering a regionally comparative typology. It underscores the impor-
tance of tailoring environmental policies to specific regional contexts to ensure that investments in human capital do not under-
mine ecological sustainability.
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Introduction

Sustainable development, integrating economic, social, and environmental goals, is a dominant
paradigm in regional policy and planning. It requires more than financial resources or infrastructure,
It depends on the quality and adaptability of human capital. Well-educated and healthy populations
are better equipped to generate sustainable solutions, respond to climate risks, and manage natural
resources responsibly. In Poland, significant regional disparities in both human capital and sustaina-
ble outcomes have emerged, raising questions about the interplay between these dimensions. In the
context of sustainable development, Polish regions face a range of diverse environmental challenges.
The most serious include high levels of air pollution in southern urban agglomerations (e.g. Silesian),
progressive soil degradation and desiccation in central and eastern regions, as well as urban sprawl
and land-use pressure in voivodeships such as Masovian and Lower Silesian. These issues coexist
with growing risks related to climate change, including the increasing frequency of droughts and
extreme weather events, which are particularly severe in agricultural regions (e.g. Kuyavian-Pomer-
anian and Greater Poland). The diversity of these challenges justifies the need for analyses that take
regional specificities into account, as well as for studying the relationship between human capital and
the ability of regions to respond to environmental pressures.

Despite a growing body of literature on human capital and sustainable development, there is a
lack of empirical research at the regional level, using integrated, multidimensional approaches and
showing existing differences and needs in terms of human capital in all dimensions of sustainable
development. Moreover, the environmental challenges faced by Polish regions - such as high CO,
emissions, industrial degradation and uneven forest coverage - are rarely analysed in conjunction
with human capital metrics. This article aims to fill this gap by empirically assessing the impact of
human capital on sustainable development (in social, economic, and environmental dimensions), in
all 16 voivodeships of Poland, using current data from 2022. The tested hypothesis states that human
capital has a positive, statistically significant influence on the sustainable development of Polish
regions. To capture the complex relationships among latent constructs, partial least squares struc-
tural equation modelling (PLS-SEM) was applied, which allows for the modelling of second-order
constructs and is suitable for small samples with complex variable interdependencies. Covari-
ance-based structural equation modelling (CB-SEM) and traditional regression analysis were not
employed in this study due to several methodological considerations. First, CB-SEM is more suitable
for theory confirmation and requires large sample sizes and multivariate normality assumptions,
which are not met in this research. The dataset includes only Polish voivodeships, making the sample
size too small for the reliable use of CB-SEM. In contrast, PLS-SEM is designed for exploratory research,
allows for non-normal data distributions, and performs well with small samples and complex models
involving latent constructs and second-order variables. Additionally, standard regression techniques
are limited in their ability to simultaneously model multiple interrelated latent constructs, such as
human capital and sustainable development, especially when those constructs are multidimensional
and measured by multiple indicators.

The research is based on official indicators provided by Statistics Poland related to education,
employment, innovation, public health, and sustainable development performance.

An overview of the literature

Human capital emerged as an economic concept and became part of economic theory in the late
1950s. In the 1960s, the notion thrived alongside intensified research on the factors of economic
growth. It must be added, however, that the significance of people’s qualifications and skills in the
management process was already emphasised in the work of the classical economists, including W.
Petty, A. Smith, D. Ricardo, and ]. S. Mill (Wieczorek-Szymarnska, 2010, pp. 158-162; Kozun-Cieslak,
2013, pp. 319-320). Yet, those were not discussions within a coherent theory of human capital, but
rather supplementary deliberations undertaken on the basis of other ongoing studies.

J. Mincer (1958), T.W. Schultz (1959), and G.S. Becker (1962) are considered to be the pioneers of
the comprehensive theory of human capital. ]. Mincer (1958, pp. 301-302) pointed out that human
capital was an accumulation of the skills, knowledge, and experience which individuals gained
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through formal education, vocational training, and practical experience on the labour market. He saw
it as a key resource that determined the ability of an individual to generate income and had an impact
on the distribution of income in society. G.S. Becker (1962, pp. 9-10) defined human capital as invest-
ments in people through education, vocational training, health, and other forms of development,
leading to an increase in their future earnings. He identified human capital as a vital factor in eco-
nomic growth and income inequality. TW. Schultz saw human capital as a key determinant of eco-
nomic growth, on par with physical assets. He was convinced that investments in people were crucial
for increasing productivity and social welfare, as they enhanced the adaptive capacities of individuals
and the innovation of societies (Schultz, 1961, pp. 3-7). He defined human capital in the following
way: “all human abilities (...) either innate or acquired. Every person is born with a particular set of
genes, which determines their innate ability. Attributes of acquired population quality, which are
valuable and can be augmented by appropriate investment, will be treated as human capital” (Schultz,
1981, pp. 21).

Contemporary definitions also stress the importance of knowledge, skills, and talents as key com-
ponents of labour productivity and organisational efficiency (Lepak & Snell, 1999; Edeji, 2024; Zhai
et al,, 2025). Cafiibano & Potts (2019) developed the concept of human capital, perceiving it as an
evolving structure of knowledge and competences embedded in a network of human interactions.
This network evolves along with the professional development of individuals, and the growth of
human capital depends on the social, technological, and institutional contexts. At the same time,
attention is drawn to the broader social and moral aspects of education, which extend beyond eco-
nomic issues. It is indicated that human capital should be seen as part of a wider concept of human
development, taking into consideration aspects of dignity and equality (Marginson, 2019). Further-
more, definitions of human capital underscore the aspects of health, which, alongside knowledge and
qualifications, are vital for the ability to participate in the labour market and generate economic
value. It is emphasised that health is an integral element of human capital since it impacts productiv-
ity, efficiency, and the ability of individuals to make the most of their potential (Graff Zivin & Neidell,
2013, pp. 718-720; Grossman, 2017, pp. 45; Madsen, 2016, pp. 910-911; Yang, 2020, pp. 110). The
authors point to the natural environment as a determinant of human capital. They observe that pol-
lution of the environment affects the health and efficiency of individuals, which in turn diminishes
the value of human capital. Simultaneously, attention is drawn to the significance of health as a con-
stituent part of human capital in long-term economic development.

For the purposes of this paper, human capital is defined as an economic resource of knowledge,
qualifications, as well as physical and mental health inherent in every person and society as a whole.
It defines the capacities to adapt to work and changes in the environment, being conducive to the
emergence of innovative and creative solutions. From the point of view of sustainable development,
human capital is a fundamental economic factor as it benefits from change and progress (Idaszewska,
2011, p. 115).

Although the concept of human capital has been widely recognised in economic theory, it remains
subject to important theoretical limitations. First, mainstream approaches tend to focus on the eco-
nomic utility of individuals, often reducing education and health to instruments of productivity and
income generation, which has been criticised for ignoring the broader social, ethical, and civic dimen-
sions of human development. Second, there is an ongoing theoretical tension between the individu-
alised perspective and the systemic or institutional understanding of human capital formation, which
considers collective conditions such as environmental quality, educational infrastructure, and social
cohesion. Finally, the literature shows a relative underdevelopment of research addressing the
dynamic feedback loops between human capital and long-term sustainable development, including
how regional disparities, ecological degradation, and socio-political instability constrain the accumu-
lation and activation of human potential. These gaps point to the need for a more integrated and
context-sensitive approach to human capital, particularly in the light of regional development chal-
lenges.

This debate can be further enriched by considering the inherent contradictions between
growth-oriented interpretations of human capital and the ecological constraints that define the
boundaries of sustainable development. A critical tension also emerges between the inherently
growth-oriented logic of human capital theory and the ecological limits underpinning sustainable
development. Classical formulations of human capital emphasise investments in skills, education,
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and health as pathways to higher productivity and income, yet they largely disregard the “safe oper-
ating space” defined by planetary boundaries or the debate on the substitutability of natural resources
(Jackson, 2016; Raworth, 2018). Ecological economics highlights that reliance on continuous growth,
even when supported by human capital, can reinforce environmental pressures through rebound
effects, a phenomenon long associated with the Jevons paradox (Auerbach et al., 2024). Moreover,
empirical evidence demonstrates that absolute and sufficiently rapid decoupling of economic expan-
sion from ecological degradation is highly unlikely, raising doubts about the viability of “green
growth” as a universal pathway (Hickel & Kallis, 2020). Alternative frameworks, such as Doughnut
Economics, suggest reorienting human capital development toward competencies that sustain social
well-being within planetary limits, including low-carbon, regenerative, and care-oriented skills
(Raworth, 2018; Jackson, 2016). In this perspective, human capital is not only an engine of competi-
tiveness but also a potential enabler of ecological resilience and balance.

The literature on the issue of sustainable development, including other notions associated with
‘sustainability’ and ‘green economy, is extensive, and the topic remains a current research issue. As
early as the second half of the 20th century, the negative impact of industrialisation on the natural
environment sparked a discussion on the use of natural resources. Among the notable publications of
that time, it is important to mention “The Limits to Growth” (Meadows et al., 1972) and “The Brundt-
land Report” (World Commission on Environment and Development, 1987), where the phrase ‘sus-
tainable development’ was used for the first time. The concept outlined there continues to shape the
understanding of sustainable development as a method of managing resources, in which satisfying
the needs of the present generation does not limit the ability of future generations to cater to the
same needs.

Sustainable development is interpreted in a variety of ways. It is defined as a process that requires
epistemological and normative pluralism in approaching environmental and social challenges. It is
imperative that development follows the principles of political ecology, deliberative democracy, and
ecological economics (Sneddon et al., 2006). Gore (2015) observes that sustainable development
must account for ‘planetary boundaries’ and a transition from the so-called ‘weak sustainability’
(technology compensates for environmental degradation) to ‘strong sustainability’ (recognising the
non-substitutability of natural resources). Ever since the “ Brundtland Report”, the definition of sus-
tainable development has undergone a shift in focus from social issues (particularly poverty) to envi-
ronmental aspects (Barkemeyer et al., 2014). Ben-Eli (2018, pp. 1339-1340) defines sustainable
development as a dynamic balance between the population and the ability of the environment to
sustain it. The essence of this definition lies in the avoidance of irreversible damage to the environ-
ment, which calls for responsible regeneration of resources. What is most frequently mentioned as a
common denominator across the various definitions of sustainable development is the necessity to
consider the balance between social, economic, and environmental aspects. They constitute the pil-
lars of sustainable development (Elkington, 1998; Haliscelik & Soytas, 2019; Mensah, 2019). This is a
holistic approach which recognises that sustainable development requires taking the above aspects
into consideration. Sustainable development is similarly defined in Polish legislation under the Envi-
ronmental Protection Law Act (Journal of Laws 2001, No. 62, item 627, as amended) (Law Act, 2001),
which describes it as “development, which integrates political, economic, and social actions with
preservation of natural balance and durability of essential natural processes with the aim of ensuring
the possibility of satisfying basic needs of certain societies or citizens of the contemporary genera-
tion and future generations.” In the context of this article’s topic, it is worth highlighting the concept
of the “Triple Bottom Line” (TBL). It reflects the three pillars of sustainable development mentioned
earlier, emphasising their integration. In the social dimension, TBL takes into consideration respon-
sibility for the communities in which companies operate, including ensuring fair working conditions,
supporting education, and minimising social inequalities (Elkington, 1998, pp. 69-94).

Therefore, it can be said that sustainable development requires an interdisciplinary approach.
Currently, the directions for sustainable development are outlined by the document entitled “Trans-
forming our World: The 2030 Agenda for Sustainable Development,” adopted by the United Nations
in 2015 (United Nations, 2015). The publication defines a model of sustainable development at the
global level. It includes 17 Sustainable Development Goals (Figure 1) encompassing environmental,
social, economic, political, and other challenges.
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Figure 1. Goals of the 2030 Agenda for Sustainable Development
Source: (United Nations, 2024).

The monitoring of sustainable development goals is performed with the help of sets of indicators.
A global set, consisting of 250 indicators, defined by the United Nations, is used to assess progress at
the global level and across regions. At the national level, countries can use their own sets of indica-
tors. In Poland, a set of 140 indicators has been developed to monitor over 70 national priorities
(Statistics Poland, 2025). Poland’s SDG priorities are focused on sustainable economic growth, social
inclusion, and effective institutions, while also prioritising environmental improvements and
resource management. Specific areas of focus in the frame of human capital include: poverty reduc-
tion, education quality, and improving healthcare.

Despite its global recognition and widespread use, the concept of sustainable development con-
tinues to raise important theoretical and practical controversies. One of the central critiques is the
vagueness and elasticity of the term, which enables different stakeholders to interpret it selectively
and align it with conflicting agendas. The emphasis on balancing the environmental, social, and eco-
nomic pillars often leads to trade-offs, where ecological priorities are subordinated to economic
growth, especially in policy implementation.

Empirical research increasingly links human capital to sustainable development outcomes. In
particular, studies focus on the importance of education quality and the role of institutions in stimu-
lating processes conducive to the sustainable development of regions. It is emphasised that high-qual-
ity education is a key factor supporting pro-environmental actions and long-term economic deci-
sion-making. According to research findings, education policies should be designed with attention to
local institutional and political conditions, as their effectiveness largely depends on the context in
which they are implemented (Bekele et al.,, 2024, pp. 2-4, 15). It is also noted that an integrated
approach to education and environmental policy promotes the achievement of sustainable develop-
ment goals, while the development of human capital enhances societies’ capacity to manage natural
resources in a rational and enduring way, thereby contributing to the fulfilment of global develop-
ment objectives (Tao et al,, 2022; Jie & Lan, 2024; Soto, 2024). Empirical studies further indicate that
sustainable development tends to be more effective in regions with higher levels of education and
greater availability of human resources with innovative potential (Lin, 2024, pp. 6-7; Wang et al,,
2022). Asghar et al. (2024) show that in developing countries, human capital, together with innova-
tion and natural capital, plays a catalytic role in improving composite sustainability outcomes. Con-
versely, Tariq et al. (2024) find that while natural resources support environmental quality, human
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capital alone may exert a negative effect on sustainability unless integrated with broader environ-
mental governance frameworks.

Focusing on Poland, Kozera-Kowalska (2024) underscores the importance of aligning human
capital development with environmental education and labour market policy. Meanwhile, Idasze-
wska (2011) identifies gaps in regional sustainability strategies where human capital is underuti-
lised as a mechanism for ecological transformation. Moreover, Polish studies on sustainable regional
development highlight that the process remains spatially uneven across voivodeships, both in terms
of implementing social, economic, and environmental goals (Grzebyk & Kudetko, 2024; TejadaGutiér-
rez et al.,, 2023). Regional analyses reveal clear polarisation: central and western regions perform
better in achieving economic and social objectives, whereas eastern and northern regions outper-
form in environmental indicators. This suggests structural differences in development barriers
across regions. Jagédka and Snarska (2021), in their analysis of human capital and innovation poten-
tial, confirm that regional polarisation extends to the distribution of human resources, which is
strongly correlated with innovative capacity. Despite overall economic growth, intra-regional gaps in
human capital and innovation capacity continue to widen, limiting the ability of lagging regions to
meet long-term sustainability goals.

The literature review clearly demonstrates that human capital constitutes a vital resource sup-
porting sustainable development, both through the impact of education quality on the formation of
pro-environmental attitudes and through the capacity of societies to manage natural resources effi-
ciently. In this context, the potential of human capital, as measured by the level of education and the
health status of the population, may play a crucial role in achieving sustainable development goals.

Despite the growing international literature linking human capital to sustainable development,
a significant empirical gap remains in the Polish context, particularly at the regional level. Further-
more, the role of human capital as a systemic enabler of green transformation, particularly through
mechanisms such as employment structure, vocational specialisation, or R&D investment, remains
underexplored. Moreover, none of the empirical studies in Poland uses structural equation modelling
techniques that can adequately capture latent constructs such as knowledge capital, R&D orientation,
or ecological performance. As a result, policy design in Polish regions may be based on fragmented or
partial evidence. This study aims to address this gap by applying the PLS-SEM to investigate how
regional human capital relates to composite sustainable development outcomes at the voivodeship
level. In doing so, the research contributes to both the theoretical refinement of the human capital -
sustainability nexus and the empirical foundation for regionally differentiated development policy in
Poland.

Research methods

In order to empirically examine the impact of human capital on the sustainable development of
Polish regions, PLS-SEM was applied. The PLS-SEM model consists of two submodels: a structural
model and a measurement model, and includes two types of variables: unobservable (latent) and
observable ones (indicators). Within the structural model, latent variables, their nature, and the rela-
tionships between them are defined, while in the measurement model, latent variables are defined by
means of indicators. The measurement model of a latent variable can be reflective - when the indica-
tors reflect the defined variable, or formative - when the indicators make up the defined variable
(Hair etal., 2017, pp. 44-45).

Estimation of a PLS-SEM model is performed using the PLS method, which simultaneously esti-
mates the parameters of the inner model (path coefficients) and the parameters of the outer model
(outer weights and loadings). Additionally, the estimation process yields calculated values for all the
latent variables included in the model (Wold, 1982; Henseler et al., 2012).

The verification process of a PLS-SEM model consists of two stages. First, the measurement
model is evaluated, and second, the structural model. The analysed properties and the applied met-
rics are presented in Table 1.
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Evaluation of the PLS-SEM model

Evaluation of the measurement model

Reflective measurement model Formative measurement model
Internal Cronbach’s alpha >06 .. Redundancy 207
. R Convergent validity s i
consistency Composite reliability 506 analysis correlation
Loadings =07 o . .
Convergent ' Collinearity between Variance Inflation 05
validity Average variance 505 indicators factor (VIF) o
extracted (AVE) -
Cross-loadings
Discriminant Fornell-Larcker criterion | - Significance of outer
e . p-value <0.05
validity . . weights
Heterotrait-monotrait <09
ratio (HTMT) '
Evaluation of the structural model
Collinearity Variance Inflation factor (VIF) >0.5
- , _ ) values of 0.75, 0.50 and 0.25 are con-
Predictive power Coefficients of determinations (R?) sidered substantial, moderate and weak
Predictive relevance Stone-Geisser's Q% value >0
Significance of path coefficients p-value <0.05

Source: authors' work based on (Hair et al., 2017, p. 106).

To evaluate the stability and statistical significance of the estimated parameters, the bootstrap
resampling procedure with 5,000 replications can be applied. This nonparametric technique allowed
for the calculation of standard errors, confidence intervals, and significance levels for path coeffi-
cients and loadings, thereby increasing the robustness of the results.

Among the more advanced aspects of PLS-SEM modelling are hierarchical models comprising
higher-order latent variables, i.e. those defined by lower-order latent variables. The literature offers
various approaches to defining and estimating models with higher-order latent variables. The most
frequently used ones are the repeated indicators approach and the sequential approach. In the case
of the first, the higher order latent variable is defined by the indicators of all the lower-order later
variables that constitute it. The sequential approach model is estimated in separate steps. For
instance, in a model with a second-order latent variable, the first stage estimates the model with the
first-order latent variables, producing estimated values for these variables. During the second stage,
the estimated values are treated as indicators for the second-order latent variables, and a new model
is estimated on their basis (Hair etal., 2018, pp. 48-54). In this study, the repeated indicators approach
was applied.

Statistical verification of PLS-SEM models containing higher-order latent variables uses criteria
analogous to those applied for standard PLS-SEM models. However, special attention must be paid to
distinguishing which relationships belong to the measurement model and which are part of the struc-
tural model. The measurement model of a higher-order latent variable consists of the measurement
model for the lower-order latent variable and the measurement model for the higher-order latent
variable as a whole (Sarstedt et al., 2019, pp. 200-201).

The structure of the PLS-SEM model used in this research is presented in Figure 2. The latent
variable HC was defined using reflective indicators. In addition, sustainable development was exam-
ined from the perspective of three dimensions: social, economic, and environmental. Consequently,
the latent variable SD was defined using three latent variables: SOC, ECON, and ENV. SD was, there-
fore, a second-order latent variable.

DOI: 10.34659/eis.2026.96.1.1094



ECONOMICS AND ENVIRONMENT 1(96) = 2026

HC03

HCO7

HC - human capital latent varaible, SD - sustainable development latent varaible, SC — social dimension latent
varaible, ECON - economic dimension latent varaible latent varaible, ENV — environmental dimension latent varaible,
HCi - reflective indicators of HC, SD01, SD03, SD06 - reflective indicators of SOC, , SD09, SD10, SD11 - reflective

ENV

indicators of ECON, SD14, SD17, SD18 - reflective indicators of ENV

Figure 2. Path model

Table 2. Indicators of latent variables

SDo1

SDo3

5006

5009

SD10

SD11

SD14

SD17

sD18

Indicator Description

HC

HCO1 Percentage of the population aged 15-64 with tertiary education.

HCO3 Ratio of the number of students to the population aged 19-24.

HCO05 Percentage of people employed in section M (professional, scientific and technical activities).
HCO7 Number of researchers per 1,000 economically active persons.

HC09 Deaths of persons up to 65 years of age per 1,000 population in this age group.
Soc

SDO1 At-risk-of-poverty rate after social transfers.

SD03 Physicians working by primary place of work per 10,000 population.

SD06 Percentage of people aged 25-64 participating in education or training.

ECON

SD09 GDP per capita.

SD10 Expenditures on innovation activities in enterprises as a percentage of GDP
SD11 Share of innovative enterprises in the total number of enterprises.

ENV

SD14 €02 emissions.

SD17 Share of forest in total area, %.

SD18 Share of devastated and degraded land requiring reclamation in total area, %.
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The empirical analysis is based on data published by Statistics Poland for the year 2022, the most
recent year with complete regional statistics. The study includes all 16 Polish voivodeships at the
NUTS?2 level, ensuring full population coverage without the need for sampling. An initial set of 41
indicators was considered, including 9 related to human capital and 32 pertaining to sustainable
development. The selection of variables was informed by theoretical frameworks and alignment with
global sustainability initiatives such as the Sustainable Development Goals (SDGs) and the Triple
Bottom Line (TBL) approach. Human capital indicators included tertiary education rates, employ-
ment in knowledge-intensive sectors, and research intensity. During the model refinement process,
several indicators were excluded due to insufficient variability, missing data, or inadequate statistical
performance. Ultimately, 14 indicators were qualified for estimation (see Table 2). Before proceeding
with the modelling, the destimulants were converted into stimulants.

Prior to model estimation, the normality of the data was assessed to ensure that no extremely
nonnormal distributions were present. This step was necessary to confirm the suitability of the PLS-
SEM approach, as extremely nonnormal data may lead to misleading significance results despite the
method’s robustness to moderate deviations from normality.

While PLS-SEM is well-suited for modelling complex relationships among latent constructs in
small samples, it is important to acknowledge a key methodological limitation: potential endogeneity.
Endogeneity arises when one or more predictor variables are correlated with the error term in a
structural equation, which may result from omitted variables, measurement error, or bidirectional
causality between constructs (Benitez et al., 2016). In the context of this study, for example, while
human capital is modelled as a driver of sustainable development, it is plausible that the reverse
relationship may also hold - sustainable development policies and outcomes can, over time, enhance
regional human capital.

PLS-SEM, being a primarily predictive method, does not inherently control for endogeneity. As
such, any causal interpretations should be made with caution. Future research could explore the use
of techniques such as instrumental variable PLS (IV-PLS), longitudinal data modelling, or comple-
mentary econometric approaches to further validate the directionality of effects.

Results of the research

The results of the model estimation are included in Figure 3. The factor loadings are displayed on
the arrows connecting the variables HC, SOC, ECON, and ENV to the indicators that define them, as
well as on the arrows linking the variable SD to the variables SOC, ECON, and ENV. The estimated path
coefficient is shown on the arrow connecting the variable HC to the variable SD. Inside the circles, the

values of the determination coefficients are provided. The “+” symbol within the SD variable’s circle
indicates that it was defined using all the indicators defining the SOC, ECON, and ENV variables.

s001

HC03

s 0932
HCOS 0933 s00Y
=01 %
HCO7 409/ 0.875 sD10
‘,_0.5?9’
HC09 0.900 e son
HCO1
SD14
sD17
s

Figure 3. Results of the estimation of the PLS-SEM model
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The estimated model underwent statistical verification. The first to be examined were the prop-
erties of the measurement models for the first-order latent variables (HC, SOC, ECON, ENV). The
results of these analyses are shown in Table 3.

Assessment of the first-order latent variables measurement model

Convergent Internal consistency Discriminant validity
validity reliability
I‘;::;r;)tle Indicator Loadings AVE Corpp(?s_ite Cornbach's
reliability alpha Cross loadings criteria
205 >0.6 >0.6

HCO1 0.900 Yes

HCO03 0.933 Yes

HC HCO5 0.951 0.776 0.944 0.923 Yes

HCO7 0.979 Yes

HCO09 0.579 Yes

SDo1 0.565 Yes

S0C SD03 0.776 0.465 0.720 0.415 Yes

SD06 0.689 Yes

Sb09 0.864 Yes

ECON SD10 0913 0.715 0.882 0.800 Yes

SD1 0.752 Yes

SD14 0.911 Yes

ENV SD17 0.786 0.609 0.820 0.701 Yes

Sb18 0.614 Yes

The indicators of the variables HC, ECON, and ENV fulfilled the criteria for convergent validity,
internal consistency reliability, and discriminant validity. The indicators for the SOC variable failed to
meet the criterion for convergent validity. Despite this, they were retained in the model due to their
substantive importance for defining the ENV variable.

Next, the measurement model of the second-order latent variable (SD) was evaluated. The results
are presented in Table 4. The unobservable indicators of the SD variable satisfied the criteria for
convergent validity, internal consistency reliability, and discriminant validity.

Assessment of the second-order latent variable measurement model

Convergent Internal consistency Discriminant validity
validity reliability
Latent Indicator Composite Cornbach'’s Cross loadings criteria
variable Loadings AVE npos 9
reliability alpha
>0.5 >0.6 >0.6
S0C 0,932 Yes
SD ECON 0,900 0,713 0,878 0979 Yes
ENV 0,678 Yes

In the final step, statistical verification of the structural model was performed. The HC variable
showed a statistically significant impact on the SD variable (see Table 5).
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Table 5. Results of the significance testing for the path coefficient (bootstrap method)

. 95% Significance
Relation Parameter t value p value confidence interval (p<0.05)?
HC SD 0.875 10.35 0.000 (0.66, 0.97) Yes

Furthermore, the coefficient of determination assumed a high value of 0.765, and the overall Q?
value from the S-G test was positive (Q?=0.02). Ultimately, the measurement model and the structural
model were both positively evaluated, which allowed for the next stage of modelling, namely the
interpretation of the obtained results.

Human capital Sustainable development

12

sTugiwane preer usiugg Bing

i OpenSbrestfdap

pree: ushugy Bing

& OpenSbresiflap

Figure 4. Classification of voivodeships into typological groups

The following voivodeships were classified as those with the highest levels of human capital:
Mazowieckie, Matopolskie, Dolno$laskie, and Pomorskie. Slaskie Voivodeship proved to possess a
high level of human capital. The group with medium and low levels of human capital comprised 10
voivodeships: Lodzkie, Wielkopolskie, Podlaskie, Lubelskie, Kujawsko-Pomorskie, Zachodniopomor-
skie, Podkarpackie, Opolskie, Warminsko-Mazurskie, and gwiqtokrzyskie. Lubuskie voivodeship was
found to have a very low level of human capital.

Mazowieckie, Dolno$laskie, and Slaskie were characterised by very high levels of sustainable
development. Matopolskie, L.odzkie, and Pomorskie were classified as regions with high levels of sus-
tainable development. Kujawsko-Pomorskie, Wielkopolskie, Opolskie, Zachodniopomorskie, Podla-
skie, Lubelskie, Podkarpackie, and Swiqtokrzyskie were found to have medium and low levels of
sustainable development. Warminsko-Mazurskie and Lubuskie were regions with very low levels of
sustainable development.

Comparing the obtained rankings and classifications with the results of other studies, it is worth
mentioning the publication by Roszkowska, Misiewicz, and Karwowska (2010), which also pointed to
significant regional disparities in sustainable development. The cited study observed that in 2010,
Mazowieckie boasted the highest level of sustainable development, with Lubelskie at the lowest level.
This shows that over the course of several years, the situation has not changed significantly.
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Discussion, limitations and future research

The estimation results confirm that human capital has a statistically significant and strong posi-
tive relationship with the overall level of sustainable development in Polish voivodeships. This sup-
ports the hypothesis and reinforces findings from recent studies highlighting the importance of edu-
cation, innovation capacity, and health in enabling long-term sustainability (e.g., Tao et al., 2022;
Bekele et al., 2024; Jie & Lan, 2024; Soto, 2024).

However, a deeper analysis of the model’s structure reveals that this relationship is not uniformly
distributed across sustainability dimensions. While human capital strongly contributes to the social
and economic dimensions, its association with the environmental dimension is moderately negative.
This suggests a potential trade-off: regions with high human capital levels - often more urbanised
and economically active - may prioritise growth and welfare over environmental stewardship. Simi-
lar dynamics have been observed in other studies, which note that sustainability policies often over-
emphasise economic performance while underinvesting in ecological resilience (Chams & Garcia-
Blandoén, 2019; Jagdédka & Snarska, 2021).

This imbalance may result from the absence of integrated green policy frameworks, limited envi-
ronmental awareness in workforce development strategies, or insufficient incentives for ecological
innovation. [t underscores the necessity for a systemic shift: improving human capital should go hand
in hand with targeted ecological education and green skill development to ensure that productivity
gains do not come at the cost of environmental degradation.

An additional explanation for the negative association between human capital and environmen-
tal sustainability may lie in structural and institutional disparities across regions. Industrial legacy,
employment structure, or varying levels of environmental governance can affect environmental per-
formance independently of residents’ education or health levels. These findings highlight the impor-
tance of accounting for additional contextual variables in future research, as well as designing devel-
opment strategies that integrate human capital advancement with environmental priorities.

It is also worth noting that while the study identifies significant associations, the use of PLS-SEM
does not allow for causal inference. The observed relationships are correlational and may be influ-
enced by unobserved confounding factors such as governance quality, regional environmental poli-
cies, or historical investment disparities. Thus, caution is warranted when interpreting the results in
policy terms.

This study has several limitations that should be acknowledged. First, the dataset is cross-sec-
tional and limited to a single year, 2022, which restricts the ability to examine temporal trends or
causality. Second, the analysis is based on only 16 regional units, which, although exhaustive in terms
of administrative scope, poses statistical limitations for generalising findings or expanding the com-
plexity of the model. Third, the exclusion of relevant control variables such as regional environmental
expenditures, local governance quality, or industrial structure may result in omitted variable bias.

Additionally, while the selected indicators for human capital and sustainability are grounded in
literature and aligned with national and international frameworks, their interpretation may vary
across contexts. The exclusion of formative constructs and the sole use of reflective indicators further
limit the analytical depth.

Future studies should extend the analysis through longitudinal or panel data to examine the tem-
poral dynamics between human capital investment and sustainability performance. Incorporating
multi-level modelling could also account for nested regional and national effects, including institu-
tional quality and EU policy influences.

Moreover, a deeper investigation into the drivers of environmental underperformance in high-hu-
man-capital regions is warranted. This could include qualitative case studies, the use of environmen-
tal efficiency indices, or spatial econometric approaches. Additional variables -such as green public
procurement, environmental education policies, or innovation in clean technologies - should also be
considered to better capture the multidimensional nature of sustainability.

Overall, future research should aim for more context-specific, interdisciplinary, and methodolog-
ically diverse approaches to understand how human capital contributes not just to growth, but to
balanced and resilient regional development.
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Conclusions

This study empirically confirms that human capital plays a statistically significant and substan-
tial role in shaping the sustainable development of Polish regions. The results of the PLS-SEM analysis
demonstrate that higher levels of education, research intensity, and employment in knowledge-inten-
sive sectors are strongly associated with improved social and economic sustainable development
outcomes. These findings support the initial hypothesis that human capital has a positive influence
on regional sustainable development. However, the study also uncovers an important nuance: despite
the strong overall relationship, the environmental dimension of sustainable development is nega-
tively associated with human capital. This suggests that in the current regional development land-
scape, socio-economic advancement may not be sufficiently aligned with environmental priorities. As
such, improving human capital alone is not enough to achieve balanced and resilient sustainability
outcomes.

In practical terms, the findings point to the need for more integrated and context-sensitive
regional policies. Investments in education and innovation should be coupled with targeted environ-
mental strategies, including support for ecological education, green skills training, and environmen-
tally responsible R&D. Rather than adopting generic recommendations, regional governments should
develop place-based strategies that align human capital development with local ecological needs and
constraints.

The conclusions of this study are limited by several factors. The analysis is based on cross-sec-
tional data from 2022 and includes only 16 observations - one for each voivodeship. While this pro-
vides full coverage of Poland’s administrative regions, it limits the potential for broader generalisa-
tion beyond the national context. Furthermore, the exclusion of variables such as environmental
governance quality or industrial composition may constrain the explanatory power of the model.

Future research should expand on this study by incorporating longitudinal data, additional
explanatory variables, and more nuanced modelling techniques. This would allow for a deeper under-
standing of the causal mechanisms linking human capital and the three pillars of sustainable devel-
opment.

In conclusion, while enhancing human capital is a necessary condition for advancing regional
sustainable development, it must be complemented by deliberate efforts to internalise environmen-
tal objectives within development strategies. Only then can human potential be fully harnessed to
support a more inclusive, competitive, and ecologically sound future.
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ROLA KAPITALU LUDZKIEGO W ROZWOJU ZROWNOWAZONYM
POLSKICH WOJEWODZTW

STRESZCZENIE: Znaczenie kapitatu ludzkiego dla zrdwnowazonego rozwoju stafo sie kluczowym obszarem badar, szczegdl-
nie w kontekscie zréznicowan regionalnych. Badanie wnosi nowa wiedze, ukazujac statystycznie powigzania pomiedzy pozio-
mem rozwoju kapitatu ludzkiego a stopniem realizacji celéw zrownowazonego rozwoju na poziomie regionéw. Celem badania
jest analiza wptywu kapitatu ludzkiego na zréwnowazony rozwéj w 16 wojewddztwach Polski, uwzgledniajac spoteczne, ekono-
miczne i $rodowiskowe wymiary. W celu uzyskania bardziej kompleksowego obrazu przeprowadzono réwniez analizy typolo-
giczne, ktdre pozwolity sklasyfikowaé regiony na podstawie syntetycznych wskaznikéw kapitatu ludzkiego i zréwnowazonego
rozwoju. Wykorzystujac dane przekrojowe z 2022 roku Gtéwnego Urzadu Statystycznego, zastosowano modelowanie réwnan
strukturalnych szacowanych metoda czgstkowych najmniejszych kwadratéw (PLS-SEM). Uzyskane wyniki wksazaty na silng,
statystycznie istotna, dodatnig zalezno$¢ miedzy kapitatem ludzkim a zréwnowazonym rozwojem (wspétczynnik Sciezkowy =
0,875, p<0,001). Wymiar spoteczny (tadunek czynnikowy = 0,912) i ekonomiczny (fadunek czynnikowy = 0,884) silnie i pozytyw-
nie odzwierciedlajg zréwnowazony rozwoju, natomiast wymiar srodowiskowy charakteryzuje sie umiarkowanie ujemnym fadun-
kiem czynnkowym (-0,678), co moze wskazywac¢ na wystepowanie kompromiséw w priorytetach polityki publicznej. Wyniki
badania podkreslajg zréznicowanie regionalne, w tym najwyzsze wartosci miernikdw syntetycznych osiggajg wojewddztwa:
mazowieckie, matopolskie, dolno$laskie i pomorskie. Najnizsze wartosci zaréwno pod wzgledem kapitatu ludzkiego, jak
i poziomu zrownowazonego rozwoju dotycza wojewddztwa lubuskiego. Badanie wnosi nowa wartos$¢ poprzez zastosowanie
hierarchicznego modelu PLS-SEM oraz opracowanie poréwnawczej typologii regionalnej. Podkresla ono znaczenie dostosowy-
wania polityki $rodowiskowej do specyfiki poszczegdinych regiondw, aby inwestycje w kapitat ludzki nie odbywaty sie kosztem
trwatosci ekologicznej.

StOWA KLUCZOWE: kapitat ludzki, zréwnowazony rozwoj, modelowanie réwnarn strukturalnych, PLS-SEM
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