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Introduction: The European Green Pact outlines various actions to promote

awareness and learning about environmental sustainability. It highlights the

European Framework of Competences for Sustainability (GreenComp), which is

to be introduced in educational programs. Thus, students develop knowledge,

skills, and attitudes that promote thinking, planning, and acting with empathy,

responsibility, and care for the planet and their own health. This framework

comprises 12 competencies located in four interrelated areas: “embodying

sustainability values,” “assuming the complexity of sustainability,” “imagining

sustainable futures,” and “acting for sustainability.” This research analyzes the

competencies that undergraduate and master’s degree students at the University

of Murcia and the University of Valencia claim to possess in the field of

sustainable development (477 participants).

Methods: The methodology employed was descriptive-comparative and

quantitative, utilizing an ad hoc questionnaire.

Results: The results show that the competencies presented by the students in

the experimental and control groups differed at the end of the four months. In

particular, the intervention showed a positive effect in the experimental group

(EG) in terms of gender and degree taken.

Discussion: These results highlight the need to incorporate ESD from the initial

training stage. The application of active techniques and the use of frameworks

such as GreenComp offer specific tools that help students develop practical

skills and a critical perspective on sustainability.

KEYWORDS

competences for sustainability, European union, higher education, sustainable
development, quality education, professional education training

1 GreenComp. The European competence
framework on sustainability

GreenComp is the reference framework for sustainability competencies in the
European context. It presents an everyday basis for learning recipients and guidance
for educational actors. It is intended for education and training programs for lifelong
learning (European Commission, 2018), different ages and academic levels, and any formal,
non-formal, or informal learning environment.
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Competencies for sustainability can help recipients become
systematic and critical thinkers, developing the capacity to act
and establishing a knowledge base for all individuals concerned
about our planet’s current and future state, as well as the
living things that inhabit it. GreenComp aims to develop the
knowledge, skills, and attitudes necessary to think, plan, and act
with empathy, responsibility, and care for our planet and the
living beings that comprise it. It is a reference model for designing
learning opportunities that develop sustainability competencies
and assessing progress in supporting education and training for
sustainability (EDS).

1.1 Problem statement

The European Commission is committed to achieving the
Sustainable Development Goals (SDGs) (UNESCO, 2021a) and
quality education (SDG 4) and therefore establishes the need
to develop a European sustainability competence framework,
the GreenComp, which responds to the European Green Pact
(European Commission, 2020a,b), recommending activating
education and training through capacity building and investment
in learning for environmental sustainability (European Biodiversity
Strategy, 2020). The European sustainability competence
framework is based on a consolidated consensus established
in the report (Bianchi et al., 2022), which was developed through
consultation with experts from various fields (Bianchi, 2020;
Churchman, 1967). Sustainable development refers to the multiple
processes and pathways used to stimulate growth or achieve
progress in a sustainable manner, such as the SDGs, which
are global goals for all countries and sectors to work together
(Molderez and Ceulemans, 2018).

The GreenComp Report defines sustainability as prioritizing
the needs of all life and the planet, ensuring that human activity
does not exceed planetary limits (Rockström et al., 2009).
GreenComp is established for various purposes, including
reviewing educational programs, designing teacher training
programs, facilitating self-reflection, policy formulation,
certification, assessment, monitoring, and evaluation (Bianchi
et al., 2022), through competence-based education for education
recipients to develop skills based on knowledge and attitudes and
to promote responsible actions (Mezirow, 1997).

2 Sustainability competences

In the early 2000’s, there is a shift in educational programs
in several European countries from a knowledge-based approach
to a competence-based approach, identifying specific sustainability
competencies in higher education for students and professionals
to be agents of change for sustainability (Wiek et al., 2011;
Brundiers et al., 2021).

GreenComp defines a sustainability competence as one that
enables people to represent sustainability values and embrace
complex systems (maintaining ecosystem health, improving justice,
and generating visions for sustainable futures) by developing
sustainability knowledge, skills, and attitudes focused on thinking,
planning, and acting in harmony with the planet. All types of

learning —formal, non-formal, and informal —are considered
appropriate for lifelong development, applicable to all areas of life,
both personal and collective.

The teaching and learning of sustainability competencies is
based on transformative education, which aims to change our
perspectives, beliefs, and behaviors through reflection (Mezirow,
1978), questioning the interpretation of our environment and our
role as students, consumers, producers, professionals, activists,
policy makers, neighbors, employees, teachers and trainers,
organizations, communities and society in general, to change the
individual and the social institution through a holistic approach.

2.1 Research gap

Therefore, the application of GreenComp to the field of initial
training of education professionals represents the originality of the
contribution of this research, since it is one of the first studies that
implements and evaluates GreenComp in university contexts with
undergraduate and master’s degree students and the relevance of
the study has been specified about previous gaps in the literature
to strengthen its academic justification (Gayá and Martínez-Agut,
2025a,b; Martínez-Agut, 2022, 2024a; Martínez-Agut and Monzó,
2023; Pedroza and Reyes, 2023).

3 Areas and competencies of the
European sustainability competence
framework

GreenComp consists of four interrelated competence
areas corresponding to the definition of sustainability and 12
“competencies” that constitute the sustainability competence.
Each competence has a descriptor that best represents its
main characteristics.

(1) Embodying sustainability values

The competence area “embodying sustainability values”
promotes reflection on personal values and worldviews, from
unsustainability, sustainability values, equity, and justice (Agyeman
et al., 2002; Dasgupta, 2021) for current and future generations,
humans being part of nature (Carolan, 2006; Jickling and Sterling,
2017; Phelan, 2004; Remington-Doucette et al., 2013; Sipos et al.,
2008; Sleurs, 2008) and thus achieving transformative learning
(Mezirow, 1978; Sala et al., 2020) that promotes the ability to
act (OECD, 2018; Veugelers, 2000). It is composed of three
competencies: 1.1. Valuing sustainability; 1.2. Supporting fairness;
and 1.3. Promoting nature.

Educators need to understand sustainability in order
to convey it to their students effectively. At the university
level, this intervention can be exemplified by a change in
pedagogical practices that promotes a comprehensive and critical
understanding of environmental and social problems, which
also entails changes in study materials (Gómez-Gómez and
García-Lázaro, 2023).

(2) Embracing complexity in sustainability
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The competence area “Embracing complexity in sustainability”
promotes training in systems and critical thinking. It encourages
to reflect on how to assess information better and deal
with unsustainability, analyze systems by identifying their
interconnections and feedback mechanisms, and contextualize
challenges (sustainability problems), from the scope of
a situation and the identification of the parties involved
(European Environment Agency, 2019; Giangrande et al.,
2019; Kearins and Springett, 2003; Wals and Benavot, 2017)
from different disciplines (Flint et al., 2000), identifying and
contextualizing actual or potential, simple or entrenched
problems (Glasser, 2018; Pearce and Ejderyan, 2020).
The following three competencies are part of this second
area: 2.1. Systems thinking; 2.2. Critical thinking; and 2.3.
Problem framing.

In this sense, transversality in university education is
fundamental, as well as understanding the systems’ internal
and external interactions to efficiently face sustainability
challenges (Pearce and Ejderyan, 2020). Moreno-Pires
and Fidélis (2012) examine, in a study, the use of
transformative learning tactics in European university
institutions and highlight that the implementation of
collaborative and participatory techniques is relevant for
fostering sustainable skills in students, facilitating a deeper
understanding of the interrelationship between ecological and
social systems.

(3) Envisioning sustainable futures

The competence domain “envisioning sustainable futures”
allows visualizing future perspectives alternatives and identifying
actions to achieve a sustainable future, being capable of
“adaptability” processes (Barth et al., 2007) and coping with
uncertainty about futures and sustainability commitments through
creative (Daskolia et al., 2012) and multidisciplinary, abandoning
certainties to focus on possibilities and changes (Bishop, 2019;
Wahl, 2016) in a complex society (Barth et al., 2007) to
which adaptive processes have to occur (Bacigalupo et al., 2016;
Giovannini et al., 2020). This third domain presents three
competencies: 3.1. Futures literacy; 3.2. Adaptability; and 3.3.
Exploratory thinking.

University education must equip students with the skills to
visualize future scenarios and design strategies to achieve them,
while managing the associated uncertainty and risk. It must
focus, in short, on cultivating the ability to envision sustainable
futures and incorporating these skills into academic programs
(UNESCO, 2017).

(4) Acting for sustainability

Acting for sustainability enhances mobilization at the
individual (European Commission, 2020a; European Commission,
2021; European Environment Agency, 2021) and collective
levels to shape sustainable futures, demanding actions from the
people responsible for making change happen and recognizing
that the transformations needed to achieve sustainability require
technological, cultural and social changes, behavioral modifications
and institutional reforms, from the local (Ardoin et al., 2020)

community, regional and global levels, through long-term
decisions (European Commission, 2020c; UNEP, 2021). This
fourth area comprises three competencies: 4.1. Political agency;
4.2. Collective action; and 4.3. Individual initiative.

To this end, it is necessary to recognize the collective action
based on communities and civil society organizations, which play a
fundamental role in achieving sustainability from the standpoint of
critical citizenship (Breiting and Mogensen, 1999). In this context,
active learning methods, which encourage students’ proactive
participation in sustainable projects, gain significant relevance.
This method not only aims to foster skills that enable students
to participate in sustainability processes but also provides a more
detailed understanding of how to operate within the political
system and how to recognize and demand effective public policies
for sustainability. In this context, students become catalysts of
transformation, able to actively contribute to improving society and
the planet (Ruiz-Bernardo and Rambla, 2024).

4 Materials and methods

This study employs a descriptive-comparative methodology
and a quantitative approach. The data were collected through an
ad hoc questionnaire addressed to undergraduate and master’s
degree students in the field of education.

4.1 Participants

The participants in this study are students with different
university degrees (Primary Education, Social Education,
Pedagogy) and Master’s Degrees in Secondary Education at
two Spanish universities (the University of Valencia and the
University of Murcia). The research was structured into an
experimental group and a control group, with an intervention.
In addition, data collection was carried out at two different times
(pretest and posttest). Table 1 presents the participants categorized
by phase and group type.

Of the 477 cases that comprise the sample, 92 are part of the
CG and 385 are part of the EG. Regarding sociodemographic data,
40.2% of the CG and 14.3% of the EG were men, representing
19.3% of the total sample. On the other hand, the most represented
age group was 18–25 years (67.4% in CG and 87.3% in SG). The
majority of the CG participants are studying for a Master’s Degree
in Secondary Education (84.8%), and the EG (51.7%) is pursuing
a Degree in Primary Education. Of the total sample, 41.7% are
studying for a degree in Primary Education, followed by a Master’s
Degree in Secondary Education (28.1%). Of the total sample, 60.6%
are in the first year (83.7% in GC and 55.1% in GE).

4.2 Research design

The method used is quantitative quasi-experimental (non-
random selection of cases). The design was observational since
there was no manipulation by the investigator of the criterion
variables; longitudinal, since it was carried out at two different times
(pre- and post-intervention); and retrospective, since the analysis
was performed after data collection.
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TABLE 1 Participants.

Groups Master’s degree in
secondary education

Degree in social
education

Degree in
pedagogy

Degree in primary
education

Experimental pre-test 32 (UV) 35 (UM) 35 (UV) 143 (UM)

Experimental post-test 24 (UV) 18 (UV)
22 (UM)

20 (UV) 56 (UM)

Control pre-test 35 (UV) 11 (UV) –

Control post-test 31 (UV)
12 (UM)

3 (UV) –

Total 134 75 69 199

4.3 Instruments

An ad hoc questionnaire was used for data collection, in which
participants were asked to assess the extent to which they possessed
certain skills related to Education for Sustainable Development (a
nominal polytomous scale and an ordinal scale were used, with
1 being the lowest value and 5 the highest). The questionnaire
was based on the GreenComp (Bianchi et al., 2022). The linkage
between the different items and the competencies and descriptors
is illustrated in Table 2. A total of 179 The questionnaire was
assessed by a group of experts in Education for Sustainable
Development. The reliability analysis of the instrument yielded a
Cronbach’s alpha of 0.875, indicating a strong correlation between
all items analyzed and suggesting perfect internal consistency of
the instrument. On the other hand, the KMO measure of 0.873
indicates ideal sampling adequacy, implying that the data are
adequate for performing an Exploratory Factor Analysis. Bartlett’s
test of sphericity (p < 0.001) confirms the presence of significant
correlations between items. The responses were collected through a
Google Form for subsequent analysis.

Kaiser-Meyer-Olkin measure of
sampling adequacy

0.873

Bartlett’s test for sphericity Approx. Chi-square 3685.984

df 253

Sig. 0.0000

4.4 Methodological limitations

This study has some methodological limitations. Firstly, the
absence of randomization of the sample. On the other hand, there
is an imbalance between groups, as the sample was obtained based
on the availability of participants. However, all of them hold degrees
related to education. Finally, the study exclusively uses self-reported
data and only quantitative data. These limitations are offset by the
sample obtained and the results achieved.

4.5 Procedure

The research was structured in three phases. In the first
phase, the pretest was administered to the participants of the

experimental and control groups. The intervention was carried
out in the experimental groups in the second phase. In the third
and final phase, the post-test questionnaire was applied, which
consisted of the same questionnaire as the pretest, to which
a question was added regarding the number of subjects taken
during the four-month period that had integrated competencies for
sustainable development. The study followed all ethical regulations,
including obtaining informed consent from all participants.
In addition, the confidentiality and anonymity of the data
collected was guaranteed.

4.6 Data analysis

The analysis of the data collected was carried out
using the SPSS v. 27.0 statistical package. A descriptive-
comparative analysis was carried out: on the one hand, we
analyzed the skills students claimed to possess concerning
sustainable development. Subsequently, we examined
whether these data varied according to sex, degree, and the
intervention received in this area. To this end, frequency
analysis was used for qualitative variables of a nominal
nature. For discrete variables, measures of central tendency
(mean, median) and dispersion (standard deviation,
minimum, maximum) were calculated to describe the
characteristics of the sample.

Cross tables and the Chi-square statistical test were used
to compare frequencies to determine whether there is an
association between the variables studied. In the comparison of
ordinal variables under study according to classification variables
(nominal), the comparison of independent groups has also been
used under the non-compliance of normality and, therefore, the
pertinent non- parametric tests for the case of comparison of two
groups: the Mann-Whitney U test and in the case of comparison
of more than two groups the Kruskal-Wallis test. The results
of these comparisons were complemented with the calculation
of the effect size to measure the magnitude of the differences
observed between groups and within each group before and after
the intervention.

5 Results

In this section, we present the descriptive and comparative
analysis results. In the questionnaire, participants were asked to
what extent they considered that they possessed the skills we
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TABLE 2 Linking items with GreenComp.

Competence areas Competences Descriptor Questionnaire item

1. Embodying sustainability
values

1.1 Valuing sustainability (1) To reflect on personal values; identify and
explain how values vary among people and over
time, while critically evaluating how they align
with sustainability values.

4. I understand the unsustainable aspects of our
society, such as climate change, poverty and
economic crisis, and how they are evolving.
I am aware of the urgent need for change
through education.

1.2 Supporting fairness (2) To support equity and justice for current and
future generations and learn from previous
generations for sustainability.

6. Values and ethics underpin my daily actions.

1.3 Promoting nature (3) To acknowledge that humans are part of
nature; and to respect the needs and rights of other
species and of nature itself in order to restore and
regenerate healthy and resilient ecosystems.

5. I am interested in my own and other
people’s emotions and feelings, and I value the
emotional connection with the natural world.
13. I am aware of the importance of my body.
Therefore, I exercise and have healthy habits.

2. Embracing complexity in
sustainability

2.1 Systems thinking (4) To approach a sustainability problem from all
sides; to consider time, space and context in order
to understand how elements interact within and
between Systems.

1. I understand the world as an interconnected
whole, I look for connections between the
social and natural environment, and I take into
account the consequences of my actions on
people and society.

2.2 Critical thinking (5) To assess information and arguments, identify
assumptions, challenge the status quo, and reflect
on how personal, social and cultural backgrounds
influence thinking and conclusions.

10. I critically evaluate the relevance and
reliability of claims, information, sources and
theories.
12. I act prudently and promptly, even
in situations of uncertainty.

2.3 Problem framing (6) To formulate current or potential challenges as
a sustainability problem in terms of difficulty,
people involved, time and geographical scope, in
order to identify suitable approaches to
anticipating and preventing problems, and to
mitigating and adapting to already existing
problems.

14. I value other cultures and races positively.

3. Envisioning sustainable
futures

3.1 Futures literacy 7) To envision alternative sustainable futures by
imagining and developing alternative scenarios
and identifying the steps needed to achieve a
preferred sustainable future.

2. I explore alternatives to improve the future
and reflect on how I should change my
behavior to achieve my wellbeing and that of
others.

3.2 Adaptability (8) To manage transitions and challenges in
complex sustainability situations and make
decisions related to the future in the face of
uncertainty, ambiguity and risk.

11. I reflect on my actions; I act with
transparency and responsibility.

3.3 Exploratory thinking (9) To adopt a relational way of thinking by
exploring and linking different disciplines, using
creativity and experimentation with novel ideas or
methods.

8. I am curious and creative. I am interested in
new challenges.

4. Acting for sustainability 4.1. Political agency (10) To navigate the political system, identify
political responsibility and accountability for
unsustainable behavior, and demand effective
policies for sustainability.

9. I am proactive, dynamic and with initiative.

4.2 Collective action (11) To act for change in collaboration with others. 7. I am flexible and I like to work
collaboratively and on interdisciplinary
projects.

4.3 Individual initiative (12) To identify own potential for sustainability
and to actively contribute to improving prospects
for the community and the planet.

3. I carry out actions that contribute to
promoting sustainable development.

were trying to analyze, taking into account that the values of the

responses ranged from 1 (the lowest value) to 5 (the highest value).

In this sense, the items about which participants were asked were

related to the four domains of the Greencomp (Bianchi et al., 2022),

organized as highlighted in Table 2.

5.1 Competence area 1: embodying
sustainability values

The first area of the Greencomp relates to sustainability values.

In this regard, the research results shown in Table 3 indicate that the
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initial means of all participant groups are high, especially in the first
three items, suggesting a similarly high level of awareness among
students in the field of education regarding sustainability issues and
the urgency of educational change. In the pre-posttest comparison,
we can observe that the EG shows a slight increase. At the same
time, the CG experiences a slight decrease, in the competencies
Valuing Sustainability and Nature Promotion. Although these
differences are subtle, they suggest that the intervention may
have helped the EG maintain or improve their awareness of
sustainability.

In contrast, the CG, without intervention, shows a slight
decrease in their assessment. Regarding the endorsement of
equanimity (item 6), the pretest results showed that the EG started
with a slightly higher mean than the CG, indicating a somewhat
greater initial predisposition toward endorsing values and ethics
in daily actions in the EG. In the posttest, both groups showed an
increase, with the EG maintaining a slight advantage over the CG.
This suggests that the intervention may have influenced the EG to
strengthen the integration of values and ethics in daily actions.

Regarding the significance of the differences analyzed, although
in most items there is no statistically significant difference between
the CG and the CG, as shown in Table 3, the mean is slightly
higher in the case of CG, except for item 5 of the Promoting
nature competence. In this case, the intervention had a positive
effect on the GE, achieving a greater emotional connection with the
natural environment and one’s own and others’ feelings, compared
to the CG.

A comparison by sex shows differences between men and
women, as shown in Table 4. In the competence of Valuing
sustainability (item 4), although both men and women demonstrate
a high awareness of the problems of unsustainability and the need
for change through education, women show a slightly higher mean
than men, with a lower standard deviation, suggesting a more
homogeneous and higher perception among them. This situation
is also observed in the Competence Supporting fairness, as regards
item 6, although the difference is less pronounced than in the
previous item. Also, in the competence Promoting Nature (item
5), although both genders show a high interest in emotional
connection with nature and feelings, women present a notably
higher mean and a lower standard deviation, again suggesting a
more homogeneous and higher valuation. This item shows the most
significant difference between genders of all the items analyzed. On
the other hand, item 13 presents the lowest scores and the most
significant variability in both genders. The difference between men
and women is minimal, with a slight advantage for women.

As reflected in the analysis of the level of significance shown in
Table 4, there are statistically significant differences between men
and women in the Valuing sustainability (item 4). In contrast, the
differences are not crucial concerning Supporting fairness (item
6). In the Competence Promoting nature, there are statistically
significant differences between men and women regarding item
5, suggesting that women appear to show a significantly greater
interest in emotions and emotional connection with the natural
world. However, these differences are not significant in terms
of awareness of the importance of the body and healthy habits
(item 13). In short, the most notable differences between men and
women are found in the items related to Valuing sustainability
and emotional connection with nature, where women show
significantly higher scores. Overall, the intervention has a positive

impact on the Experimental Group (EG), particularly in terms
of sustainability, ethics, connection to nature, and self-care.
Although the differences are insignificant, the EG showed a slight
improvement compared to the control group (CG) in the posttest,
indicating that the intervention strengthened these values and
attitudes.

Regarding the other variable being compared, the participants’
degree program, there are also differences, as shown in Table 5,
assuming that the intervention was identical across all degree
programs and groups involved. Social Education students
consistently show the highest scores on most items, suggesting a
greater sensitivity to issues of sustainability, ethics, and emotional
connection. Pedagogy students tend to show the lowest scores
on most items, which could indicate a need to strengthen these
aspects in their training. Valuing sustainability is high in all groups,
reflecting a generalized awareness of social and environmental
issues in future education professionals.

More specifically, for the competence Valuing Sustainability
(item 4), it is observed that Social Education students have the
highest mean (4.48), followed closely by those of the Master’s
Degree in Secondary Education (4.43) and Primary Education
(4.42). Pedagogy students have the lowest mean (4.32), although it
is still high. The standard deviations are relatively low, suggesting
a consistency in the responses within each group. Thus, all groups
show a high appreciation of sustainability, with Social Education
students leading slightly. In contrast, future pedagogues have a
somewhat lower awareness of this aspect. The results are similar
to those of Competence Supporting Fairness (item 6).

Additionally, the Social Education students stand out with the
highest mean (4.44) and the only median of 5. The Pedagogy
students also show the lowest mean (3.91), although there is more
variability among them (SD = 0.98). Thus, there is a notable
difference in how the different groups perceive the influence
of values and ethics in their daily actions, such that Social
Education students seem to have a more substantial commitment
to these principles. In contrast, Pedagogy students show a less
pronounced adherence.

Regarding the competence of promoting nature, the students
of Social Education lead with the highest mean (4.59), while those
of Pedagogy point to a lower mean (4.17) and higher variability
(SD 296 = 1.01) as regards item 5. Regarding its other item,
item 13, it generally shows the lowest scores across all groups.
Primary Education students have the highest mean (3.88), while
Pedagogy students have the lowest (3.55). Therefore, there is a
strong valuation of the emotional connection with nature in all
groups, being more pronounced in Social Education and less in
Pedagogy. In addition, awareness of the importance of the body
and healthy habits is the least developed aspect in all groups, with
considerable variability in the responses.

The data on the analysis of the level of statistical significance
in the comparison based on degree are shown in Table 5. There
are no significant differences between degrees in the Valuing
of sustainability (item 4). On the other hand, differences are
substantial to the competence Supporting fairness (item 6), so that
Social Education students show the highest average rank (278.92),
while Pedagogy students show the lowest (203.63). This suggests
that Social Education students tend to base their actions more on
values and ethics, while Pedagogy students do so to a lesser extent.
Finally, for the competence Promoting nature, in item 5, although
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TABLE 4 Competence area 1. Descriptive items total sample by group.

Valuing sustainability

Man Woman Total

Media SD Median Media SD Median Media SD Median

N Average
range

Sum
ranks

Mann-
Whitney
U test

p-value d

4. I understand the unsustainable aspects of our society, such as climate change, poverty
and economic crisis, and how they are evolving. I am aware of the urgent need for change
through education.

4.25 0.83 4 4.47 0.65 5 4.42 0.70 5

M 92 211.82 19487.5 15209.5 0.03 −0.136

W 380 242.48 92140.5

Supporting fairness

6. Values and ethics underpin my daily actions. 4.10 0.84 4 4.21 0.77 4 4.19 0.78 4

M 92 223.58 20569.0 16291.0 0.275 −0.07

W 380 239.63 91059.0

Promoting nature

5. I am interested in my own and other people’s emotions and feelings, and I value the
emotional connection with the natural world.

4.20 0.90 4 4.49 0.72 5 4.43 0.77 5

M 92 203.22 18696.0 14418.0 0.333 −0.175

W 380 244.56 92932.0

13. I am aware of the importance of my body. Therefore, I exercise and have healthy
habits.

3.68 1.12 4 3.78 1.02 4 3.77 1.03 4

M 92 229.15 21082.0 16804.0 0.548 −0.04

W 380 238.28 90546.0
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TABLE 5 Competence area 1. Comparison by sex.

Valuing sustainability

4. I understand the unsustainable aspects of our society, such as climate change, poverty and economic crisis, and how they are evolving. I am aware of the urgent
need for change through education.

Degree in primary education Master’s degree in secondary
education

Degree in pedagogy Degree in social education Total

Med SD Median Av
range

Med SD Median Av
range

Med SD Median Av
range

Med SD Median Av
range

Med SD Median

4.42 0.75 5 242.38 4.43 0.68 5 239.94 4.32 0.72 4 219.57 4.48 0.62 5 246.23 4.42 0.70 5

H.K-W 2.133 p.-v 0.54 ε2 0.004

Supporting fairness

6. Values and ethics underpin my daily actions.

4.23 0.75 4 244.04 4.13 0.74 4 227.38 3.91 0.98 4 203.63 4.44 0.64 5 278.92 4.19 0.78 4

H.K-W 13.9 p.-v 0.003 ε2 0.03

Promoting nature

5. I am interested in my own and other people’s emotions and feelings, and I value the emotional connection with the natural world.

4.49 0.70 5 244.76 4.40 0.79 5 234.84 4.17 1.01 4 209.54 4.59 0.57 5 258.27 4.43 0.77 5

H.K-W 6.51 p.-v 0.09 ε2 0.01

13. I am aware of the importance of my body. Therefore, I exercise and have healthy habits.

3.88 1.03 4 254.22 3.78 1.06 4 242.39 3.55 0.88 4 204.80 3.65 1.08 4 224.03 3.77 1.03 4

H.K-W 8.13 p.-v 0.04 ε2 0.02
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it does not reach the conventional level of significance, it points to a
tendency toward differences between the degrees. Social Education
students show the highest average rank (258.27), while Pedagogy
students show the lowest (209.54). Meanwhile, in item 13, there are
significant differences between the degrees in terms of awareness
of the importance of the body and healthy habits. The students of
Primary Education show the highest average rank (254.22), while
those of Pedagogy show the lowest (204.80).

In short, students from all degree programs show similar levels
of Valuing sustainability issues and the need for change through
education. However, there is evidence of improvements, in some
cases significant, after the intervention in the EG, suggesting that
it has an impact on the values linked to sustainability. In the
comparison by sex, women, in general, seem to have a greater
awareness in this area. There are also differences in how values and
ethics underpin the daily actions of students, with Social Education
students applying them the most and Pedagogy students applying
them the least. In general, Pedagogy students tend to show the
lowest average ranks in several items, which could indicate a need
to reinforce these aspects in their training.

5.2 Competence area 2: embracing
complexity in sustainability

The second domain of the GreenCom involves Embracing
complexity of sustainability, and includes several competencies.
The pre-test and post-test data collected in this research are
presented in Table 6 and show an improvement in Systems thinking
(item 1) for both the GE and the CG, although this improvement is
greater in the case of the GE. This suggests that the intervention
had a positive effect on the development of systems thinking in the
SG. In contrast, for the Critical Thinking competence, as indicated
in item 10, both groups demonstrate an improvement in the critical
evaluation of information, with the CG showing a greater increase
(from 3.67 to 4.00) compared to the SG (from 3.46 to 3.84).
However, it is essential to note that the SG began with a lower initial
score. In item 12 the CG shows a slight decrease in score (from 4.24
to 4.09), while the SG shows a slight improvement (from 3.87 to
3.99). This could indicate that the intervention had a positive effect
on the GE in terms of acting prudently in uncertain situations. For
the Problem framing competence (item 14) both groups show a
slight decrease in the positive appraisal of other cultures and races,

more pronounced in the case of the CG. It is worth noting that
both groups started from very high initial scores, which may explain
the difficulty in further improvement.

Some of these differences are statistically significant, as shown
in Table 6. Specifically, there are substantial differences in the
Critical thinking competence, as seen in items 10 and 12, and
in the Problem framing competence (item 14). In the Critical
Thinking dimensions in both items, the control group shows
significantly higher scores than the experimental group. In Problem
Contextualization, specifically in valuing other cultures and races,
the experimental group shows significantly higher scores than the
control group.

On the other hand, in this case, there are differences based
on sex, as shown in Table 7. While in the Systemic thinking
competence, the difference between both sexes is practically

insignificant (4.03 vs. 4.05), in the Critical thinking competence,
in item 10 there is a notable difference between men and women.
Men show a higher mean score (3.87) compared to women (3.58),
which could suggest that men tend to evaluate information and
sources more critically. In contrast, on item 12, women show
a slightly higher mean score (3.99) than men (3.87), suggesting
that women tend to perceive themselves as more cautious and
timelier in uncertain situations. However, the difference is slight,
and both groups show high scores overall. In the Problem framing
competence (item 14), both groups show a high positive appraisal
of other cultures and races, with females presenting a slightly
higher mean score (4.60) than males (4.46). This suggests a
strong attitude of openness and respect for cultural diversity
in both genders, with a slightly more pronounced tendency
in females.

These data are statistically relevant for some items (items
10 and 14), as shown in Table 7. For the Critical Thinking
competence, in item 10 there is a statistically significant difference
between men and women in this aspect of critical thinking.
Males show a higher average rank (273.27) compared to females
(227.60). In the Problem framing competence, in item 14,
there is a statistically significant difference between males and
females in the positive valuation of other cultures and races.
Females show a higher average rank (241.74) compared to males
(214.87).

Regarding the comparison between degrees, differences are
observed along the same lines as in the previous area, as shown
in Table 8. In the competence of Systemic Thinking (item 1),
the students in the Master’s Degree in Teaching demonstrate a
more developed understanding of the world as an interconnected
system, whereas the students in Pedagogy appear to have a less
systemic perspective. It is interesting to note that, despite the
differences in means, all degrees have a median of 4, suggesting
that most students in all programs have a good understanding
of systems thinking. In the Critical thinking competence, in item
10, Social Education students seem to have the most developed
skills in critically evaluating information, while Pedagogy students,
again, show the lowest level in this skill. In item 12, the Degree
in Social Education also has the highest mean (4.03), and the
Degree in Primary Education shows the lowest mean (3.93). In
the Competence Problems framing (item 14), students in the
Bachelor’s Degree in Social Education have the highest mean (4.75),
while those in the Bachelor’s Degree in Pedagogy show the lowest
mean (4.36). The median is 5 for all degrees, indicating a high
valuation of cultural diversity across all degrees. The students of
Social Education stand out with the highest score, while those
of Pedagogy, although still scoring high, show the comparatively
lowest valuation.

Some of these differences are statistically significant, as shown
in Table 8, including the Systemic Thinking competence (item 1).
In the Critical Thinking competence, on the other hand, there are
significant differences in item 10, but not in item 12, related to
acting prudently in uncertain situations. All degrees exhibit similar
average ranges, indicating that this skill is developed comparably
across all programs. There are also significant differences in the
Problem framing competence (item 14).

In short, the intervention in this case has had an impact on
systems thinking and problem contextualization, but not on critical
thinking. On the other hand, gender differences are also evident.
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TABLE 6 Competence area 1. Comparison based on sex.

Systems thinking

1. I understand the world as an interconnected whole, I look for connections between the social and natural environment, and I take into account the consequences of
my actions on people and society.

GC GE Control-Experimental

Media SD Median Min Max Media SD Median Min Max p d

Pre-test 3.93 0.77 4 3 5 3.98 0.81 4 2 5
0.406 −0.052

Post-test 4.07 0.68 4 2 5 4.21 0.73 4 2 5

Critical thinking

10. I critically evaluate the relevance and reliability of claims, information, sources and theories.

Pre-test 3.67 0.94 4 2 5 3.46 0.87 3 1 5
0.016 0.153

Post-test 4.00 0.73 4 2 5 3.84 0.82 4 2 5

12. I act prudently and promptly, even in situations of uncertainty.

Pre-test 4.24 0.71 4 3 5 3.87 0.84 4 2 5
0.013 0.156

Post-test 4.09 0.69 4 3 5 3.99 0.79 4 2 5

Problem framing

14. I value other cultures and races positively.

Pre-test 4.48 0.66 5 3 5 4.61 0.63 5 2 5
0.002 −0.171

Post-test 4.35 0.67 4 3 5 4.59 0.69 5 2 5
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TABLE 7 Competence area 1. Comparisons of overall results based on degree.

Systems thinking

Man Woman Total

Media SD Median Media SD Median Media SD Median

N Average
range

Sum
ranks

U M-W p d

1. I understand the world as an interconnected whole, I look for connections between the
social and natural environment, and I take into account the consequences of my actions
on people and society.

4.03 0.76 4 4.05 0.78 4 4.05 0.78 4

Man 92 233.34 21467.5 17819.5 0.79 −0.017

Women 380 237.26 90160.5

Critical thinking

10. I critically evaluate the relevance and reliability of claims, information, sources and
theories.

3.87 0.93 4 3.58 0.85 4 3.64 0.87 4

M 92 237.27 25140.5 14097.5 0.002 0.194

W 380 227.60 86487.5

12. I act prudently and promptly, even in situations of uncertainty. 3.87 0.81 4 3.99 0.81 4 3.96 0.80 4

M 92 219.73 20215.5 15937.5 0.16 −0.088

W 380 240.56 91412.5

Problem framing

14. I value other cultures and races positively. 4.46 0.70 5 4.60 0.64 5 4.57 0.66 5

M 92 214.87 19768.0 15490 0.043 −0.114

W 380 241.74 91860.0
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TABLE 8 Competence area 1. Degree scores.

Systems thinking

1. I understand the world as an interconnected whole, I look for connections between the social and natural environment, and I take into account the consequences
of my actions on people and society.

Degree in primary education Master’s degree in secondary
education

Degree in pedagogy Degree in social education Total

Med SD Median Av
range

Med SD Median Av
range

Med SD Median Av
range

Med SD Median Av
range

Med SD Median

4.01 0.75 4 231.43 4.23 0.76 4 269.39 3.74 0.82 4 189.20 4.12 0.77 4 250.60 4.05 0.78 4

H.K-W 19.23 p.-v 0.00 ε2 0.44 H.K-W 2.133

Critical thinking

10. I critically evaluate the relevance and reliability of claims, information, sources and theories.

3.48 0.89 3 215.91 3.85 0.75 4 269.87 3.42 0.86 3 206.88 3.89 0.89 4 274.65 3.64 0.87 4

H.K-W 23.84 p.-v 0.00 ε2 0.05

Problem framing

12. I act prudently and promptly, even in situations of uncertainty.

3.93 0.83 4 233.45 3.97 0.77 4 240.14 3.99 0.85 4 242.39 4.03 0.75 4 248.58 3.96 0.80 4

H.K-W 0.0843 p.-v 0.84 ε2 0.002

14. I value other cultures and races positively.

4.61 0.62 5 246.30 4.51 0.63 5 223.63 4.36 0.84 5 211.41 4.75 0.55 5 272.47 4.57 0.66 5

H.K-W 13.408 p.-v 0.004 ε2 0.028
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In the critical evaluation of information, men show a significantly
higher tendency, which could indicate a greater willingness to
question and evaluate sources of information. Women exhibit
a substantially higher valuation of cultural diversity, although
the magnitude of the difference is small. Finally, concerning
degrees, the Master’s Degree in Teaching in Secondary Education
and the Bachelor’s Degree in Social Education tend to show
the highest average ranks on several dimensions, suggesting that
these programs may be more effectively fostering these skills and
attitudes. The Bachelor’s Degree in Pedagogy consistently shows
the lowest average ranks in the dimensions evaluated, which could
indicate, again, a need to strengthen these aspects in its curriculum.

5.3 Competence area 3: envisioning a
sustainable future

The third area proposed by the Greencomp is that of
Envisioning sustainable future, where the intervention has also had
a clear impact, as shown in Table 9. Thus, for the competence
Capacity for Futures literacy (item 2), an improvement is shown
in the pre-test to post-test comparison for the GE, whereas the
CG presents a slight decrease. Additionally, for the competence of
Adaptability (item 11), the SG experiences a slight improvement,
while the CG maintains the mean at both the pretest and posttest
levels. Although the difference is subtle, the intervention may
have had a marginal positive effect on reflection on actions and
acting with transparency and responsibility in the SG. In contrast,
both groups show improvement in the Exploratory Thinking
competence (item 8), although the SG maintains a slightly higher
score in both the pretest and posttest.

The experimental group shows a tendency to have higher scores
in all the dimensions evaluated, but not all the differences are
statistically significant (Table 9). There are significant differences
in the case of the Future Projection Ability competency, although
this difference is marginally significant (p 405 = 0.052), so no
remarkable differences can be indicated. In contrast, the differences
are not significant in the case of the Adaptability competence (item
11), where both groups show very similar and high means, and in
the Exploratory thinking competence (item 8), where both groups
show relatively high means, with the SG slightly higher. The most
notable and statistically significant difference is found, therefore, in
proactivity, dynamism, and initiative, where the SG shows a clear
advantage over the CG.

Regarding the gender variable, however, some differences are
evident, as shown in Table 10. In the Adaptability competence
(item 11), women show a slightly higher score, as well as in the
Exploratory Thinking competence (item 8), but not in the Futures
literacy competence (item 2). As shown in Table 10, no statistically
significant differences are observed between men and women in the
Future Projections Ability (item 2) and the Exploratory Thinking
competence (item 8). On the other hand, for the Adaptability
competence (item 11), there is a marginally significant difference
between men and women. Females show a slightly higher average
rank (241.48) than males (215.91). Although the p-value does
not reach the conventional level of significance (0.05), the trend
suggests that women may have a slight advantage in reflecting on
their actions and acting with transparency and responsibility. T
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TABLE 10 Competence area 2. Descriptive items total sample by group.

Futures literacy

Man Woman Total

Media SD Median Media SD Median Media SD Median

N Average
range

Sum
ranks

U M-W p d

2. I explore alternatives to improve the future and reflect on how I should change my
behavior to achieve my wellbeing and that of others.

4.11 0.84 4 4.11 0.78 4 4.10 0.79 4

Man 92 237.88 21884.50 17189.5 0.79 −0.017

Women 380 236.17 89743.50

Adaptability

11. I reflect on my actions; I act with transparency and responsibility. 4.22 0.66 4 4.35 0.65 4 4.32 0.65 4

M 92 215.91 19864.00 15586.0 0.074 −0.108

W 380 241.48 91764.00

Exploratory thinking

8. I am curious and creative. I am interested in new challenges. 4.09 0.82 4 4.13 0.84 4 4.12 0.84 4

M 92 229.85 21146.00 16868.0 0.576 −0.035

W 380 238.11 90482.00
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Differences are again evident in the comparison by degree
program, as shown in Table 11. For the competence “Ability to
Project the Future” (item 2), Primary Education students appear
to have the most significant capacity to explore future alternatives
and reflect on behavioral changes. In contrast, Pedagogy students
show the lowest capacity in this regard. In the competence
“Future literacy” (item 11), Social Education students stand out
for their capacity for reflection and acting with transparency
and responsibility. These students also show higher scores in
the competence “Exploratory Thinking” (item 8), while those
in Pedagogy show the lowest. These differences are significant
about item 2 (Future literacy) and item 11 (Adaptability), where
the difference is more marginal. In the competence “Exploratory
Thinking” (item 8), however, no statistically significant differences
are observed between the degrees regarding curiosity and creativity.
However, the Degree in Pedagogy shows the lowest average range
(206.85).

In short, across all assessed competencies, the EG shows more
pronounced improvements than the CG. The ability to project
the future and the endorsement of equanimity show a notable
improvement in the EG, while the CG shows a slight decline.
In adaptability, both groups show high scores, with a slight
improvement in the EG. Exploratory thinking, encompassing both
curiosity and creativity, as well as proactivity and dynamism, shows
improvements in both groups, with more pronounced increases in
the EG. The intervention has had a positive effect on the EG in all
assessed dimensions, especially in the ability to project the future
and exploratory thinking. Regarding the gender variable, both men
and women show high levels of ability in all assessed competencies,
suggesting a good foundation for the development of “Futures
Intelligence” and the ability to project scenarios. The ability to
project the future is equally high in both genders, indicating a
good general disposition to anticipate and plan for future scenarios.
Women tend to show slightly higher scores in adaptability and
exploratory thinking.

Nevertheless, these differences are not statistically significant.
Finally, when comparing the different degrees, students in Primary
Education and Social Education tend to show the highest average
scores in most dimensions, suggesting greater future orientation,
adaptability, and proactivity. Pedagogy students consistently show
the lowest average scores across all assessed dimensions. This
indicates a need to reinforce these skills in their degree program.
The most notable differences are observed in the ability to project
into the future, suggesting that some programs (such as Primary
Education) may be more effectively fostering this skill. Adaptability
and exploratory thinking exhibit less pronounced differences
between degrees, but these differences remain significant.

5.4 Competence area 4: acting for
sustainability

The fourth and final area analyzed within the Greencomp
framework was Acting for Sustainability. In this case, too, the
intervention was favorable. Thus, if we examine the data presented
in Table 12, we observe that, while the initial scores (pretest) are
similar to the Political agency competence (item 9), the EG shows a
slightly higher mean, indicating a somewhat greater predisposition T

A
B
LE

11
C
o
m
p
et
en

ce
ar
ea

2
.C

o
m
p
ar
is
o
n
b
y
se
x.

Fu
tu

re
s

lit
e

ra
cy

2
.I

e
xp

lo
re

al
te

rn
at

iv
e

s
to

im
p

ro
ve

th
e

fu
tu

re
an

d
re

fl
e

ct
o

n
h

o
w

Is
h

o
u

ld
ch

an
g

e
m

y
b

e
h

av
io

r
to

ac
h

ie
ve

m
y

w
e

llb
e

in
g

an
d

th
at

o
f

o
th

e
rs

.

D
e

g
re

e
in

p
ri

m
ar

y
e

d
u

ca
ti

o
n

M
as

te
r’

s
d

e
g

re
e

in
se

co
n

d
ar

y
e

d
u

ca
ti

o
n

D
e

g
re

e
in

p
e

d
ag

o
g

y
D

e
g

re
e

in
so

ci
al

e
d

u
ca

ti
o

n
To

ta
l

M
e

d
SD

M
e

d
ia

n
A

v
ra

n
g

e
M

e
d

SD
M

e
d

ia
n

A
v

ra
n

g
e

M
e

d
SD

M
e

d
ia

n
A

v
ra

n
g

e
M

e
d

SD
M

e
d

ia
n

A
v

ra
n

g
e

M
e

d
SD

M
e

d
ia

n

4.
25

0.
73

4
26

2.
10

4.
11

0.
86

4
24

2.
79

3.
62

0.
79

4
16

2.
09

4.
15

0.
69

4
24

1.
69

4.
10

0.
79

4

H
.K

-W
31

.8
3

p.
-v

0.
00

ε2
0.

06
7

A
d

ap
ta

b
ili

ty

11
.I

re
fl

e
ct

o
n

m
y

ac
ti

o
n

s;
Ia

ct
w

it
h

tr
an

sp
ar

e
n

cy
an

d
re

sp
o

n
si

b
ili

ty
.

4.
34

0.
66

4
24

2.
57

4.
31

0.
63

4
23

4.
72

4.
16

0.
72

4
21

1.
41

4.
45

0.
58

4
26

2.
57

4.
32

0.
65

4

H
.K

-W
6.

41
5

p.
-v

0.
09

ε2
0.

01
3

E
xp

lo
ra

to
ry

th
in

ki
n

g

8
.I

am
cu

ri
o

u
s

an
d

cr
e

at
iv

e
.I

am
in

te
re

st
e

d
in

n
e

w
ch

al
le

n
g

e
s.

4.
16

0.
84

4
24

5.
86

4.
14

0.
85

4
24

3.
53

3.
91

0.
89

4
20

6.
85

4.
17

0.
72

4
24

2.
27

4.
12

0.
84

4

H
.K

-W
5.

09
3

p.
-v

0.
16

5
ε2

0.
01

1

Frontiers in Education 16 frontiersin.org

https://doi.org/10.3389/feduc.2025.1608850
https://www.frontiersin.org/journals/education
https://www.frontiersin.org/


feduc-10-1608850 September 23, 2025 Time: 10:48 # 17

Martínez-Agut et al. 10.3389/feduc.2025.1608850

to be proactive and dynamic. These differences, however, widen
in the posttest, as the EG shows a more notable increase in the
mean (from 3.93 to 4.18) than the CG, which experiences only
a slight increase (from 3.74 to 3.83). The intervention has had a
positive effect on the EG, increasing the participants’ proactivity
and dynamism. Similarly, in the Collective action competence
(item 7), the pretest scores are high and similar, with the EG
slightly higher. At post-test, the EG showed a significant increase
(from 3.99 to 4.24), indicating an improvement in the willingness
to work collaboratively, while the CG showed little change. The
intervention also promoted flexibility and collaborative work more
effectively in the EG. Finally, in the Individual initiative competence
(item 3), the pre-test scores are relatively low compared to other
items, with a slight advantage for the EG over the CG. At the post-
test, the EG again showed a notable improvement, while the CG
showed only a slight increase. Therefore, the intervention has had
a positive impact on improving the EG participants’ willingness to
take actions that contribute to sustainable development. Regarding
the level of significance of these differences, as shown in Table 12,
there are significant differences in the three competencies analyzed.

Regarding the gender variable, women generally score higher,
as shown in Table 13. This is true for the Political agency
competence (4.02 versus 3.80), which suggests that women perceive
themselves as more proactive and dynamic than men, and
also for the Individual initiative competence (item 3), which
indicates that women are more inclined to take action that
promotes sustainable development (3.49 versus 3.26). In the
Collective action competence (item 7), however, the means are
almost equal, with a slight advantage for women (4.05 versus
4.02). Both scores indicate a positive attitude toward flexibility
and collaboration among both men and women, with minimal
differences. These differences are statistically significant in items
9 (Political agency) and 3 (Individual initiative), as shown in
Table 13. In the Collective action competence (item 7), however,
there is no significant difference in the perception of flexibility and
collaboration between men and women. The average scores are
very similar, suggesting that both genders value collaborative and
interdisciplinary work equally.

Similar to the previous areas, differences also arise depending
on the degree participants are pursuing, as shown in Table 14. Social
Education and Primary Education students perceive themselves
as the most proactive and dynamic, with means of 4.17 and
4.03, respectively, in terms of Political Agency Competence (item
9). In contrast, Pedagogy students have the lowest mean (3.68),
suggesting that they feel less proactive. However, all groups show
a median of 4, indicating that the general perception of proactivity
is relatively high. A similar scenario arises for the Collective
action competence (item 7), as Primary Education and Social
Education students appear to value flexibility and collaborative
work more, with a mean of 4.12. In contrast, Pedagogy students,
with the lowest mean (3.78), seem to show a lower inclination
toward collaboration. However, the median score of 4 across all
groups suggests that collaborative work is generally highly valued.
However, for the Individual initiative competence (item 3), Social
Education and Pedagogy students report a greater commitment to
sustainable actions, with means of 3.59 and 3.49, respectively.

In contrast, Primary Education students have the lowest mean
score (3.35), suggesting that they are less inclined to pursue
sustainable actions. These differences are significant for the Political T
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TABLE 13 Competence area 2. Comparisons of overall results based on degree.

Political agency

Man Woman Total

Media SD Median Media SD Median Media SD Median

N Average
range

Sum
ranks

U M-W p d

9. I am proactive, dynamic and with initiative. 3.80 0.89 4 4.02 0.87 4 3.98 0.88 4

Man 92 209.26 19251.50 14973.5 0.024 0.194

Women 380 243.10 92376.50

Collective action

7. I am flexible and I like to work collaboratively and on interdisciplinary projects. 4.02 0.78 4 4.05 0.87 4 4.04 0.85 4

M 92 230.43 21199.50 16921.5 0.613 −0.032

W 380 237.97 90428.50

Individual initiative

3. I carry out actions that contribute to promoting sustainable development. 3.26 0.97 3 3.49 0.86 3 3.44 0.89 3

M 92 210.72 19386.00 15108.0 0.032 −0.136

W 380 242.74 92242.00

TABLE 14 Competence area 2. Degree scores.

Political agency

9. I am proactive, dynamic and with initiative.

Degree in primary education Master’s degree in secondary education Degree in pedagogy Degree in social education Total

Med SD Median Av
range

Med SD Median Av
range

Med SD Median Av
range

Med SD Median Av
range

Med SD Median

4.03 0.84 4 244.62 3.95 0.92 4 235.92 3.68 0.95 4 197.33 4.17 0.79 4 267.93 3.98 0.88 4

H.K-W 11.216 p.-v 0.011 ε2 0.024 H.K-W 2.133

Collective action

7. I am flexible and I like to work collaboratively and on interdisciplinary projects.

4.12 0.84 4 251.10 4.01 0.82 4 233.46 3.78 0.91 4 199.64 4.12 0.87 4 253.01 4.04 0.85 4

H.K-W 9.203 p.-v 0.027 ε2 0.019

Individual initiative

3. I carry out actions that contribute to promoting sustainable development.

3.35 0.95 3 226.21 3.47 0.88 3 241.03 3.49 0.78 4 247.91 3.59 0.82 4 261.11 3.44 0.89 3

H.K-W 4.459 p.-v 0.216 ε2 0.009
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Action competence (item 9) and the Collective Action competence
(item 7). However, for the Individual Initiative competence (item
3), these differences are not significant.

In short, after assessing the results, we can observe the
impact of the intervention, as evidenced by higher scores
and statistically significant differences in all three competencies
(Political Action, Collective action, and Individual Initiative) for
the EG compared to the CG. The intervention was effective
in improving proactivity, collaboration, and commitment to
sustainable actions in the EG. Regarding the gender variable,
women appear to be more committed to sustainable actions
than men, although both groups present moderate perceptions
in this regard. Finally, in the comparison by degree program,
the differences are significant in the Political agency and
Collective action competencies, with Social Education students
showing the highest scores in both items. For the Individual
initiative competence, however, no significant differences were
found between degree programs, indicating that the commitment
to sustainable development is fairly uniform among students,
regardless of their program.

6 Discussion

Sustainable lifestyles require a change in mindset and behavior,
placing equity and justice at the center together with a sense
of connection with nature, thinking holistically and questioning
the worldviews that underpin our current socio-economic system,
and thus mobilizing individually and collectively to transform
our society and shape sustainable futures for all, promoting work
across various disciplines and therefore achieving systems and
ethical thinking in a sustainable society (Bianchi, 2020). University
education, especially that of future education professionals, must
be involved in this task and oriented toward inclusive and quality
training that can improve social and environmental conditions.

Although this study has focused exclusively on self-reported
data, which may contain a social desirability bias that could
influence responses on ethical and sustainability competencies and
affect the validity of the results, it provides a first approximation
to the functionality of GreenComp to improve sustainability
competencies for university students. It should be kept in mind,
therefore, that the results provided may point to a higher level of
competence than exists.

The GreenComp, adopted by the European Commission,
serves as a guide to learning for sustainability by adapting to the
needs and situations of recipients and their context, considering
the impact of digital technologies on sustainability, learning based
on experience and daily activities, and the relationship between
disciplines. These competencies, as noted, are organized into four
fundamental areas, which must be present in the training of future
education professionals.

The first area is related to embodying sustainability values. The
inclination of these values in higher education teaching-learning
processes is vital to training professionals with a broad vision
of life and a commitment to sustainable development. Different
investigations have confirmed the need for higher education
institutions to adapt their study plans to promote what is known as
sustainable education, ensuring that students can address current
environmental and social challenges (Bedoya and Muñoz, 2022).

Despite the aforementioned limitations of this study and
the need for further studies, the results suggest that, while
undergraduate and master’s students in the field of education
start with a high level of awareness, the intervention contributes
to strengthening these values and attitudes, significantly in some
cases, such as those related to the nature promotion competency.
Training in sustainable values not only ensures committed
environmental citizenship but also impacts reflection on personal
values and sustainability, which is essential for intergenerational
equity and justice, in addition to fostering a greater understanding
of the interdependence between humanity and nature
(Bianchi et al., 2022).

Another area highlighted in GreenComp is assuming
the complexity of sustainability, which is necessary to train
professionals capable of facing current environmental and social
challenges. In this study, the intervention has been shown to
have an impact on the improvement of skills related to systems
thinking and to alleviate disaffection in aspects related to the
positive valuation of other cultures and races. It should be
noted that this training is influenced by teachers’ views on
Education for Sustainable Development since this impacts
their teaching methods and the impact of their training on
implementing the Sustainable Development Goals (SDGs)
(Zúñiga et al., 2022).

Other studies, such as that of Gonzalo et al. (2017), have
highlighted the importance of addressing sustainability issues
from a comprehensive approach, considering the interrelations
within and between systems, critically analyzing information, and
questioning the status quo to pose present or future challenges as
sustainability problems. To this end, soft skills, i.e., interpersonal,
cognitive, and emotional capacities, such as empathy, effective
communication, collaborative work, and critical reasoning, are
essential to facing global sustainability challenges. These skills
enable students to understand environmental, social, and economic
problems and to become catalysts for change, capable of
creating innovative and ethical solutions in their respective areas
(Aguado, 2025).

In addition, it is essential that future education professionals
can anticipate future needs. The projection and organization of
sustainable futures, the third of the areas analyzed, is also linked
to the need to train students in the generation of alternative
scenarios, recognizing the steps required to achieve desired
futures and managing transitions in complicated environments,
highlighting the importance of making informed decisions in the
face of the uncertainty and danger intrinsic to these procedures
(Olondriz and Botines, 2023).

The research highlights how intervention in the university
environment can improve the skills linked to this projection,
especially regarding proactivity, dynamism, and initiative, which
are crucial for the ability to project and adapt to future scenarios.
Exploratory thinking, which includes curiosity and creativity, also
shows a positive trend, although it does not reach conventional
statistical significance.

These results reinforce the importance of higher education
institutions incorporating skills to foresee and plan sustainable
futures in their study programs. By equipping students with
these skills, the education of professionals capable of proactively
addressing sustainability challenges is promoted, projecting and
building promising futures in a world marked by uncertainty
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and continuous transformation (EDS). Although many institutions
recognize their relevance, incorporating these skills into the
university environment remains limited in many study programs
(Lozano et al., 2017).

Interest in incorporating sustainability into university
education has been reflected in several studies examining
the application of active learning techniques and innovative
educational models within the framework of sustainability.
These are linked to the fourth area of the GreenComp,
i.e., acting in favor of sustainability. The data from our
study reveal that the intervention in this area has had a
positive effect, increasing participants’ proactivity, dynamism,
willingness to work collaboratively, and flexibility.It should be
clarified, however, that about the critical thinking competency,
the CG obtained better results than the CG, even though
it did not have a specific intervention. Although it may
seem a contradiction, the CG started from a higher index
than the CG, and both have improved. This may suggest
that progress in their academic training may influence the
improvement of this competence in all students, and that having
better starting skills may have a positive influence on their
development. This aspect would require further analysis due to its
pedagogical importance.

On the other hand, the difference between the degrees, which
have been pointed out in all the areas analyzed, suggests that
aspects such as curricular content, as well as the professional
orientation of the different types of study, can also have an
impact on the development of competencies in sustainability.
Thus, in a degree such as Social Education, linked to socio-
educational intervention aimed at greater personal and social
development, and integration and participation in different social
spheres, its students stand out in all the dimensions analyzed,
especially in greater sensitivity to sustainability, ethics, and
emotional connection, and in action in favor of sustainability. On
the other hand, in the dimension related to the assumption of
complexity, critical thinking, and contextualization of problems,
the students of the master’s degree in Secondary Education
also stand out. It should be taken into account that these
students already have a university degree; therefore, they are
more educated students. Finally, in terms of projecting sustainable
futures, adaptability, and exploratory thinking, teacher training
students also stand out. These skills are essential for future
teachers. On the other hand, the Pedagogy degree, within the
education studies, seems to be the least prepared concerning the
competences to move toward a more sustainable development.
For this reason, it is recommended that a review of these
skills be carried out.

Studies such as that by Cantillo et al. (2024) examine
the challenges and possibilities that university education faces
in integrating the principles of Sustainable Development into
its educational programs, highlighting the importance of an
innovative pedagogical methodology that addresses current global
challenges and emphasizing that university institutions play an
essential role in building responsible and sustainable attitudes in
students. In this sense, applying participatory and dialogical models
in tutoring generates an environment where students acquire
knowledge about sustainability and become leaders dedicated
to the community, making it a highly relevant intervention
(Villarrubia et al., 2024).

Likewise, incorporating and promoting the SDGs
enhances the education of students capable of facing
global challenges and actively contributing to sustainable
development in their respective disciplines (Ramos, 2020).
Aranda et al. (2024) analyzed the inclusion of sustainability
in the curricula of universities in Andalusia, assessing
how sustainability principles are integrated into university
education. These investigations agree that sustainability
should be a fundamental pillar in the education of higher
education students, not only as an area of study but as a
commitment to proactive action in all facets of work and
personal life.

In this sense, incorporating the GreenComp framework in
university education enables students to face environmental
challenges in a practical and committed way, promoting, beyond
personal skills, group collaboration to promote sustainable policies
(Olondriz and Botines, 2023). In this context, the GreenComp
framework emerges as an essential instrument for educating people
with the ability to proactively intervene in their environment,
promoting sustainability in all strata of society.

7 Conclusion

Higher education can contribute to building a more equitable
and environmentally responsible society. Adapting curricula,
teacher training, and promoting sustainable values in the
university environment are essential strategies to strengthen
the training of individuals with a systemic vision and an
active commitment to sustainability. In this way, higher
education can become a driving force for change that drives
the social and environmental transformation necessary for a
sustainable future.

This study has demonstrated how incorporating content
designed to develop the competencies outlined in the GreenComp
framework within the university environment can enhance the
training of future education professionals. Integrating skills linked
to sustainability, actively engaging in social and environmental
projects, and establishing spaces for dialogue and interdisciplinary
cooperation to promote educational leadership committed to
sustainable progress are essential (Merma-Molina et al., 2022).

Applying active techniques and frameworks, such as
GreenComp, offers specific instruments that facilitate the
development of practical competencies and a critical perspective
on sustainability in students. At the same time, academic mentoring
programs and cutting-edge pedagogical tactics reinforce the notion
that sustainability must be incorporated into every aspect of the
teaching process.

Therefore, the contributions of this study are that it implements
and evaluates the GreenComp in university contexts with
undergraduate and master’s students, the instrument used has
been developed, and the relevance of the study has been specified
about aspects not addressed in the literature, justifying its academic
inclusion (Vargas and Aragón, 2021).

One of the strengths of this study lies in the relevance of the
research topic, which aligns with the educational policies of the
European Green Deal, and its direct connection to key competences
in sustainability.
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This intervention distinguishes itself from previous ESD
experiences, highlighting its methodological innovation and
specific Contribution To The Field (Appendix 1). These results
can inform teacher training programs in broader or international
contexts, extending beyond the context where the educational
intervention was initially carried out (UNESCO, 2021b).
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Appendix 1

The text describes the pedagogical intervention, but an appendix is included with specific examples of the activities implemented in
the classroom, which can enhance the replicability of the study.

Active methodologies were used: case studies, selecting situations that have been worked on in the classroom, Problem-Based Learning
(PBL), and Challenge-Based Learning (CBL) with the theme of sustainability (López, 2022; Martínez-Agut, 2024a; Urrea-Solano et al.,
2021); simulations of situations linked to Education for Sustainable Development (ESD) were conducted (Martínez-Agut et al., 2024a,b);
integrative projects were developed that compile proposals for the Sustainable Development Goals in specific contexts (Martínez-Agut,
2024b); As methodologies for action, Service-Learning Projects have been designed and implemented for particular communities and
entities, analyzing the results and establishing conclusions that have been shared with students in the classroom (Martínez-Agut and
Jiménez, 2023; Martínez-Agut, 2025).
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