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Abstract
Purpose – Education emerges as a driving force capable of shaping transformative change in a century 
challenged by the pressure of ensuring long-term human survival while preserving the planet. This study aims 
to empirically investigate the interrelationships between education, environmental performance and economic 
welfare within the European Union (EU). 
Design/methodology/approach – The authors use a structured and multidimensional methodological 
approach that embeds three advanced modeling techniques, namely, robust regression, modern quantile 
on-quantile regression and network analysis through Gaussian graphical models. The analysis is based on a 
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balanced selection of indicators that reflect each of this study’s three pillars – education, environmental 
sustainability and socioeconomic well-being – across the 27 EU Member States, focusing on variables such as 
government spending on education, renewable energy usage and CO2 emission levels. 
Findings – The main findings reveal patterns and connections that inform tailored strategies and policy 
decisions, contributing to a more resilient and environmentally responsible socioeconomic model. There is a 
strong connection between educational investment and improvements in environmental and socioeconomic 
indicators, emphasizing education’s strategic role in advancing sustainability. 
Originality/value – By offering a comprehensive analysis, this study reinforces the value of education as a 
foundational element for achieving the sustainable development goals and guiding societies toward a greener, 
more equitable future. 

Keywords Environmental performance, Economic welfare, Education, Quality of life, CO2 emissions

Paper type Research paper

1. Introduction
Sustainable economic well-being brings together economic activity, social structure and 
the environment in a common development system (Alsabhan and Anas, 2025). The 
notion of “eco-social well-being” expresses the link between living standards, the use of 
natural resources and equity between generations (Hirvilammi and Koch, 2020). 
Political and economic factors must react to climate risks and include sustainability 
criteria in regulations and production processes (Wang et al., 2022; Moradian Daghigh 
and Mirzaee Ghazani, 2023; Bozdog et al., 2025). In this framework, education has a 
central role, strengthening human capital, promoting the circulation of knowledge and 
shaping behaviors at the individual and institutional levels (Georgiou et al., 2021, p. 5). 
These effects are transposed through labor markets, public institutions and policy 
implementation channels (Iwińska et al., 2023).

Within the European Union (EU), one of the main challenges in development policies is 
to maintain the interdependence between education, economic growth and environmental 
performance, and in response, the efforts made by the EU are capitalized on through the 
European Commission (2019) and the European Commission (2020). These action plans 
have laid the real foundations for human capital formation for a green, low-carbon and 
resource-efficient economy (Cifuentes-Faura, 2022; Panzaru et al., 2025). However, even 
though policies are becoming increasingly anchored in societal issues, empirical evidence on 
the contribution of education to economic and environmental sustainability in EU Member 
States is still insufficient.

Previous studies have highlighted a distinct approach to these areas, focusing either solely 
on human development or solely on environmental policy, without fully exploring their 
interdependence. The proposed study fills this gap, extending recent interdisciplinary 
research regarding the integration of socioeconomic and environmental systems (Tao et al., 
2024; Ye et al., 2024) by including education as a central factor of sustainable performance. 
At the same time, the existing literature generally offers perspectives related to the influence 
of education on economic development and environmental attitudes; however, very few 
studies have managed to integrate these dimensions into a common sustainability 
framework. Building upon recent interdisciplinary approaches (Wang et al., 2022; Li et al., 
2023; Wu et al., 2023), this research contributes by connecting investments and participation 
in education with economic and environmental outcomes at the European level. Moreover, 
the present study advances existing knowledge by extending previous findings on the 
connections between human development and sustainability (Opoku et al., 2022) and on the 
interactions between renewable energy consumption, economic growth and life expectancy 
(Wang et al., 2023a).
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Within this complex framework, this research examines the impact of education on the 
development of environmental performance and economic well-being in the EU countries 
(EU-27). The study explores whether higher investment in education and wider participation 
across different levels of schooling are linked to better environmental and socioeconomic 
outcomes. It examines the stability of these links across member states and throughout the 
observed period. The analysis is based on the interaction between three policy and analytical 
dimensions – education systems, environmental indicators and socioeconomic outcomes – 
and aims to answer the following research question: To what extent does education 
contribute to achieving sustainable economic well-being across EU Member States, by 
linking human capital formation with environmental and socioeconomic performance?

The originality of the paper resides in methodological innovation, as it systematically applies 
three advanced econometric models (robust regression [RREG], quantile-on-quantile regression 
models [QoQRM], founded on simultaneous quantile regression [SQR] designs, and Gaussian 
graphical models [GGMs]) to the interdisciplinary study of the education–environment–welfare 
nexus, offering new EU-level evidence. Through the combination of distributional analysis and 
models of conditional dependence, this research overpasses existing work on average effects in 
the relationship between education, environment and well-being in the EU-27 by going beyond 
simple single-equation models. Through this complex methodological framework, the study 
highlights the role of education in achieving sustainability outcomes and provides accurate 
empirical evidence on the quantitative parameters associated with resource use patterns and 
quality of life in EU Member States. This approach is directly related to recent studies 
examining the relationships between carbon emissions, economic efficiency and the 
environment (Ding and Zhang, 2023; Yang et al., 2024) and innovates by including education as 
a catalyst in the field of sustainability.

The paper has four main sections. In Section 1, we examine the literature review, focusing 
on key theories and research on the connections between education, environmental outcomes 
and economic development. In addition, in the subsections, we present a bibliometric 
analysis, conducted using VOSviewer, which highlights the main trends and thematic links 
in research on similar topics. Section 3 explains how the indicators were selected, where the 
data come from and which statistical methods are used. Section 4 presents the primary 
empirical outcomes for the EU-27. Section 5 reflects on the implications of the findings for 
policy and future research directions.

2. Literature review
The interplay between education and environmental performance represents a topical subject 
in literature, with both academics and public discourse highlighting the global need to 
strengthen the understanding in this scientific field. Despite extensive work on environmental 
education and sustainability awareness, few studies have empirically connected educational 
processes with socioeconomic and environmental outcomes, particularly in the European 
context.

At the EU level, the role of education is increasingly defined in terms of its capacity to 
develop human capital, which encompasses the skill set necessary to enhance productivity, 
facilitate social inclusion and support the green transition (European Commission, 2025a). 
However, the outcome is context-dependent. For the EU-27, there are considerable 
disparities in the relationship between education, innovation and sustainable development 
(old member states versus new member states), thereby confirming the need to diversify the 
policy mixes in the context of cohesion and welfare, which cannot be followed in the same 
way, i.e. through the adoption of the “one-size-fits-all” strategy (Andrade et al., 2018; 
Makkonen and Mitze, 2019). Furthermore, in the context of competitiveness, the qualitative 
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nature of human capital, along with the constraints on overall capability because of the 
innovation deficit, is an issue that policymakers need to account for (Istvan et al., 2025). 
However, the role of educational spending in the dynamics of the ecological footprint, along 
with its interaction in the context of renewable energy, is also documented in the EU scenario 
(Çütcü et al., 2023). Simultaneously, the role of governance quality in establishing the CO2- 
based environmental performance, along with educational spending, is a key credential in 
sustainability strategies (Dinca et al., 2022; Lobonț et al., 2024).

Also, at the level of the EU, the framing of education for sustainability can be described as 
increasingly informed by the competence-based paradigm in relation to the green transition 
and the well-being of society. In this context, the GreenComp model can be considered the 
key reference in relation to the framing of sustainability competencies in the following four 
domains: “Embodying sustainability values,” “Embracing complexity in sustainability,” 
“Envisioning sustainable futures” and “Acting for sustainability” (European Commission, 
2022; European Commission, 2025b).

Environmental education enables many groups to work together on research projects by 
emphasizing local knowledge, experiences, attitudes and practices, often within place-based 
contexts. Environmental educators draw on concepts from learning sciences, marketing, 
sociology, behavioral psychology, welfare and education (Heimlich and Ardoin, 2008; 
Jacobson et al., 2015). These initiatives foster communal bonds that uphold common 
prosocial and environmental values, creating community and belonging among participants 
(Wu et al., 2023). In recent years, an increasing trend has been noted among networks of 
researchers who have begun to conduct in-depth investigations into potential solutions to the 
challenges posed by environmental degradation. This can help strengthen environmental 
awareness and support the integration of ecological and economic practices through 
sustainable finance and responsible corporate behavior (Li et al., 2024; Dou et al., 2025).

On the other hand, there is a gap in the specialized literature on environmental 
sustainability and welfare issues. To deepen our understanding of this current topic and to 
analyze how specific aspects have been addressed in the specialized literature, we have 
conducted a bibliometric analysis on a sample of 531 scientific articles extracted from Web 
of Science, from top journals in the fields of Business, Management and Accounting; 
Computer Science; Economics, Econometrics and Finance; and Environmental Science.

Bibliometric analysis underscores the importance of integrating ecological and economic 
sustainability into education systems to develop ecological skills and support employment 
(Nademi and Sedaghat Kalmarzi, 2025). These studies emphasize the importance of 
including education in broader sustainability frameworks, a perspective that we adopt in the 
present research to capture its structural role throughout EU member states.

Figure 1 reflects a network that highlights interdisciplinary connections between keywords 
researched with the VOSviewer software, such as “Welfare,” “Education” and “Environment,” 
suggesting an upward trend of interest in transdisciplinary research to address global challenges. 
For example, the significant clusters emphasize topics such as “Sustainable Development” and 
“Mental Health,” highlighting their importance in recent policy and research (Li et al., 2023). 
The size of the nodes indicates a high increase in academic interest for sustainability and 
environmental impact over the past decade, as evidenced by existing research on emission 
reduction and green financial innovation (Xie et al., 2023).

Figure 2, designed based on VOSviewer, highlights the international collaboration among 
nations studying “Welfare,” “Education” and “Environment,” with the USA, China and 
Japan identified as major contributors. Other relevant connections include the linkage 
between Europe and North America, with Asia serving as a key collaboration node. The 
importance of local and community-led sustainability practices and methods is currently a 
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Figure 1. Co-occurrence of keywords specific to the themes “Welfare,” “Education” and “Environment”  
Source: Authors’ research in VOSviewer 

Figure 2. International collaborations in interdisciplinary research on education as a catalyst in 
promoting sustainability and economic welfare  

Source: Authors’ research in VOSviewer 
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developing focus of recent studies, showing the importance of local and community-led 
sustainability methods within these areas of study (Dushkova and Ivlieva, 2024). The 
importance of the linking role of education and learning is highlighted regarding behavioral 
change for well-being (Cai et al., 2023).

Analyzing recent studies, most articles highlighted that to promote ecological practices, 
which in turn will improve the quality of life of the community, one of the main steps is to 
carry out daily, industrial, social and personal activities in a sustainable manner. In our study, 
we can validate this idea, noting that this brings benefits not only to the environment but also 
takes into account economic aspects (Rong et al., 2023). People involved in these campaigns, 
whose behaviors were monitored over a certain period, included those informing and raising 
awareness among the public about the risks of climate change and the actions they could take 
to be more environmentally conscious and resource-efficient, especially regarding natural 
resources (Dou et al., 2025). The results suggested that people’s involvement in such projects 
and campaigns had a positive impact on sustainability, which was immediately noticeable.

These aspects must also be followed in the case of companies, corporations and 
multinationals, whose contribution to the damage and deterioration of the environment is 
increasing from year to year, which are periodically involved in information and 
development actions of environmentally friendly activities, but, subsequently, the specific 
activities carried out remain just as harmful (Wu et al., 2023; Dou et al., 2025). Education, 
therefore, remains central in reinforcing sustainable behaviors and environmental 
responsibility (Cai et al., 2023; Nademi and Sedaghat Kalmarzi, 2025). These models 
demonstrate that educators’ values align with sustainable governance, underscoring the role 
of education in shaping environmental responsibility (Leal et al., 2024).

3. Data and methodology
3.1 Data and indicators used in the empirical analysis
To examine the interplay between education, environmental performance and economic 
welfare in EU countries, we used a structured approach that combines several analytical 
methods, focusing on analyzing the correlations between indicators and applying various 
modern econometric techniques to observe developments over time and differences between 
EU countries. The analysis relies on a specific set of indicators covering three areas, namely, 
education, environmental sustainability and socioeconomic well-being, across the EU-27 
Member States during 2002–2023. The data is extracted from official sources such as 
Eurostat, OECD and the World Bank and captures the following sets of indicators:

(1) Educational indicators:
• Public expenditure on education, percentage of GDP (Exp_EDU): reflects the 

degree of involvement of governments in the development of human capital.
• Early childhood enrollment rate (PPrimary_SE): shows children’s access to 

early childhood education.
• Primary education enrollment rate (Primary_SE): measures participation in 

basic education.
• Secondary education enrollment rate (Second_SE): indicates continuation of 

studies beyond the primary level and preparation for higher education or the 
labor market.

• Tertiary education enrollment rate (Tert_SE): reflects access to universities 
and the role of advanced education in innovation and economic 
competitiveness.
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(2) Environmental performance indicators:
• CO2 emissions (CO2_E): measure environmental impact and progress in 

reducing carbon footprint.
• Renewable energy consumption, percentage of total consumption (Renew_EC): 

shows the share of clean energy in each country’s energy mix.
• Water productivity (Water_P): indicates the efficiency of water resource use in 

relation to economic output.
• Agricultural methane emissions (Agri_P): tracks emissions from agricultural 

activities.
• Electric power consumption (Electric_PC): reflects energy demand and can 

signal industrial development or energy efficiency.
(3) Welfare indicators:

• GDP growth (annual %) (GDP_gr): measures the annual increase in economic 
output.

• Human Development Index (HDI): a composite index evaluating health, 
education and standard of living.

• Life expectancy in years (LE): indicates overall population health and living 
conditions.

The first stage of data analysis involves descriptive statistical analysis of all selected 
indicators to understand how education variables interact with environmental and well-being 
outcomes. In this analysis, we segmented the first step of the quantitative distribution of the 
data, the variability and the main developments and trends of each variable across the 27 EU 
Member States over the last decade. These results served as a filter for irrelevant values and 
allowed us to prepare for the subsequent inferential modeling.

Descriptive statistics are presented in Table 1 and provide an overview of the distribution 
and variation of the indicators analyzed across the EU countries. Education data generally 
shows high enrollment rates at the primary and secondary levels, but tertiary education 
exhibits greater differences between countries. In terms of public expenditure on education, 
there is considerable variation and this corresponds to the differing national commitments. 

Table 1. Descriptive statistics of the indicators used in the empirical analysis

Variables N Mean SD Min Max Skew Kurt

Exp_EDU 500 5.06 1.10 2.32 8.56 0.68 3.36
PPrimary_SE 468 89.67 15.14 45.87 120.61 −0.40 3.03
Primary_SE 504 101.63 5.20 84.13 128.64 1.30 9.94
Second_SE 505 107.67 15.95 81.66 163.93 1.68 5.76
Tert_SE 483 65.99 18.65 10.33 150.88 0.28 5.79
CO2_E 513 7.45 3.50 2.97 25.61 2.08 9.65
Renew_EC 513 17.61 11.79 0.09 58.4 0.83 3.09
Water_P 513 134.22 221.15 5.07 1,420.31 4.05 20.51
Agri_P 513 8,203.59 10,769.31 56.15 46,781.40 1.90 5.95
Electric_PC 351 6,508.44 3,540.81 2,079.79 17,215.03 1.69 5.16
GDP_gr 540 2.27 3.96 −14.83 24.37 −0.45 6.69
HDI 532 0.86 0.04 0.72 0.95 −0.37 2.62
LE 540 78.52 3.24 70.87 83.83 −0.60 2.28

Source(s): Authors’ research in Stata 18
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However, as a cumulative indicator, it measures financial effort but not quality of education, 
results of learning or sustainability-oriented competence. Education spending by public 
bodies varies substantially, reflecting differing national commitments. Environmental 
indicators, such as CO2 emissions and renewable energy use, show high dispersion, 
suggesting structural differences in energy policies and environmental impacts. In contrast, 
well-being indicators, such as Human development index (HDI) and life expectancy, are 
more evenly distributed, indicating a generally high level of quality of life across the EU 
area.

Furthermore, we configured the Pearson/Spearman correlation matrix, and the results are 
presented in Appendix 5, Table A1, showing notable linkages between education, environmental 
performance and economic well-being. Tertiary education enrollment correlates negatively with 
CO2 emissions and positively with renewable energy use, suggesting a link between education 
and sustainability. Public spending on education is closely tied to enrollment and human 
development.

A scatterplot matrix of education, environmental and welfare credentials (Figure 3) was 
used to further explore these links, allowing for the observation of relationships between 
variables. This tool helps identify linear trends, clusters and outliers, giving a clearer view of 
data connections. From the scatter plot matrix, it is possible to identify connections similar to 
those found in the correlation analysis. A higher level of education is coupled with lower 
emissions of CO2 and the use of renewable sources, matching advances in human 
development. Education is also linked with life expectancy, reflecting the influence of 
education on overall well-being. Agricultural CO2 emissions and water productivity, on the 
other hand, display less obvious connections.

Figure 3. Scatterplot matrix of education, environmental and welfare indicators (EU-27, 2002–2023)  
Source: Authors’ research in Stata 18 

To complement this methodological step, we designed two sets of scatter diagrams to 
illustrate the relationship between tertiary (Figure 4) and secondary (Figure 5) educational 
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Figure 4. Bivariate relationships between tertiary school enrollment and key sustainability indicators  
Source: Authors’ research in Stata 18 
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Figure 5. Bivariate relationships between secondary school enrollment and key sustainability 
indicators  

Source: Authors’ research in Stata 18 
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enrollments and measures of sustainability, thereby demonstrating the impact of education 
on the environment and welfare. The diagrams entail the direction, strength and form of the 
relationship between the selected variables.

From the first four scatter diagrams presented in Figure 4, it can be observed that an 
inverse correlation exists between tertiary enrollment and the emission of CO2, which 
implies that a country with better accessibility to tertiary education expresses high sensitivity 
to the environment. Positive linear correlation can be seen among tertiary education, HDI 
and life expectancy.

The second series of scatter plots in Figure 5 shows that secondary education enrollment 
corresponds to dispersed CO2 emissions and rises along with HDI, life expectancy and the 
use of renewable energy. Though the trend is less steep compared to the one for tertiary 
education enrollment, it still indicates a correlation with the development indicators. This 
means that secondary education plays an important role in reaching sustainability goals, but 
perhaps its effectiveness relies more on the connection to higher education.

Summarizing, both education levels are connected to sustainability and welfare measures, 
but tertiary enrollment exhibits stronger and more consistent relationships, primarily in 
reducing environmental harm and promoting human development. Secondary education 
shows weaker patterns, which implies that wider higher education access may drive progress 
toward environmental and socioeconomic sustainability.

The patterns over time of the main indicators used in the empirical analysis (Appendix 1
Figure A1, Appendix 2 Figure A2, Appendix 3 Figure A3 and Appendix 4 Figure A4) show 
changes in indicators across the 27 EU Member States from 2002 to 2023. These visuals 
capture national patterns in education, environmental outcomes and welfare, reinforcing the 
empirical model. The figures show variation among countries and movement in the main 
indicators used for analysis. Enrollment patterns reveal unequal access to tertiary education. 
CO2 emissions drop in line with EU decarbonization goals, and renewable energy use 
expands among member states. GDP growth shifted around the 2008 crisis and the COVID- 
19 pandemic, while the HDI continues to rise.

3.2 Methodology
The methodology adopted in the research aligns with the main aim of investigating the 
relationship between education, environmental sustainability and economic welfare in EU 
countries. We selected three advanced econometric modeling techniques, applied to a 
balanced panel data set comprising EU-27 countries and spanning the years 2002–2023, 
namely, robust regression (RREG) models QoQRM, founded on SQR designs and Bayesian 
network analysis based on GGMs. These methods can handle intricate data, such as data on 
economic and environmental aspects, while also addressing variations in the data, 
interdependence across countries and time and potential endogeneity.

The rationale behind this threefold methodological framework lies in the fact that relying 
on a single statistical model may yield results that do not fully capture the real impact of 
these factors on the national well-being of EU economies. In this sense, regulatory changes 
regarding the financing of educational programs or those aimed at environmental protection 
may have varying effects on the sustainability of economic welfare, having the potential to 
either increase it or generate opposite effects. Aiming to fully capture the direct and overall 
connections between each of our selected variables and to interpret them from different 
points of view, we proposed the above-stated threefold methodological framework that 
includes, first, a set of RREG models that provides a standard to evaluate the average effects 
from our data set, focusing on the influence of education on the environmental performance 
and economic welfare of EU countries. Second, QoQRM, founded on SQR, allows us to 
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determine how each of these factors contributes to economic and sustainable growth, 
considering that the effects may differ for small, medium, or large values. Finally, GGMs 
show the network of connections to assess the impact of the proposed indicators. This 
framework embeds advanced econometric modeling techniques and illustrates the effects of 
educational and environmental performance on the economic welfare of EU member states. 
The diagram illustrating the methodological framework appears in Figure 6.

Figure 6. Methodological framework  
Source: Authors’ own configuration in Canva Create 2025, Visual Suite 2.0 

RREG models were used to obtain consistent estimations in the presence of data 
heterogeneity and outliers in cross-country comparisons of EU Member States. Models such 
as Huber and biweight were applied to reduce the effect of anomalous data that could distort 
OLS results. The Huber method adjusts the loss function according to residual distribution 
irregularities, while the biweight method limits the influence of extreme deviations, allowing 
a clearer understanding of how educational investments and environmental outcomes relate 
to socioeconomic welfare.

The robust regression models are designed as in equations (1) and (2):

CO2_Eit =Renew_ECit =Water_Pit =Agri_Pit =Electric_PCit = β0 + β1PPrimary_SEit 

+ β2Primary_SEit + β3Second_SEit + β4Tert_SEit + β5Exp_EDUit + β6GDP_grit 

+ β7HDIit + εit (1) 

where CO2_E – CO2 emissions; Renew_EC – renewable energy consumption; Water_P – 
water productivity; Agri_P – agricultural methane emissions; Electric_PC – electric power 
consumption; PPrimary_SE – preprimary school enrollment; Primary_SE – primary school 
enrollment; Second_SE – secondary school enrollment; Tert_SE – tertiary school 
enrollment; Exp_EDU – public spending on education; GDP_gr – GDP growth; HDI – 
Human Development Index; ε – error term (residual variable):

HDIit =LEit =GDP_grit = β0 + β1PPrimary_SEit + β2Primary_SEit + β3Second_SEit 

+ β4Tert_SEit + β5Exp_EDUit + β6CO2_Eit + β7Renew_ECit 

+ β8Water_Pit + β9Electric_PCit + εit (2) 

where HDI – Human development index; LE – life expectancy in years; GDP_gr – GDP 
growth; PPrimary_SE – preprimary school enrollment; Primary_SE – primary school 
enrollment; Second_SE – secondary school enrollment; Tert_SE – tertiary school enrollment; 
Exp_EDU – public spending on education; CO2_E – CO2 emissions; Renew_EC – renewable 
energy consumption; Water_P – water productivity; Electric_PC – electric power 
consumption; ε – error term (residual variable).

Second, to examine whether the relationships vary across levels of the outcome distribution, 
we apply QoQRM, founded on SQR designs. This method evaluates how conditional quantiles 
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of economic welfare respond to changes in the quantiles of education and environmental 
indicators, moving beyond the conditional mean. Within this approach, the effect of renewable 
energy adoption on welfare may appear stronger in higher welfare quantiles, while education 
spending may influence lower or median levels. This helps identify asymmetric effects and 
interactions that standard regression models may overlook.

The study then uses GGMs to map connections among selected indicators through 
conditional associations, revealing links between education, environmental performance and 
economic welfare. In this approach, a GGM for a random vector X = (X1, …, Xn) is 
represented by a graph G with n nodes (Crăciun et al., 2023).

Two methods were used for GGM estimation: the Extended Bayesian Information 
Criterion (EBIC) with the graphical least absolute shrinkage and selection operator (glasso), 
which constructs sparse networks that retain only the most significant links, and the partial 
correlation approach (PCOR), which isolates direct conditional relationships by removing 
spurious correlations (Crăciun et al., 2023). However, GGM has some methodological 
limitations, particularly regarding its correlational nature and potential endogeneity and 
detects conditional associations rather than causal effects among the variables involved. 
Therefore, the complementary use of robust and quantile-based approaches increases the 
reliability of the results and covers the risks of endogeneity, reverse causality and unobserved 
cross-country heterogeneity.

4. Results
Several sets of RREG and QoQRMs, founded on SQR designs, have been processed to 
capture causal inferences and direct influence of specific variables, complemented by 
Bayesian network analysis through GGM models designed to encompass direct and indirect 
connections between all variables used in the empirical analysis. Stata 18 and JASP 
econometric packages were used for technical processing of all models. Main findings and 
detailed results are presented in the following sub-sections.

4.1 Results of the robust regression models
We first designed and estimated five RREG models to capture causal linkages and the direct 
influence of specific indicators considered in the empirical analysis. The results obtained 
under the RREG models are centralized in Table 2. To validate the stability of the estimated 
relationships and mitigate potential biases arising from heteroskedasticity and outliers, 
RREG techniques were used as part of the robustness check. Unlike conventional OLS 
estimations, RREG down-weights influential observations and provides consistent parameter 
estimates even in the presence of non-normal error distributions or data irregularities. This 
method ensures that the estimated coefficients are not overly influenced by outliers or 
heterogeneous error variances, which are common in cross-country data sets. The results for 
alternative dependent variables – CO2 emissions (Model 1), renewable energy consumption 
(Model 2), water productivity (Model 3), agriculture (Model 4) and electricity per capita 
(Model 5) – were used to verify the consistency of the estimated effects across different 
aspects of environmental and development outcomes.

The estimates from Model 1 (Table 2) reveal a strong association between education and 
carbon dioxide emissions. The signs of the coefficients for the enrollment rates in preschool, 
primary and tertiary levels (PPrimary_SE, Primary_SE and Tert_SE, respectively) are 
negative, being also statistically significant (p < 0.01; p < 0.001), indicating that more 
investments in these areas of education may lead to a reduced carbon footprint and low level 
of emissions, specifically with a less negative impact on the environment. However, the role 
of the level of education (early childhood, basic education, higher education) as a direct 

International 
Journal of Climate 
Change Strategies 
and Management  

79  

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/18/3/68/11701343/ijccsm-07-2025-0253en.pdf by guest on 18 June 2026



Ta
bl

e 
2.

R
ob

us
t r

eg
re

ss
io

n 
re

su
lts

(1
)

(2
)

(3
)

(4
)

(5
)

Va
ria

bl
es

C
O

2_
E

R
en

ew
_E

C
W

at
er

_P
A

gr
i_

P
El

ec
tri

c_
PC

PP
rim

ar
y_

SE
−0

.0
24

2*
**

 (0
.0

06
90

)
−0

.0
97

8*
* 

(0
.0

33
8)

0.
05

82
 (0

.1
52

)
−3

0.
47

**
 (1

1.
30

)
21

.0
3*

**
 (3

.7
51

)
Pr

im
ar

y_
SE

−0
.0

50
9*

* 
(0

.0
15

9)
0.

20
7*

* 
(0

.0
77

6)
0.

96
3*

* 
(0

.3
49

)
−6

6.
85

* 
(2

5.
96

)
44

.7
3*

**
 (8

.6
19

)
Se

co
nd

_S
E

0.
01

54
 (0

.0
07

95
)

0.
02

22
 (0

.0
38

9)
−0

.6
03

**
* 

(0
.1

75
)

83
.0

5*
**

 (1
3.

03
)

10
.7

3*
 (4

.3
25

)
Te

rt_
SE

−0
.0

41
3*

**
 (0

.0
04

98
)

0.
23

7*
**

 (0
.0

24
4)

−1
.0

80
**

* 
(0

.1
10

)
5.

13
4 

(8
.1

60
)

−9
.3

99
**

* 
(2

.7
09

)
Ex

p_
ED

U
−0

.2
84

**
 (0

.0
93

8)
0.

93
8*

 (0
.4

59
)

8.
38

8*
**

 (2
.0

66
)

−9
28

.4
**

* 
(1

53
.6

)
94

.9
4 

(5
1.

00
)

G
D

P_
gr

−0
.1

05
**

* 
(0

.0
12

8)
0.

14
1*

 (0
.0

62
6)

0.
52

4 
(0

.2
82

)
−6

.1
17

 (2
0.

96
)

−3
3.

30
**

* 
(6

.9
57

)
H

D
I

24
.2

6*
**

 (2
.8

01
)

5.
00

9 
(1

3.
71

)
75

5.
3*

**
 (6

1.
70

)
13

,8
12

.7
**

 (4
,5

87
.8

)
15

,1
87

.4
**

* 
(1

,5
23

.1
)

_c
on

s
−4

.1
15

 (2
.3

13
)

−2
1.

54
 (1

1.
32

)
−5

84
.0

**
* 

(5
0.

94
)

−3
,3

10
.2

 (3
,7

88
.1

)
−1

5,
08

4.
2*

**
 (1

,2
57

.6
)

N
59

4
59

4
59

4
59

4
59

4
R2

0.
26

0
0.

21
5

0.
36

2
0.

14
4

0.
44

8

N
ot

e(
s)

:
St

an
da

rd
 e

rr
or

s i
n 

pa
re

nt
he

se
s;

 *
p

<
0.

05
, *

*p
<

0.
01

, *
**

p
<

0.
00

1
So

ur
ce

(s
):

 A
ut

ho
rs

’ r
es

ea
rc

h 
in

 S
ta

ta
 1

8

IJCCSM 
18,3    

80  

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/18/3/68/11701343/ijccsm-07-2025-0253en.pdf by guest on 18 June 2026



cause of the level of environmental performance remains uncertain. Perhaps the actual issue 
is that it may be driven by the fact that countries that have a high level of educated and skill- 
oriented human capital are considered as predisposed to governments that pay a high level of 
attention to implementing high-quality environmental policies. Indeed, spending on 
education (Exp_EDU) and GDP growth (GDP_gr) are also negatively related to carbon 
emissions (CO2_E) (negative estimated coefficients, statistically significant at the 0.1% 
threshold). At least, this suggests an “economic maturity” related effect, whereby countries 
that are more industrialized have the capacity to afford more “green spending.” The HDI has 
a statistically significant and positive effect on carbon emissions (CO2_E), suggesting that, in 
some contexts, high levels of human development can continue to go hand-in-hand with 
energy-intensive production and consumption patterns. This might be explained by 
transitional phases, wherein structural change has progressed beyond absolute decoupling.

By contrast, Model 2 (Table 2) highlighted a more evident connection to current reality 
and debates, as higher levels of tertiary education attainment (Tert_SE) lead to increased use 
of renewable energy sources (Renew_EC) (positive estimated coefficient, statistically 
significant at 0.1% level). This can be expected by the fact that education, through teaching 
and offering high-quality specialized skills and expertise, also induces an attuned mindset 
toward sustainability. But whether education drives the energy transformation itself or 
merely correlates with it through current trends becomes hard to distinguish. This could be 
because of the fact that in countries that have set themselves more far-reaching goals for their 
society, both findings could represent synchronization toward overall development. This is 
because expenditures on education (Exp_EDU) at an institution level turned out to have a 
positive impact on the share of clean energy, a fact sustained by the countries oriented toward 
green transition.

The results obtained in Model 3 (Table 2) suggest that, although both primary education 
(Primary_SE) and public investment in education (Exp_EDU) are generally understood to 
have a positive impact on water productivity (Water_P), tertiary educational advancement 
(Tert_SE) has a negative effect. It may be inferred that there is a link between elementary 
educational attainment and a rise in the development of human capital, while an expansion of 
university areas could increase urbanization and may lead to related effects on the 
environment, especially as regards the efficiency of water resources used in relation to 
economic output. It can also be observed that Second_SE is negatively affecting water 
productivity (Water_P), thereby stating that there is a distribution imbalance in these regions. 
HDI, characterized by good health, education attendance and quality standards of living, 
positively and significantly increased water productivity.

The results of Model 4 (Table 2) reveal that Second_SE and HDI appear to have a positive 
impact on reducing methane emissions generated from agricultural activities, considering 
that educated and healthy people, alongside a good living standard, have a more general 
awareness of the environmental impact of agricultural activities. Nevertheless, the rate of 
enrollment in secondary education (Second_SE) brings a new positive dynamic effect, 
possibly because rural schools are still tied to conventional models in agriculture. However, 
the positive HDI can be considered as a reminder that, in making progress, there are climate 
costs associated with this achievement, especially in those countries with a successful 
agricultural economy. The public spending on education (Exp_EDU) registered a significant 
negative effect on emissions as regards agricultural activities, suggesting that the 
development of human capital alongside their activities can generate negative effects on 
emissions even within the agricultural sector.

For Model 5 (Table 2), access to early childhood enrollment rate, primary and slightly 
secondary education has a positive impact on electric power consumption (Electric_PC), 
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suggesting that growth in education is linked to more energy use. In this respect, this result is 
not negative at all but is simply linked to development. The paradox is that access to 
universities (Tert_SE) has the opposite (negative) effect on electric power consumption 
(Electric_PC), perhaps because university areas are more energy efficient or adopt 
sustainable practices. HDI, obviously, is one of the dominant variables. Overall, the obtained 
results, respectively, the identified relationship among variables, reflect trends that highlight 
how education interacts in unexpected ways with the economy and the environment. GDP 
growth (GDP_gr) has a negative coefficient, statistically significant at the 0.1% threshold, 
implying that rapid development does not always increase energy use proportionally, 
possibly because of technological progress or a shift toward low-carbon production.

Based on these estimations and to detect the causal relationships between education, 
environmental performance and welfare, three RREG models were performed, with results 
presented in Table 3, using the HDI (Model 1), life expectancy at birth (LE) (Model 2) and 
GDP growth rate (GDP_gr) (Model 3) as dependent variables.

Table 3. Robust regression results

Model (1) Model (2) Model (3)
Variable HDI LE GDP_gr

PPrimary_SE 0.000819*** (0.0000803) 0.0524*** (0.00737) −0.0189 (0.00972)
Primary_SE 0.000128 (0.000197) 0.106*** (0.0180) −0.0435 (0.0238)
Second_SE 0.000736*** (0.0000926) 0.0257** (0.00850) 0.00563 (0.0112)
Tert_SE 0.000965*** (0.0000740) 0.0577*** (0.00679) −0.0176* (0.00895)
Exp_EDU 0.00321** (0.00117) −0.123 (0.107) −0.282* (0.141)
CO2_E −0.000608 (0.000606) −0.238*** (0.0556) −0.0268 (0.0733)
Renew_EC −0.000333* (0.000142) −0.0742*** (0.0130) 0.0115 (0.0172)
Water_P 0.0000709*** (0.00000689) 0.00421*** (0.000633) 0.000549 (0.000834)
Electric_PC 0.00000367*** (0.000000616) 0.000401*** (0.0000565) −0.0000849 (0.0000745)
_cons 0.596*** (0.0210) 57.28*** (1.924) 11.24*** (2.537)
N 594 594 594
R2 0.639 0.424 0.045

Note(s): Standard errors in parentheses; *p < 0.05, **p < 0.01, ***p < 0.001
Source(s): Authors’ research in Stata 18

The results of the models indicate that education remains the first element explaining 
variations in human development and life expectancy. In both estimates, schooling levels and 
public expenditure on education define the direction and intensity of social progress, 
confirming the interpretation of Barro and Lee (2013) on the role of education as a 
determinant of human development. This conclusion derives from the positive values of the 
coefficients for all forms of educational participation and for the associated public 
expenditure, which shows that the education system influences the structures that support 
access and institutional functioning.

In Model 1, the positive coefficients of the preschool (PPrimary_S), secondary 
(Second_SE) and tertiary (Tert_SE) education levels and educational expenditure 
(Exp_EDU) levels show that all these components contribute together to the increase in the 
HDI, however, with a limited magnitude than expected. The results entail that education 
supports development through human capital and institutions. Early education forms the 
needed competencies for human capital, which are transformed later into stages where skills 
take shape. The Exp_EDU variable has positive effects on HDI, as argued in Anand and Sen 
(2000), as public spending on education translates to capital formation. Electricity 
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availability (Electric_PC) and clean water (Water_P) positively affect HDI, consistent with 
the results of Anand and Sen (2000), as infrastructure is connected with well-being. The 
adoption of renewable sources of energy (Renew_EC) is negatively associated with HDI, a 
sign of transition bottlenecks in infrastructure that is not yet ready to accommodate 
renewable sources of energy.

Model 2 tests life expectancy developments, and results show that education increases life 
expectancy. The effects of primary, secondary and tertiary education illustrate that education 
positively influences life expectancy, supporting Cutler and Lleras-Muney (2006), who 
explained that education leads to better life expectancy, welfare knowledge and health care, 
and education also shapes habits and health behavior.

Early learning (PPrimary_SE) involves health and nutrition practices that influence health 
outcomes directly. Secondary education (Second_SE) brings knowledge of disease 
prevention and health systems, while higher education offers paths of autonomy and income 
that extend life. In the same model, Exp_EDU has a negative but insignificant coefficient, 
showing that spending without institutions does not bring health gains. This suggests that 
governance and implementation determine the impact of public investment.

Pollution measured by CO2 emissions (CO2_E) is significantly and negatively associated 
with life expectancy, confirming the detrimental effects of pollution on population health. In 
Model 3, in contrast to the previous models (Model 1 and Model 2), the explanatory power of 
the model for economic growth is low (R2 = 0.045), and most of the coefficients are not 
significant. However, a significant negative coefficient is observed for tertiary school 
enrollment (Tert_SE) and public spending on education (Exp_EDU). These results are 
consistent with the existing literature that critiques the automatic link between education and 
economic growth. Thus, Pritchett (2001) argues that, in the absence of real demand for 
highly skilled labor or a functioning economic system, education does not yield direct effects 
on economic growth.

4.2 Results of the modern quantile-on-quantile regression models
Furthermore, to complement the results obtained by applying RREG models and to enforce 
the robustness of estimations, we designed QoQRMs, and the results obtained are presented 
in Tables 4 and 5.

The patterns obtained by applying RREG are further supported by the QoQRM results 
presented in Tables 4 and 5.

QoQRM estimations in Table 4 indicate that Exp_EDU consistently has adverse and 
significant effects on agricultural productivity (Agri_P) at higher quantiles, while its influence 
on access to electricity or renewable energy appears to be mixed. These results align with 
Pritchett’s (2001) critique, indicating that the economic returns to education are highly 
contingent on institutional quality, labor market conditions and the effective integration of 
skilled human capital into the economy.

Tertiary education enrollment (Tert_SE) shows a negative relation with CO2 emissions, 
meaning that populations with higher education levels produce less environmental impact. It 
is also found to have a positive connection with renewable energy use, suggesting that 
education will help promote the shift to green energy. On the other hand, negative 
coefficients found in areas such as water productivity or agricultural emissions can imply a 
tendency to overuse resources as more resources are applied to education.

In addition, the results in Table 4 highlight the influence of each education level. Primary 
and secondary education have mixed effects: they positively contribute to renewable energy 
consumption and basic infrastructure but have a negative impact on agricultural emissions 
and water productivity at higher quantiles. This indicates that the impact of education is not 
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Table 5. Results of quantile-on-quantile regression models

(1) (2) (3)
Variables HDI LE GDP_gr

q25 - - -
PPrimary_SE 0.000798*** (0.000178) 0.0647** (0.0225) 0.00248 (0.0232)
Primary_SE −0.000253 (0.000213) 0.105*** (0.0291) −0.0677 (0.0591)
Second_SE 0.000571*** (0.000153) 0.0425* (0.0174) 0.0243 (0.0161)
Tert_SE 0.000836*** (0.000124) 0.0609** (0.0188) −0.0173 (0.0119)
Exp_EDU 0.00549** (0.00173) −0.438* (0.182) −0.334* (0.154)
CO2_E −0.000206 (0.000664) −0.219** (0.0794) −0.0300 (0.113)
Renew_EC 0.0000560 (0.000268) −0.0812*** (0.0182) 0.0335 (0.0241)
Water_P 0.0000654*** (0.00000732) 0.00426*** (0.000725) 0.00126 (0.00127)
Electric_PC 0.00000390*** (0.000000886) 0.000597*** (0.0000469) −0.000147 (0.0000824)
_cons 0.619*** (0.0309) 52.41*** (2.686) 8.252 (6.029)

q50 - - -
PPrimary_SE 0.000810*** (0.0000974) 0.0540*** (0.0113) −0.00797 (0.00966)
Primary_SE 0.0000304 (0.000113) 0.106*** (0.00728) −0.0902* (0.0375)
Second_SE 0.000561** (0.000208) 0.0241* (0.00954) 0.00521 (0.0115)
Tert_SE 0.00105*** (0.000104) 0.0599*** (0.00808) −0.0195 (0.0119)
Exp_EDU 0.00458*** (0.00118) −0.164 (0.105) −0.316 (0.179)
CO2_E −0.000484 (0.000498) −0.239*** (0.0502) −0.123 (0.114)
Renew_EC −0.0000866 (0.000178) −0.0711*** (0.0138) 0.0212 (0.0237)
Water_P 0.0000705*** (0.00000866) 0.00424*** (0.000539) 0.00107 (0.00108)
Electric_PC 0.00000304*** (0.000000423) 0.000350*** (0.0000489) −0.0000238 (0.0000662)
_cons 0.613*** (0.0110) 57.85*** (1.724) 15.70*** (4.083)

q75 - - -
PPrimary_SE 0.000909*** (0.000128) 0.0477*** (0.00392) 0.0224 (0.0257)
Primary_SE 0.000566*** (0.000134) 0.125*** (0.0153) −0.140 (0.0788)
Second_SE 0.000749*** (0.000141) 0.0109** (0.00347) −0.0292 (0.0299)
Tert_SE 0.00116*** (0.000176) 0.0482*** (0.00428) 0.0485 (0.0327)
Exp_EDU 0.00277 (0.00146) −0.139 (0.0826) −0.384 (0.467)
CO2_E −0.00171* (0.000833) −0.212*** (0.0502) −0.304 (0.171)
Renew_EC −0.000935*** (0.000264) −0.0478*** (0.0102) 0.0257 (0.0515)
Water_P 0.0000734*** (0.0000107) 0.00359*** (0.000299) 0.00881*** (0.00245)
Electric_PC 0.00000353*** (0.00000606) 0.000227*** (0.0000345) −0.000161 (0.000156)
_cons 0.570*** (0.0145) 60.17*** (1.396) 21.65** (8.237)

q90 - - -
PPrimary_SE 0.00141*** (0.000227) 0.0533*** (0.00751) 0.0850* (0.0422)
Primary_SE 0.000643* (0.000319) 0.115** (0.0352) −0.226* (0.0977)
Second_SE 0.000690*** (0.000156) 0.0132** (0.00415) −0.0876 (0.0554)
Tert_SE 0.000846*** (0.000192) 0.0346*** (0.00549) 0.179*** (0.0535)
Exp_EDU −0.00137 (0.00260) −0.109 (0.107) −0.217 (0.850)
CO2_E 0.00198 (0.00166) −0.220** (0.0754) −0.561 (0.360)
Renew_EC −0.000693 (0.000359) −0.0450*** (0.0128) 0.0342 (0.110)
Water_P 0.0000602** (0.0000193) 0.00306*** (0.000906) 0.0209*** (0.00552)
Electric_PC 0.00000289* (0.00000124) 0.000167** (0.0000629) −0.000401 (0.000421)
_cons 0.559*** (0.0288) 62.34*** (3.747) 28.34** (9.351)
N 594 594 594

Note(s): Standard errors in parentheses; *p < 0.05, **p < 0.01, ***p < 0.001
Source(s): Authors’ research in Stata 18
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uniform, but it depends on the level of economic development and the capacity of each state 
to capitalize on human capital. In addition, GDP and HDI have positive and significant 
effects on most indicators; however, GDP has presented a negative relationship with 
emissions and electricity consumption at higher quantiles, illustrating the development 
paradox: more dynamic economies do not automatically imply energy efficiency. Thus, the 
quantile models indicate the need for education policies to be adapted to the specific context, 
promoting the integration of education with innovation and green infrastructure to maximize 
environmental benefits and economic sustainability.

The results from Table 5 show that education, measured by the various levels of scholar 
enrollment, has consistent positive effects on human welfare (HDI) and longevity (LE) 
across all analyzed quantiles. Thus, participation in primary (Primary_SE), secondary 
(Second_SE) and tertiary (Tert_SE) education has positive and significant coefficients across 
the distribution, supporting the hypothesis that investments in human capital bring 
cumulative benefits for population development and quality of life. The availability of water 
productivity (Water_P) and electric power consumption (Electricity_PC) improves HDI and 
life expectancy (LE), making the function and use of these resources beneficial to the well- 
being of a population. Environmental conditions, such as the use of CO2 (CO2_E) and 
renewable energies (Renew_EC), on the other hand, impact life expectancy. As related to 
economic growth (GDP_gr), the findings are mixed. In contrast with the HDI and LE, the 
educational terms rarely show any positive effects or even a negative relationship in primary 
(Primary_SE) and tertiary education (Tert_SE). This suggests that more education 
attendance and economic growth do not necessarily directly or indirectly interact. Our 
findings are also confirmed by Pritchett (2001), stating that the gains in growth experienced 
in the educational background primarily depend on the functionality of the systems and the 
existing markets for labor. The results of QoQRMs show unequal effects: at the lower end, 
education has no or a negative impact, while in higher quantiles (q90), tertiary education and 
access to water/electricity can increase growth. This variation confirms that the benefits of 
education on economic performance are context-dependent and emphasizes the need for 
policies that more closely link education to market needs and structural innovation.

The quantile-on-quantile regression estimates support the suitability of our modeling 
strategy by revealing pronounced distributional heterogeneity in environmental and welfare 
outcomes across EU Member States, indicating that mean-based specifications would 
conceal relevant cross-country differences. This is in line with EU-focused evidence 
showing that quantile approaches are well-suited to settings where educational and structural 
factors interact with energy–environment indicators in non-linear and group-specific ways 
(Borozan, 2019; Han et al., 2023). Our results are also consistent with recent findings, which 
reveal that the linkages between CO2 emissions, renewable energy and growth vary 
systematically across quantiles (Adebayo et al., 2022; Takyi et al., 2024). Overall, the 
estimates indicate a consistent association between educational expansion and welfare 
improvements (HDI and life expectancy), whereas growth and environmental effects remain 
conditional in national contexts.

4.3 Results of the network analysis – Gaussian graphical models
GGMs represented in Figure 7 and detailed in Appendix 5 Table A1, Appendix 6 Table A2
and Appendix 7 Table A3, as well as Appendix 8 Figure A5, are estimated through two 
different methods, namely, the EBICglasso – extended Bayesian Information Criteria with 
graphical least absolute shrinkage and selection operator – and PCOR – partial correlations – 
and are used to identify the interlinkages and dependency relationships between the selected 
indicators.
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Considering network analysis, this technique allows us to perceive how (positive or 
negative influence) and to what extent the variables impact each other. Furthermore, this 
method forms a visual representation of these connections, shaping clusters (variables that 
are represented closer together) and different colors according to the directions of these 
relationships (blue indicates a positive correlation and red a negative correlation). The model 
captures strong global interlinkages between the studied variables, according to the width 
and intensity of the connections. The HDI and LE show a positive relationship in the network 
analysis. HDI connects with secondary school enrollment (Second_SE), electric power 
consumption (Electric_PC), preprimary school enrollment (PPrimary_SE) and public 
spending on education (Exp_EDU). Stoian et al. (2022) state that HDI measures welfare 
through education, health and living standards. Maharda and Aulia (2020) also argue that 
government investment in education intensifies HDI growth. The estimated networks are 
interpreted as conditional dependency structures, allowing us to identify central nodes and 
clustered pathways linking education, welfare and environmental indicators. Prior EU 
research studies indicate that education-related variables often occupy structurally important 
positions in network representations of welfare and labor-market outcomes, supporting the 
interpretation of centrality patterns in our results (Marcu et al., 2018). Complementary EU 
evidence shows that education/intellectual capital and development indicators form 
differentiated clusters across member-state groupings, which is consistent with the 
heterogeneity observed in our network links (Cristea et al., 2020).

LE presents a positive and strong correlation within the network with secondary school 
enrollment (Second_SE), electric power consumption (Electric_PC), preprimary school 
enrollment (PPrimary_SE), agriculture (Agri_P) and water productivity (Water_P). These 
results are in line with the findings of Mariani et al. (2010) that reveal a positive connection 
between life expectancy and environmental quality. In addition, Wang et al. (2023b) indicate 
a positive interlinkage between the use of renewable energy and life expectancy.

Public spending on education (Exp_EDU) is positively associated with most of our 
considered variables that capture environmental performance, such as CO2 emissions 

Figure 7. Gaussian graphical models estimated through EBICglasso (left) and PCOR (right) designed to 
assess the interlinkages between education, environmental outcomes and sustainable economic welfare  

Source: Authors’ research in JASP 

IJCCSM 
18,3    

88  

Downloaded from http://ftp.nowpublishers.com/ijccsm/article-pdf/18/3/68/11701343/ijccsm-07-2025-0253en.pdf by guest on 18 June 2026



(CO2_E), renewable energy consumption (Renew_EC), water productivity (Water_P) and 
electric power consumption (Electric_PC). Furthermore, we can identify in our network 
analysis that education, especially pre-primary (PPrimary_SE), primary (Primary_SE) and 
secondary school (Secondary_SE), plays a decisive role in shaping positive environmental 
outcomes, presenting mostly positive connections with indicators that captured the 
performance of EU countries in terms of environmental effects. Similar results can be found 
in the literature, with authors Opoku et al. (2022) suggesting that an increase in human 
development, measured by HDI, education and human capital, contributes to achieving 
environmental sustainability. In addition, Sun et al. (2019) state that education plays a crucial 
role in shaping economically sustainable development. Therefore, education seems to 
promote the sustainability of environmental performance alongside supporting sustainable 
welfare within an economy.

5. Conclusions
This study explored the interplay among education, environmental performance and 
economic well-being in the EU-27 countries, using more refined econometric techniques. 
The outcome of this research highlights the profound impact of education on human 
development outcomes and environmental performance. The growth of both education and 
the economy is dependent on certain structural factors. Investment in education at primary, 
secondary and tertiary levels, supported by adequate public spending, influences the HDI. 
Thus, education becomes the basis of human capital and supports social inclusion. However, 
investments do not bring results if governance is not participatory and education does not 
respond to labor market demands (Drăcea et al., 2024; Zhao et al., 2023).

The results for EU-27 countries show that the effects of education on development vary 
between governments. States with strong institutions make better use of human capital, while 
others struggle to connect education with the economy. These differences reflect the quality 
of public policies, the degree of digitalization, openness to innovation and the capacity to 
implement educational and environmental reforms. Education connects institutional and 
structural elements that shape well-being and sustainability. The relationship between 
education, welfare and environment forms a cycle: education influences sustainable policies, 
while the environment affects welfare and productivity. Future studies will explore these 
relations across time and regions to explain national differences in sustainable development.

Quantile regression results show the need to link education with labor market needs and 
innovation capacity to preserve competitiveness. Education promotes sustainable economic 
prosperity through human capital formation and the establishment of sustainable norms. 
However, as our results show, the enhancement and effect on the environment vary 
according to national frameworks, thereby warranting the use of diverse policy packages in 
each EU Member State. In less advanced welfare countries, the key priorities would be to 
sustain education, invest in basic infrastructure (electricity supply, clean water) and optimize 
the match between education programs and the demands of the labor market. For advanced- 
welfare countries, priorities would include advanced skills in “green” areas and innovation- 
driven higher education, as well as specific incentive tools to encourage firms to expand their 
“circular economy” or “green entrepreneurship” to minimize their footprints. Our results 
also provide evidence of a health-environmental channel, as, all other things being equal, 
exposure to pollutants is negatively correlated with life expectancy, thereby supporting 
comprehensive policies that can holistically integrate education, environment and welfare. 
For non-academic stakeholders, our study implies the following. Firstly, with regard to 
sustainability education in early childhood, it should be acknowledged that this form of 
education has the potential to foster long-term pro-environmental behaviors and should be 
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furthered through concerted efforts by schools, local authorities and curriculum developers. 
Secondly, with regard to internal firm-level education programs on ESG-related business 
practices, these should be targeted at particular groups depending on implementation 
requirements and organizational priorities, such as management, human resources and 
training units and the general workforce. For academic/research communities, this study can 
provide robust interdisciplinary evidence on education, the environment and advanced forms 
of human welfare, also warranting further academic efforts on mechanisms of interplay 
between education, environment and human welfare, especially in the context of the whole 
EU.

The study, while offering important contributions to existing literature, also identifies 
several scope conditions that can guide future research. First, the use of country-level 
aggregate data may mask heterogeneity in institutional quality, regional disparities and 
sectoral labor market structures across the EU-27. Future studies could therefore rely on 
more granular data to better capture the mechanisms linking education with environmental 
performance and economic well-being. Second, to strengthen causal inference and account 
for dynamic adjustment processes, further research may combine quasi-experimental 
approaches with dynamic panel models to analyze bidirectional feedback effects associated 
with green transition policies and institutional reforms.
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Figure A1. Trends in school enrollment by education level across EU countries (preprimary, primary, 
secondary and tertiary education enrollment)  

Source: Authors’ research in Stata 18 
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Figure A2. Evolution of CO2 emissions per capita across the EU during 2000–2023 (metric tons per 
capita)  

Source: Authors’ research in Stata 18 
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Figure A3. Growth in renewable energy consumption across EU countries (% of total final energy 
consumption)  

Source: Authors’ research in Stata 18 
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Appendix 6 

Table A2. Summary of the network

Number of nodes Number of non-zero edges Sparsity
13 78/78 0.000

Centrality measures per variable
Network

Variable Betweenness Closeness Strength Expected influence

Exp_EDU −0.693 −0.191 −0.319 0.221
PPrimary_SE −0.693 −0.460 −0.634 0.137
Primary_SE −0.693 −1.100 −0.987 −0.259
Second_SE −0.346 0.730 0.607 0.980
Tert_SE −0.693 0.077 −0.062 −0.748
CO2_E 1.212 0.372 0.133 −1.073
Renew_EC −0.693 −0.177 −0.073 −0.510
Water_P −0.520 0.167 −0.047 −0.404
Electric_PC 1.559 1.180 0.922 0.858
GDP_gr −0.693 −1.975 −1.613 −1.363
HDI 1.386 1.518 1.962 1.872
LE 1.559 0.979 1.242 1.291
Agri_P −0.693 −1.120 −1.132 −1.003

Source(s): Authors’ research in JASP
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Appendix 7 
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Appendix 8

Figure A5. Centrality plot (left) and clustering plot (right) of the Gaussian graphical models  
Source: Authors’ research in JASP 
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