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Abstract

This article investigates how structural transformations—growth, development, digitalisa-
tion, renewable energy consumption, education, and economic freedom—could influence
public investment in education and public debt in the EU27. This objective was achieved by
taking into consideration suggestive secondary data for the period 2009-2021 and applying
the Structural Equation Model (SEM), dynamic panel data (ARDL), and, for robustness,
fixed effects (FE) models. Education shows the ability, in structural terms, to relax the public
budget, even if, in the very short term, the mandatory education is associated with addi-
tional public investment. Growth may create conditions, in the short term, to diminish the
public investment in education and to be favourable for less dependence on financial mar-
kets, regardless of the period. In contrast, human development is associated with increased
investment in education in the very short and long term and with increased public debt
in the short and very short term. Education can adjust investment in the sector, especially
in the long term, even if tertiary education depresses public investment in the very short
term. However, education, regardless of level, has a significant contribution to the economy
and society, which qualifies investment in education as being strategic, and education as a
sector which must be protected even in complicated economic periods. Economic freedom,
in the very short term, through deregulations, helps the state to become less indebted; in
the long term, the accumulation of vulnerabilities and dependencies changes this dynamic.
The energy transition, despite an immediate favourable effect, in the short term implies
state intervention, including through debt, so that European decarbonisation objectives can
be achieved as soon as possible. The results complete the literature, especially as there are
significant gaps, and inspire decision-makers in establishing educational policy measures
regarding public investment and in resolving tensions among European economic policy
objectives. The results are not strictly causal relationships; the situation of each member
state may differ due to the heterogeneity in the European space.

Keywords: public debt; public investment in education; growth; development; digitalisation;
sustainability

1. Introduction

Achieving European economic policy objectives involves attention to education, digi-
talisation and environmental measures, which put pressure on the public budget in the short
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term but, at the same time, generate long-term structural benefits. The twin transition—
digital and green—is very current due to its desirable global effects and can, in certain
circumstances, modify the fiscal behaviour of states. European economies are pursuing
the simultaneous passage of the two transitions. In this transformational process, human
capital is the basic component of development strategies. The evolution of human capital
is associated with education and it requires financing, which, depending on the circum-
stances, changes fiscal policy. Complex economic interdependencies need the analysis in an
extended approach of public investment in education and debt, including structural change
factors such as digitalisation, renewable energy consumption, economic freedom, growth,
and development. These structural factors translate into EU objectives, possibly achievable
through public financial support, sometimes at the cost of increasing public debt.

The EU has set itself ambitious goals through its economic policy. The 2030 Agenda for
Sustainable Development targets development, education, environment, public investment
and, indirectly, digitalisation (Kostetckaia & Hametner, 2022). A series of Sustainable
Development Goals (SDGs) are related to the subject under analysis. For example, SDG4—
Quality Education directly targets education, SDG8—Decent Work and Economic Growth
directly targets growth and digitalisation, SDG9—Industry, Innovation and Infrastructure
targets digitalisation and energy transition, and SDG13—Climate Action targets energy
transition and the environment (Kluza et al., 2021; Lépez-Vizcaino & Sanchez-Fernandez,
2023). Achieving the SDGs requires an effort involving investments which generate fiscal
pressure and influence the dynamics of public debt.

Through the European Green Deal, the EU has made commitments on sustainability,
energy transition, public investment, and fiscal transformation (Paleari, 2022; Domorenok
& Graziano, 2023; Oberthiir & Kulovesi, 2025). Decarbonisation, green investment, infras-
tructure transformation and the modernisation of the economy are ambitious objectives
which require public investments and active policies.

Next Generation EU and the Recovery and Resilience Facility connect digitalisation,
sustainability, human capital and public finances (Buti & Fabbrini, 2022; Ladi et al., 2024).

Regardless of the objectives pursued by the state, human capital plays a central
role. This is associated with people’s knowledge and skills and is a critical component
of human development (Angrist et al., 2021). Consequently, to omit it from the priority
factors of economic policy would be a major error. Education is a public good, because
the state needs high-quality human capital, especially in such a challenging period in
which digitalisation, artificial intelligence, and economic, social, and environmental issues
are becoming increasingly intense. State expenditures are, in reality, an investment in
human capital, because the added value generated has a favourable impact on the economy
and society, contributing to growth and development. The role of growth is strategic,
because it is the channel of progress and sustainable development. Ideally, there should
be a balance among growth, development, environmental protection, digitalisation and
economic freedom. Sustainable development has become a central concept in European
economic policy, in the strategic thinking of governments, and international organisations
to address today’s economic, social and environmental challenges.

Achieving the goals of sustainable development brings human capital and education
back into focus. The process has a major advantage, because it changes people from the
inside, enables self-development and improves the ability to overcome the turning points
induced by anthropogenic causes (Benavot et al., 2022; Salmi & D’Addio, 2020; Agbedahin,
2019). At the same time, education increases the associated costs (Sarrico & Godonoga, 2021).
Access to education brings into question the issue of financial sustainability or the ability to
cover annual budgets without restrictions. This, in relation to higher education institutions,
translates into the ability to generate income that exceeds their needs (Almagtome et al.,
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2019; Chakrabarti et al., 2020). The allocation of public funds for education is questionable
when a mistaken perception about its efficiency dominates. The quasi-general and mistaken
perception is that education consumes public funds without generating short-term and
very short-term income, deprives other areas of financing, and sometimes puts the state
in debt.

The size of public debt provides some important information. Low public debt, associ-
ated with human capital quality, supports resilience and social development, especially
since human capital is considered the most significant historical factor influencing economic
growth (Diebolt & Hippe, 2019). The state pursues growth and development through vari-
ous direct and indirect ways such as improving productivity, education, and loans granted
to the private sector through credit (Kitsos & Bishop, 2018; Navasardyan & Mkrtchyan,
2023) and through the ability of public debt to counter shocks (Briguglio et al., 2006).

Nowadays transformations are changing the traditional concepts of growth which
should integrate digitalisation and the environment, not only human capital or economic
freedom (Aleksandrova et al., 2022), but future developments depend on education, espe-
cially on higher education (Kholiavko et al., 2020).

The proposed researched topic is strongly linked to theory. For example: Human Capital
Theory supports the long-term importance of investment in education for productivity and
growth, which can increase public debt (Deming, 2022); Endogenous Growth Theory supports
the role of knowledge and innovations, the prerogative of human capital for growth
(Acs & Sanders, 2021); Fiscal Sustainability Framework highlights the tension between state
investments and fiscal sustainability (K. Pradhan, 2019); Capability approach postulates that
the concept of development goes beyond that of growth by integrating education, health
and the quality of capital (Jamil, 2024); Institutional Economics and Economic Freedom Theory
presents the role of institutions in influencing economic efficiency, fiscal discipline and
public investment productivity (Grinberg, 2018; Thuy, 2021), and Sustainability Transition
Theory explains how to move from traditional development models, intensive in carbon,
resources and conventional technologies, to sustainable, digital and green economic systems
(Avelino & Grin, 2017).

Our study distinguishes between public investment in human capital and participation
in the educational process measured as a percentage of enrolments in secondary and tertiary
educational institutions. Government expenditures on education are an indirect measure of
public investment in education or in human capital. It reflects the fiscal resources allocated
by the state to the educational sector for the formation of human capital in the long term.
Enrolment rates in secondary and tertiary education reflect the size of participation in the
educational system and not the state’s fiscal commitment. They provide information on the
size of educational demand, access to education, educational models and the capacity of
institutions to form and develop human capital. The indicators present complementary and
not equivalent dimensions. A higher percentage of enrolments in secondary and tertiary
education does not necessarily imply a proportional increase in public investment on
education, nor does their resizing necessarily imply changes in the demand for education.

The current European development model is based on investment in digital transfor-
mation (digital transition), sustainability (energy transition), and human capital, closely
related to an improved competitiveness and resilience in the long term, which are finan-
cially demanding. The pressure derives from the imbalance of the public budget and the
over-dimensioning of debt to achieve European structural objectives by 2030, 2050 or other
time horizons. Therefore, the central problem of the study is that EU member states pursue
digital and energy transitions (twin transition) simultaneously with the development of
human capital, with fiscal constraints and pressures on public debt. This raises the question
of whether the structural transformations associated with development, digitalisation,
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sustainability and investment in education contribute to the dynamics of European public
debt. The research mechanism argues that transitions require institutional involvement, es-
pecially in the formation of human capital, aspects which can reconfigure public debt. The
problem, question and mechanism of the research generate the objective of analysing how
structural transformation—growth, development, digitalisation, renewable energy consumption,
and economic freedom—influences public investment in education and debt in the EU27.

Our study contributes to the literature in several ways: it analyses public debt together
with investment in education in a broader framework, which includes growth, human
development, economic freedom and twin transition in the EU27; it highlights the structural
tension between the objectives of fiscal sustainability and those of achieving the investments
necessary for long-term development; the estimates of the empirical models separate the
contemporary relationships—in the very short term (SEM)—from the dynamic ones—
in the short and long term (dynamic panel data model). The results show that human
development and secondary education, which is mandatory in the member states, require
fiscal costs. Structurally, growth and development may put pressure on the state budget
unlike education. The EU objectives regarding fiscal sustainability, human development,
and twin transition are interdependent, but generate different trade-offs in time.

As a structure, after the literature analysis, this study presents the applied methodol-
ogy, results, discussions and conclusions.

2. Literature Review

2.1. Public Debt
2.1.1. Public Debt—Structural Determinants (Economic Growth and Development and
Economic Freedom) and Their Relationship

Growth and development, the main objectives of economic policy, imply substantial
public expenditures or investments. Some chapters of public expenditures, such as edu-
cation, are debatable, because they can increase public debt without immediate concrete
financial benefits. The literature suggests that education, predominantly tertiary, has over-
whelming benefits (Alshubiri, 2021; Sotiropoulou, 2019). It is true that public debt is a
tool to finance the economy and achieve the growth objective as long as it does not reach
an excess, because future re-payment becomes problematic (Joy & Panda, 2020), leading
to mistakes and distortions of economic policy (Alesina et al., 2019; Asteriou et al., 2020;
Abubakar & Mamman, 2020; Law et al., 2021). Reducing the public deficit by contracting
public investment on education and health represents such an unfavourable distortion,
especially for emerging economies. Developing countries tend to sacrifice education when
orienting the budget (Lahiani et al., 2022), despite its favourable implications (Pegkas et al.,
2020; Schuknecht, 2022).

In crisis periods, states opt for increasing public debt in order to support, as a priority,
infrastructure development and the supply of public goods, and to reduce the economic
and social pressures (Petrakos et al., 2020), to the detriment of education. A debt-based
strategy of growth is, then, acceptable under adequate conditions. Although a balanced
budget is preferred, under conditions of minimal indebtedness, people have different
perceptions (Bremer & Biirgisser, 2023). People often characterise the state as a narrowly
focused entity, unwilling to ensure social welfare. Therefore, institutional quality makes
the difference between perceiving the state as a parasite or not, supporting or invalidating
the Ricardian approach, given that the state, through its priorities and decisions, influences
public debt (Sardoni, 2021; Arvin et al., 2021; Schuknecht, 2022).

Human development is in the core of public policy, closely dependent on growth. Any
crisis is associated with a poverty accent and school dropout, which affects development,
especially in low-income countries (Antoniades et al., 2020). In this case, public debt
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greatly influences human development and the environment through growth (Sadiq et al.,
2022). The literature mentions that human development, together with globalisation and
the financial dimension, impact the economy and environment (Wang et al., 2019; Sadiq
et al., 2022). Too much debt obstructs government expenditures, reduces employment and
unbalances the labour market, thereby affecting human development.

Prior studies examined economic freedom as an important determinant of growth,
depending on institutional quality. It has been shown that a high freedom environment
boosts finances of developing countries (M. A. Khan et al., 2020; Feruni et al., 2020; Huang
et al., 2021), and the degree of freedom is proportional to quality of life (Feruni et al., 2020).
Economic freedom supports investments, associates with democracy, well-being, human
development, poverty alleviation, and a clean environment (Singh & Gal, 2020).

Public debt and economic openness, which derives from economic freedom, contribute
to structural European growth as some studies show (R. P. Pradhan et al., 2022). Others
argue that financial freedom does not support growth (D. V. Tran, 2019), unlike trade
openness, which is one of the main channels of globalisation and technology transfer
with environmental impact (Tachie et al., 2020). In addition, economic freedom, in the
states without democratic institutions, has consequences only for non-inclusive growth
(Lawson et al., 2020). Other research works show that public debt negatively influences
economic freedom, in the short and long term alike (Mura & Donath, 2023), and economic
freedom does not affect gross public debt. Although public debt and economic freedom
seem unrelated, they are two aspects of the same thing when considering their potential
for growth.

2.1.2. Public Debt—Sustainability Relationship

Green fiscal public investment expands sustainable growth; therefore, balanced bud-
gets and investments in public goods are recommended in order to achieve the goal of
sustainable development (Fang & Chang, 2022). The literature suggests that some de-
veloped countries invest substantially in public goods such as education, research and
development to stimulate green economic development. This is because sustainable growth
improves financial stability in the short and long term (Jadoon et al., 2021). Public invest-
ments determine the performance of the green economy through technically advanced
work, development practices, or through other ways with different consequences from
country to country (Yao et al., 2019; I. Khan et al., 2021; Wang et al., 2019; Feng et al., 2022).
In this context, economic freedom is a useful tool for economy, society, and environment
through trade openness. Two views have been identified in the literature in this regard
(Esmaeili et al., 2022). On the one hand, trade openness is considered to have effects on
environmental quality as a result of improved technology and environmental standards.
On the other hand, the intensification of trade through robust growth and intensive energy
consumption exerts devastating effects on the environment.

2.2. Human Capital
2.2.1. Human Capital—Education Relationship

Education characterises human capital and fuels its development, but also economic
growth. The literature highlights the economic and social role of education, emphasising
its economic and social dimension. Education offers the opportunity to increase people’s
income through participation in the labour market (Jorgenson & Fraumeni, 2020; Madani,
2019, Angrist et al., 2021; Cichoracki, 2021). Thus, education contributes not only to
economic growth, but also to human development.

Investment in education helps growth through the improvement of labour force quality
and productivity (Jorgenson & Fraumeni, 2020). However, economic policy decision-makers
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paid too little attention to the educational policy implications, even if basic educational
skills increase a person’s income, acting as a lever for people’s freedom, eradicating poverty
and hunger (Madani, 2019).

Human capital explains income differences among countries, but the extent to which
it does so varies substantially from one state to another (Celikay & Sengur, 2016; An-
grist et al., 2021). More recently, digitalisation exacerbates inequalities among countries
with low incomes and mitigates them among those with higher incomes (Consoli et al.,
2023), together with cultural, social, economic and fiscal characteristics. Human capital
is more likely to be associated with growth than with development, because schooling
and learning are not similar, and the reactions differ among countries with a different
degree of development (Ionut et al., 2021). Gradually, human capital has become a means
of efficiency, growth and development, especially through the premises of digitalisation
and sustainability (Grigorescu et al., 2021), which bring education back into focus.

The economic implications of education and public investment in this sector are not
limited to income. Education has a key role in labour productivity improvement (Abbott
et al., 2018). The ability to invest optimally in education supports prosperity, social mobility
and income distribution in economy and society (Corvers, 1997). In addition, through
outsourcing, the progress of an economy is reflected in its neighbouring states (Corvers,
1997; Annoni et al., 2019; Valero & Van Reenen, 2019; Batég & Batog, 2019; Mihi-Ramirez
et al., 2020; Hanushek & Woessmann, 2020; Sarwar et al., 2020), stimulating growth through
outsourcing. Due to this, the state is motivated to undertake investment in human capital
(Abbott et al., 2018; Kornieieva et al., 2022), similar to private entities (Siedschlag & Durén,
2025; Schwarz et al., 2025), even at the cost of indebtedness (Coronel & Diaz-Roldéan, 2024).

The advantages of education are seen in the way people perceive and manage the
issue of environmental sustainability (Kopnina, 2020; uz Zaman et al., 2021; Ozbay &
Duyar, 2022). A healthy environment, economy, and society are conditions for sustainable
development. Educated people are aware of the need for the production and consump-
tion of clean energy, which they aim to use to protect the environment (uz Zaman et al.,
2021). Unfortunately, human capital is not at the necessary level to mitigate environmental
damage (Ozbay & Duyar, 2022). There are studies which demonstrate that human devel-
opment must exceed a certain level to be positively associated with urban sustainability
(Radulescu et al., 2025), and people’s behaviour towards the environment differs depending
on demographic and cultural characteristics (Cantillo et al., 2025; Kichurchak, 2023).

2.2.2. Institutional Quality and Economic Freedom—Education, Growth and
Development Relationship

A good relation between education and growth depends on institutional quality and
financial development, especially in the less-developed countries (Sarwar et al., 2020;
Hanushek & Woessmann, 2020; Deming, 2022). Labour productivity, public debt in the
period of crisis (Batog & Batdg, 2019), and government quality (Ezcurra & Rios, 2019) are
factors related to education, which are able to support growth and resilience.

The benefits of education are divided dichotomously (Salmi & D’Addio, 2020). On the
one hand, education generates individual, private benefits. Higher education is associated
with improved health, increased earning potential and better quality of life (De La Hoz-
Rosales et al., 2019; Banerjee et al., 2021). On the other hand, education generates public and
social benefits, such as labour market balance, higher tax revenues, good intergenerational
mobility, a greater civic and voluntary participation and less dependence on social services
(Sultana et al., 2022; Purcell & Lumbreras, 2021). In order to play a valuable role in the
economy and society, and for environmental protection, higher education needs financial
support from the state (Masduki et al., 2022). This is where institutional quality and the
state’s ability to efficiently orient its resources come in. Education should be a priority,
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because it shapes the quality of human capital (N. V. Tran et al., 2019; Rahim et al., 2021),
but, again, the results differ depending on the level of development of the economy (Olo
et al., 2021).

2.2.3. Digitalisation, Education and Sustainability Relationship

The world has entered a period defined by digitalisation. The trend requires going
through a digital transition. Many studies prove that digitalisation is a process with
realistic implications for progress through the improvement in productivity, employment,
and competitiveness, with deep implications for economic policy (Balsmeier & Woerter,
2019; Aghion et al., 2019; Lange et al., 2020; Aleksandrova et al., 2022; Anderton et al,,
2020). Like any new and key process, digitalisation divides. The leading countries in
digitalisation benefit from higher advantages than the countries which are in the early
stages of the process (Anderton et al., 2020; Grinberga Zalite & Zvirbule, 2020; Svarc
et al., 2021). The intervention of higher education institutions to train the workforce,
develop digital skills and support adaptation to technology is mandatory for adapting to
the changes which digitalisation and artificial intelligence are producing in all fields of
activity (Kholiavko & Djakona, 2021). The way the state approaches tertiary education has
implications on human development and on the capacity of each country to adapt quickly
to an environment completely different from the one in which humanity has lived until
now (Anderton et al., 2020; Mubarak et al., 2020; Heredia et al., 2022).

Given that not only digitalisation is a major challenge, but also that climate change
caused by the lack of sustainability of anthropogenic activities is also critical, the relation-
ship between digitalisation and energy plays a decisive role for environmental sustainability
(Thanh et al., 2023), motivating the orientation towards green transition (Sareen et al., 2023)
and its structural transformations (Mainzer, 2022).

Green fiscal investments are oriented towards growth. So, balancing budgets and
stimulating investments in public goods are recommended in order to achieve the goal of
sustainable growth and development (Fang & Chang, 2022). Some developed countries
invested substantially in public goods such as education, research and development to
stimulate green growth and development, because, as it was demonstrated, green growth
improves financial stability in the short and long term (Jadoon et al., 2021). Public in-
vestments influence the performance of the green economy through technically advanced
work, development practices or through other ways with different consequences from
country to country (Yao et al.,, 2019; I. Khan et al., 2021; Wang et al., 2019; Feng et al., 2022).
Studies conclude that education and human capital are important tools which support the
environment by reducing emissions (Zafar et al., 2019) in a digitalised context.

The literature suggests that growth has the capacity to manage debt pressures by
increasing government revenues and macroeconomic stability. However, post-crisis fiscal
consolidation strategies within the EU may limit public investments, including those
allocated to education. Therefore, we propose the following research hypothesis:

Hypothesis (H1). Economic growth can influence, in the short and long term, public investment
in education and public debt.

Human development, through its complexity and profound qualitative substratum,
reflects extensive investment in education, health and living standards, which is why we
propose the following research hypothesis:

Hypothesis (H2). Human development can influence, in the short and long term, public investment
in education and public debt.
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Given that secondary and tertiary education enrolments capture social demand and
the institutional expansion of education systems, and high demand for education can
increase pressure on governments to expand educational infrastructure, we propose the
following research hypothesis:

Hypothesis (H3). Secondary and tertiary education can influence, in the short and long term,
public investment in education.

Because economic freedom can stimulate investment, productivity, and fiscal efficiency,
we propose the following research hypothesis:

Hypothesis (H4). Economic freedom can influence, in the short and long term, public debt.

The energy transition can generate mixed fiscal effects, which is why we propose the
research hypothesis:

Hypothesis (H5). Renewable energy consumption can influence, in the short and long term,
public debt.

Digitalisation can transform the structure of public investment in human capital by
increasing the demand for digital skills, educational technology and workforce adaptation,
which is why we propose the following research hypothesis:

Hypothesis (H6). Digitalisation can influence, in the short and long term, public investment
in education.

The validation or invalidation of the six hypotheses contribute to achieving the pro-
posed research objective—how structural transformations—growth, development, digitalisation,
renewable energy consumption, education and economic freedom—influence state investment in
education and public debt in the EU27.

3. Materials and Methods
3.1. Method

We carried out the empirical analysis by applying the Structural Equation Model
(SEM) and dynamic panel data (ARDL).

Structural equations constitute multivariate statistical analysis techniques which allow
the observation of relationships among variables and names of path analysis. Paths refer to
direct relationships among variables, hence the name causal models. After evaluating criteria
such as the chi-square test, likelihood ratio, Akaike’s Information Criterion (AIC), Swartz’s
Bayesian Informative Criterion (BIC), the coefficient of determination (CD), Root Mean
Square Error of Approximation (RMSEA), Comparative Fit Index (CFI), and Tucker-Lewis
Index (TLI), the Standardised Root Mean Square Residual (SRMR) was used to evaluate
the fit of the model.

The probability ratio X2 (chi-square test value) in the case of baseline vs. saturated
models is determined according to Equation (1). A statistically insignificant probability
indicates good model fit, but it is not definitive information. In the situation where this
criterion does not show the good fit of the model, being influenced by the sample size, we
analysed other good fit criteria from those already mentioned.

X2bs = 2{logLs — logLb}, (1)
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where Ls represents the probability of the saturated model; Lb represents the likelihood of
the base model.

The structural model involves linear regression equations in which the variables are
endogenous (the equivalent of the dependent ones) and exogenous (the equivalent of the
independent ones).

For the robustness analysis, panel data were dynamically applied, namely Pooled
Mean Group (PMG). By applying the Hausman test, we demonstrated that PMG was the
appropriate variant for our data. The PMG model allows for heterogeneous dynamics in
the short run and common elasticities of variables in the long run. Often, only long-term
parameters are of interest. Default model outputs consist of long-term parameter estimates
and short-term mean estimates (Blackburne & Frank, 2007). According to Pesaran et al.
(1997), the dynamic model is of the following form (2):

Yir= ;']:17‘1']'%',#]'+ Z;":o‘sz"jxirt*j + 'Y;’dt"‘ Eits 2)

where x;; (k x 1) and d; (s x 1) are the vectors of the explanatory variables. x;; varies
across time periods and across groups, and d; varies across time periods. A;; represent the
coefficients of the lagged dependent variables and they are scalar; y; arek X 1and s x 1,
vectors of the unknown parameters.

The study of Pesaran et al. (1997) provides non-stationary dynamic panel estimation
techniques with heterogeneous parameters among groups (Mean Group estimator—MG—
and Pooled Mean Group—PMG). The PMG model constrains the long-run coefficient vector
to be equal across panels and allows short-run and adjustment group-specific coefficients.
PMG is based on a combination and averaging of coefficients. The appropriate dynamic
model was chosen using the Hausman test (3), which allows the comparison of two
estimators, one consistent under both null and alternative hypotheses, and one consistent
under the null hypothesis.

fn= (EFE* B\RE)’{/V{EFE} - V{ﬁRE H o= 1(31:5* ERE) (©)

where f/; shows the estimates of the covariance matrices.

The Hausman test checks whether the estimators of fixed and random effects are
significantly different (Verbeek, 2017).

We applied path-based SEM with observed variables, because it allowed us to estimate,
simultaneously, the relationships between two interdependent processes: public investment
in education and debt dynamics. The simultaneous relationships, the type of effects, and
the structural interdependencies are in favour of applying a structural path model with
observed variables. This is the tool for analysing relationships among variables in the very
short or contemporary term. We applied the dynamic panel model due to the presence
of temporal dynamics, short-term and long-term effects, and dynamic adjustments. The
model captures temporal dynamics and robustness, allowing the segregation of short-term
and long-term results. The two models are complementary and, together, allow us to
achieve the proposed research objective by providing structural and dynamic perspectives
on the relationships analysed.

Finally, we applied the fixed effects regression model for added robustness. The model
helps to validate or invalidate the cyclical and structural results of the basic models.

3.2. Data

To study the effects of sustainable development on state investment in human capital
and on public debt under sustainable conditions, we analysed six variables: two of which
are endogenous observables (public debt (GODE) and the share of state expenditure on edu-
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cation (GEE) or public investment in education/human capital), and the rest are exogenous

observables (gross domestic product per inhabitant (GDP) describing economic growth,

human development index (HDI) describing human development, index of economic

freedom (IEF) describing the ability to exercise activities without restrictions from the state

or the quality of public sector, renewable energy consumption (REG), which describes

the percentage of renewable energy in total energy consumption), which together define

sustainable development, the number of internet users (UTI) as a measure of digitalisation,

the number of people attending secondary school courses (SECSH) and tertiary (TERT)

components of human capital (Table 1).

Table 1. Variable definitions and sources.

Indicator Definition Source of Data
GDP per capita is gross domestic World Bank https://data.worldbank.org/
GDP per capita product divided by midyear indicator/NY.GDP.PCAP.CD (accessed on 2
population (current US$). May 2026)
HDI is a summary measure of
average achievement in key
dimensions of human development: The Global Economy.com

Human Development Index
(HDI)

a long and healthy life, being
knowledgeable and having a decent
standard of living. The HDI is the
geometric mean of normalised
indices for each of the three
dimensions.

https:/ /www.theglobaleconomy.com/
rankings/human_development/ (accessed
on 2 May 2026)

Government expenditure on
education, total (GEE)

Government expenditure on
education, total (% of GDP).

World Bank https:/ /data.worldbank.org/
indicator/SE.XPD.TOTL.GD.ZS (accessed on
2 May 2026)

Index of Economic Freedom
(IEF)

The Index of Economic Freedom is an
annual index and measures the
degree of economic freedom in the
world’s nations.

The Heritage Foundation
https:/ /www heritage.org/index/explore
(accessed on 2 May 2026)

General government gross
debt (GODE)

Debt is the entire stock of direct
government fixed-term contractual
obligations to others outstanding on
a particular date (% of GDP).

Eurostat Statistics https:/ /ec.europa.eu/
eurostat/databrowser/view /SDG_17_40/
default/table?lang=en (accessed on 2 May

2026)

Renewable energy
consumption (REG)

Renewable energy consumption is
the share of renewable energy in total
final energy consumption (% of total

final energy consumption).

World Bank https:/ /data.worldbank.org/
indicator/EG.FEC.RNEW.ZS (accessed on 2
May 2026)

Individuals who used the internet in
the last 3 months via a computer,

World Bank https://data.worldbank.org/

Users of internet (UTI) mobile phone, personal digital indicator /IT.NET.USER.ZS (accessed on 2
assistant, game machine, digital TV, May 2026)
etc. (% of population).
World Bank

Enrolment in Secondary
Education
(SECSH)

The ratio between the total number
of enrolled students, regardless of
age, and the population in the age

group which officially corresponds to
the indicated level of education.

https:/ /data.worldbank.org/indicator/
SE.SEC.NENR?skipRedirection=true
(accessed on 2 May 2026)
https:/ /humanprogress.org/datasets/
(accessed on 2 May 2026)
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Table 1. Cont.

Indicator

Definition Source of Data

Enrolment in Tertiary
Education
(TERT)

World Bank
https:/ /data.worldbank.org/indicator/
SE.TER.ENRR?skipRedirection=true
(accessed on 2 May 2026)
https:/ /humanprogress.org/dataset/
tertiary-school-enrollment?countries=
&primary-data=7750&compare=null&chart
-type=Line+Chart&view=selected&value
-type=score&ecalc-table-country-a=null&calc
-table-country-b=null&x-axis-start=0&x-axis
-end=10&y-axis-start=0.531930029392242&y
-axis-end=77.0131607055664&y-axis-log=
false&x-axis-log=false&auto-scale=
true&map-color=Monochromatic+
Sky&region-calculation=Weighted+
Average&start-date=1970&end-date=2022
&the-year=2022&sort-bar-chart-ascending=
true (accessed on 2 May 2026)

The ratio between the total number
of enrolled students, regardless of
age, and the population of the age

group which officially corresponds to
the indicated level of education.

Source: Authors’ contributions.

The EU27 member states constitute the interest group of the study, and the covered
period is 2009-2021. The time interval was chosen not only based on the validity of the
data. The period is relevant because it covers the post-global financial crisis, the Euro-
Zone sovereign debt crisis, and the COVID-19 pandemic. This accumulation of events
and dimensions includes, among others, public investments, public debt, environmental
issues, the education sector, and digitalisation progress. The period 2009-2021 captures
several structural disruptions which influenced the accumulation of public debt and the
state investment model in the EU.

Table 2 describes the variables. The dependent variables are GODE and GEE. Larger
cleavages among European countries are noticeable in the case of GODE. The lowest level
of public debt was recorded by Ireland in 2011, the highest level was recorded by Germany
in 2020, and the European average was 67.77%. At the EU27 level, in the period 2009-2021,
governments allocated, on average, 5.09% of GDP to education. The differences among
the members were relatively significant, with the deviation from the European average
being 1.13%. The lowest percentage of GEE was allocated by Romania in 2012, a country
which stands out anyway for low public investment in the education sector, while Denmark
supported education with 8.56% of GDP in 2010.

Table 2. Variable description.

Variable Mean Std. Dev. Min. Max.
GDP 33,918.45 23,097.88 6853 133,590.2
HDI 0.88 0.04 0.77 0.96
GEE 5.09 1.13 2.96 8.56

IEF 69.24 5.60 53.2 82.2
GODE 67.77 37.97 6.2 206.3
SECSH 109.87 16.36 87.1 163.93

TERT 70.03 19.33 18.27 150.88
UTI 77.37 12.94 36.6 98.87
REG 20.48 11.83 0.26 58.4

Source: Authors’ calculation.

https://doi.org/10.3390/admsci16070317


https://data.worldbank.org/indicator/SE.TER.ENRR?skipRedirection=true
https://data.worldbank.org/indicator/SE.TER.ENRR?skipRedirection=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://humanprogress.org/dataset/tertiary-school-enrollment?countries=&primary-data=7750&compare=null&chart-type=Line+Chart&view=selected&value-type=score&calc-table-country-a=null&calc-table-country-b=null&x-axis-start=0&x-axis-end=10&y-axis-start=0.531930029392242&y-axis-end=77.0131607055664&y-axis-log=false&x-axis-log=false&auto-scale=true&map-color=Monochromatic+Sky&region-calculation=Weighted+Average&start-date=1970&end-date=2022&the-year=2022&sort-bar-chart-ascending=true
https://doi.org/10.3390/admsci16070317

Adm. Sci. 2026, 16, 317

12 of 37

Growth drew another clear difference in the EU27. The average GDP per capita was
33,918.45 USD, with the lowest value being recorded by Bulgaria in 2010 and the highest
by Luxembourg in 2021. Regarding the growth, the discrepancies are large in time and
space and the development offers a more homogeneous picture, with an average of 0.88
and a deviation of 0.04, varying between Bulgaria in 2009 and Ireland in 2020. Growth is a
component of development so that quantitative economic results are not fully reflected in
social terms, because it is important how they are directed by economic policy. The IEF had
an average value of 69.24, with a deviation of 5.6. The European country with the lowest
degree of economic freedom was Greece in 2016, and Ireland was the country with the
highest degree of economic freedom in 2009.

Regarding access to education, the European average of enrolments in the secondary
cycle was 109.87%, higher than that of enrolments in the tertiary cycle, which was 70.03%.
In this last case, deviations from the average are also greater across countries. The entity
with the lowest percentage of the population enrolled in a secondary education institution
was Romania in 2020, and with the highest—Belgium, in 2015. The country with the lowest
demand for tertiary education was Luxembourg in 2010, while Greece recorded the highest
demand in 2020. Progress in digitalisation differs among members. The European average
of internet users was 77.37%, with a deviation of 12.94%: the lowest percentage of the
population with digital skills characterised Romania in 2009, and the highest percentage
was seen in Denmark, in 2021.

Sustainability was evaluated by the percentage of renewable energy consumption. In
this regard, there is heterogeneity among European states. On average, the percentage of
REC in total energy consumption was 20.48, with a deviation of 11.83%, with the lowest
consumption recorded in Malta in 2010, and the highest in Sweden in 2020. All this
information can be found in Table 2.

Figure 1 shows the public investment in education. Italy, Greece and Latvia stand
out for their investment in education. The difference between the European country with
the highest average investment in education and the one with the lowest was 2.15%. The
highest average number of the population enrolled in secondary education was recorded in
Cyprus, Malta and the Czech Republic, and the lowest was recorded in Hungary, Greece and
Italy. Instead, a great similarity is noted between the public investment in education and the
number of people enrolled in secondary education. The change in the percentage of public
investment in education influences higher education rather than secondary education,
possibly also due to the fact that the latter is, in many European states, mandatory.
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Figure 1. Education sector description (mean). Source: Authors’ contribution.

Cyprus and Malta, on average, recorded public debt per capita higher than growth
per capita, while in the case of Croatia the average values are roughly equal. For the rest
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of the states, the average increase per capita exceeded the value of the debt related to the
population number. The countries with the lowest levels of public debt were Sweden, the
Netherlands and Hungary, while at the opposite pole these were Cyprus, Malta and Croatia
(Figure 2).
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Figure 2. Growth and public debt (mean, per capita). Source: Authors’ contribution.

Among some of the European states, the differences in the degree of economic freedom
are not large. The state with the highest average level of economic freedom is Belgium, and
at the opposite pole we find Slovenia, with the gap being 5.76 points (Figure 3). Average
values of human development give the same picture. The gaps among less-developed and
developed European states are significant (Figure 3).

IEF HDI
73 0.94
72 0.92
i
: o
68 .80
pa 0.84
66 0.82
()4 0.73
63 0.76
SIS R F £ P PSS 8 & ‘~ & & ) g
& & & S & § O Q& & & & \ N .{‘ & & »:2 & &
Q)Q\o @&0 o 0@\‘ <<7 Q‘ [ \\&é‘ Qv‘ @\\ S o Q& \\ O IS, Y.\’ \;\\*Q(x‘ QQ‘\ Qv‘\; Q\“‘\@\ %\o*
A%

Figure 3. Index of economic freedom (mean). Source: Authors’ contribution.

Italy, Greece, Germany, and France were the most digitised European states, with
a difference of 23.11% between the leader, Italy, and the least digitised, Hungary. Italy
recorded the lowest consumption of renewable energy in the EU27, compared to Austria
and Belgium, which excelled in this area (Figure 4).

The indicator values which describe public debt, public investment in education,
growth, human development, economic freedom, education, digitalisation and sustain-
ability present a picture of these processes in the EU27, but are not sufficiently relevant to
highlight the effects of growth, development, digitalisation and sustainability on public
investment in education and on public debt. This insufficiency requires the development of
the analysis starting from the six hypotheses identified as a result of the literature analysis.
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Figure 4. Digitalisation and renewable energy consumption (mean). Source: Authors’ contribution.

4. Results

The data form a strongly balanced panel of 27 European countries, with no missing
observations. We used standardised data (using z-score transformation) to estimate the
structural and dynamic panel models. Standardisation was useful to facilitate interpretation,
comparisons and analysis of the indicators expressed in different units of measurement in
a consistent and objective manner. Standardisation reduces scale-related estimation bias in
both SEM and dynamic panel data models. Through standardisation, the data have been
brought to the same measurement scale, which facilitates their direct comparison. The
endogenous observable variables are GEE and GODE. The exogenous observable variables
are GDP, HDI, SECSH, TERT, UTI, IEF and REG. GDP per capita is expressed in current
values, consistent with the data source, the World Bank. Standardisation with z-scores
mitigates compatibility issues related to differences among panel entities.

4.1. The Results of the SEM Model

The SEM model highlights the simultaneous relationships among variables, in the very
short term, giving an image of contemporary reality. Figure 5 and Table 3 are suggestive in
this regard.
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Figure 5. Structural model. Source: Authors’ contribution.

The good fit of the model is certified by the fit statistics values (Table 3). Even if the
value of chi2_ms(6) and the probability (15.554 and 0.016, respectively) do not show the
good fit of the model, the rest of the statistics contradict this information; therefore, we can
conclude that the relationship between the data and the model is of good fit.
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Table 3. Good fit statistics.

Model Fit Equation-Level Goodness of Fit
Fit Statistics Value Observed R-Squared
Chi2_ms(6) 15.554
p > chi2 0.016 GEE 0.2862
RMSEA 0.067
pc close 0.206 GODE 0.3177
AIC 7679.498
BIC 7864.816
CFI 0.962
TLI 0.906 Overall 0.5093
SRMR 0.021
CD 0.509

Source: Authors’ calculation.

The recommended theoretical limit for CFI and TLI values is 0.90. Values greater than
or equal to 0.90 indicate a good-fitting model. The values of SRMR (0.021) and RMSEA
(0.067), where the probability is devoid of statistical significance, also show the good fit of
the model (Table 3).

Sustainable development explains approximately 29% of the public investment in
education, approximately 32% of the public debt, and approximately 51% of a part of the
financial resources managed through economic policy (Table 3).

The correlation among variables offers important information. Despite the negative
relationship between growth and renewable energy consumption, progress in Europe is un-
sustainable, but the statistical significance for this statement (cov(GDP, REG) = —0.023,
p-value = 0.672) is missing. Human development and renewable energy consump-
tion have a positive but statistically insignificant relationship (cov(HDI, REG) = 0.065,
p-value = 0.221), similar to that between higher education and digitalisation (cov(TERT,
UTI) = 0.049, p-value = 0.355).

European growth enables human development (cov(GDP, HDI) = 0.691; p-value = 0.000)
and the access to secondary education (cov(GDP, SECSH) = 0.340; p-value = 0.000), digitalisa-
tion (cov(GDP, UTI) = 0.600; p-value = 0.000) and economic freedom (cov(GDP, IEF) = 0.529;
p-value = 0.000). Conversely, it seems that, as member states achieve growth, Europeans
lose motivation for higher education (cov(GDP, TERT) = —0.239; p-value = 0.000). Growth
is vital for the economy and society in a digitised environment, for resilience and sustain-
ability. Consequently, member states should encourage higher education, especially since
the interest in studying decreases as living conditions improve, with negative economic—
social effects.

Human development is strongly related to growth, being characterised by quality-of-
life improvement. Higher education gives a boost to human development (cov(HDI,
SECSH) = 0.556; p-value = 0.000; cov(HDI, TERT) = 0.231; p-value = 0.000) in a dig-
ital environment (cov(HDI, UTI) = 0.756; p-value = 0.000) and in a free economy
(cov(HDI, IEF) = 0.527; p-value = 0.000). Improving the quality of education and increasing
the number of students in the primary cycle are important aspects for development. In line
with social progress, people are encouraged to continue the educational process. Each edu-
cational cycle depends on the previous one. For this reason, secondary education is funda-
mental for accessing higher education (cov(SECSH, TERT) = 0.291; p-value = 0.000) and for
developing the digital skills of the population (cov(SECSH, UTI) = 0.422; p-value = 0.000).
Education is a channel through which it is possible to create conditions for widening the de-
gree of economic freedom (cov(SECSH, IEF) = 0.332; p-value = 0.000) and for sustainability
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(cov(SECSH, REG) = 0.145; p-value = 0.007), with the aim of safeguarding the environment.
Higher education is negatively associated with economic freedom (cov(TERT, IEF) = —0.138;
p-value = 0.010). As Europeans are accumulating knowledge through formal education,
the possibility to become reluctant to economic openness exists. However, the propen-
sity towards renewable energy consumption (cov(TERT, REG) = 0.130; p-value = 0.016)
means that the population better understand the need for sustainability. Knowledge opens
people’s horizons, develops the perception of risks and the ability to adopt appropriate
measures to reduce them. Education prepares people for a growing digitised environment
all over the world. It is possible that digital skills can improve European economic free-
dom parameters (cov(UTI, IEF) = 0.611; p-value = 0.000) and increase renewable energy
consumption (cov(UTI, REG) = 0.206; p-value = 0.000), with the latter also being stimulated
by the expansion of economic freedom across European territory (cov(IEF, REG) = 0.611;
p-value = 0.000).

4.1.1. The Results of the SEM Model Regarding Public Investment in Education

The evolution of public investment in education and debt is difficult to estimate if we
ignore sustainable development paths. Growth has a statistically marginal effect on public
investment in education (3 = —0.146, p-value = 0.057). The state is constantly interested
in improving the quality of human capital through the prism of its economic and social
benefits. The effect of reducing the state’s fiscal involvement in education is illusory, even if
it is possible in the short term. Indeed, human development is reflected in the improvement
of quality of life, giving people the opportunity to self-finance their education by choosing
private institutions. This trend leads to the contraction of public investment on education,
without persistence over time. The implications of development are much more complex.
Improving quality of life stimulates demographic growth and, consequently, the state’s
financial effort to finance secondary education, which is mandatory in European countries
(Bupr = 0.280, p-value = 0.003; Bspcsy = 0.356, p-value = 0.000). Theoretically, tertiary
education and digitalisation would require additional investment from the public budget,
but attending tertiary education is a personal choice. More than that, digitalisation is
naturally integrated into everyday life, no longer requiring public funding for adaptation,
as is evident from the lack of statistical significance of the results.

The SEM results regarding public investment in education (Table 4) confirm the role
of education as a public good with a key role in achieving the objectives of economic policy
and social equilibrium.

Table 4. Results of SEM.

GEE Coef Std. Err z p>lzl  [95% Confidence Intervals]
GDP —0.146 0.077 -191 0.057 —0.296 0.004
HDI 0.280 0.095 2.94 0.003 0.093 0.467
SECSH 0.356 0.056 6.41 0.000 0.248 0.465
TERT —0.088 0.058 —1.52 0.130 —0.202 0.026
UTI 0.106 0.071 1.49 0.135 —0.033 0.244
_cons  —49 x 10710 0.045 0.00 1.000 —0.088 0.088
GODE Coef Std. Err z p>lzl [95% Confidence Intervals]
GDP —0.324 0.065 —5.02 0.000 —0.451 —0.198
HDI 0.676 0.063 10.65 0.000 0.551 0.800
IEF —0.435 0.057 —7.63 0.000 —0.546 —0.323
REG —0.124 0.047 —2.64 0.008 —0.216 —0.032
_cons  —1.03 x 107 0.044 0.00 1.000 —0.086 0.086

Source: Authors’ calculation.
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4.1.2. The Results of the SEM Model Regarding Public Debt

Public debt may diminish together with growth, economic freedom and renewable
energy consumption. Growth improves the economic and social situation, implicitly
improving the budgetary revenues, balances the public finances and moderates the state’s
debt trend. On the other hand, weak growth may put pressure on the state budget.
Sustained and sustainable growth, based on renewable energy consumption and economic
freedom, appears to be a determinant of public debt reduction. Improving economic
parameters (Bgpp = —0.324; p-value = 0.000), correlated with the replacement of energy
consumption from conventional sources with that from renewable sources (frgg = —0.124;
p-value = 0.008), can contribute to lower public debt.

Public investment in the energy system can be offset by the production of renewable
energy in the private system as a result of the embrace of the prosumer idea by a substantial
part of the population. On the one hand, education facilitates understanding the need for
environmental sustainability. On the other hand, growth provides the financial resources
necessary for private investment in renewable energy. Economic freedom creates the
conditions for accessing new technology and facilitates its adoption through appropriate
regulations. Indirectly, by stimulating the private sector, economic freedom can help the
state to cover its needs through budgetary revenues in a greater proportion (B1gr = —0.435;
p-value = 0.000).

Human development, through its complexity, involves economic and educational
progress (Table 4). The process is associated with the capacity to ensure medical services
for the population, a decent living, gender equality, protecting the vulnerable population,
and eradicating poverty, objectives which require active public intervention (yp; = 0.676;
p-value = 0.000). This aspect brings into attention the importance of institutional quality.

4.2. The Results of the Dynamic Panel Data (ARDL) Model

The dynamic panel data (ARDL) model highlights temporal dynamics because it
segregates short-term and long-term outcomes. The results partially confirm those of the
SEM model. Any differences between the SEM and dynamic panel data estimates reflect
the divergent purposes of the models. SEM captures current or contemporary relationships
among variables, while dynamic panel data (ARDL) captures short-term and long-term
relationships. Any differences between the short-term results of the two models are not
empirical contradictions, but reflect some transformations in the analysed processes and
their effects. SEM provides the theoretical structure, while dynamic panel data provides
the main empirical dynamics. Finally, the tool for validating the results is the fixed effects
regression model.

The advantage offered by the dynamic model lies in the generation of short-term and
long-term results (Table 5). Initially, we applied a series of tests. We checked sectional
dependence with the Pesaran test. This confirms the dependence among the panel entities,
given their membership in the EU (13.004, p-value = 0.0000). The Levin—-Lin-Chu (LLC)
stationarity test confirms the stationarity of some variables (DEBT, GEE, REG, SECHSH,
TERT, UTI) and the non-stationarity of others (GDP, HD], IEF). The Im-Pesaran-Shin unit
root test shows that GEE and GODE are stationary and GDP, HD]I, IEF, SECSH, TERT, UT],
REG are non-stationary (Table 5).

The null hypothesis of the LLC and IPS tests is Hy: the variable has a unit root (it is
not stationary), and the alternative Hy: the variable does not have a unit root (it is stationary).
LLC includes GEE, GODE, SECSH, TERT, UTI, and REG in the category of stationary
variables and GDP, HDI and IEF in that of non-stationary variables. IPS includes GEE and
GODE in the category of stationary variables and the rest in that of non-stationary variables.
According to Pesaran et al. (1997), the dynamic model can be applied when the variables
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are I(0) and I(1). Since the variables are a mixture of I(0) and I(1), the dynamic model
qualifies to be applied. In addition, the Kao test provides evidence of long-run equilibrium
relationships. Table 6 presents the Kao test on the two models which we estimate, starting
from the two dependent variables GEE and GODE.

Table 5. Stationarity tests.

Levin-Lin—Chu Unit Root Test (LLC) Im-Pesaran—-Shin Unit Root Test (IPS)

Variabl
ariable Statistic p-Value Statistic p-Value
Unadjusted
—27131 T-bar —1.0535
GDP - 0.9990 T-tilde-bar —0.9122 0.9979
A;illugslffd Z-t-tilde-bar 2.8572
Unadjusted
—3.9957 T-bar —0.8822
HDI - 0.050 T-tilde-bar —0.8062 0.9998
A‘?‘é?;;l Z-t-tilde-bar 3.6014
Unadjusted
—8.5083 T-bar —2.4277
GEE - 0.0000 T-tilde-bar —1.8866 0.0000
AO}LJ%;TS Z-t-tilde-bar —3.9860
Unadjusted
—5.9009 T—bar —1.4798
IEF - 0.2458 T-tilde-bar —1.3291 0.4718
A%%Séf;;i Z-t-tilde-bar —0.0708
Unadjusted
—9.7367 T-bar —1.8386
GODE - 0.0000 T-tilde-bar —1.5895 0.0287
Acgt;sltsf Z-t-tilde-bar —1.8999
Unadjusted
—10.4325 T-bar —1.6118
SECSH - 0.0000 T-tilde-bar —1.3725 0.3536
Acglésstgef Z-t-tilde-bar —0.3757
Unadjusted
_11.3094 T—bar —1.8377
TERT - 0.0000 T-tilde-bar —1.4053 0.2722
Aogléitgf Z-t-tilde-bar —0.6063
Unadjusted
—3.7297 T-bar —1.2693
UTI - 0.0068 T-tilde-bar —1.0641 0.9633
A(?‘izfgj Z-t-tilde-bar 1.7902
Unadjusted
—6.4453 T-bar —1.4783
REG - 0.0000 T-tilde-bar —1.3241 0.4857
Aczlézfggl Z-t-tilde-bar —0.0359

Source: Authors’ calculations.

The null hypothesis Hy of the cointegration test refers to the lack of cointegration. The
Kao panel cointegration test shows mixed evidence of long-term equilibrium relationships
among variables. In the case of the GODE Model, three out of five tests validate cointegra-
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tion, being significant at 5%. Cointegration is moderate to strong, with the model not being
robust on all statistics. The GODE Model is more fragile in terms of cointegration, but still
acceptable for applying the dynamic model, as cointegration is supported by multiple statis-
tics. In the case of the GEE Model, all statistics are significant, so cointegration is strongly
supported, confirming stable long-term equilibrium relationships among variables.

Table 6. Kao test for cointegration.

Kao Test for Model GODE Statistic p-Value
Modified Dickey—Fuller t —0.4206 0.3370
Dickey-Fuller t —2.5173 0.0059
Augmented Dickey-Fuller t —2.0768 0.0189
Unadjusted Modified Dickey—Fuller t —1.2862 0.0992
Unadjusted Dickey—Fuller t —3.0544 0.0011

Kao Test for Model GEE Statistic p-Value
Modified Dickey-Fuller t —1.7765 0.0378
Dickey-Fuller t —3.4686 0.0003
Augmented Dickey-Fuller t —3.7447 0.0001
Unadjusted Modified Dickey-Fuller t —4.8031 0.0000
Unadjusted Dickey—Fuller t —4.9946 0.0000

Source: Authors’ calculations.

Kao cointegration tests prove the long-run equilibrium relationships among the vari-
ables. Most of the statistics in the GEE Model and all of the statistics in the GODE Model
reject the null hypothesis of no cointegration (Table 6). The choice of the dynamic model
depends on the Hausman test results, presented in Table 7. In addition, the negative
and statistically significant error correction coefficients confirm the adjustment towards
long-run equilibrium (Table 8).

Table 7. Heterogeneity tests.

Hausman Chi2 Prob > Chi2
Model GEE
MG vs. PMG 8.83 0.1159
DFE vs. PMG 170.3 0.0000
Model GODE
MG vs. PMG 7.36 0.1182
DFE vs. PMG 22.61 0.0002

Source: Authors’ calculations.

The Hausman test results confirm the validity of the PMG model. There is sufficient
heterogeneity across EU27 countries for the DFE, but there is a common structure for the
PMG. The dynamic fixed effects estimator is rejected in both models (p < 0.05), suggesting
that the hypothesis of complete homogeneity of coefficients is too restrictive for the EU27
countries. The common group mean estimator cannot be rejected in either specification,
supporting a framework which allows for heterogeneous dynamics in the short term
while implying a common relationship in the long term. Therefore, the PMG estimator is
retained as the preferred specification for both models. Table 8 contains the PMG results
for both cases.

According to the theory, the Error Correction Term must be negative and fall within
the range (—1, 0). In both models, the results are significant and show the relatively rapid
adjustment of the EU27 states after a shock. It is possible that, within a year, 41% of
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the imbalance in state investment in education will adjust. GODE shows a more rigid
adjustment speed of only 21%. Recovery after shocks generally requires deeper state
involvement compared to growth periods, in all sectors, explaining the high inertia of
GODE compared to GEE.

Table 8. Results of dynamic panel analysis.

Short Run Long Run
EE
G Coefficient p>lzl Coefficient p>lzl
GDP —0.609 0.028 1.181 0.000
HDI —0.078 0.498 0.303 0.000
SECSH 0.232 0.557 —1.175 0.004
TERT 0.051 0.887 —0.305 0.004
UTI —0.108 0.551 0.046 0.132
_cons 0.138 0.077
emc (Error Correction Term) —0.410 0.000
Short Run Long Run
GODE
Coefficient p>lzl Coefficient p>lzl
GDP —0.202 0.016 —0.535 0.000
HDI 0.157 0.028 0.002 0.950
IEF —0.009 0.857 0.296 0.000
REG 0.394 0.000 —0.094 0.072
_cons —0.021 0.740
emc (Error Correction Term) —0.231 0.000

Source: Authors’ calculation.

4.2.1. The Results of Dynamic Panel Data Regarding Public Investment in Education

In the short term, the analysis confirms that GEE may contract under economic
growth. The upward interest for SECSH and TERT may call for state involvement through
investment in education, without having statistical support for this assessment. Similarly,
HDI and UTI would relax state involvement in the education sector, without statistical
basis, unlike GDP, which exerts possible favourable effects on the budget allocated to GEE
and GODE.

The effects of GDP on GEE (Bgpp = —0.609, p-value = 0.028) extend the SEM results in
the very short term (Bgpp = —0.146, p-value = 0.057). Economic progress implies higher
budgetary and personal incomes and an improved quality of life. This broadens the scope
of opportunities, so that part of the educational demand can be covered by one’s own efforts.
When the educational demand for the services offered by public institutions decreases, the
state’s financial effort in this direction follows a similar trajectory.

In the long term, the dynamics change substantially. GDP, over time, is associated
with the evolution of GEE. This is because the public education system requires adaptation
to the changes which occur, mainly of a technological nature or derived from the demand
for adaptation or modernisation of the infrastructure. HDI, supported by growth, is
associated with the implication of the state to a greater extent. The state must get involved
to cover the demand generated by demographic evolution, to ensure adaptation to the
requirements of the labour market, including through funds for lifelong learning, and to
support all areas which the quantitative and qualitative evolution of the economy and
society involves. An important aspect is that GEE is no longer oriented towards supporting
the demand for SECSH (Bsgcsy = —1.175, p-value = 0.004) and TERT (Bgrt = —0.305,
p-value = 0.004), but rather to cover other shortcomings and dysfunctions of the education
system, such as the integration of digitalisation and sustainability or in adapting and
improving educational infrastructure.
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4.2.2. The Results of Dynamic Panel Data Regarding Public Debt

In the short term, GDP is able to diminish GODE (Bgpp = —0.202, p-value = 0.000),
similar to the reaction it can manifest in the very short term (fgpp = —0.324, p-value = 0.000)
and long term (Bgpp = —0.535, p-value = 0.000). In the long run, growth has a lever effect in
economic policy. GDP supports HDI and requires investment efforts in the education sector,
an aspect confirmed, in the long term, by the dynamic analysis. Qualitative transformations,
specific to development, are sustainable over time. Their benefits, especially quality-of-life
improvement, decouple the state from social commitment, but require involvement through
investments in all public sectors and areas. HDI evolution, in the very short and short
term, involves the state, including through indebtedness (Byp; = 0.676, p-value = 0.000;
Brpr = 0.157, p-value = 0.028), an aspect which could be maintained over time, and a
conclusion for which the statistical significance of the results is missing. REG imposed
by environmental damage and climate change is possible through state intervention due
to high initial costs (Brgg = 0.394, p-value = 0.000). The investment in research and
innovation, in the production and implementation of green technologies, in the production
and consumption of renewable energy on a large scale facilitates the energy transition
towards a system based on green energy, with zero greenhouse gas emissions.

The generalisation of REG, which is important for sustainable development, may ac-
centuate GODE in the very short term (Brgg = —0.124, p-value = 0.000), but in the short term,
energy transition needs financial support from the state (Breg = 0.394, p-value = 0.000).
The favourable ratio reflects energy efficiency, fiscal sustainability and reduced energy
dependence as a result of the adoption of environmental policies.

In the short term, the EU is undergoing an energy transition with state involvement, in
some cases at the cost of GODE. In the long term, in line with the established environmental
objectives, the energy system should be fully transformed into a sustainable one. The fact
that the models capture different temporal dimensions of the relationship between REG
and GODE has theoretical and practical justification in accordance with the literature on
green transition and EU climate policy. Sustainable Transition and Ecological Modernization
Theory stipulates that, in the first phase, the energy transition involves high costs, but
generates structural benefits. The European Green Deal, Next Generation EU and the energy
transition imply, for some member states, high public investments and increased GODE,
assumed with the aim of achieving long-term environmental objectives. In the long term, it
is assumed that the energy transition will be completed and the entire energy system will
be green and clean.

In the case of IEF, the very short-term reaction may be favourable for GODE
(Bgr = —0.435, p-value = 0.000), but, over time, it is not excluded that the dynamics will
reverse (Bigr = 0.296, p-value = 0.000). In the very short term, IEF allows the reduction in
GODE. In the long term, the dynamics can change substantially. An incorrectly understood
and managed IEF can create dependence on external factors and a reduction in domestic
economic activity. The context becomes unfavourable for growth, development, and for
the public budget. The budget imbalance can be covered, when resilience is fragile or in
times of crisis, through indebtedness.

Regression models were used for robustness. The results were evaluated using three
alternative estimators: OLS (Ordinary Least Squares) as a reference specification, a model
with FE (fixed effects) to control for heterogeneity specific to each EU27 member state which
does not vary over time, and a model with FE and pooled standard errors to account for
possible heteroscedasticity and serial correlation at the national level, because the model
controls unobserved heterogeneity among countries and allows for heteroscedasticity,
within-country autocorrelation and macro-panel analysis. Table 9 presents the results of
the three regressions.
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Table 9. Validation of results.
GEE GODE
Variable oLS pg [Ewith Cluster Variable OoLS pg [Ewith Cluster
Country Country
—0.145 —0.484 —0.484 —0.324 —0.089 —0.089
GDP 0.060 0.000 0.160 GDP 0.000 0.324 0.552
0.279 —0.244 —0.244 0.675 0.121 0.121
HDI 0.004 0.013 0.030 HDI 0.000 0.026 0.239
0.356 0.001 0.001 —0.434 —0.100 —0.100
SECSH 0.000 0.988 0.994 IEF 0.000 0.044 0.203
—0.088 —0.158 —0.158 —0.123 0.188 0.188
TERT 0.134 0.024 0.121 REG 0.009 0.015 0.226
0.105 —0.009 —0.009
vt 0.139 0.869 0.881
Sigma_u 1.372 1.372 Sigma_u 0.977 0.977
Sigma_e 0.420 0.420 Sigma_e 0.276 0.276
Rho 0.914 0.914 Rho 0.9260 0.926
Within 0.1779 0.1779 Within 0.0813 0.0813
Between 0.2341 0.2341 Between 0.0112 0.0112
Corr(u_i, xb) —0.7828 —0.7828 Corr(u_i, xb) —0.0880 —0.0880
F 27.67 F 40.29
Prob > F 0.0000 Prob > F 0.0000
R-squared 0.2862 R-squared 0.3177
Ftestthatallu_i=0 Ftestthatallu_i=0
F(26, 320) 42.00 13.81 6.88 F(26, 320) 108.25 7.08 1.40
Prob > F 0.0000 0.0000 0.003 Prob > F 0.0000 0.0000 0.0000

Source: Authors’ calculation.

The EU includes developed and emerging economies and presents differences in
terms of fiscal regimes, measures of economic policies, welfare-state models, digitalisation,
public debt and efficiency of the educational system. Heterogeneity is partially treated
in the basic model through dynamic analysis, which allows for short-run heterogeneity
and long-run convergence. The fixed effects regression model allowed the results to be
strengthened. Table 9 is suggestive in this regard. The FE model assumes homoscedasticity
and independence of errors. In the European reality, these assumptions are rarely met due
to common shocks, such as crises, regardless of their nature, persistence over time, and
heteroscedasticity. The FE model with clustered standard errors allows for heteroscedas-
ticity among countries and autocorrelation within countries, which is why the standard
errors tend to be larger. We will give an order of priority among the regression models,
justification and results (Table 10), which prove the validity of the FE model with clustered
standard errors.

The sigma and rho values show that, in both models, structural differences between
countries are much more important than annual differences. The proportion of the total
variation explained by differences between countries is 91.4% for GEE and 92.6% for GODE.
The remaining 8.6% and 7.4% are explained by variations over time. The main explanation
is found in the heterogeneity of the EU27 member states. The regressors explain 17.8% for
GEE and 8.13% for GODE, respectively, of the within-country variation over time. In total,
23.4% of the GEE differences and only 1.12% of the GODE differences are explained by the
model. It justifies the differences between countries somewhat better than the variations
over time within each country. The corr value shows the very strong correlation between
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the unobserved characteristics of the countries and the explanatory variables, since, in
absolute value, it supports the use of a model with FE in the case of GEE. In the case of
GODE, the correlation close to zero suggests that the explanatory variables are not strongly
determined by the fixed characteristics of the countries and would allow consideration
of the OLS results, although we can be sceptical due to the fact that the F test that all
u_i = 0 certifies, in both cases, the existence of significant fixed effects and the existence of
structural heterogeneity among the EU27 states.

Table 10. The validity of the models.

GEE GODE

Variable VIF 1/VIF Variable VIF 1/VIF

HDI 4.47 0.223 GDP 2.15 0.4651

GDP 2.88 0.345 HDI 2.07 0.4824

UTI 2.46 0.406 IEF 1.67 0.5990

TERT 1.66 0.602 REG 1.13 0.8840
SECSH 1.52 0.658

Mean VIF 2.60 Mean VIF 1.76

Modified Wald test cpip(ay) 8378.32 Modified Wald test cpip(ay) 4045.70

heterosingod. . g Prob>chi2 0.0000 heteroshoqodt. - g Prob>chi2 0.0000

Wooldridge test for F(1, 26) 60.851 Wooldridge test for F(1, 26) 33.365

autocorrelation Prob > F 0.0000 autocorrelation Prob > F 0.0000

11.009 15.381

0.0000 0.0000

Pesaran’s test of

cross-sectional
independence

Pesaran’s test of
cross-sectional
independence

0.373 (average
absolute value of absolute value of
off-diagonal off-diagonal
elements) elements)

0.480 (average

Source: Authors’ calculation.

Table 9 is suggestive in this regard. The FE model assumes homoscedasticity and
independence of errors. In the European reality, these assumptions are rarely met due
to common shocks, such as crises, regardless of their nature, persistence over time and
heteroscedasticity. The FE model with clustered standard errors allows for heteroscedas-
ticity among countries and autocorrelation within countries, which is why the standard
errors tend to be larger. We will give an order of priority among the regression models,
justification and results (Table 10), which prove the validity of the FE model with clustered
standard errors.

The results confirm the short-term effect of HDI on GEE. The lack of statistical signifi-
cance leads to a purely theoretical assessment of the possible effects of GDP, SECSH and
UTI in the short term, of SECSH and TERT in the very short term and of TERT in the long
term. Regarding the effects on GODE, the FE results with standard errors are statistically
insignificant. The FE model confirms the possible effect of HDI and IEF in the very short
term, of HDI and REG in the short term and of HDI in the long term. Regarding REG, the
OLS model also confirms the very short-term nexus.

The presence of cross-dependence is not surprising in the context of the European
Union, where economic, fiscal, digital and environmental policies are increasingly inter-
connected. Although we used cointegration tests and first-generation panel tests, the
consistency of the cointegration results, together with the significant error correction coeffi-

https:/ /doi.org/10.3390/admsci16070317


https://doi.org/10.3390/admsci16070317

Adm. Sci. 2026, 16, 317

24 of 37

cients and robustness checks based on fixed effects estimates with pooled standard errors,
provide confidence in the reliability of the estimated long-run relationships.

5. Discussion

In the EU, following the financial crisis at the beginning of this century and the
sovereign debt crisis, a large part of the member states adopted austerity policies. These
aimed to impose fiscal discipline and reduce budget expenditures, while stimulating
economic growth. Greece, Portugal, Ireland, Spain, and Italy opted for severe austerity
measures. Romania, Latvia, Lithuania and Estonia opted for monetary austerity, and
Germany and France opted for greater flexibility in their economic policy. Austerity
measures have also influenced public investment in education. An important aspect to
consider is the type of growth promoted by each EU member. States pursuing export-
led growth rely on industrial development and external competitiveness to stimulate
exports. Germany, the Netherlands, Austria, the Czech Republic, Slovakia, Hungary
and Poland base their growth predominantly on external competitiveness and industrial
productivity and not necessarily on the expansion of investment in education. Sweden,
Finland, Denmark, Ireland and Estonia are states with a high human development index,
whose growth is technology-led. These economies invest substantially in human capital
through education and digitalisation. Growth and development are, in their case, associated
with investment in education. Luxembourg, Ireland and the Netherlands promote finance-
led growth with support in services and the financial market. The states in Southern Europe
are debt-driven, consumption-led and service-led economies. Greece, Spain, Portugal, and
Italy are part of the economies whose growth depends on the service sector, especially
tourism and consumption, and the public budget is balanced through debt. The states in
Eastern Europe aim to reduce the gaps compared to the developed ones, and follow multiple
growth paths simultaneously: export, European funds, and infrastructure development.
Growth and development strategies, including investment in education, are not central
instruments in all member states. Growth is possible without a proportionate increase in
this type of investment, given that the EU promotes fiscal efficiency, revenue-generating
performance and expenditure rationalisation. This does not mean neglecting human
capital. It means optimising public investment in education rather than increasing it.
Developed European countries are advantaged, because their budget revenues allow
for increased investment in education, skill development and social inclusion. Human
capital, through the European Educational Area and the European Pillar of Social Rights, is
included among the structural components of sustainable development. The EU faces a
structural tension between the need for fiscal discipline and the need to invest in human
capital. Fiscal rules and debt control are the instruments used to de-escalate the tension.
In this sense, the Stability and Growth Pact was proposed. Europe 2020 and the Digital
Education Plan have the role of promoting skills, digital education, and lifelong learning. In
addition, achieving the twin transition requires technical education and innovation and
research stimulation. The empirical analysis suggests that economic growth alone does
not guarantee educational investment. These should be viewed as long-term productive
investments and should be protected even during periods of fiscal consolidation. The twin
transition needs a population with developed digital skills, green skills and vocationally
adapted competencies. Otherwise, long-term competitiveness, the innovation process and
sustainability may become vulnerable. Secondary education requires public investment in
the short term. In the long term, it will be decoupled from this kind of state expenditure.
An aspect to consider is that secondary education is mandatory in all European countries,
with small differences among them. For example, Germany, the Netherlands, Belgium
and Portugal finance not only secondary education, but also vocational education. Other
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countries, for example Romania, are starting to focus on vocational education in order to
adapt to the demands of the labour market. Public investment in secondary education may
avoid early school dropout, to develop digital and technical skills, and, thus, to achieve the
objectives of the Europe 2020 Strategy. In addition, European secondary education is a tool
of cohesion policy, labour market policy, social inclusion and competitiveness. Regarding
tertiary education, in addition to some saturation and a decrease in young people’s interest
in continuing their studies, the system tends to stabilise. The number of students at national
level is set according to the market demand for highly qualified labour, and simulating
tertiary enrolments is not equivalent to the increase in public investment in education. In
the long term, tuition fees, private financing, dual education may relax the pressure on
the state budget. We can also witness a substitution effect by redirecting funds towards
research, innovation, digitalisation and lifelong learning. Access to tertiary education
can be achieved through efficiency and budgetary balance, not necessarily by boosting
public investment in education. Higher education generates knowledge and qualifies the
workforce according to the needs of the economy (Cirillo et al., 2021; Kholiavko et al., 2020;
Habibi & Zabardast, 2020; Matthess & Kunkel, 2020). Adapting to the new reality requires
synergistic cooperation among educational institutions, the entrepreneurial environment
and state authorities. Synergistic action ensures the adaptation of the educational system
to digitalisation, sustainability in exogenous dynamic conditions, the ability to restore the
appropriate development trajectory after a shock, reorganisation and adaptation to change
(Kholiavko et al., 2020). The cuts of significant funds for higher education in recent decades
have contributed to the rise in tuition fees, limiting access to education, reducing the number
of graduates, and increasing social inequalities as a result of diminishing opportunities
on the labour market (Mitchell et al., 2019). Building a functioning economy in which
the advantages of higher education are widely disseminated needs state involvement
by investing in high-quality, affordable public higher education, possibly supplementing
public funds and channelling them to institutions with limited resources (Mitchell et al.,
2019). In addition, digital technologies have the potential to improve economic resilience
and ensure the provision of efficient and reliable services in a proactive and reactive manner,
contributing to the achievement of global goals (Bejinaru, 2019; Brenner & Hartl, 2021;
Argyroudis et al., 2022). Education guarantees quality oflife and has implications at the
macroscale through growth and productivity, which, in turn, determine development
(Habibi & Zabardast, 2020) and improve the socio-economic context of a country (Mondejar
etal., 2021; Aly, 2022; van der Vlies, 2020; Hurduzeu et al., 2022).

Subnational differences in human capital in order to design and implement well-
oriented economic policies should be in the attention of economic policymakers (Kitsos &
Bishop, 2018). Labour productivity, culture, good economic governance, effective educa-
tional system and results in the field of innovation determine the dimensions of growth and
public debt (Batég & Batog, 2019; Coccia, 2019). All progress valves focus on human capital.
This explains regional economic and innovation development disparities, the induction of
entrepreneurial progress and innovation-driven development (Diebolt & Hippe, 2019). The
quality of education and its effect on human development depends not only on educational
policy, but on public funds (Temte et al., 2019) and on the respect with which the state
treats education as a precious public good, which needs the involvement of public and
private sectors.

Conjunctural and structural policy tools are the main instruments by which the state
gets involved in the economy. In the literature, there are some hypotheses regarding the
nexus between government expenditure, which is the equivalent of public investments,
and economic growth. One is government expenditure-led growth, according to which
public investments are able to stimulate growth. Underlying this assumption is the Keyne-
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sian notion that government investments in social programmes and infrastructure thereby
stimulate aggregate demand and growth. One perspective of this hypothesis derives from
the provision of public goods which have two important attributes, non-rivalry and non-
exclusivity. This approach stipulates that no person is excluded from the consumption
of these goods, and consumption does not advantage some people to the disadvantage
of others. Public investments are able to create jobs; consequently, they make a contribu-
tion to the labour market balance and improve the economic environment. Government
expenditure-led growth is a path according to which progress is associated with public
investments. The basis of this hypothesis is Wagner’s Law of State. Growth gives the state
the freedom and opportunity to invest in public programmes and in economy. In the case of
some countries, the government applies forward-looking development in order to support
the economy. Public investments are intended to attract extra investments, domestic and
foreign, to enhance physical, digital infrastructure, human capital, institutions, governance
systems, and the entire national innovation ecosystem. Another hypothesis invokes feed-
back starting from the premise that public investments and economic growth reinforce
each other. The last hypothesis, of neutrality, suggests that there is no relationship between
growth and public investments (Arvin et al., 2021). State expenditure, in terms of desirable
effects for the economy, society and the environment, can be considered investment.

The EU adopted the Global Financial Crisis and the European Debt Crisis to manage
public debt. In addition to public debt management, the EU pursues fiscal consolidation,
budgetary sustainability and structural growth. The Stability Growth Pact imposed a deficit
below 3% of GDP and a debt below 60% of GDP. For example, Greece took severe budget
reduction measures and adopted fiscal reforms, Portugal opted for fiscal consolidation, and
Romania opted for fiscal adjustment and public spending cuts. These types of measure
explains the reduction in public investment in education even amid economic growth. The
EU introduced strict budgetary rules and structural balance, placing public debt stability
as a priority. The EU focuses on measures to stimulate competitiveness, productivity and
innovation to attain the growth targets. Through the 2020 Strategy, the EU seeks to achieve
the objective of sustainable, inclusive and smart growth, increasing revenues and limiting
the public debt of the member states, in accordance with growth-led fiscal sustainability.

States should encourage growth, economic freedom and renewable energy consump-
tion if public debt contraction is desired in the very short term and short term. In the long
term, the growth and, marginally, renewable energy consumption could have a favourable
effect on public debt, unlike economic freedom and, possibly, human development. It was
demonstrated that a nation without economic, political and social freedom cannot prosper
(Feruni et al., 2020). Economic freedom contributes to avoiding falling into the poverty
trap and helps economies grow. There is also the opinion that economic freedom does
not correlate with inequality, but with the deepening of inequality (Lawson et al., 2020), a
conclusion that our results validate in the long term. The EU promotes economic freedom,
liberalisation, market reforms, and improvement of the business environment in order to
reduce the public debt of member states. Through the European Green Deal, the EU has
invested substantially in energy transition and decarbonising the environment. In the short
term, encouraging the consumption of renewable energy is associated with higher public
debt, because the allocated investments are costly. In a structural context, in the long term,
theoretically the configuration of the energy transition should have a positive influence
on public debt as a result of efficiency gains, diminishing energy dependence and improv-
ing sustainability. The energy transition is associated with the digital one. Through the
Digital Europe Programme and the Digital Compass 2030, the EU pursues technology-based
governance, productivity gains, efficiency and competitiveness in order to increase public
revenues by easing the revenue collection process and reducing debt. In structural terms,
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human development requires public implications even through debt. Explanations can be
found in the expansion of the welfare state, the increasing expenditure on social protection,
and public investment in education and health. Therefore, the EU focuses on managing the
public debt of the member states through fiscal discipline, structural reforms, and growth
strategies oriented towards competitiveness and structural development linked to the twin
transition. The empirical findings reflect the structural tension between budgetary policy
objectives and the impetuous need for development investments. The reality confirms that
higher public investments and public debt in times of crisis are acceptable and desirable if
the returns of government intervention exceed the costs of financing the debt; public inter-
vention can target expenditure on infrastructure, education, the operation of its institutions,
security and tax reduction in order to moderate the adverse impact on economic growth.
However, a debt above the optimal level exerts negative long-term effects (Cornille et al.,
2019). The analysis of public debt from a historical perspective shows the reasons why the
state borrows vary over time. Periods in which the public debt increased significantly led
to its management problems solved through write-downs and restructurings, with debt
consolidation being little appreciated. This is why public investments need to be prioritised
towards growth drivers with long-term impact, including education and human capital.
In particular, higher education serves as an important public good, because it enables
efficiency gains and the reduction of inequalities (Hazelkorn & Gibson, 2019).

The challenges are even greater as the global market has to become green. Economic
progress, natural resource conservation, and environmental management are the three
pillars of the green market (Fang & Chang, 2022). Improving growth, productivity, the
labour market and education can reduce social, environmental and macroeconomic effects
(Omri & Belaid, 2021).

Growth, development, digitalisation and sustainability involve the public sector
through investment in education and through changes in the public debt. Economic
and social progress management imposes a more intense state activity, especially in the
declining periods of the economy.

Summarising the empirical results, we note that, structurally, in relation to public
investment in education, growth and development are procyclical, while secondary and
tertiary education are countercyclical. In relation to public debt, renewable energy, theoret-
ically, is countercyclical, while economic freedom is procyclical, with the caveat that the
impact of renewable energy is marginal. In the short term, in relation to public investment
in education, growth is countercyclical and human development and secondary education
are procyclical. In relation to public debt, human development and renewable energy are
procyclical and growth is countercyclical.

The results outline three policy trade-offs. Debt consolidation and public investment
in education—growth does not guarantee public investment in education and austerity
limits human capital development, but the state can enable human development through
efficient investment in the education sector. The EU should consolidate public investment
in education even in periods of fiscal consolidation.

Digitalisation and human capital/education—in the absence of skills acquired through
education, digitalisation does not produce sustainable productivity gains. It remains only a
set of unproductive modern technologies.

Renewable energy and debt—highly indebted states may experience difficulties in imple-
menting the twin transition. Therefore, economic policies should be adapted to the specifics
of each European member state. Regarding public investment in education and fiscal
sustainability, financial austerity is not recommended. The development of human capital
through education and a pro-human development fiscal policy seems more appropriate.
This is possible through public investment allocations which productively justify the state
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debt. In addition, overcoming periods characterised by profound changes, such as the twin
transition, can be easier when the workforce adapts by developing skills in the formal,
informal and lifelong learning environment.

The research hypotheses are validated, except for H6. The last hypothesis is associated
with a statistically insignificant result. The explanation lies in the possibly faster, natural
and generalised integration of digital technology into the daily activities of Europeans
due to the multiple benefits they offer, especially the ease of carrying out professional and
daily activities.

H1 and H2 are both validated. The probability that growth and development influence
public investment in education and debt is high in both its dimensions, the very short and
short term, and structurally in the long term. Growth can manifest itself countercyclically in
the very short and short term and countercyclically in the long term. Conjuncturally, GDP
evolution favourably configures state investment in education through the self-financing
capacity of educational institutions and the population. In the long term, growth involves
adapting to progress and is associated with increased investment effort, especially in
infrastructure. In relation to the impact of growth on public debt, conjuncturally and
structurally, GDP evolution proves to be favourable, mitigating the degree of indebtedness.
Human development is procyclically related to both public investment in education and
debt, because it involves qualitative improvements in the human condition, possibly
through the contribution of own investments and through the financial contribution of
the state.

H3 is validated. In the very short term and short term, secondary education shapes
public investment in education. Structurally, both forms of education can compress the
public investment designed for them. In the short term, the state theoretically becomes
socially involved by investing more in secondary education, but the result is not supported
by statistical significance. Unlike secondary education, which requires a mandatory state
budget, tertiary education manifests itself in the opposite way. Structurally, education
demonstrates its role as a positive determinant of economic progress by changing the
dynamics of the state budget.

H4 is validated in the very short and long term. Economic freedom, in the short term,
theoretically preserves the ability not to put pressure on the state through indebtedness. In
the long term, the results associate greater economic freedom with state indebtedness as a
result of the risks deriving from the intensification of external dependence.

H5 is validated in the short term in both its dimensions. In the very short term, the
consumption of renewable energy relaxes the fiscal involvement of the state. In the short
term, the state gets involved by supporting the energy transition process which involves
the adoption of new environmentally friendly technologies in all areas, new practices and
changes in production and consumption behaviour. In the long term, the logic leads to the
reduction in the degree of indebtedness associated with the energy transition. This aspect,
while not supported by statistical significance, is based on the optimistic assumption of
the completion of the energy transition and the replacement of conventional sources with
renewable sources for energy consumption (Figure 6).

The differences between SEM and dynamic panel estimates are economically sig-
nificant and reflect distinct adjustment mechanisms. While SEM captures contemporary
structural correlations, dynamic models distinguish short-term (cyclical) responses from
long-term (structural) equilibrium adjustments. The divergences in sign and magnitude
indicate the presence of adjustment costs, fiscal rigidities, institutional heterogeneity across
EU member states, and the impact of structural disruptions, such as the post-crisis and
COVID-19 periods, and socio-political unrest specific to the current period amid military
conflicts with repercussions on the economies of EU member states, especially the emerg-
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ing ones, which are strongly affected by the digital transition with major economic and
social impacts.
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Figure 6. Validation/Invalidation of the research hypotheses. Source: Authors’ contribution.

Even in conditions of growth, immediate budgetary reorientation is not excluded,
to the detriment of the budget allocated to education. In the long term, growth can be
beneficial to fiscal accumulations and orientation towards education and development.
Unlike growth, which fluctuates over time, development involves a continuous qualitative
fund which is maintained through institutional support. Public obligations associated with
demography and EU reforms may require immediate educational expansion. In the long
term, a possible substitution effect occurs. Secondary education can depress future marginal
investment, and the educational system can become saturated through diminishing returns
and orientation towards tertiary education. The latter, non-compulsory and associated with
the personal desire for development, can relax the public investments which are intended
for it through the development of the private system or financial self-support of studies in
the public system, the maturation of human capital, and diminishing marginal returns to
public investments.

Growth can create conditions for budgetary balance, according to economic logic, in
all dimensions by expanding the tax base, reducing the deficit or automatic stabilisation.
Development manifests itself differently, because it involves supporting the social, educa-
tional and health components. In terms of economic freedom, in the very short term, this
translates into deregulation, which comes with fiscal efficiency. Possible fiscal volatility, in
the long term, and dependence on the outside, especially in the case of emerging members,
associate economic freedom with increased indebtedness.

The analysis of renewable energy indicates that green investments initially reduce
fiscal dependence on energy. The energy transition involves implementation costs and
subsidies, putting pressure on the public budget, at least temporarily.

Educational and fiscal policies do not adjust immediately, because budgets are rigid in
the short term, with differences from one member to another. The differences between the
SEM and dynamic model estimates are not statistical discrepancies, but reflect economic
and structural adjustment processes. Any differences in dynamics and magnitude can
be attributed to the adjustment costs of public investments, fiscal rigidities, institutional
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heterogeneity and structural shocks specific to the period analysed. All of this makes the
state’s investments in education and public debt react differently in the very short, short
and long term, underlining the importance of distinguishing between immediate fiscal
constraints and long-term development objectives.

6. Conclusions

This study analyses how structural transformations—growth, development, digitalisa-
tion, renewable energy consumption, education and economic freedom—influence public
investment in education and debt in the EU27. The results of the empirical analysis show
that, in conditions of growth, European states can experience the possibility of diminishing,
in the short term, public investment in education, as well as debt. Structurally, growth
is positively and significantly associated with public investment in education and debt.
Public investment in education may increase, in the very short term, as a result of a higher
demand for secondary education. An explanation would be found in its mandatory nature
coupled with population growth. In the long term, the need for this kind of investment
may be diluted as a result of a higher demand for superior education on the grounds of
development. Human development is connected with the expansion of public investment
in education, both in the very short and long term.

Growth is viewed as a process with many positive effects, being associated with the
contraction of public debt, regardless of the temporal aspect. Growth generates human
development, a process which is in conjunctural and structural association with public
debt. In the very short term and short term, growth, economic freedom and energy
transition may favour the reduction in public debt. The generalisation of renewable energy
consumption is urgent given the environmental and climate problems. The private sector’s
reactions, which are too slow, especially in countries with medium to low living standards,
make the public sector intensely involved in the energy transition and achievement of
environmental objectives.

The relationships with public investment in education are more complex. In the very
short term and short term, growth and higher education appear to be reducers of this
type of investment. Structurally, education, regardless of its form, may show this effect.
The result highlights the importance of education in structural terms, its inclusion in the
category of key public goods, and its support from public funds. Therefore, the analysis
validates hypotheses H1-H5 and invalidates H6 through the lack of statistical significance
of the estimates.

Our findings highlight important fiscal trade-offs between short-term budgetary con-
straints and long-term human capital investment objectives. Public investment in education
should be considered as strategic, in the long term, and may need protection during periods
of fiscal consolidation to avoid long-term losses of human capital or deterioration in its
quality. Digitalisation and green transition policies should be designed in coordination with
human capital investment, as empirical results appear to be insignificant, in some cases.
Economic policymaking and European reforms should take into account the heterogeneity
of the EU27 member states, differentiating between highly and less indebted ones, as well
as among economies with different institutional, growth and development capacities.

The conclusions highlight the structural tension among the objectives of fiscal sustain-
ability, the need for investment in education and the twin transition to ensure sustainable
growth and development in the EU27. However, it is advisable to interpret the empirical
results as estimated structural and dynamic associations and less as definitive causal effects.

Our results are in line with those reached by M. A. Khan et al. (2020), R. P. Pradhan
et al. (2022), Mura and Donath (2023), Petrakos et al. (2020), Sardoni (2021), Lahiani et al.

https:/ /doi.org/10.3390/admsci16070317


https://doi.org/10.3390/admsci16070317

Adm. Sci. 2026, 16, 317

31 of 37

(2022), Salmi and D’Addio (2020), and Olo et al. (2021) and indirectly with those reached
by Balsmeier and Woerter (2019) and Alshubiri (2021).

Our study contributes to the literature and constitutes an inspirational basis for eco-
nomic policymakers. In the literature, there is a tendency to approach the relationships
among the variables from completely different perspectives. Consequently, the analysis of
how structural transformations—growth, development, digitalisation, renewable energy
consumption, education and economic freedom—influence public investment in education
and debt in the EU27 offers a different representation. It highlights the way investments
in education and human capital and public debt change under certain pressures derived
from macroeconomic challenges. Understanding the short- and long-term manifestations
of some processes, such as those analysed, it offers the opportunity to develop an adequate
set of economic policy measures.

Our paper simultaneously addresses the issue of public investment in education and
debt. Most articles analyse these concepts separately. Our study, in return, creates a mul-
tidimensional framework by integrating growth, development, digitalisation, renewable
energy and economic freedom. A contribution which underpins the analysis is the orienta-
tion towards the tension between fiscal sustainability and investments, considering that the
EU pursues conflicting objectives such as less public indebtedness, human development,
twin transition and environmental decarbonisation.

The contribution of our study is related to the clarification of the economic mechanisms
regarding the simultaneous analysis of public investment in education and debt, the
integration of economic growth, human development, digitalisation, economic freedom
and renewable energy in a unified EU27 framework, and the identification of short-term
versus long-term fiscal trade-offs during structural transformation. Even if it does not bring
methodological novelty, our study clarifies how fiscal variables respond differently in the
very short, short, and long term during periods of European structural transformation.
In particular, our analysis highlights the presence of significant fiscal trade-offs between
debt sustainability and investment in education and shows that these relationships vary
depending on the temporal dimension of the adjustment and the macroeconomic context.

The empirical approach shows heterogeneous relationships among public debt, public
investment in education and macroeconomic determinants in the EU-27 countries. Several
findings are robust across specifications, in particular the positive association between
economic growth and public debt and the consistent role of human development indicators
in shaping fiscal outcomes. Other relationships vary depending on the econometric specifi-
cation and the time horizon considered. In particular, the differences between SEM and
dynamic panel estimates suggest that some effects are sensitive to short-term adjustments
and long-term equilibrium dynamics, given structural heterogeneity and country-specific
fiscal adjustment processes. The results should be interpreted in the context of the lim-
itations of an observational panel data design, which does not allow for strict causal
inference and may be affected by unobserved heterogeneity and cross-sectional depen-
dence. Consequently, policy implications should be understood as conditional perspectives
and not universal prescriptions, varying according to country-specific fiscal positions and
institutional frameworks within the EU27.

Our study has limitations related to the selection of macro-indicators, target group,
time horizon and methodology. These limitations open possibilities for future research
aimed at analysing public debt and public investment in education from the perspective of
influencing factors.
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