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ABSTRACT

The European Union (EU) is highly committed to the 2030 Agenda. However, the EU countries’ structural heterogeneity and differ-
ing stages of development complicate the efforts to achieve the Sustainable Development Goals (SDGs) and raise questions about
whether uniform policies can effectively address diverse needs. To analyze the determinants of the SDG Index score (SDG_IS),
the EU-27 countries were considered over the 2012-2023 period, grouped into Cohesion and Non-Cohesion countries, and panel
data regression models and fuzzy-set qualitative comparative analysis (fSQCA) were applied as complementary approaches. The
panel data regression results revealed a main decoupling: while in Cohesion countries, Gross Domestic Product per capita sig-
nificantly drove SDG_IS attainment, it lost statistical significance in Non-Cohesion countries, where institutional transparency
and inequality reduction emerged as the main drivers. The fSQCA analysis revealed pronounced equifinality, identifying five dis-
tinct pathways to high SDG_IS attainment in Cohesion countries and only two in Non-Cohesion countries. Overall, by revealing
that as countries develop, the determinants of sustainability may shift from material wealth accumulation to governance qual-
ity and distributive justice and that the same level of SDG_attainment can be obtained through qualitatively different causal
configurations, our findings challenge the paradigm of “one-size-fits-all” that underlies the current EU cohesion policy and pro-
vide an empirical foundation for redesigning EU policies around differentiated, context-sensitive interventions: growth-oriented
strategies for Cohesion countries and governance-quality strategies for Non-Cohesion countries, aligned with smart specialization
principles.

JEL Classification: C23, 131, Q01, O11, 043, 052, R11

1 | Introduction addressing social, economic, and environmental challenges,

requiring coordinated efforts at different levels. Furthermore,
The Sustainable Development Goals (SDGs) were established in ~ the SDGs allow for the evaluation of progress toward achieve-
2015 with the ambition to be universal and indivisible (Meil- ment through specific indicators and targets, which is essen-
land and Lecocq 2024) and represent a global commitment to tial for identifying areas needing improvement (Georgeson and
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Maslin 2018), as they serve as a monitoring tool for interna-
tional benchmarking and for designing public policies (Firoiu
et al. 2023) aligned with the specific and local needs of each
country.

The global Sustainable Development Goals Index Score (SDG_
IS), developed in 2016, is a composite metric that allows each
country to assess its performance on the 17 SDGs on a 0-100
scale, and it is an accepted metric to measure sustainability per-
formance (Massuga et al. 2023). Considering this, the SDG_IS
has been used as a dependent variable in several studies that
aimed to evaluate different factors, such as governance (Mas-
suga et al. 2023), financial inclusion (Elkhaldi and Mongi 2025),
Environmental, Social, and Governance (ESG) practices (Rana
et al. 2024), and regional disparities (Kanojia et al. 2025), among
others, in sustainable development.

In this regard, and based on the reviewed literature, we consider
the SDG_IS as the dependent variable.

Despite this growing body of evidence, there is no unified theo-
retical convergence in the literature on what drives SDG perfor-
mance, particularly in contexts characterized by structural het-
erogeneity. In this regard, this study aims to address this gap
by drawing on three complementary theoretical frameworks that
jointly motivate the variable selection, the comparative design,
and the interpretation of the results. The first is the Environ-
mental Kuznets Curve (EKC) hypothesis, which posits that the
relationship between economic growth and environmental qual-
ity follows an inverted-U shape: as income rises, environmen-
tal degradation initially worsens before improving once a suffi-
cient income threshold is crossed (Grossman and Krueger 1995;
Kuznets 1955). Adapted to the SDG context, this hypothesis pre-
dicts that the contribution of economic growth to sustainability
outcomes diminishes, and may even reverse, as countries reach
higher development stages (Groner and Moradi 2024; Wang and
Chen 2024). The second is modernization theory, which predicts
that as societies develop economically, improvements in gover-
nance quality, institutional transparency, and distributional jus-
tice progressively displace material wealth as the primary engines
of social progress (Inglehart and Welzel 2005). In the SDG con-
text, this theory suggests that institutional variables, such as con-
trol of corruption, should be strong predictors of SDG perfor-
mance in more advanced economies, whereas economic growth
should be more decisive in earlier stages of development. Thus,
this prediction not only aligns with but also complements the
EKC hypothesis, and together they form the core theoretical
expectation of the present study: that the determinants of SDG
performance are stage-dependent. The third is the smart special-
ization framework, which is embedded in EU Cohesion Policy,
and argues that effective development strategies must be built
around each country’s or region’s specific structural character-
istics and existing competitive advantages, rather than applying
uniform “one-size-fits-all” solutions across heterogeneous con-
texts (McCann and Ortega-Argilés 2015). Taken together, these
three frameworks are not parallel lenses but mutually reinforc-
ing elements of a single line of argument. While the EKC and
modernization theory jointly predict that the determinants of
sustainability are stage-dependent, smart specialization provides
the normative foundation for translating that prediction into dif-
ferentiated, context-sensitive policy design. In this regard, our

empirical analysis is structured to evaluate the first prediction
and inform the second.

Several independent variables have been considered in studies
devoted to understanding the drivers of sustainable development,
underscoring that sustainable development is inherently multi-
dimensional and cannot be adequately described or evaluated
solely by economic indicators. Considering the three theoreti-
cal frameworks outlined above, the literature review focuses on
the empirical evidence for each key determinant of SDG per-
formance. Gross Domestic Product per capita (GDPpc) is one
of the most commonly used indicators to evaluate not only a
country’s economic prosperity but also its ability to invest in sus-
tainable development (Homer 2025). A higher GDPpc is often
correlated with better infrastructure, healthcare, and education
systems, which are crucial for achieving the SDGs. Although in
some studies the GDPpc reveals a positive association with nearly
70% of SDG indicators (Ament et al. 2020), in others a nega-
tive bidirectional relationship has been found between GDPpc
growth and SDG scores, indicating that while GDPpc growth can
improve certain sustainability indicators, it can also lead to dete-
riorations in others, such as environmental quality (Groner and
Moradi 2024).

To explore the impact of various social and economic factors
on sustainable development in the European Union (EU), Tu
et al. (2023) considered seven independent variables and con-
cluded that GDPpc inhibits the sustainability transition, while
median income per capita has a statistically significant posi-
tive impact on SDG_IS. Conversely, corruption was found to
have no statistically significant impact. These mixed evidences
highlight that the GDPpc has limitations in fully capturing
well-being and development, the limitations associated with
factors such as income inequality, economic freedom, and the
size of the shadow economy, as they can cause discrepancies
between GDPpc and other development indicators (Dédecek and
Dudzich 2022a, 2022b) which contribute to the identified com-
plex relationship with sustainable development which some-
times inhibits the sustainability transition due to environmental
impacts (Tu et al. 2023; Wang and Chen 2024), aligned with the
EKC hypothesis.

Another determinant of sustainable development is income
inequality, which the literature widely recognizes as a barrier to
achieving it (Mai et al. 2025) and as shaping outcomes across
multiple SDGs, as several studies reveal. For example, Hou
et al. (2024) highlight that reducing inequality can raise car-
bon emissions, making it difficult to pursue SDG 10 (Reduced
Inequalities) and SDG 13 (Climate Action) simultaneously, sug-
gesting a trade-off. Hussain et al. (2023), in a study covering 20
African and Asian countries, found that unequal access to the
sharing economy reduces its ability to drive inclusive growth,
constraining progress on SDG 8 (Decent Work and Economic
Growth), SDG 9 (Industry, Innovation and Infrastructure), and
SDG 10. The Gini coefficient measures income inequality within
a country and is widely used to assess the effects of fiscal poli-
cies and governance on income redistribution. In relation to
sustainable development, Mai et al. (2025) examined G7 coun-
tries (1995-2022) and found income inequality to be statisti-
cally non-significant but negatively associated with sustainable
development, while unemployment showed a strong positive

Sustainable Development, 2026

85Us017 SUOWWOD BAIERID 3(dedlidde ay) Aq peusenob afe sajoie YO ‘8sn JOss|n. 1o} Afelq18Ul|UO /8|1 UO (SUONIPUO-PUE-SWBIA00" A3 1M ALeIq | Ul |Uo//ScY) SUONIPUOD PUe SWLB | 8L 88S *[9202/90/20] Uo Areiqiauliuo A8|im ‘8iBeferod q 10d uonminsu| - episli|y seUo4 eiod Aq 922T. PS/200T 0T/10p/wod A8 | im Areq jpul|uo//sdny wouy pspeojumod ‘0 ‘6T.T660T



relationship with the SDG_IS, reflecting labor market adjust-
ments during the transition to greener sectors. In contrast, Chen
et al. (2021) concluded that high inequality hinders sustainable
development by restricting access to resources and opportunities.
Therefore, reducing inequality is crucial for promoting inclusive
growth and social cohesion, which are key objectives of the SDGs.
From a modernization theory perspective, inequality not only
reflects the stage of development but also limits states’ ability to
effectively design and implement policies that support the SDG
attainment. In less institutionally developed contexts, weak gov-
ernance, limited fiscal capacity, and underdeveloped redistribu-
tive systems amplify the negative effects of inequality, reducing
policy effectiveness and strengthening structural barriers to sus-
tainable development (Farag 2025). Therefore, the relationship
between inequality and the achievement of the SDGs depends
on institutional quality, with stronger negative effects observed
where institutions fail to mitigate unequal access to resources and
opportunities (Khan et al. 2026).

To comprehensively address sustainable development chal-
lenges, it is also essential to understand the relationship between
corruption and the different SDGs. Corruption is broadly defined
as the misuse of public power for private gain, thereby under-
mining institutional trust and reducing the efficiency of public
spending (Ortega et al. 2016), and thus plays a relevant role in
addressing governance and development challenges (Mombeuil
and Diunugala 2021). Similar to the impacts of inequality, the
impacts of corruption vary across countries and sectors of society
and differ by SDG.

Leung et al. (2025) showed that corruption increases economic
inequality and worsens public health outcomes. Similarly, sev-
eral studies (Budanov et al. 2025; Hope 2020; Hope Sr. 2022;
Qazi 2025; Yang et al. 2025) indicate that high corruption levels
hinder progress toward SDGs such as SDG 3 (Good Health and
Well-being), SDG 2 (Zero Hunger), and SDG 16 (Peace, Justice
and Strong Institutions), whereas lower corruption improves per-
formance in SDG 11 (Sustainable Cities and Communities), SDG
2, and SDG 1 (No Poverty). However, evidence is mixed. Fhima
etal. (2023) found that corruption consistently harms sustainable
development in developed countries but has regime-dependent
effects in developing economies, where weak governance may
allow highly corrupt countries to achieve higher sustainability
levels. In contrast, Tu et al. (2023) reported no significant rela-
tionship between the Corruption Perceptions Index (CPI) and
sustainability. Thus, this mixed evidence suggests that the rela-
tionship between institutional quality and SDG performance is
context- and stage-dependent, which aligns with the predictions
of modernization theory.

Good health and quality education are central pillars of the
SDGs, with education playing a key role in promoting sustainable
development by strengthening human capital, economic growth,
employability, income, and health outcomes (Erjavec 2020;
Hui 2022; Vargas-Merino et al. 2024). Tutar et al. (2026) found
that mean years of schooling and life expectancy at birth explain
97.8% of the Human Development Index, highlighting the impor-
tance of education and healthcare for human development.
Life expectancy, often linked to improved healthcare, nutri-
tion, and living standards, is also positively associated with sus-
tainable development. Similarly, Tu et al. (2023) showed that

life expectancy has a statistically significant positive effect on
sustainable development performance in the EU. In line with
modernization theory, human capital accumulation, captured
in this study through average years of schooling (AYS) and life
expectancy at birth (LExpBrth), is expected to be a more decisive
driver of SDG performance in countries at earlier stages of devel-
opment, where the marginal returns to investments in education
and health are higher. Yet the evidence on the relative importance
of education and health for SDG performance remains inconclu-
sive, particularly in advanced economies where these dimensions
may already be near saturation levels. This limitation is one that
the present study, by applying two complementary approaches, is
well positioned to evaluate.

Although innovation is a key driver of economic growth and sus-
tainable development (Dhar et al. 2023; Omri 2020), its effec-
tiveness depends on institutional and structural contexts, as
Schultz et al. (2024) demonstrate by analyzing patents as incen-
tives for green technology, concluding that they effectively pro-
mote innovation in the Global North due to strong markets
and institutions, but are less effective in the Global South,
where weak enforcement and limited research and development
(R&D) capacity restrict innovation. Innovation has often been
positively linked to sustainability, enhancing operational effi-
ciency and long-term competitiveness while minimizing envi-
ronmental impact (Sempere-Ripoll et al. 2020) by facilitating
resource efficiency, reducing waste, and supporting closed-loop
systems.

Considering the EU member states, Szant6 and Neumanné
Virag (2025) found a strong relationship between innovation
capacity and achievements regarding the SDGs in economically
developed countries, but no similar relationship was found in
less developed economies, highlighting a division between West-
ern and Northern member states and Southern and Eastern
member states. This pattern aligns with the broader argument
that innovation-led development strategies are most effective
where the institutional and market conditions needed to sup-
port them are already in place (Schultz et al. 2024). The Global
Innovation Index (GII) was used in several studies [see, for
example, Huarng and Yu 2022, Yu, Huarng, and Huang 2021;
Yu, Huarng, and Lai 2021, and Yu and Huarng 2024] to repre-
sent national innovation capabilities, making the GII an impor-
tant reference for governments in designing policy. Notably, Yu
and Huarng (2024) applied fuzzy-set qualitative comparative
analysis (fSQCA) to analyze SDG achievements across coun-
tries and identified multiple relationships between the GII and
SDG achievements that vary across economic contexts, high-
lighting the need for further research, including the config-
urational and comparative approach adopted in the present
study.

The literature review shows that studies use diverse variables
and, even when common variables are analyzed, findings remain
inconclusive. It also highlights a lack of integrated comparative
research on the EU-27, particularly between Cohesion (less devel-
oped) and Non-Cohesion (more developed) countries. Despite
the EU’s strong commitment to the 2030 Agenda, significant dis-
parities persist, driven by historical, socioeconomic, and insti-
tutional differences, as well as by the effectiveness of Cohesion
Policy and regional governance (Garashchuk et al. 2023; Pirvu
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et al. 2019). This highlights the need for a deeper understanding
of the variables that drive higher values of the SDG_IS to design
better targeted interventions that can reduce regional inequalities
and promote convergence toward sustainability across the EU.

Methodologically, most studies rely on linear models, while fuzzy
approaches remain underexplored, limiting the analysis of non-
linear sustainability patterns.

Thus, the literature review reveals three interconnected gaps
that this study seeks to address. First, thematically, although
individual determinants of SDG performance have been exten-
sively studied, the evidence remains inconclusive and frag-
mented, and no study has jointly examined the full set of
economic, institutional, human capital, and innovation deter-
minants within the EU-27 while grounding the analysis in an
explicit multi-framework theoretical structure. Second, compar-
atively, the Cohesion/Non-Cohesion division within the EU has
not been used as a lens to understand how countries’ stages of
development impact the relationship between the different deter-
minants and SDG performance. Third, methodologically, most
existing studies rely on linear regression models, while nonlinear
approaches remain substantially underexplored.

Therefore, this study seeks to fill these gaps and, in doing so,
advances a central theoretical claim: that the determinants of
sustainable development are not universal but systematically
stage-dependent, shifting from material and economic drivers
in less developed contexts toward institutional quality and dis-
tributive justice in more advanced ones. This claim, grounded
in the joint predictions of the EKC hypothesis and moderniza-
tion theory, has direct implications for how SDG policy should be
designed across heterogeneous country contexts and challenges
the implicit assumption of universality that underlies much of the
existing SDG literature as well as the current architecture of EU
Cohesion Policy. To substantiate this claim, the study makes three
interrelated contributions. First, it provides an integrated panel
data analysis of SDG determinants (income, inequality, institu-
tions, human capital, and innovation) across the EU-27, explicitly
comparing Cohesion and Non-Cohesion countries and thereby
testing the stage-dependent predictions of the EKC hypothesis
and modernization theory. Second, it adopts a methodological
approach that combines panel data regression with fSQCA, lever-
aging the complementary strengths of both methods to cap-
ture not only average effects but also causal configurations.
Third, it offers evidence-based recommendations to inform the
redesign of EU Cohesion Policy, focusing on differentiated,
context-sensitive interventions grounded in smart specialization
principles.

In light of the above, this study addresses mainly two interre-
lated research questions: (i) Do the determinants of SDG_IS
attainment differ systematically between Cohesion and
Non-Cohesion countries in the EU? and (ii) Beyond average
and linear relationships, which configurations of causal condi-
tions are associated with high SDG_IS performance within each
group?

The remainder of the manuscript is structured as follows:
Section 2 presents the data and methodology. Section 3 reports
and discusses the empirical findings. Section 4 concludes.

2 | Dataand Methods
21 | Data

In line with its main objective, which was to analyze the deter-
minants of sustainable development in EU countries, this study
compared complex causal configurations (using fsQCA) with
the individual effects of each variable (using panel data mod-
els) across the EU-27. The selection of the EU-27 member states
was mainly motivated by three considerations: (i) the EU rep-
resents a uniquely integrated political and economic space with
a shared institutional framework and a formal collective com-
mitment to the 2030 Agenda, making cross-country comparisons
methodologically coherent; (ii) despite this shared framework,
EU member states exhibit relevant structural heterogeneity, for
example, in income levels, institutional quality, and development
trajectories, generating meaningful variation in the explanatory
variables; and (iii) EU Cohesion Policy provides a natural and
policy-relevant criterion for grouping countries at different stages
of development, allowing the analysis to move beyond simple
income-based classifications. Given the EU’s commitment to
reducing regional disparities and promoting inclusive growth
(Casas et al. 2025), examining how different development lev-
els and EU support influence SDG achievement is crucial for
designing targeted policies. Accordingly, countries are classified
as Cohesion or Non-Cohesion based on the list of member states
eligible for support from the Cohesion Fund set out in Annex IV
to Commission Implementing Decision (EU) 2021/1130 for the
2021-2027 programming period (European Commission 2021)
(see Table 1). Since this eligibility is based on GNI per capita
thresholds (EU member states with a GNI per capita below 90%
of the EU-27 average are eligible for Cohesion Fund support),
the classification reflects structural disparities in economic devel-
opment across member states and offers a meaningful basis for
comparative analysis.

To conduct the analyses, one dependent variable and six explana-
tory variables were used, as described in Table A1. The dependent
variable was SDG_IS, expressed on a 0—100 scale, where 100 rep-
resents optimal performance across all 17 SDGs. It is calculated
annually as a weighted composite of SDG-specific indicators,
following the methodology of Sachs et al. (2025). The SDG_IS
was used as the explained variable since it encompasses mul-
tiple dimensions of sustainable development (Barbera-Mariné
et al. 2024) and is widely recognized as a comprehensive met-
ric for assessing countries’ convergence with the United Nations
(UN) goals (Diaz-Sarachaga et al. 2018; Jabbari et al. 2020). The

TABLE1 | Cohesion and non-cohesion countries in the EU
(2021-2027).

Cohesion
countries

Bulgaria; Croatia; Cyprus; Czechia; Estonia;
Greece; Hungary; Latvia; Lithuania; Malta;
Poland; Portugal; Romania; Slovakia; Slovenia.
Non-cohesion Austria; Belgium; Denmark; Finland; France;

countries Germany; Ireland; Italy; Luxembourg;
Netherlands; Spain; Sweden.

Note: Countries are classified according to eligibility for the Cohesion Fund
according to European Commission (2021).
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explanatory variables that correlate with the different dimen-
sions of sustainable development are: (i) the natural logarithm
of the GDPpc [log(GDPpc)]! theory suggests that the effects
of GDPpc on various outcomes are multiplicative rather than
additive. This variable is expressed in current international dol-
lars converted using purchasing power parities (PPPs) to ensure
cross-country comparability. A 1% increase in GDPpc corre-
sponds to an increase of approximately 0.01 in log(GDPpc); (ii)
the Gini index (Gini_ce), expressed as a percentage ranging from
0 (perfect equality) to 100 (maximum inequality), is calculated by
measuring the area between the Lorenz curve and the line of per-
fect equality and is widely used to assess the distributional effects
of fiscal and economic policies. Higher values indicate greater
income dispersion within a country; (iii) the CPI is published
annually by Transparency International and is scored on a scale
from 0 (highest perceived corruption) to 100 (lowest perceived
corruption). The CPI is calculated using 13 different data sources
from 12 different institutions that capture perceptions of corrup-
tion. Higher values thus reflect greater institutional transparency
and lower corruption; (iv) life expectancy at birth (LExpBrth) is
measured in years and represents the average number of years
a newborn is expected to live under current age-specific mor-
tality conditions. It serves as a proxy for the overall quality of
healthcare systems, nutrition, and living standards; (v) the GII,
scored on a scale from 0 to 100. The GII was created in 2007
by Prof. Soumitra Dutta (then at INSEAD), but since 2011, it
has been developed in partnership with the World Intellectual
Property Organization (WIPO). In 2021, WIPO became the sole
publisher of the GII, in partnership with the Portulans Institute,
headed by Prof. Dutta. It is calculated as the simple average of two
equally weighted sub-indices: the Innovation Input Sub-Index,
which covers five pillars representing the economic factors that
foster and enable innovative activities; and the Innovation Out-
put Sub-Index, which covers two pillars. Higher values reflect a
more developed and productive national innovation ecosystem;
and (vi) average years of schooling (AYS), measuring the mean
number of years of formal education completed by the adult pop-
ulation (aged 25 and over). It reflects the educational attainment
of the population, given that education is a cornerstone of sus-
tainable development (Vargas-Merino et al. 2024).

These variables were selected to represent the key dimensions
identified in the literature as determinants of sustainable devel-
opment. Moreover, they allow the operationalization of the key
theoretical predictions of the three frameworks outlined in the
Introduction: (i) log(GDPpc) for the stage-dependent predictions
of the EKC hypothesis; (ii) Gini_ce and CPI for the modernization
theory expectation that distributive justice and institutional qual-
ity become dominant drivers in more advanced economies; and
(iii) AYS, LExpBrth, and GII for capturing the human capital and
innovation dimensions that the smart specialization framework
identifies as structural foundations of context-sensitive develop-
ment strategies.

Data for the EU-27 countries were collected from reliable and
publicly accessible international sources (see Table Al). The
selection of the sources identified on Table Al was guided
by three criteria: international recognition and methodological
transparency, cross-country comparability, and temporal cover-
age spanning the full 2012-2023 period. The dataset had annual

frequency and covered the period 2012-2023, based on data avail-
ability for CPI and Gini_ce, forming a balanced panel of 324
observations (27 countries x 12years). Furthermore, 2012 rep-
resents an early baseline year prior to the adoption of the 2030
Agenda in 2015, allowing the analysis to capture both pre- and
post-Agenda trends in SDG performance. The end year, 2023,
corresponds to the most recent year for which complete data
were available across all variables and countries. This period
included major global and EU events, such as the adoption of
the 2030 Agenda in 2015, the COVID-19 pandemic, and key pol-
icy changes, including reforms to the Common Agricultural Pol-
icy and the launch of the European Green Deal in 2019. These
developments significantly influenced socioeconomic and envi-
ronmental indicators, making this timeframe particularly rele-
vant for analyzing EU progress toward the SDGs. The panel is
balanced, meaning that all EU-27 countries have complete obser-
vations for all variables across the 12-year period. Country-year
observations with missing values would have been excluded dur-
ing data preparation, although no exclusions were required given
the completeness of the selected sources.

2.2 | Methods

To evaluate the determinants of sustainable development (mea-
sured by the SDG_IS) in the EU, panel-data regression mod-
els and fsQCA were employed, leveraging the complementary
strengths of both approaches. Their combination follows an
established mixed-methods logic in comparative social science
(Meuer et al. 2017), the two methods address analytically distinct
yet mutually informative research questions. Panel data regres-
sion models answer the question of which variables are statisti-
cally associated with SDG performance and the average magni-
tude of those associations by estimating the net effects and statis-
tical significance of the individual determinants (Section 2.2.1).
In contrast, fSQCA answer the question of which combinations
of conditions enable countries to achieve high SDG performance
by addressing the causal complexity inherent in achieving the
SDGs (Section 2.2.2), allowing the identification of multiple, nec-
essary and sufficient configurations (equifinality) that lead to
higher SDG_IS values in the distinct realities of Cohesion and
Non-Cohesion countries. Neither method alone can capture both
dimensions simultaneously: panel models cannot detect conjunc-
tural causation or equifinality, while fSQCA does not estimate the
average effects or statistical significance of individual variables.

2.2.1 | Panel Data Regression Models

Panel data analysis combines time-series and cross-sectional
dimensions, allowing the analysis of individual heterogene-
ity and the simultaneous capture of temporal dynamics (Bal-
tagi 2005; Wooldridge 2010). It was therefore a well-suited
approach to analyze the determinants of sustainable develop-
ment across EU countries, as it allows for the control of unob-
served individual effects that may be correlated with the regres-
sors. As highlighted by Hsiao (2022), this is a key advantage of
panel data models, reducing omitted variable bias and potentially
improving estimator efficiency.

Before specifying the models, potential multicollinearity among
the regressors was assessed, and stationarity was verified to avoid
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spurious regressions, as detailed in the subsection on preliminary
results.

The base specification for the panel data models was the
following:

SDG.IS;, = a + p,log (GDPpc;,) + B,Gini_ce;, + psCPI,,
+ B, LEXpBrith;, + PsGII; , + BAYS; , +u;, (1)

where SDG_IS, , is the explained variable for country i at time ¢,
log (GDPpc; ) is the natural logarithm of GDPpc, Gini_ce;, is the
Gini index, CPI, , is the Corruption Perceptions Index, LExpBrth, ,
is the life expactancy at birth, GII;, is Global Innovation Index,
AYS;, is the average years of schooling, a represented the con-
stant term, p, to f, represented the coefficients of the explana-
tory variables (to be estimated), and u;, is the composite error
term, corresponding to u;, = u; + €;,, where y; captured unob-
served time-invariant country-specific heterogeneity, and ¢, , was
the idiosyncratic error term.

Three estimators were considered and reported in a sequential
model-selection framework: Ordinary Least Squares (OLS), Fixed
Effects (FE), and Random Effects (RE). OLS was estimated first
as a baseline, as it assumes independent observations and ignores
country-specific characteristics (Wooldridge 2010), which may
lead to biased results (Baltagi 2005). Its results are nonetheless
reported with robust standard errors for comparative reference.
The FE model was then estimated, as it controls for unobserved,
time-invariant country-level heterogeneity, providing consistent
estimates when these effects are correlated with explanatory vari-
ables (Greene 2018; Wooldridge 2010). The RE model, in contrast,
assumes country-specific effects are random and uncorrelated
with regressors, allowing more efficient estimates by using both
within- and between-country variation (Wooldridge 2010). The
choice between FE and RE was guided by the Hausman (1978)
test, which evaluates whether the individual effects are correlated
with the regressors. Under the null hypothesis, both estimators
are consistent, but RE is more efficient; under the alternative,
only FE is consistent.

As reported in Table A2, the null hypothesis was not rejected
for either the Cohesion countries (y? = 1.8541, p value = 0.9326)
or the Non-Cohesion countries (y? = 4.6784, p-value =0.5857),
providing statistical support for the RE model as the preferred
specification in both subsamples. To ensure reliable results, sev-
eral diagnostic tests were performed prior to and following esti-
mation. The Breusch-Pagan test detected heteroscedasticity in
both subsamples. In addition, serial correlation was assessed
using the Breusch-Godfrey LM test for panel data (Breusch 1978;
Godfrey 1978), and the null hypothesis rejected (the results are
reported in Table A2). Because heteroscedasticity and serial cor-
relation were detected, Heteroskedasticity and Autocorrelation
Consistent (HAC) robust standard errors (Arellano 1987) were
applied to all models to ensure valid inference.

The cross-sectional dependence was formally tested using the
Pesaran (2004) CD test applied to the residuals of the FE and
RE models for both groups of countries, and the null hypothesis
of cross-sectional independence was rejected. To address this,
the models were additionally estimated using Driscoll-Kraay

standard errors, which are simultaneously robust to het-
eroscedasticity, serial correlation, and cross-sectional depen-
dence (Hoechle 2007). The results, reported in Table A3, confirm
the robustness of the main findings.

Normality of residuals was assessed using the Shapiro—Wilk test,
with the null hypothesis rejected for the Cohesion countries, but
not for the Non-Cohesion ones. Visual analysis of the residuals
(Figure A1) confirmed that the departures from normality were
not severe and did not compromise the validity of the results,
given the relatively large sample size and the use of robust stan-
dard errors.

Finally, the models were estimated for Cohesion and Non-
Cohesion countries, as this strategy was justified on both the-
oretical and empirical grounds: theoretically, because countries
at different stages of development may exhibit structurally dis-
tinct relationships between the explanatory variables and the
SDG performance; empirically, because the descriptive analysis
confirmed relevant differences in the mean levels and variabil-
ity of the key variables across the two groups (Table 2). This
approach follows a common practice in comparative regional
analysis and allows for direct identification of which determi-
nants are group-specific rather than universal.

2.2.2 | Pooled Fuzzy-Set Qualitative Comparative
Analysis (fsQCA)

Following the panel data regression analysis, fSQCA was applied
to address the inherent causal complexity of SDG_IS achieve-
ment, complementing the first approach by: (i) assessing coun-
tries’ membership in sets defined by varying degrees of SDG_IS
performance rather than treating outcomes as continuous vari-
ables; (ii) identifying sufficient and necessary configurations of
conditions that consistently lead to higher SDG_IS; and (iii)
detecting nonlinear patterns and threshold effects that linear
models may not adequately capture, particularly the synergistic
interactions among determinants.

fsQCA was employed to identify necessary and/or sufficient con-
ditions for a given outcome. This method enabled the exam-
ination of specific causal configurations and aligned with the
causes-of-effects approach, aiming to uncover the minimal con-
ditions that produce an outcome in particular cases (Wagemann
and Schneider 2010). Unlike traditional quantitative methods
that focus on cause-and-effect relationships between variables,
fsQCA emphasizes causal complexity.

According to Pappas and Woodside (2021), QCA is an innova-
tive technique that combines the strengths of qualitative and
quantitative approaches. It integrates the contextual richness
of qualitative methods with the capacity of quantitative meth-
ods to handle large datasets and generate generalizable find-
ings (C. C. Ragin 2000; C. Ragin 2008). Rather than rely-
ing on variance-based analyses and significance testing, QCA
focuses on identifying logically simplified configurations of con-
ditions that lead to a specific outcome (C. Ragin 2008). Thus,
QCA provides a more holistic and nuanced understanding of
complex phenomena and represents a paradigm shift in data
analysis.
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TABLE 2 | Main descriptive statistics.

Variable Min. Max. Median Mean  Std.dev. Skewness  Kurtosis Ccv

EU-27 countries SDG_IS 7152 8710  79.87 79.82 3.20 0.04 2.88 4.01
(n=324) log(GDP,.) 970  11.87 10.64 10.65 0.40 0.54 3.65 3.74
Gini_ce 2090  40.80  29.35 29.76 3.90 0.27 2.62 13.12
CPI 36.00 9200  60.00 63.73 14.35 0.24 1.89 22.52

LExpBrth 7120 8377  81.20 79.86 291 ~0.76 2.26 3.64
GII 3410 6480  47.88 48.49 7.57 0.22 2.06 15.61

AYS 850  14.30 12.34 12.10 111 ~0.69 3.41 9.18

15 cohesion SDG_IS 7152 8296  79.19 78.61 2.56 -0.75 2.95 3.26
countries (n=180)  jog(GDP,)  9.70 1107  10.40 10.41 0.27 ~0.06 2.64 2.59
Gini_ce 20.90  40.80 30.90 30.63 4.54 -0.16 2.29 14.81
CPI 36.00  76.00 55.00 54.23 8.02 0.31 2.83 14.79

LExpBrth 7120 8340  77.80 78.16 2.86 0.07 1.80 3.66
GII 3410 5610 4268 43.39 4.70 0.27 2.39 10.83

AYS 850  13.66 12.37 12.09 1.14 ~0.99 3.71 9.43

12 non-cohesion SDG_IS 73.76 87.10 80.73 81.32 3.29 -0.05 2.00 4.05
countries (n=144)  jog(GDP,) 1037 1187  10.87 10.94 0.33 1.06 3.75 3.01
Gini_ce 2410 3470  28.00 28.67 2.55 0.57 2.40 8.91
CPI 4200 9200  77.00 75.60 11.38 -1.01 3.64 15.05

LExpBrth 8020 8377 8190 81.98 0.81 0.07 2.16 0.99

GII 4450 64.80 56.01 54.88 5.28 -0.19 2.00 9.62

AYS 951 1430 12.32 12.11 1.08 -0.23 2.87 8.89

Note: “Min.”, “Max.”, “Std. Dev” and “CV” correspond to the minimum, maximum, standard deviation, and coefficient of variation, respectively.

In fSQCA, variables must be calibrated, as the use of raw data is
insufficient. The calibration of all conditions and outcomes fol-
lowed the guidelines proposed by C. Ragin (2008), who defines
membership scores ranging from 0 (fully out) to 1 (fully in),
with 0.5 representing the crossover point, where cases are neither
fully in nor fully out of the set. As a logistic function was used,
thresholds of 0.95 and 0.05 were adopted for full membership
and full non-membership, respectively (Wagemann and Schnei-
der 2010). The crossover threshold was 0.5. These thresholds
were set based on the empirical distribution of each variable in
each subsample (Cohesion and Non-Cohesion countries, respec-
tively), ensuring that the calibration reflected the relative posi-
tioning of cases within each country group. This percentile-based
approach grounded the calibration in the actual distribution of
the data, ensured full replicability, and avoided imposing exter-
nally defined thresholds that might not be contextually appro-
priate. To avoid excluding cases with membership scores of 0.5,
following Fiss (2011), a small constant of 0.0000001 was added
to all scores below 1. Table A4 presents the specific calibration
thresholds for each variable.

For the analysis of necessary conditions, consistency and cov-
erage were used as criteria for selecting solutions. Consistency
refers to the proportion of cases displaying the outcome of inter-
est in which a given condition is also present. It ranges from 0 to
1, and C. Ragin (2008) and Schneider and Wagemann (2012) sug-
gested 0.90 as an appropriate cutoff value. Coverage indicates the
proportion of cases that follow a particular causal path leading to
the outcome (Fiss 2011).

The analysis of sufficient conditions examined the extent to
which the outcome occurred when a specific condition or con-
figuration was present, acknowledging that the same outcome
may also arise from alternative configurations. According to C.
Ragin (2008) the recommended consistency cutoff for sufficiency
is 0.80; Schneider and Wagemann (2012) recommended that it
should not be less than 0.75, reflecting the degree to which
a given combination of conditions constitutes a subset of the
outcome set. This approach is grounded in the understanding
that causal relationships are best comprehended in set-theoretic
terms, rather than mere correlations (Fiss 2011; C. C. Ragin 2000;
C. Ragin 2008). It provides a detailed identification of the neces-
sary and sufficient conditions (Fiss 2011). An additional advan-
tage of fuzzy sets is that a specific condition or combination
of conditions may be sufficient to produce the desired outcome
(Rihoux 2006).

The combination of panel data regression models and fsQCA
follows a mixed-method analytical strategy aimed at capturing
both net effects and causal complexity in the determinants of
sustainable development. Panel data models estimate the aver-
age marginal impact of individual explanatory variables on SDG
performance across countries and time, identifying the domi-
nant statistical drivers of sustainability outcomes. However, such
variance-based approaches assume additive and linear relation-
ships between variables. In contrast, fSQCA allows the identifi-
cation of conjunctural causation and equifinality, meaning that
different combinations of conditions may lead to similar sus-
tainability outcomes. By integrating these two approaches, the
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study provides a more comprehensive understanding of SDG
attainment: panel models identify the main determinants in
average terms, while fSQCA reveals the multiple pathways
through which countries can achieve high levels of sustainable
development.

In the EU context, this complementarity is particularly relevant,
as countries may reach similar sustainability outcomes through
different combinations of economic capacity, institutional qual-
ity, social cohesion, and innovation. In this regard, the main con-
tribution of the study is not only to identify which determinants
matter on average but also to show that their relevance depends
on the stage of development and on the broader configuration in
which they operate.

3 | Results and Discussion

3.1 | Preliminary Results

From 2012 to 2023, both Cohesion and Non-Cohesion countries
showed a clear upward trend in the SDG_IS indicator, reflecting
overall social and economic progress aligned with the objectives
of the SDGs. Throughout the entire period, Non-Cohesion coun-
tries consistently presented higher SDG_IS values than Cohesion
countries, indicating a persistent development gap between the
two groups (Figure 1). Cohesion countries improved the SDG_IS
from 77.0 in 2012 to 80.8 in 2023, showing steady progress, espe-
cially between 2014 and 2020. However, a slight decline was
observed in 2021, likely linked to the social and health impacts of
the COVID-19 pandemic, followed by a recovery in subsequent
years. Non-Cohesion countries followed a similar pattern, rising
from 79.2 to 82.0 and maintaining their advantage despite the
temporary stagnation around 2020-2021.

There was a clear asymmetry in the distribution of the SDG_IS
across countries in both groups. Within the Cohesion group,
some countries presented significantly lower SDG_IS values
than the median, namely Cyprus and Bulgaria. In contrast,
within the Non-Cohesion group, the pattern was reversed, with

84
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countries such as Finland and Sweden displaying significantly
higher SDG_IS values than the median.

The main descriptive statistics for the EU-27 countries as a whole
and for the Cohesion and Non-Cohesion countries were esti-
mated in a preliminary exploratory analysis, as the distribution
of each variable provides relevant information about the main
characteristics of the data. The results, presented in Table 2
and Figure 2, revealed that the Non-Cohesion countries exhib-
ited higher mean and median SDG_IS values than the Cohesion
countries.

Although both groups of countries exhibited low coefficient
of variation (CV), indicating internal homogeneity, the max-
imum value for the Cohesion countries (82.96) was slightly
higher than the mean value for the Non-Cohesion countries
(81.32), which may signal a structural gap in achieving the
SDGs between the two regions. Concerning the explanatory vari-
ables, Non-Cohesion countries presented higher values than the
Cohesion countries, confirming their higher level of economic
development. However, the most pronounced difference between
the two groups concerned the CPI, with Non-Cohesion coun-
tries exhibiting substantially higher values (i.e., lower perceived
corruption). Additionally, Cohesion countries exhibited greater
income distribution inequality.

Regarding innovation, the higher mean GII for Non-Cohesion
countries suggested a more robust innovation ecosystem. Regard-
ing human capital, the results were mixed. While LExpBrth was
higher and highly homogeneous in Non-Cohesion countries, AYS
showed identical means across the two groups, suggesting that
convergence in years of schooling does not necessarily translate
into immediate economic or innovation impacts.

To further analyze the bivariate relationships between the vari-
ables and perform a preliminary check for multicollinearity, Pear-
son correlation coefficients were estimated (Figure A2). Glob-
ally, they aligned with theoretical expectations, identifying a
negative association between Gini_ce and the other variables.
Furthermore, the correlations among the explanatory variables

76
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
=#= Cohesion countries =#= Non-Cohesion countries
FIGURE1 | Evolution of the median of SDGs for cohesion and non-cohesion countries with 0.1 and 0.9 percentiles bars.
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FIGURE2 | Median values of the variables of the three groups of countries.

underscore the importance of assessing the Variance Inflation
Factor (VIF).

Before analyzing the estimators, the econometric assumptions
were validated, and the modeling typology was selected. To
ensure the reliability of the statistical inferences and avoid spu-
rious regressions, the stationarity of the variables was exam-
ined using a dual testing strategy. First, the standard Augmented
Dickey-Fuller (ADF) test (Dickey and Fuller 1979) was applied
to the full pooled sample, leveraging the large number of obser-
vations to maximize statistical power. Second, to account for
cross-sectional heterogeneity, the Fisher-type ADF panel unit
root test (Maddala and Wu 1999) was conducted for the global
panel and for the Cohesion and Non-Cohesion subsamples. The
results are reported in Table AS5.

While panel-data-specific stationarity tests are generally advan-
tageous for capturing individual dynamics, they are known to
suffer from low power in panels with a short time dimension (as
in our case, where T' = 12), often failing to distinguish between
unit roots and trend-stationary processes (Baltagi 2005; Harris
and Tzavalis 1999). As reported in Table A5, the null hypothesis
of the pooled ADF test was rejected for all variables at the 5% sig-
nificance level, confirming that the series were stationary in lev-
els. The Fisher-type ADF test corroborated these results for most
variables. However, for and SDG_IS (for the Non-Cohesion coun-
tries), the null hypothesis was not rejected. These divergences
were mainly due to the short time dimension, which reduces the
power of panel unit root tests to detect deterministic trends or
slow-moving processes. Given the clear rejection of the unit root
in the pooled ADF test and the theoretical support for using level
variables in static RE models for short panels (Wooldridge 2010),

the variables were treated as stationary. Multicollinearity was
then assessed using VIFs, both for the full sample and separately
for Cohesion and Non-Cohesion countries, to ensure regressor
stability across contexts.

All variables exhibited VIF values below the critical thresh-
olds suggested by Hair Jr. et al. (2019) and as discussed
by O’Brien (2007), indicating the absence of multicollinearity
(Table A5). To assess whether individual-specific errors were cor-
related with regressors and to select between FE and RE estima-
tors, the Hausman (1978) test was applied; the results did not
reject the null hypothesis, indicating statistical support for the RE
model (Table A2).

3.2 | Panel Data Regression Models

Pooled OLS, FE, and RE models were estimated for both coun-
try groups. Despite concerns regarding the adequacy of the
OLS estimator, as indicated by the Breusch-Pagan Lagrange
Multiplier test, its results were reported with robust standard
errors for comparative purposes (baseline). To mitigate bias
arising from unobserved heterogeneity, two panel-data mod-
els (FE and RE) were estimated (Table 3). As the Hausman
test did not reject the null hypothesis in either the Cohesion
or Non-Cohesion group, the RE model was considered the
most appropriate specification and was therefore selected for
interpretation.

Considering the results of the diagnostic tests performed and
presented in Table A2, the most accurate model is the RE (col-
umn (3) in Table 3). The results revealed good explanatory
power, particularly in the Cohesion countries, where the adjusted

Sustainable Development, 2026

85Us017 SUOWWOD BAIERID 3(dedlidde ay) Aq peusenob afe sajoie YO ‘8sn JOss|n. 1o} Afelq18Ul|UO /8|1 UO (SUONIPUO-PUE-SWBIA00" A3 1M ALeIq | Ul |Uo//ScY) SUONIPUOD PUe SWLB | 8L 88S *[9202/90/20] Uo Areiqiauliuo A8|im ‘8iBeferod q 10d uonminsu| - episli|y seUo4 eiod Aq 922T. PS/200T 0T/10p/wod A8 | im Areq jpul|uo//sdny wouy pspeojumod ‘0 ‘6T.T660T



TABLE 3 | Regression results for the determinants of SDG_IS: cohesion vs. non-cohesion countries.

Explained variable: SDG_IS

Cohesion countries

Non-Cohesion countries

Panel data models

Panel data models

OLS (Robust SE) FE RE OLS (Robust SE) FE RE
(D ©) 3 D ©) 3)
log(GDP,.) 2.693%%* 2.852%%% 2.856%** —7.611% 1.921 1.612
(0.668) (0.490) (0.444) (0.720) (1.292) (1.208)
Gini_ce —0.395%** —0.084** —0.090** —0.198* 0.224** 0.207**
(0.037) (0.087) (0.035) (0.105) (0.110) (0.104)
CPI 0.117% 0.054% 0.052%** 0.158%** 0.037** 0.043**
(0.023) (0.016) (0.016) (0.042) (0.016) (0.017)
LExpBrth —0.480%** 0.039 0.024 1.875%%% -0.020 0.034
(0.076) (0.045) (0.037) (0.327) (0.156) (0.148)
AYS —0.560%** 0.624°* 0.573** 1.739%#* 1.007 1.098
(0.177) (0.280) (0.231) (0.303) (0.898) (0.822)
GII —0.105*** -0.010 -0.017 —0.109* —0.069 —0.068
(0.038) (0.026) (0.026) (0.063) (0.067) (0.067)
Constant 105.170%* 40.728%%* —10.424%+ 42.198%%*
(7.384) (5.436) (25.415) (10.817)
Observations 180 180 180 144 144 144
R? 0.503 0.780 0.761 0.580 0.560 0.512
Adjusted R? 0.486 0.753 0.753 0.561 0.501 0.491
Residual std. error 1.838 (df=173) 2.179 (df=137)
F-statistic 29.166™* 94.064*** 550.8147%% 31.475% 26.716*** 143,817+
(df=6;173) (df=6; 159) (df=6;137) (df=6; 126)

Note: “FE” and “RE” represent the Fixed Effects and Random Effects models, respectively; “***”, “**” “*” denote statistical significance at the 1%, 5%, and 10% levels,
respectively; Multicollinearity was assessed using the VIF, and all variables displayed values below the critical thresholds, indicating no evidence of multicollinearity; Serial
autocorrelation was assessed using the Breusch-Godfrey LM test for panel data (Breusch 1978; Godfrey 1978), applied to the RE model selected for both subsamples. In both
groups, the null hypothesis of no serial autocorrelation was rejected; Normality was tested using the Shapiro-Wilk test (Shapiro and Wilk 1965). The null hypothesis was
not rejected for Non-Cohesion countries but was rejected for Cohesion countries. This analysis was complemented by a visual evaluation of the residuals, as presented in
Figure A1; The Breusch-Pagan test indicated the presence of heteroscedasticity in both groups, leading to the use of robust standard errors. Additionally, the
Breusch-Pagan Lagrange Multiplier test (Breusch and Pagan 1980) rejected the pooled OLS specification, indicating the presence of unobserved country-level
heterogeneity; cross-sectional dependence was detected for both groups using Pesaran’s (2004) CD test. Robustness checks using Driscoll -Kraay standard errors are

reported in Table A2.

R? reached 0.753. More importantly, the results also show
relevant differences between the determinants of sustainable
development between Cohesion and Non-Cohesion countries,
supporting the rationale for estimating separate models for the
two groups.

In terms of the economic dimension, the log(GDPpc) revealed
a positive impact in both Cohesion and Non-Cohesion coun-
tries, although the coefficient was higher for Cohesion coun-
tries. Specifically, a 1% increase in GDPpc was associated with
an average increase of 0.02856 points in SDG_IS for Cohe-
sion countries. This result aligns with the perspective of the
EKC hypothesis (Grossman and Krueger 1995) adapted to the
SDG context (Groner and Moradi 2024), and suggests that, for
Cohesion countries, economic growth was fundamental to SDGs
attainment, whereas for Non-Cohesion countries, GDPpc growth
was not a dominant factor, pointing to need for policies beyond
strictly economic measures.

Regarding inequality (measured by Gini_ce), although statis-
tically significant for both groups, its impact was stronger in
Non-Cohesion countries. However, this variable exerted distinct
effects across the two groups: negative for Cohesion countries
and positive for Non-Cohesion countries. For Cohesion coun-
tries, higher inequality was associated with lower SDG_IS values,
which is consistent with the theoretical expectation and corrob-
orates the literature identifying inequality as an obstacle to sus-
tainable development (Pickett and Wilkinson 2015; Stiglitz 2012),
as it restricts access to resources, weakens social cohesion, and
reduces the effectiveness of public policy.

The positive association between income inequality and SDG_IS
in Non-Cohesion countries appears counterintuitive and war-
rants careful interpretation. This result cannot be interpreted
as evidence that inequality is beneficial for sustainable devel-
opment in the Non-Cohesion countries. It is difficult to inter-
pret this finding unambiguously with the available data and
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estimation strategy, as it likely reflects a combination of struc-
tural, compositional, and methodological factors that cannot be
fully disentangled in the present analysis. The most theoretically
grounded interpretation is that, in advanced economies, the rela-
tionship between inequality and sustainability outcomes is medi-
ated by institutional quality. Farag (2025) argues that the link
between inequality and progress on the SDGs depends crucially
on institutional capacity. Where welfare institutions and redis-
tributive systems are well developed (as is generally the case in
Non-Cohesion countries) moderate income inequality can coex-
ist with strong SDG performance, without inequality itself being
the direct driver of that performance. In this reading, the positive
coefficient does not capture a causal effect of inequality on sus-
tainability but rather reflects the institutional capacity of these
countries to sustain high SDG performance despite (not because
of) unequal income distributions. This interpretation is consis-
tent with Fhima et al. (2023), who found regime-specific and
context-dependent effects of governance variables on sustainable
development.

A second, more speculative interpretation relates to the com-
position of inequality in advanced economies. The Gini coef-
ficient measures income dispersion but does not distinguish
between inequality driven by low-end poverty, which is more
directly damaging to sustainability outcomes, and inequal-
ity driven by high-end concentration in innovation-intensive,
high-productivity sectors. In the latter case, income dispersion
may partly reflect structural features of knowledge economies
that simultaneously generate unequal income distributions and
support high levels of institutional and technological capacity.
However, this interpretation remains speculative in the absence
of decomposed inequality data.

Finally, reverse causality cannot be ruled out, as these coun-
tries may have adopted ambitious sustainability policies (e.g.,
carbon taxes and green transitions) that may lead to a tempo-
rary increase in inequality during transitional periods, as the
costs and benefits of these transitions are unevenly distributed
across income groups, as documented by Hou et al. (2024)
for the carbon-inequality nexus. This possibility is consis-
tent with the endogeneity caveat discussed in Section 4
and further underscores the need for caution in interpreting
this result. Taken together, these considerations suggest that
the positive association between inequality and SDG_IS in
Non-Cohesion countries should not be interpreted as a robust
causal finding but as a context-specific result reflecting the com-
plex, institution-mediated relationship between distributive out-
comes and sustainability performance in advanced European
economies.

CPI exerted a positive and statistically significant effect on
SDG_IS attainment in both country groups, with a stronger
impact in Cohesion countries, highlighting the importance of
institutional transparency and quality for implementing the 2030
Agenda (Sachs et al. 2019).

The coefficients of LExpBrth and GII were not statistically sig-
nificant across the two groups, suggesting that these dimen-
sions did not yet translate into consistent gains in SDG_IS
attainment. A possible explanation relates to the relatively high
and homogeneous levels of life expectancy across EU member

states. This limited cross-country variation reduces the statistical
explanatory power of the variable in regression models, even
though health outcomes remain an important component of sus-
tainable development. The non-significance of GII contrasted
with Szant6 and Neumanné Virag (2025), who found a strong
relationship between innovation and SDGs achievements in
Western and Northern EU countries, but was consistent with
Schultz et al. (2024). The lack of statistical significance of GII may
reflect the indirect and long-term nature of innovation effects
on sustainable development outcomes. Innovation often influ-
ences sustainability through technological diffusion, productiv-
ity gains, and environmental efficiency improvements, processes
that typically unfold over longer time horizons than those cap-
tured in the present dataset.

To facilitate a visual comparison between Cohesion and
Non-Cohesion countries, Figure 3 presents the estimated coeffi-
cients and 95% confidence intervals, highlighting differences in
the drivers of sustainable development between the two groups.
The findings indicated that they exerted a positive influence on
sustainable development in both groups. However, the statistical
significance and magnitude of this relationship were more pro-
nounced in Cohesion countries, suggesting that economic growth
may no longer have directly translated into progress toward the
SDGs in Non-Cohesion countries. This pattern is more consis-
tent with diminishing marginal returns of economic growth
for SDG attainment in more advanced economies than with
direct evidence that GDP growth compromises sustainability
performance.

Overall, the panel regression results highlight the importance of
economic, institutional, and social determinants of sustainable
development in the EU. However, the results also reveal impor-
tant structural differences between Cohesion and Non-Cohesion
countries. In particular, economic growth appears to remain a key
driver of SDG performance in less developed contexts, while its
influence becomes weaker in more advanced economies. These
findings are broadly consistent with previous empirical stud-
ies suggesting that the determinants of sustainable development
evolve as countries reach higher levels of economic development,
with institutional quality and social factors becoming increas-
ingly relevant (Sachs et al. 2019; Tu et al. 2023).

3.3 | Pooled Fuzzy-Set Qualitative Comparative
Analysis (fsQCA)

While the panel data model allows estimation of the mean effect
of each explanatory variable on the dependent variable, fsSQCA
provides a deeper understanding of causal complexity. Specifi-
cally, it allowed us to analyze how different combinations of con-
ditions interacted to produce higher levels of SDG_IS attainment.
This approach addressed causal complexity by recognizing that
multiple pathways (equifinality) may lead to the same outcome,
and that conditions may have conjunctural effects rather than
operating independently. The data were calibrated according to
the procedures described in Section 2.2.2.

The first analysis performed was the assessment of the necessary
conditions, as presented in Table A6. The results revealed that
no single condition was strictly necessary to achieve high levels
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FIGURE3 | Estimated coefficients for cohesion and non-cohesion countries.

of the outcome (SDG_IS) in both Cohesion and Non-Cohesion
countries. As a robustness check, a similar analysis was per-
formed using the absence of SDG_IS as the outcome (Table A7),
since a condition may be considered necessary for both the pres-
ence and the absence of the outcome. The results of both models
were consistent.

Sufficient conditions were subsequently assessed, and the inter-
mediate solutions for both groups are presented in Table 4. In
fsQCA, directional expectations guided the intermediate solu-
tion by specifying theoretically whether a condition’s presence
or absence should contribute to the outcome (Fiss 2011; C.
Ragin 2008). In our case, the intermediate and parsimonious
solutions were identical, indicating that all identified conditions
were core conditions with strong empirical consistency and that
no peripheral conditions emerged. This suggests that the results
reflected robust empirical patterns that were not dependent on
theoretical assumptions (Schneider and Wagemann 2012).

For Cohesion countries (Panel A), economic growth, measured
by, was, as revealed by conditions C2, C4, and C5, the main
determinant of SDG_IS attainment. Notably, under conditions
C4 (counterintuitive) and C5, even in the absence of lower per-
ceived corruption or high life expectancy at birth, higher eco-
nomic growth appeared to compensate for these factors, lead-
ing to SDG_IS attainment and suggesting a compensatory effect
of material wealth in these countries. Condition C2 represented
the classic combination of wealth and human capital, confirm-
ing modernization theory, which posits that as societies develop
economically, corresponding improvements in social and politi-
cal structures, including education, occur.

Alternatively, SDGs can be achieved through social cohesion
(C1), driven by low inequality, or through investment in edu-
cation (C2 and C3), which offset weaker health outcomes in
C3. This suggests that low inequality alone can be sufficient to
achieve high SDG_IS performance and highlights its strong link
with the outcome variable. This finding aligns with Pickett and
Wilkinson (2015), who reported empirical evidence that reducing
inequality enhances social cohesion and enables more inclusive
development. Globally, the model accounted for approximately
93% of cases and achieved an overall solution consistency of
0.6758, indicating substantial explanatory power (C. Ragin 2008)
and equifinality.

For Non-Cohesion countries (Panel B), GDPpc growth lost
prominence. In these countries, SDG_IS attainment is supported
by two configurations. The first combines lower inequality with
high institutional transparency, reflecting a typical model of sus-
tainable development associated with the most advanced EU
economies and aligned with Sachs et al. (2019), who argue that,
in more developed contexts, institutional quality and distributive
justice become paramount for sustainable development.

The second configuration combines higher levels of innova-
tion alongside lower GDPpc, suggesting that SDG_IS attain-
ment is driven by high innovation capacity. This finding high-
lights the importance of innovation in post-industrial economies
(Omri 2020). Notably, the presence of a lower GDPpc in this path-
way suggests that innovation may act as a substitute for, rather
than a complement to, aggregate wealth, potentially reflecting
economies in which knowledge-intensive specialization trans-
lates technological gains into broad sustainability outcomes
across multiple SDG dimensions.
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TABLE4 | fsQCA results for the intermediate solution.

Outcome: SDG_IS

Panel A: cohesion countries

Conditions C1

C3 C4 C5

log(GDP,.) fz

AYS_fz

CPL_fz

Gini_ce_fz ®
LExpBrth_fz
GII_fz
Consistency 0.7619
0.8069

0.1115

Raw coverage
Unique coverage
Overall solution consistency

Overall solution coverage

0.7948
0.4505
0.0042

® ®

0.7855

0.4443

0.0016
0.6758
0.9298

0.8188
0.5914
0.0106

0.7334
0.5062
0.0474

Panel B: non-cohesion countries

Conditions C1

log(GDP,.) fz
AYS_{z
CPL_fz
Gini_ce_fz
LExpBrth_fz
GII_fz

Consistency

® e

0.7426
0.4798
0.1521

Raw coverage
Unique coverage
Overall solution consistency

Overall solution coverage

0.7585
0.5989
0.2712

0.7203
0.7510

Note: Cutoff sufficiency = 0.80; Solid circles (@) indicate the presence of a condition, and crossed circles (®) indicate its absence. All circles are of equal size, meaning that
all identified conditions are core conditions (the intermediate solution coincides with the parsimonious solution). Blank cells indicate “don’t care”.

Globally, the model accounted for approximately 75% of cases,
with lower overall coverage in Non-Cohesion countries, sug-
gesting greater causal heterogeneity in this group, which may
reflect greater institutional and policy diversity among wealth-
ier EU member states. The simpler solution structure in
Non-Cohesion countries, compared with Cohesion countries
(two pathways vs. five pathways), suggests that as countries
develop, pathways to sustainable development become more
constrained.

Taken together, the results obtained from the panel data mod-
els and the fSQCA analysis provide complementary and mutually
reinforcing insights into the determinants of sustainable devel-
opment in the EU. While the panel regression models iden-
tify the average net effects of individual variables, the fsQCA
results add a configurational layer to these findings and reveal
that sustainable development outcomes emerge from different
combinations of economic, institutional, and social conditions.
In other words, the same level of SDG_IS can be achieved

through qualitatively different combinations of conditions, none
of which would be detectable by examining variable effects
in isolation. Furthermore, the fSQCA results align with the
panel data model findings by showing that the variables that
yield high SDG_IS do so only when combined with specific
supporting conditions. This evidence underscores not only the
stage-dependent but also the configurational nature of sustain-
able development pathways across the EU. Moreover, these find-
ings are consistent with previous studies emphasizing the multi-
dimensional and context-dependent nature of sustainable devel-
opment. For example, Tu et al. (2023) highlight the role of gov-
ernance and social factors in shaping sustainability outcomes in
the EU, while Szanté and Neumanné Virdg (2025) show that
innovation contributes differently to SDG performance depend-
ing on countries’ development levels. Overall, the results rein-
force the idea that sustainable development pathways are het-
erogeneous and that different configurations of determinants
may lead to similar sustainability outcomes across European
countries.
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4 | Conclusion

This study examined the determinants of sustainable develop-
ment across the 27 EU countries by combining two complemen-
tary analytical approaches: panel data regression models and
fsQCA. By distinguishing between Cohesion and Non-Cohesion
countries, the study provides new insights into how structural
differences and development stages shape the drivers of progress
toward the SDGs.

The empirical results reveal that sustainable development trajec-
tories within the EU are heterogeneous and cannot be explained
by a single set of determinants. Panel data models show that eco-
nomic growth remains a statistically significant driver of SDG
performance, but its influence becomes weaker in Non-Cohesion
countries. At the same time, institutional transparency and
inequality dynamics emerge as relevant determinants in both
contexts. The fsQCA analysis complements these findings by
identifying multiple causal pathways leading to high SDG perfor-
mance. In particular, five different configurations were identified
for Cohesion countries and two for Non-Cohesion countries, con-
firming the presence of equifinality in sustainable development
processes. These results highlight that similar levels of sustain-
ability performance can be achieved through distinct combina-
tions of economic, institutional, and social conditions.

41 | Theoretical and Policy Implications

Taken together, the results suggest that the determinants of sus-
tainable development evolve as countries advance economically.
In earlier stages of development, material factors such as eco-
nomic growth and investments in human capital appear to play
a stronger role in enabling progress toward the SDGs. In more
advanced economies, however, institutional quality, social cohe-
sion, and innovation capacity appear to become increasingly rel-
evant drivers of sustainable development performance. In this
regard, the results have implications that extend beyond the EU
context, because they suggest that the pursuit of sustainable
development cannot be governed by a single set of determinants
and that policies designed around universal drivers risk being
ineffective or even counterproductive in contexts where those
drivers no longer operate as expected. Thus, our findings provide
empirical grounding for a broader theoretical argument: as coun-
tries develop, the mechanisms through which progress toward
the SDGs is achieved undergo a qualitative shift, consistent with
the joint predictions of the EKC hypothesis and modernization
theory. This shift is not merely a statistical finding but a structural
feature of the EU’s development landscape that should inform
how both scholars and policymakers conceptualize the relation-
ship between development and sustainability.

Our findings have concrete and differentiated implications for
EU policy design, highlighting that EU cohesion policy may ben-
efit from moving beyond a “one-size-fits-all” approach toward
more differentiated strategies aligned with countries’ develop-
ment stages. In Cohesion countries, where economic growth
and human capital emerge as the dominant drivers of SDG
performance, cohesion policy investments should prioritize
growth-enabling policies alongside education and skills develop-
ment. However, it is important to note that the fsSQCA results

reveal equifinality within this group, with some countries achiev-
ing high SDG performance through social cohesion pathways,
while others achieve it through growth-led pathways. This sug-
gests that redistributive instruments, particularly those targeting
inequality reduction, should remain an integral part of the pol-
icy mix rather than being treated as secondary to growth objec-
tives. For Non-Cohesion countries, the two fSQCA configurations
highlight distinct policy priorities. Countries for which combined
institutional transparency and low inequality (C1) was identified
as the relevant pathway should focus on maintaining the redis-
tributive and governance frameworks that underpin this path-
way, such as progressive fiscal systems, strong public institutions,
and anti-corruption enforcement. Countries for which the higher
SDG performance is driven by innovation should ensure that EU
research and innovation instruments (e.g., Horizon Europe) are
explicitly connected to the SDGs and evaluated against sustain-
ability outcomes rather than solely economic competitiveness
metrics.

Finally, our findings underscore the need to condition the Struc-
tural and Cohesion Fund allocations not only on income thresh-
olds but also on the empirically identified determinants of
SDG performance relevant to each country group. For orga-
nizations and sustainability managers, the core implication is
that no single sustainability strategy is universally sufficient
across the EU, meaning that approaches must be tailored to
each country’s institutional and developmental context, with
growth-aligned strategies being more relevant in Cohesion con-
texts and governance- and innovation-driven strategies being
more relevant in Non-Cohesion contexts.

4.2 | Limitations and Future Research

Despite its contributions, this study presents several limita-
tions that should be acknowledged. First, the analysis relies on
the SDG_IS as an aggregate indicator of sustainable develop-
ment. Although widely used, this index may mask important
trade-offs and synergies between specific SDGs. Second, while
each explanatory variable was selected for its theoretical ground-
ing in the EKC hypothesis, modernization theory, or the smart
specialization framework, measurement limitations should be
acknowledged: (i) CPI measures perceptions of corruption rather
than objective institutional quality, which may introduce sensi-
tivity to survey methodology and potential measurement error;
(ii) the Gini coefficient captures income dispersion but does not
distinguish between inequality driven by low-end poverty and
inequality driven by high-end concentration in productive sec-
tors. Furthermore, it does not capture wealth inequality or mul-
tidimensional deprivation, limitations that may partly explain
the counterintuitive result observed in Non-Cohesion countries;
(iii) GII is also, like SDG_IS, a composite index. In this regard,
its components may not be equally relevant across development
stages, and the scores may reflect structural features (e.g., country
size and economic specialization) beyond pure innovation capac-
ity; and (iv) LExpBrth exhibits relatively limited cross-country
variation within the EU sample, which may reduce its statisti-
cal explanatory power in regression models despite its theoret-
ical relevance as a proxy for healthcare quality and living stan-
dards. Third, while the combination of panel data models and
fsQCA enhances analytical depth, neither approach can fully
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address the issue of causal direction. Fourth, grouping countries
by Cohesion and Non-Cohesion, although policy-relevant, may
still mask important within-group heterogeneity, particularly in
the Cohesion group, which includes both Southern European
countries (Greece, Portugal) and Eastern European countries
(Poland, Czechia) with distinct development trajectories. Fifth,
the potential endogeneity arising from reverse causality between
SDG_IS and some explanatory variables, particularly GDPpc and
CPI, cannot be excluded. While the composite nature of SDG_IS
may help attenuate the risk of short-run reverse causality, future
research could employ instrumental-variables or system-GMM
approaches (noting that the latter performs best when N substan-
tially exceeds T) to provide a more direct test of causal direction.
Finally, the 12-year panel is sufficient for cross-sectional variation
analysis but constrains long-run dynamic analysis.

Future research could extend this analysis in several direc-
tions. For example, examining sustainable development drivers
at the regional level (e.g., NUTS 2 regions) could provide addi-
tional insights into intra-country disparities in SDG performance.
Moreover, further research could investigate the role of addi-
tional institutional and environmental variables in shaping sus-
tainability outcomes. Finally, disaggregating the SDG index into
specific goals could help identify potential trade-offs and syn-
ergies between economic growth, environmental sustainability,
and social development across different European contexts.
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Endnotes

1By considering, the relationships were linearized, heteroscedasticity
was reduced, the capacity to handle skewness was improved, and the
robustness and interpretability of the panel data regression models were
enhanced (Chen et al. 2025; Karacuha et al. 2020; Orekhov et al. 2020).
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Appendix A

TABLE A1 | Data description.

Variable Code

Description

Source

Sustainable
Development
Goal Index
score

SDG_IS

GDP per capita GDPpc

Gini index Gini_ce

Corruption CPI
Perceptions
Index

Life expectancy
at birth

LExpBrth

Global GII
Innovation
Index

Average years AYS
of schooling

The SDG Index provides an annual assessment of SDG progress covering
all 193 UN member states. Although every UN member state has a
country profile, only those with less than 20% missing data receive an
SDG Index score (SDG_IS) and ranking. The SDG_IS is presented on a
0-100 scale and can be interpreted as a percentage of optimal
performance on the SDGs. Therefore, the difference between 100 and a
country’s SDG_IS represents the percentage-point gap that must be
closed to achieve optimal SDG performance. Higher SDG_IS values
correspond to better SDG performance.

Gross domestic product (GDP) represents the value of goods and services
produced within an economic territory during a given accounting period.
The indicator is divided by the total population to obtain a per capita
estimate. This indicator is expressed in current international dollars,
converted using purchasing power parities (PPPs), meaning that no
adjustment is made to account for price changes over time. The PPP
conversion factor serves as a currency conversion factor and as a spatial
price deflator. PPPs convert different currencies into a common currency
and, in the process, equalize their purchasing power by eliminating
differences in price levels across countries, thereby enabling volume or
output comparisons of GDP and its expenditure components.

The Gini index (Gini_ce), created by Corrado Gini in 1912, measures
income inequality within a population. The Gini_ce and the Gini
coefficient represent the same concept, differing only in that the Gini_ce
is expressed as a percentage. Thus, the Gini_ce is equal to the Gini
coefficient multiplied by 100 and expressed in percentage. A value of
100% represents maximum inequality, in which case only one inhabitant
receives the total wage income. Whereas a value of 0% denotes total
equality in wage income distribution across all inhabitants.

The Corruption Perceptions Index (CPI) is a composite index that scores
and ranks countries/territories based on perceived levels of public sector
corruption, as assessed by experts and business executives. It is the most
widely used indicator of corruption worldwide. Scores range from 0
(highest level of perceived corruption) to 100 (lowest level of perceived
corruption).

Life expectancy at birth is the number of years a newborn is expected to
live, based on the age-specific mortality rates prevailing in the country or
region at that time. It is an important indicator of quality of life in a
region. A higher value indicates a longer life expectancy.

The Global Innovation Index (GII) is structured around two sub-indices
of equal importance that capture comprehensive innovation ecosystems:
the Innovation Inputs Sub-Index (five core pillars representing the
economic factors that foster and enable innovative activities) and the
Innovation Outputs Sub-Index (two pillars). The Outputs Sub-Index
maintains equal influence with the Inputs Sub-Index in determining the
overall GII score, meaning that innovation output elements and
indicators are weighted equally relative to innovation inputs at the
sub-index level. The overall GII score is calculated as the average of the
Inputs and Outputs Sub-Indices, from which the GII country rankings
are produced. The GII ranges from 0 to 100, with higher values
indicating greater innovation capacity.

AYS represents the average number of years that adults in a country have
spent in formal education (it does not account for education quality or
informal learning). It reflects the overall educational attainment of the

population based on completed levels of schooling. It captures the extent
of schooling adults have accumulated over their lifetimes, reflecting the

outcomes of past investments in education systems. Thus, higher values
indicate a population with stronger educational foundations.

Sustainable Development
Report—https://dashboards.sdgindex.org/explorer/
See Sachs et al. (2025)

World Bank — https://data.worldbank.org/indicator/
NY.GDP.PCAP.CD

Countryeconomy— https://countryeconomy.com/
demography/gini-index

Transparency International —https://www.
transparency.org/en/cpi/2024

Countryeconomy — https://countryeconomy.com/
demographyy/life-expectancy

Kaggle—https://www.kaggle.com/datasets/
karlakovacs/
global-innovation-index-wipo-2011-2024-data/data

Our World in Data—https://ourworldindata.org/
grapher/average-years-of-schooling
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TABLE A2 | Diagnostic tests for panel data models.

Countries Test Null hypothesis (HO) Test statistic p

Cohesion Shapiro-Wilk The data follows a normal distribution 0.9504  0.0000
Breusch-Pagan Homoscedasticity (constant error variance) 18.6466  0.0048
Breusch-Pagan Lagrange Multiplier No panel effects (pooled OLS is appropriate) 607.5952  0.0000
Breusch-Godfrey No serial correlation on the residuals 54.5284  0.0000
Pesaran CD Cross-sectional independence 4.6337  0.0000
Hausman Both estimators (FE and RE) are consistent, but RE is more efficient ~ 1.8541 0.9326

Non_Cohesion Shapiro-Wilk The data follows a normal distribution 0.9841 0.0951
Breusch-Pagan Homoscedasticity (constant error variance) 22.2760  0.0011
Breusch-Pagan Lagrange Multiplier No panel effects (pooled OLS is appropriate) 320.7245  0.0000

Breusch-Godfrey No serial correlation on the residuals 64.7995 0000

Pesaran CD Cross-sectional independence 4.1666 0.000
Hausman Both estimators (FE and RE) are consistent, but RE is more efficient 4.6784 0.5857

TABLE A3 | Robustness check: regression results with Driscoll-Kraay standard errors for cohesion and non-cohesion countries.

Explained variable: SDG_IS

Cohesion countries Non-Cohesion countries
Panel data models Panel data models
OLS (Robust SE) FE RE OLS (Robust SE) FE RE
@ )] (3) @ )] (3)
log(GDPpc) 2.693%** 2.852%** 2.856%** —7.611%%* 1.921%%* 1.612%*
(0.668) (0.250) (0.248) (0.720) (0.325) (0.566)
Gini_ce —0.395%** —0.084** —0.090%** —0.198* 0.224%** 0.207%*%*
(0.037) (0.042) (0.034) (0.105) (0.057) (0.048)
CPI 0.117%+* 0.054*** 0.052%** 0.158%** 0.037*** 0.043**
(0.023) (0.006) (0.010) (0.042) (0.013) (0.017)
LExpBrth —0.480*** 0.039 0.024 1.875%** —0.020 0.034
(0.076) (0.059) (0.056) (0.327) (0.176) (0.147)
AYS —0.560*** 0.624*** 0.573%+* 1.739%** 1.007*** 1.098**
0.177) (0.162) (0.169) (0.303) (0.354) (0.500)
GII —0.105%** —-0.010 -0.017 —0.109* —0.069** —0.068*
(0.038) (0.021) (0.017) (0.063) (0.033) (0.037)
Constant 105.170%** 40.728*** —10.424%** 42.198***
(7.384) (6.771) (25.415) (14.093)
Observations 180 180 180 144 144 144
R? 0.503 0.780 0.761 0.580 0.560 0.512
Adjusted R? 0.486 0.753 0.753 0.561 0.501 0.491
Residual Std. error 1.838 (df=173) 2.179 (df=137)
F-statistic 29.166*** (df =6; 173)  94.064*** (df=6;159) 550.814*** 31.475*** (df=6;137) 26.716*** (df=6;126) 143.817***

Note: “FE” and “RE” represent the Fixed Effects and Random Effects models, respectively; “***”, “**” and “*”, denote statistical significance at the 1%, 5%, and 10% levels,
respectively; This table replicates the structure of Table 3, reporting OLS, FE, and RE estimates with Driscoll-Kraay standard errors applied to the FE and RE models.
Driscoll-Kraay standard errors are simultaneously robust to heteroscedasticity, serial correlation, and cross-sectional dependence (Hoechle 2007) and were applied
following the detection of cross-sectional dependence in both subsamples using the Pesaran (2004) CD test. The OLS model retains the same standard errors as in Table 3,
as Driscoll-Kraay standard errors are not applicable to pooled OLS in a panel context. Point estimates are identical to those in Table 3; differences across tables reflect
changes in standard errors only.
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TABLE A4 | Calibration thresholds for fuzzy-set qualitative comparative analysis.

Cohesion countries

Non-cohesion countries

Full Crossover Full non Full Crossover Full non
Variable membership [0.95] point [0.50] membership [0.05] membership [0.95] point [0.50] membership [0.05]
SDG_IS 81.91 79.19 73.24 86.12 80.73 76.40
log(GDPpc) 10.84 10.40 9.98 11.67 10.87 10.53
Gini_ce 37.41 30.90 23.39 33.19 28.00 25.40
CPI 69.05 55.00 42.00 90.00 77.00 53.00
GII 50.93 42.68 36.30 63.10 56.01 45.93
LExpBrth 82.31 77.80 74.20 83.37 81.90 80.70
AYS 13.55 12.37 9.70 14.08 12.32 10.12

TABLE A5 | Unitroot test and variance inflation factor (VIF) analysis.

EU-27 (pooled sample)

Cohesion countries

Non-cohesion countries

ADF test Fisher-type Fisher-type Fisher-type
Variable statistic p ADF test statistic p VIF ADF test statistic p VIF ADF test statistic p VIF
SDG_IS -3.971 0.011 126.248 0.000 N/A 103.209 0.000 23.039 0.518 N/A
log(GDPpc) —5.083 0.010 2.474 1.000 2.392 1.417 1.000 1.722 1.057 1.000 1.697
Gini_ce —4.411 0.010 100.192 0.000 1.434 56.190 0.003 1.493 44.002 0.008 2.178
CPI -3.920 0.013 258.093 0.000 5.171 103.735 0.000 1.852 154.359 0.000 6.850
LExpBrth —4.004 0.010 199.817 0.000 3.086 136.835 0.000 2.492 62.982 0.000 2.115
AYS —4.723 0.010 346.106 0.000 2.096 101.525 0.000 2.145 244.581 0.000 3.192
GII -3.767 0.021 150.794 0.000 4.524 48.135 0.019 1.666 102.659 0.000 3.316

Note: N/A indicates that the value is not applicable, as SDG_IS is the dependent variable.

TABLE A6 | Analysis of necessary conditions for SDG_IS attainment.

Outcome: SDG_IS

Panel A: cohesion Countries

Variable Inclusion necessity Relevance of necessity Coverage necessity
AYS_fz 0.7386 0.8052 0.7353
log(GDPpc)_fz 0.7334 0.7843 0.7128
CPI_fz 0.7290 0.7076 0.6446
GII_fz 0.6533 0.7409 0.6349
LExpBrth_fz 0.6342 0.7269 0.6125
GINI_ce_fz 0.5068 0.6633 0.4853
Panel B: Non-cohesion Countries
Variable Inclusion necessity Relevance of necessity Coverage necessity
AYS_fz 0.7628 0.7339 0.6788
GII_fz 0.7539 0.7454 0.6844
CPL_fz 0.7138 0.8173 0.7354
log(GDPpc_fz) 0.6509 0.6856 0.5851
LExpBrth_fz 0.5482 0.6854 0.5258
GINI_ce_fz 0.5439 0.6668 0.5089

Note: Following Wagemann and Schneider (2010), a consistency threshold of 0.90 was adopted as the cutoff value for identifying a necessary condition.
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TABLE A7 | Analysis of necessary conditions for the absence of SDG_IS attainment ("SDG_IS).

Outcome: ~SDG_IS

Panel A: cohesion countries

Variable Inclusion necessity Relevance of necessity Coverage necessity
GINI_ce_fz 0.7715 0.8458 0.8151
CPI_fz 0.6545 0.7041 0.6386
GII_fz 0.6151 0.7541 0.6595
LExpBrth_fz 0.6068 0.7448 0.6466
log(GDPpc)_fz 0.5636 0.7252 0.6043
AYS_fz 0.5280 0.7226 0.5800
Panel B: non-cohesion countries
Variable Inclusion necessity Relevance of necessity Coverage necessity
GINI_ce_fz 0.6906 0.7803 0.7233
log(GDPpc)_fz 0.6840 0.7436 0.6881
LExpBrth_fz 0.6765 0.7906 0.7264
AYS_fz 0.5597 0.6669 0.5575
GIL_fz 0.5498 0.6768 0.5587
CPI_fz 0.4984 0.7357 0.5748

Note: Following Wagemann and Schneider (2010), a consistency threshold of 0.90 was adopted as the cutoff value for identifying a necessary condition; “~” denotes the

absence (negation) of the outcome.

22

Sustainable Development, 2026

85UBD17 SUOWILOD dA1ER1D 3|ceal|dde auy Ag peutenoh are sapie YO ‘8sn Jo Sa|ni J0j Aeld 1T auluQ AS]IAA UO (SUOIIPUOD-PpUE-SULLIBY WO A3 | 1M Aeiq | U1 UO//:SdNY) SUOIPUOD PUe SWJd | 8U) 89S *[9202/90/20] Uo AfeiqiauliuQ A ‘ a1Baferod 8@ 110d uonninsu| - epiell|y salo4 elod Ad 92T/ PS/Z00T 0T/10p/wod A8 M Akeiq tjpul|uo//sdiy wo.y papeojumoq ‘0 ‘6T.T660T



10991719, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/sd.71226 by Dora Fortes Almeida - Institution Poli De Portalegre , Wiley Online Library on [02/06/2026]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Histogram

Residuals (Cohesion countries)

o9 o oz

fouenbaly

T
oL

T T T T
0 00 S0 O

genpisay

T
G-

T
oe-

150

100

Residuals

Observation

QQ Plot

LY

T
oL

T T T T
0 00 S0 O

sejueny ajdwes

SILI)UNO) UOISIYO)) Y [dued

Sl

oe

Theoretical Quantiles

Histogram

Residuals (Non-Cohesion countries)

r
0%

T
o

T T T

0E 174 oL
fauenbary

T T

b z
HENpIEay

40 80 80 100 120 140

20

Residuals

Observation

QQ Plot

sapueny ajdwes

SILIJUNO) UOISAYO))-UON] :{ [dued

Theoretical Quantiles

Residual diagnostic plots.

FIGURE A1l

23

Sustainable Development, 2026



Correlation Matrix (Cohesion + Non-Cohesion countries)

~—~
)
a Avs 031 0.27 -0.35 0.37 -0.22 0.24 .
: o o
w»
= Pearson
54 LExpBrth | 0.21 -0.33 -0.22  Correlation
E l 10
: s
g w
~ G -0.38 -0.33 -0.38 -0.35 .”5
g 10
GDPpc_log |0.26 -0.36 0.27
2 I [ om0 st
: - o
3 o g & & o @
= & ° & v
& : V
Correlation Matrix (Cohesion) @» Correlation Matrix (Non-Cohesion countries)
Q
o=
g Avs 028 0.31 -0.29 0.32 -0.28 0.15 . 1-_-:
= =
= G -0.04 0.16 -0.21 . 0.15 2
g Pearson < Pearson
S LExpBith  -0.07 -0.33 0.31 -0.28  Correlation = Correlation
l 10 2 l 10
= .
o cP 016 0.32 -ooa.o:ﬁ.osz 0s o] o8
‘@ L = 00
: sl : ° :
Gini -0.36 -0.08 -0.33 -0.21 -0.29
£ [ I Q N
o GOPpc_log £0.31 .-0.36 0.32 . 0.16 0.31 g GDPpe_log
oo
I~ 4
= SDG . 0.31 . 0.16 -0.07 -0.04 0.28 G sbG
= —
= A A B
- s K =
4 <
-
FIGURE A2 | Correlation matrices.
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