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Abstract: This research analyzes the effect of implementing a Service-Learning (SL) program
in the Environmental Education (EE) subject of the Primary Education Degree. The SL
project was evaluated and the change in Attitudes towards Sustainable Development (ASD)
of 44 preservice teachers was measured, considering Environment, Economy, Society, and
Education as dimensions, using a pretest-posttest experimental design with no control
group. The assessment of the SL project was favorable in all items (the purpose of the
project, the training aspects, and the logistical and institutional aspects) and a significant
improvement in ASD was observed in all dimensions. No significant differences were
found in ASD based on the gender variable. It can be concluded that the inclusion of
SL projects in the EE program significantly improves ASD while aligning education with
the SDGs.

Keywords: service-leaning; sustainable development goals; education for sustainable
development; sustainable development; environmental education; teacher training

1. Introduction
The current climate crisis, along with other environmental sustainability issues, repre-

sents a direct consequence of human activities. The accelerated pace of these changes is
leading to a massive loss of biodiversity, which is driving the extinction of thousands of
species and altering fundamental natural cycles, degrading soils, and generating numerous
social and economic consequences. These effects are even threatening the survival of our
own species. In recent decades, the natural environment has changed at a rapid pace, pro-
ducing impacts that are drastic, visible, and increasingly difficult to reverse. For example,
two-thirds of the 1 ◦C global increase in temperature over the past 100 years has occurred
since 1975. Furthermore, the annual extraction of renewable and non-renewable resources
has nearly doubled since 1980, intensifying the negative impacts on the planet. It is esti-
mated that one million species are currently at risk of extinction and that this loss, together
with the lack of conservation of ecosystems, will have catastrophic consequences for both
humanity and the environment (EEA, 2023; Hansen et al., 2010; IPBES, 2019; NAS, 2020;
UNESCO, 2020). Facing this global challenge requires a profound transformation of current
educational systems and social structures, so that the necessary changes are achieved to
reach the goal of “The Future We Want” (General Assembly, 2012, 2015; Leibniz, 2024). It is
therefore essential to reconsider what, where, and how we learn in order to develop the
knowledge, skills, values, and attitudes necessary for all of us to make informed decisions
and act both individually and collectively in the face of urgent challenges at local, national,
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and global levels. To cultivate a deep relationship with the environment, educational au-
thorities and educators must not only emphasize knowledge, but also incorporate practical
skills, awareness of local environmental issues, and a sense of belonging through active
participation in community projects (Diez-Ojeda et al., 2024a, 2024b; SEI & CEEW, 2022).

This comprehensive approach will enable students to engage meaningfully with their
environment, fostering both a deeper understanding of ecological principles and a commit-
ment to sustainable practices. In this process, higher education institutions and universities
play a fundamental role due to their potential as transformative agents of society and the
environment. Their role lies in the generation and dissemination of knowledge, as well
as the ability to research the impact of their activity. This potential is strengthened by the
emergence of new methodologies and teaching innovation strategies that foster learning
effectiveness by actively involving students in teaching-learning processes and focusing on
the development of competencies (Aramburuzabala & Cerrillo, 2023; Ashida, 2023).

The importance of developing skills is also highlighted in the European Council’s
recommendations on key competences for lifelong learning (EC, 2018). This document
points out that “memorization of facts and procedures is key, but insufficient for progress
and success. Skills such as problem solving, critical thinking, cooperation skills, creativity,
computational thinking and self-regulation are more essential than ever in our rapidly
changing society” (EC, 2018, p. 2). This approach is aligned with the commitments made at
the 2009 World Conference on Higher Education, held at UNESCO headquarters in Paris
(Ten, 2023; UNESCO, 2010), where the community service role of higher education institu-
tions was highlighted. These institutions were encouraged to promote critical thinking and
active citizenship through an interdisciplinary approach, responding to and anticipating
social needs, and, in this way, contributing to sustainable development.

The first definition of sustainable development (SD) was established by the Brundtland
Commission on Environment and Development, which conceptualized it as a strategy that
meets the needs of the present without compromising the ability of future generations
to meet their own needs (Aramburuzabala & Cerrillo, 2023; WCED, 1987). This concept
of sustainability can be integrated into the field of formal education through Education
for Sustainable Development (ESD). According to UNESCO (2017), ESD aims to foster
transversal competences in sustainability in students and improve Attitudes towards Sus-
tainable Development (ASD) by transforming their behavior. In this sense, ESD must be of a
quality that equips students with values, knowledge, skills, and competences that promote
sustainable living and active participation in society. Subsequently, in September 2015, the
United Nations General Assembly adopted the 2030 Agenda for Sustainable Development,
which includes 17 Sustainable Development Goals (SDGs) and 169 targets. These SDGs
replace the Millennium Development Goals as the reference framework for international
development in the period 2015–2030. The SDGs are a blueprint for a sustainable future
for all, as they are interconnected and address major global challenges such as poverty, in-
equality, climate change, environmental degradation, prosperity, peace, and justice (United
Nations Development Program (UNDP, 2016)). In this context, Service -Learning (SL) is
presented as a valuable tool to involve the university community in the challenges posed.
This form of experiential learning takes place in practical environments and addresses
social needs through activities designed to promote learning and the development of skills
in students (Jacoby, 1996; Narong & Hallinger, 2023; Queiruga-Dios et al., 2021).

This manuscript presents the design and evaluation of a SL project developed in the
Environmental Education (EE) subject, contextualized in the SDGs. In this project, students
actively participate in the design and have decision-making power, which favors their
involvement and commitment. Subsequently, the project was implemented in educational
centers and associations. The project is specifically detailed oriented to SDG 13, “Climate
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Action”, given the magnitude of climate change as a global challenge and its effects on all
dimensions of sustainable development, including health, human well-being, food security,
economic growth, natural resources, and biodiversity (UNESCO, 2024). In this context, the
following research objectives are proposed:

1. Assess the developed SL project in terms of service, learning, and sustainabil-
ity aspects.

2. Analyze the change in the ASD of the preservice teachers participating in the
SL project.

2. Theoretical Framework
2.1. Service-Learning

Some studies (Sotelino-Losada et al., 2021) identify John Dewey as a key precursor
of SL pedagogy. Dewey advocated constructivist experiential learning methodologies,
promoting the “learning by doing” approach to solve problematic situations. Through
this method, meaningful connections were established between the actions performed and
their consequences, generating integrated and not isolated learning, which allows a holistic
understanding of the relationship between actions and their effects. This process also
facilitates the development of skills to act collaboratively, while promoting autonomous
thinking and judgment (Dewey, 1916; Giles & Eyler, 1994; Narong & Hallinger, 2023;
Sotelino-Losada et al., 2021). However, it was Robert Sigmon (1979) who, in a first attempt
to formalize this methodology, formulated the three principles of Service-Learning. These
principles hold that: (1) those receiving service should have control over the service; (2)
as a result of experience, recipients should develop a greater capacity to serve and receive
service; and (3) those providing service should simultaneously be learners, maintaining
control over their learning process. Subsequently, Ehrlich (1996) developed a conceptual
framework that defines SL as a pedagogy that establishes a strengthening link between
community service and academic studies. This link is key to learning, as it allows interaction
between knowledge and skills in real-world experiential contexts. Over time, various
authors have enriched this definition of SL (Bringle et al., 2006; Felten & Clayton, 2011;
Kuh, 2012). Thus, SL can be characterized by certain essential elements: it is a clearly
defined, planned, and structured teaching-learning process, which facilitates both academic
learning and the development of competencies in students, and it is oriented to the benefit
of the community (O’Connor, 2012); it is based on collaborations and connections between
various actors and communities (students, teachers, associations, educational institutions,
among others) that share common objectives (Olberding & Hacker, 2015); it incorporates
solid mechanisms for the evaluation of both learning and the impact generated (Queiruga-
Dios et al., 2021; Rubio-Serrano et al., 2015; Salam et al., 2019); and it always includes
moments and spaces dedicated to reflection (Furco, 1996; Sotelino-Losada et al., 2021).

The scientific literature strongly supports the multiple benefits that SL provides to stu-
dents (Faulconer & Kam, 2023). These benefits include improved self-efficacy (Gutzweiler
et al., 2022), the formation of civic attitudes (Ahmad & Gul, 2023), as well as an increase in
self-esteem and motivation towards learning (Moyano et al., 2020). Additionally, partici-
pation in practical activities allows students to develop advanced problem-solving skills,
which facilitates a deeper understanding of the social challenges in their environment
(Arnold, 2022) and, in turn, translates into improved academic achievement (Gutzweiler
et al., 2022).

The practice of SL is defined through three fundamental elements that characterize this
type of educational project. First, it is established that the student must be the protagonist
of both the learning process and the solidarity action, which implies that their active
involvement is crucial for the success of the educational experience (Henderson & Hall,
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1946; Basilico & Kelly, 2015). Second, it is essential that there is a clear intentionality to
address and solve a real problem, which connects learning with authentic and relevant
situations in the community (Faulconer & Kam, 2023; Gutzweiler et al., 2022). Finally,
SL must be articulated with the curricular contents and competencies, ensuring that the
activities carried out contribute to the development of the skills and knowledge established
in the educational curriculum (Moyano et al., 2020; Queiruga-Dios et al., 2021).

From an institutional perspective, the SL approach also generates significant benefits,
as it reinforces the image of the institution and contributes to greater student retention
(Aramburuzabala & Cerrillo, 2023; Yob, 2011). These aspects have led to the widespread ac-
ceptance of SL pedagogy in higher education institutions. In America, these programs have
been fully implemented for several decades. For example, in the 1920s, Antioch College
integrated real-world experiences into its curriculum through learning and community-
building strategies (Henderson & Hall, 1946; Queiruga-Dios et al., 2021). Likewise, SL
pedagogy has a long tradition in Latin America and the Caribbean, where educational
regulations and policies have included the promotion of student solidarity activities, both
in schools and in higher education, establishing collaborative networks between educa-
tional institutions and the community (Basilico & Kelly, 2015; Tapia & Ochoa, 2015). More
recently, this methodology has been adopted in European universities, gaining relevance
thanks to the educational approaches promoted by the common European higher education
area, as well as its contribution to the SDGs (Queiruga-Dios et al., 2021; Salam et al., 2019;
Sotelino-Losada et al., 2021). Consequently, it is possible to affirm that few educational
innovations have achieved such rapid and global success as SL (Deeley, 2016).

2.2. Service Learning, Sustainable Development Goals and Education for Sustainable Development

SL actions not only address specific issues such as the environment, inclusion, and
inequalities, but also contribute to questioning the social order and ultimately promoting
changes towards a more sustainable future. These actions provide a direct link to the SDGs,
with SL being a key tool to advance them. SDG 4, Quality Education, is one of the most
direct, as SL promotes inclusive and equitable education by integrating academic learning
with community service, which in turn facilitates the development of socio-emotional
competencies, values, and critical skills for the comprehensive training of students. This
reinforces the educational approach focused on collective well-being and respect for hu-
man rights, aligned with transformative education. SL is also closely linked to SDG 17,
“Partnerships for the goals”, due to its collaborative approach. The success of SL depends
on cooperation between various entities: universities, communities, NGOs, companies,
and local governments. This collaborative network fosters synergies and the creation of
alliances that jointly address social and environmental challenges (Rodríguez-Izquierdo,
2023; Salam et al., 2019). However, and despite the fact that the links between the different
SDGs may not be directly evident (Vladimirova & Le Blanc, 2016), the SDG agenda explic-
itly emphasizes the importance of interdependencies both between and within the SDGs.
The SDGs are conceived as an indivisible and integrated set that must be addressed in a
balanced way, recognizing the interrelationships between them and between their social,
environmental, and economic dimensions (Griggs et al., 2017; Kestin et al., 2017; Kroll et al.,
2019; Leal-Filho, 2020).

Furthermore, SL is connected to ESD in that both approaches pursue the acquisition
of knowledge and values oriented towards social action and environmental improvement.
According to Eriksen (2013), ESD promotes the teaching of values such as equity, social
justice, and citizen participation, principles that are also at the base of SL. This makes SL
an educational practice that, while developing academic skills, encourages social responsi-
bility and active participation in building a more equitable and sustainable society. Thus,
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at the 2009 World Conference on Higher Education, held at UNESCO Headquarters in
Paris (Ten, 2023; UNESCO, 2010), the role of higher education institutions in serving the
community was highlighted, and they were encouraged to promote critical thinking and
active citizenship through an interdisciplinary approach, responding to and anticipating
the needs of society, and thus contributing to sustainable development.

ESD involves integrating the three fundamental pillars of sustainable development
into educational processes: environment, economy, and society. This is achieved through
empowerment and the promotion of democratic participation that harmonizes economic,
environmental, and social aspects. In this context, it is essential to emphasize the transver-
sal dimension that education constitutes (represented in Figure 1), given its key role in
sustaining and balancing these pillars (Ekpiken & Ukpabio, 2015; Biasutti & Frate, 2017;
Martín Bautista-Cerro et al., 2023). In this way, ESD becomes an integral element of the
SDG regarding quality education and decisively enables the achievement of all other SDGs
(Acosta-Castellanos & Queiruga-Dios, 2022). Thus, ESD must focus on the individual
transformation of each student, providing them with the necessary knowledge to develop
an awareness of various realities; fostering the capacity for critical analysis to understand
their complexities; and promoting life experiences that facilitate an empathetic connection
with different situations. In this way, both cognitive and socio-emotional learning will be
promoted, together with training aimed at community participation and active citizenship.
Therefore, it is necessary to incorporate the concept of SD in all learning opportunities
to shape the attitude and behavior of individuals and society as a whole, requiring an
assessment of the degree of change in attitude and behavior in the lives of communities
and individuals at the local level (UNESCO, 2005, 2019, 2020). In this research, the Biasutti
and Frate (2017) ASD questionnaire will be used.
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3. Methodology
3.1. Sample and Context

The sample was selected using convenience sampling. The participants were 44 students
(34 women and 10 men) from the Faculty of Education. This research is based on a
quantitative approach and follows a pretest-posttest design with no control group.

The SL project presented as a case study was implemented in the EE subject, cor-
responding to the fourth year of Primary Education Degree. The SL design was made
considering the needs detected in educational centers and in associations related to the
teaching of EE from a SD orientation. This is a semester-long subject with a teaching load of
125 h. The curricular content of the course program covers fundamental topics such as the
basic aspects of ecology and the environment, ecosystems, and biodiversity, the structure
of the Earth and its layers, as well as the main environmental problems. In addition, it
includes the analysis of the causes and consequences of these problems, research into them,
and the design of environmental projects applicable to the primary education classroom.
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The teaching-learning objectives of this subject are to identify the problems that affect the
environment both locally and globally; to understand the interrelations between society,
science, and nature and their role in building a sustainable environment; as well as to
develop the ability to critically analyze environmental problems and propose possible
solutions. Given the subject’s focus on the training of preservice teachers, students are
expected to acquire the necessary skills to design viable and transdisciplinary teaching
sequences around EE (Diez-Ojeda et al., 2024a, 2024b).

Among the teaching-learning objectives pursued by the EE subject, the knowledge of
the SDGs and the identification of situations to be addressed in the classroom stand out. In
addition, it is sought that students acquire teaching-learning strategies that promote critical
analysis and problem-solving skills in their future students, using the SL methodology
indicated in the subject program. The skills that students are expected to develop are
the following:

• Identify the most relevant environmental problems.
• Recognize the interrelations between society, science, and nature to contribute to

sustainable development.
• Explain environmental problems (causes, consequences, and solutions) by designing

and presenting projects.
• Apply the knowledge acquired in their future profession, demonstrating skills by

developing and defending solid arguments, as well as solving problems in their field
of study.

• Collect and interpret relevant data to formulate informed judgments, incorporating
reflection on social, scientific, and ethical aspects.

• Communicate information, ideas, problems, and solutions clearly and effectively to
both specialized and non-specialized audiences.

For students to achieve the competencies defined in the course program, they were
assigned the task of designing learning scenarios in EE, with the intention of implementing
them in educational centers through a SL program. These scenarios had to be contextu-
alized around the SDGs. Among the 17 SDGs, those that have a direct relationship with
environmental issues were selected, specifically:

• SDG 6: Clean water and sanitation.
• SDG 7: Affordable and clean energy.
• SDG 13: Climate action.
• SDG 14: Life below water.
• SDG 15: Life on land.

The selection of these SDGs is based on their thematic relevance to the EE subject
and their direct connection with the environmental issues addressed in the classroom. To
develop the activity, eight working groups were organized, made up of four or five students,
in charge of designing a learning scenario that would favor the acquisition of significant
learning in relation to environmental problems related to the selected SDGs. The planning
of these scenarios was based on the Experiential Learning Theory (Hung et al., 2023; Kolb,
1984; Kolb et al., 2000; Narong & Hallinger, 2023), used as a pedagogical framework in
the design of learning environments in scientific disciplines (Lehane, 2020) and in the
field of EE (Diez-Ojeda et al., 2024a, 2024b; Moseley et al., 2020). This theory emphasizes
learning through experience from an integrative perspective, with the purpose of students
developing problem-solving skills. Based on Dewey’s pedagogy (Dewey, 1938; Narong
& Hallinger, 2023; Queiruga-Dios et al., 2021; Sotelino-Losada et al., 2021), the theory of
experiential learning is structured around two essential processes: the experience of living
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and critical reflection on it, which allows for a deeper and more critical understanding of
the content worked on.

For the development of teaching-learning activities focused on a specific SDG, students
were given the following instructions:

• Linked to the curriculum: The activities must be in line with both the educational
curriculum of the school stage where it will be implemented and with the study plans
of the participating school or association.

• Context and duration of implementation: The learning activities will be carried out in
an educational centre or association and will have a total duration of 2 h.

• Incorporation of scientific elements: The design of learning activities must integrate
scientific concepts and phenomena, which must be addressed through manipulative
experiences that facilitate the understanding of the scientific foundations underlying
environmental problems. These experiences must allow the construction of knowledge
from direct observation and experimentation, promoting a deep understanding of
natural processes and their relationship with environmental challenges.

• Global understanding: The design of learning scenarios should facilitate a comprehen-
sive understanding of environmental systems and their interrelations, promoting a
holistic view of environmental problems and solutions.

• Social impact: It is necessary to integrate educational components that make explicit
the impact of environmental problems on human life, highlighting the social, economic,
and health implications associated with these problems.

• Encouragement of debate and reflection: It should encourage debate and critical reflec-
tion, stimulating the active search for solutions and promoting student commitment
to the topics addressed.

Subsequently, a draw was held to assign the SDGs to the different teams of students.
The teams were given four sessions of two hours each to develop their projects, during
which they received advice and guidance from the teacher. These sessions took place in
the laboratory, a space designed to facilitate collaborative work and equipped with the
necessary material for practical activities. The students used their own laptops to search
for information, record activities and data, and prepare materials and presentations. In
addition, the students must work on their projects outside the classroom. In this way,
students have a space to work and interact with the teacher during the sessions and can
adjust to the workflow by doing work at home. The teams were free to select the most
appropriate activities, always in accordance with the established conditions. Later, in a
fifth session, the activities were implemented in an educational center or in an Association.
The workflow followed throughout the sessions is shown in Table 1.

Table 1. Workflow of sessions.

Session Work Description

1
Presentation of the SL project.

Assignment of SDGs to each team.
Search for information on environmental issues.

2 Design of materials or scientific experiments related to environmental problems.

3 Analysis: global effect of environmental problems, impact on society, relationship with other SDGs.
Development of teaching materials for transposition to the primary classroom.

4 Review and conclusion of the work: presentation in the classroom and feedback from classmates
and teacher.

5 Implementation of teaching-learning activities.
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Thus, in session 1, students are told what an SL project is, and they are informed that
they are going to design a SL project. They are also given the instructions and conditions
that the project must meet. Work teams are formed, and each team is assigned an SDG. Each
working team is also given the characteristics of the target audience to which they should
direct their intervention. Throughout this and the following sessions, there is continuous
feedback from the teacher. The teacher answers questions from all the teams and makes
suggestions. Sometimes, the teacher requires the attention of all the students to provide
information that can be useful for all the teams. Afterwards, the students have time to
search for information and guide their work (Figure 2).
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In session 2, students work in the laboratory with their laptops. They must design
simple scientific experiments that are related to an environmental problem in connection
with their SDG. The laboratory has materials to carry out experiments and, if required
by a team, the teacher can provide the specific materials they need. Students can recreate
experiments in the laboratory, or they can prepare them at home.

In session 3, students look for the relationship between local environmental problems
and the global impact and how it affects society and how the achievement of the Goal they
have assigned affects other Goals, based on the scientific experience they have designed. So,
for example, if students wanted to conduct an experiment to model the effect of increased
water acidity has on marine life, in relation to SDG 14 “Life below water”, they would
also know the effects that this environmental problem has on humans, ecosystems, or
economies, and which other SDGs it most directly affects. This will allow the students
to learn about the connection between the SDGs and, therefore, they will be able to teach
their future students about these connections. In addition, during this session, the teams
prepare all the materials needed to implement the learning sequences (e.g., posters, models,
or workbooks).

In session 4, the final review of the work takes place. All the teams present the work
and materials developed and explain how they will be implemented in the classroom. They
then receive feedback from their peers and the teacher.

Finally, during session 5, the students must put their teaching-learning activities into
practice in the corresponding school or association. This phase is detailed below.

The implementation of the activities by the preservice teachers’ teams at the edu-
cational center or association, during a two-hour session, was organized following the
workflow detailed in Figure 3.
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As an example, activities adapted to environmental themes linked to SDG 13, Climate
Action, are described below:

• Problem-solving activities: The preservice teachers presented a self-made model of dif-
ferent ecosystems. Through questions, the children were asked to identify relationships
between ecosystems and reflect on the factors that can lead to increased temperatures
and their influence on natural systems. Although the conclusions were simple, the
main objective was for the students to understand the interconnectedness of the planet
and the global effects of environmental changes. It was also intended to provide a
preparatory context for the questions they would ask during the inquiry activities.

• Inquiry activities: Two inquiry experiments were conducted so that students could
explore how certain factors affect the climate and some of the consequences of rising
temperatures:

1. Effect of CO2 concentration on the greenhouse effect: This activity consists of
measuring how the greenhouse effect increases as the concentration of carbon
dioxide increases. To do this, a glass of water and a thermometer are placed
in an airtight container, and the same is done with another glass of water and
its thermometer, placing it in a container identical to the previous one, but in
which a carbon dioxide atmosphere has been generated (by making acetic acid
react with sodium bicarbonate). Both containers are placed in the sun or under a
high-intensity light source. Observation of the thermometers allows participants
to draw conclusions.

2. Rising water temperature: In this experiment, a specific volume of water was
measured and then heated until it was close to boiling point. During the process,
it was observed that the volume of water increased as the temperature rose. This
phenomenon led the students to conclude that warming causes water to expand.
A debate was then opened on the effects of rising temperatures on the oceans,
with particular emphasis on how this warming contributes to rising sea levels,
an environmental problem related to climate change.

• Conclusion activities: Based on the previous activities and through directed questions,
students were guided to identify the relationships between the increase in global
temperature and its effects on human life and ecosystems.

• Action activities: Finally, students were invited to reflect on individual actions that
could mitigate the effects of climate change, formulating and discussing proposals.
Some of these ideas were selected, some of which were suggested by the preservice
teachers, and a collective commitment was drawn up to promote respectful attitudes
towards the marine environment, concluding with the creation and signing of a
manifesto in defense of the fight against climate change.
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3.2. Instruments

All the participants were informed of the objectives of the study, and they provided
their full permission for the case study to be published.

The rubric of Rubio-Serrano et al. (2015) was used to assess the Service-Learning
project. This rubric includes 11 dimensions related to the project’s purpose (social needs,
service, social meaning, and learning), the formative aspects (participation, group work,
reflection, recognition, and evaluation), and the logistical and institutional aspects (partners,
consolidation, and institutions). Each dimension can be assessed at four levels according to
the degree of development achieved by that dimension in the project.

To measure ASD, the Biasutti and Frate (2017) questionnaire was used. The question-
naire uses a 5-point Likert-type scale, ranging from 1 (strongly disagree) to 5 (strongly
agree). This instrument is detailed in Table 2. It offers a significant advantage over previous
questionnaires, since, in addition to addressing the three classic dimensions of environ-
ment, economy, and society (Michalos et al., 2011; Olsson et al., 2016; UNESCO, 2006), it
incorporates the educational dimension as a transversal pillar. Its structure of twenty items,
five for each of the four dimensions, facilitates its application, in addition to having been
validated with a university population, which makes it particularly suitable for the context
of this study.

Table 2. Biasutti and Frate (2017) ASD questionnaire.

Dimensions Item Code Item

Environment

E.1 When people interfere with the environment, they often produce
disastrous consequences.

E.2 People’s quality of life is directly linked to environmental protection.

E.3 Biodiversity should be protected at the expense of industrial
agricultural production.

E.4 Infrastructure development is less important than environmental protection.
E.5 Environmental protection is more important than industrial growth.

Economy

Ec.1 Government economic policies should increase sustainable production even if it
means spending more money.

Ec.2 People should sacrifice more to reduce economic differences
between populations.

Ec.3 Government economic policies should increase fair trade

Ec.4 Government economic policies should act if a country is wasting its
natural resources.

Ec.5 Reducing poverty and hunger in the world is more important than increasing
the economic well-being of the industrialized countries.

Society

S.1 Each individual should do a lot to keep the peace in the country.
S.2 The society should further promote equal opportunities for males and females.
S.3 The contact between cultures is stimulating and enriching.
S.4 The society should provide free basic health services.
S.5 The society should take responsibility for the welfare of individuals and families.

Education

Ed.1 Teachers in educational institutions should use student-centered
teaching methods.

Ed.2 Teachers in educational institutions should promote future-oriented thinking in
addition to historical knowledge.

Ed.3 Teachers in educational institutions should promote interdisciplinary
between subjects.

Ed.4 Teachers in educational institutions should promote the connection between
local and global issues.

Ed.5 Teachers in educational institutions should promote critical thinking rather
than lecturing.
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3.3. Data Analysis

The assessment of the SL project involved the participation of two external experts of
the Service-Learning Program of the University of Burgos. These experts, through analysis
of the project design and interviews with the student teams, completed the evaluation
rubric (Rubio-Serrano et al., 2015), awarding their grades independently. Subsequently, the
experts met with one of the authors to clarify certain aspects of the process and reach a
final consensus on the evaluation of the project.

A before-and-after quasi-experimental design without a control group was applied.
Data analysis was conducted using the SPSS v.25 statistics package, which calculated the
mean, the standard deviation (sd), skewness, kurtosis, t-student (t-test for independent
samples to know the influence of the gender variable and t-test for related samples between
the pretest and the posttest), and the Cohen’s d coefficient. Because the sample are less than
50 individuals, the Shapiro–Wilk test was applied to determine if the data shows a normal
distribution (de Souza et al., 2023; Royston, 1983). The Shapiro–Wilk test indicated that the
difference between the data sample and the normal distribution is not statistically significant
(W(44) = 0.9534, p = .0734; Skewness = 0.1558; Excess kurtosis = −0.07747). Levene’s test
confirmed that in all cases the variances between the groups are equal (F = 3.04331; p > .05).
Subsequently, the t-test for independent samples was carried out to determine the influence
of the gender variable. To determine the effect of the designed intervention program, a
t-student test for related samples was carried out (Hernández-Sampieri et al., 2015) and
the effect size was calculated (Cohen’s d), taking into account that d between 0.2 and 0.3
represents a small effect value; d = 0.5 means a medium effect value; and d ≥ 0.8 represents
a large effect value (Cohen, 1992).

4. Results
To determine whether the designed project meets the specifications to be a SL project,

the evaluation rubric of Rubio-Serrano et al. (2015) was used. Figure 4 shows the result of
the project evaluation in each of the items assessed, using the spider chart to represent the
results of the rubric.
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The rating of all items shows a score of 3 or 4, with the items of Service, Learning,
Participation, Reflection, Acknowledgment, and Assessment reaching the maximum score
of the rubric, indicating an appropriate design for the SL project.
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The results of the descriptive analysis (mean, standard deviation) for the pre-test and
the post-test can be seen in Table 3.

Table 3. Descriptive statistics.

Pre-Test Post-Test

Dimensions Mean sd Mean sd

Environment 3.44 0.24 3.97 0.24
E.1 2.61 0.49 3.21 0.46
E.2 3.93 0.81 4.39 0.49
E.3 3.18 0.50 3.73 0.66
E.4 3.77 0.42 4.25 0.44
E.5 3.68 0.52 4.30 0.46
Economy 3.76 0.51 4.26 0.26
Ec.1 3.73 0.59 4.18 0.39
Ec.2 3.71 0.51 4.23 0.42
Ec.3 3.71 0.55 4.27 0.45
Ec.4 3.80 0.59 4.27 0.45
Ec.5 3.84 0.65 4.32 0.47
Society 4.27 0.35 4.51 0.30
S.1 3.91 0.64 4.39 0.49
S.2 4.34 0.48 4.55 0.50
S.3 4.46 0.50 4.66 0.48
S.4 4.50 0.51 4.71 0.46
S.5 4.16 0.37 4.27 0.45
Education 4.11 0.20 4.38 0.25
Ed.1 3.64 0.53 4.11 0.32
Ed.2 4.05 0.57 4.27 0.45
Ed.3 4.32 0.47 4.43 0.50
Ed.4 4.18 0.39 4.57 0.50
Ed.5 4.39 0.49 4.50 0.50
Total 3.89 0.19 4.28 0.14

Note. s.d. = standard deviation.

The results of the descriptive analysis show initial scores that exceed the mean score
for each item, with an increase in mean values in all dimensions after the intervention. The
magnitude of this change is detailed below. Thus, assuming normality of the sample, the
t-student test for independent samples was used to compare the mean scores as a function
of on gender (Table 4).

Table 4. t-Student test for independent samples for gender.

Pre-Test Post-Test

Dimensions t df p t df p

Environment 0.06 41 .478406 1.33 41 .09624
E.1 −0.87 .206482 −1.63 .055881
E.2 0.30 .384142 0.10 .461025
E.3 0.13 .448374 −0.69 .247141
E.4 0.23 .410039 0.41 .343169
E.5 0.13 .450649 0.81 .210784
Economy 0.18 .429993 −0.48 .316411
Ec.1 0.44 .330072 0.17 .434579
Ec.2 −0.03 .487421 −0.23 .410039
Ec.3 −0.03 .488416 −0.58 .283775
Ec.4 0.03 .489207 0.26 .415269
Ec.5 0.33 .372964 0.62 .269233
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Table 4. Cont.

Pre-Test Post-Test

Dimensions t df p t df p

Society 1.56 .063178 1.52 .067715
S.1 1.07 .144414 0.83 .206482
S.2 1.20 .118500 1.11 .137369
S.3 1.04 .152183 1.06 .147906
S.4 0.71 .241703 0.74 .231676
S.5 1.39 .086746 1.02 .157562
Education 1.58 .060322 0.98 .165205
Ed.1 −0.24 .404568 −0.15 .440327
Ed.2 0.34 .367235 1.02 .157562
Ed.3 0.62 .269233 0.49 .315047
Ed.4 1.09 .140501 0.95 .174974
Ed.5 1.59 .05993 1.44 .078617

p < .05; Note. t = t-test statistics; df = degrees of freedom; p = p-value.

The results show that there are no significant differences based on the gender variable
(p < .05) in either the pre-test or the post-test; therefore, the sample will be treated as if it
were a single group.

To analyze the change in environmental attitudes in students, the t-test for related
samples was performed between the results of the pre-test and the post-test. In addition,
Cohen’s d was obtained. The results are shown in Table 5.

Table 5. t-Test results for paired samples on pre-test and post-test and effect size.

Dimensions t df p d

Environment 15.12 43 <.00001 2.21
E.1 6.72 <.00001 1.27
E.2 5.99 <.00001 0.69
E.3 6.60 <.00001 0.94
E.4 6.27 <.00001 1.12
E.5 8.26 <.00001 1.26
Economy 7.60 <.00001 1.24
Ec.1 5.99 <.00001 0.90
Ec.2 5.52 <.00001 1.11
Ec.3 6.43 <.00001 1.11
Ec.4 5.04 <.00001 0.90
Ec.5 5.04 <.00001 0.85
Society 7.33 <.00001 0.74
S.1 5.37 <.00001 0.84
S.2 3.33 .00181 0.43
S.3 3.33 .00181 0.41
S.4 3.33 .00181 0.43
S.5 2.35 .02355 0.27
Education 8.32 <.00001 1.19
Ed.1 6.27 <.00001 1.07
Ed.2 3.56 .00093 0.43
Ed.3 2.35 .02355 0.23
Ed.4 5.20 <.00001 0.87
Ed.5 2.35 .02355 0.22
Total 15.54 <.00001 2.34

p < .05; Note. t = t-test statistics; df = degrees of freedom; p = p-value; d = Cohen’s d.

The results show a significant difference between the pre-test and the post-test for
all items, for each dimension, and for the total. A large effect size is also observed for the
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dimensions Environment (t(43) = 15.12, p < .00001, d = 2.21), Economy (t(43) = 7.60, p < .00001,
d = 1.24), and Education (t(43) = 8.32, p < .00001, d = 1.19), while for Society (t(43) = 7.33,
p < .00001, d = 0.74) there is a moderate-high effect size. In addition, most items show a
large effect size, so those that obtain an effect size smaller than the value considered as
the average effect are indicated (d = 0.5). These are within the dimensions of Society and
Education: S.2 (t(43) = 3.33, p = .00181, d = 0.43), S.3 (t(43) = 3.33, p = .00181), S.4 (t(43) = 3.33,
p = .00181, d = 0.43), S.5 (t(43) = 2.35, p = .02355, d = 0.27), Ed.2 (t(43) = 3.56, p = .00093,
d = 0.43), and Ed.5 (t(43) = 2.35, p = .02355, d = 0.22).

5. Discussion
This research shows the design of a program for the EE subject of preservice teachers

that incorporates the four pillars of ESD, environment, economy, society, and education
(Ekpiken & Ukpabio, 2015; Biasutti & Frate, 2017), through the SL pedagogy. The planning
of the activities was based on the Theory of Experiential Learning (Hung et al., 2023; Kolb,
1984; Kolb et al., 2000; Narong & Hallinger, 2023), used as a pedagogical framework in the
design of learning environments in scientific disciplines (Lehane, 2020) and in the field of
EE (Diez-Ojeda et al., 2024a, 2024b; Moseley et al., 2020).

The assessment of the developed SL projects obtains favorable ratings in the eval-
uation rubric (Rubio-Serrano et al., 2015). This ensures that the SL project has a correct
definition, planning, and structure in the areas of service, learning, and sustainability.
Thus, it facilitates the learning and development of skills of preservice teachers, involves
different external agents (educational center, associations), and has an orientation towards
community benefit, in particular towards children’s learning in SD aspects. It also includes
project evaluation mechanisms and moments dedicated to reflection, both by the preservice
teachers during the development of the activities and by the children who receive the
benefits (Furco, 1996; O’Connor, 2012; Olberding & Hacker, 2015; Queiruga-Dios et al.,
2021; Rubio-Serrano et al., 2015; Salam et al., 2019).

Regarding ASD, the initial scores can be considered high, since they are above the
average score of the scale, and are slightly higher than those found in other studies on
preservice teachers (Nousheen et al., 2020), and similar to those found by Biasutti and Frate
(2017) in their study conducted by undergraduate students of different degrees (agriculture,
engineering, primary education, and psychology). These pretest scores are especially high
in the dimensions Society (4.27) and Education (4.11). After the educational intervention, the
mean scores in each of the dimensions rise significantly, being, in this case, Environment
(3.97), Economy (4.26), Society (4.51), and Education (4.38). Thus, preservice teachers have
scored higher in the Society and Education dimensions compared to Environment and Econ-
omy. This is in line with the study by Biasutti and Frate (2017), which explains the small
differences in the mean scores of the dimensions based on the degree that the students are in.
For example, psychology students obtained higher scores in the Social dimension. However,
in the study by Nousheen et al. (2020), after the educational intervention, the preservice
teachers obtained the highest score in the dimension of Environment (4.43), which could be
due to the duration of the course, in this case sixteen weeks, while the development of the
entire SL project took a total of five two-hour sessions. This fact, together with the signifi-
cant changes in environmental attitudes in all items in the project participants, confirms
that SL is a pathway to ESD and thus contributes to the achievement the SDGs. This fact is
relevant considering the interest of universities in integrating the SDGs (Alcántara-Rubio
et al., 2022; Martín Bautista-Cerro et al., 2023) and the few initiatives in higher education
that integrate ESD or the education approach for the SDGs into the curriculum (Geng &
Zhao, 2020). Thus, the SL is presented as a way to advance SDGs from the EE. Moreover,
the large effect sizes obtained also confirm the success of the intervention carried out with
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the preservice teachers in improving ASD. This analysis shows that the largest effect size is
observed for the dimension Environment (t(43) = 15.12, p < .00001, d = 2.21).

In summary, participation in the SL project has allowed future teachers to achieve the
academic learning proposed in the course program, such as knowledge of basic aspects of
ecology and the environment, analysis of the causes and consequences of environmental
problems, research into environmental problems, and the design of educational environ-
mental projects. Furthermore, the development of the SL project, through the sequence of
activities, has favored the development of the proposed competences (Diez-Ojeda et al.,
2024a, 2024b). In this way, the preservice teachers have been able to identify the main
environmental problems of today, and to conceptualize the environment as a set of systems
and interactions that make life on the planet possible (Steele, 2010), based on the activities
carried out. Also, participation in the project has favored the students’ ability to transmit
ideas and knowledge to a non-specialized audience, to solve problems, and to ask questions,
all of which are academic objectives of the subject. The community has also benefited from
the SL project, with an exchange of knowledge and reflections between educational centers
and the university, and the improvement of the skills of the agents involved, generating
synergies that will give continuity to the project. Finally, the children of primary education
level who have participated in the activity have received environmental training that has
allowed them to understand some of the environmental problems and how they affect the
entire planet, and, at the same time, encouraged them to make a commitment and take
action by drawing up and signing of a manifesto.

6. Conclusions
This research addresses the scarcity of scientific studies on the impact of future teachers’

participation in SL projects within the SDG framework on improving their ASD. Likewise,
the study presents methodological keys to integrate these initiatives into the EE subject
curriculum, proposing a basis for a possible framework aligned with ESD. SL activities
developed from higher education represent a significant advance towards the SDGs. Fur-
thermore, given that these objectives are interrelated, the design of SL initiatives allows
us to comprehensively and flexibly address global challenges from multiple perspectives,
aligning higher education with the commitment to sustainability. In this sense, the great-
est finding of this research refers to the academic benefits of incorporating SL pedagogy,
contextualized in the SDGs, for the promotion of ESD and for the improvement of all ASD
dimensions: Environment, Economy, Society, and Education.

This study has significant implications for educational policies. In this sense, the
authors recommend educational authorities to create institutional frameworks that facili-
tate the incorporation of SL activities and projects into university educational programs,
beyond the EE subject. This would allow the educational advantages that SL pedagogy
brings to students, researchers (e.g., improving self-efficacy, self-esteem, motivation to-
wards learning, and skills), and the institution itself (e.g., strengthening the institution’s
image and increasing student retention) to be integrated into university structures, in
turn strengthening ties with society. At the same time, this would be a way to respond
to the needs of universities to adhere to the SDGs that would generate an impact on the
institution itself, its teachers, and its students, and would also generate an impact on the
social environment of the university.

Although the case study presented in this research is a very specific experience of
incorporating SL in higher education in the training of preservice teachers, this pedagogy
can be incorporated into all university studies and degrees in each of the subjects in real-
world contexts, orienting learning towards community service and reflection. To do so, a
prior study of the university context is necessary to detect the needs of the communities.
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On the other hand, increasing digitalization and increasingly rapid access to large volumes
of information allow the concept of community to be expanded, favoring the development
of SL projects anywhere on the planet from any location.

This study has some limitations. First, the small sample size of students suggests the
need to replicate the study with larger samples and in diverse contexts to obtain more
generalizable results. Despite this limitation, the study provides a starting point for future
studies exploring the change in ASD in future teachers after participation in SL projects.
Furthermore, the specific context of our university limits the generalization of the results to
other institutions and countries, so it is advisable to carry out similar research in different
academic environments to contrast the findings. Nevertheless, these results may be of
interest to researchers and teachers in other contexts, providing an initial basis for future
research and experiences in the field of ESD.

As for future lines of research, it is proposed to increase the sample size of teachers in
training and design longer SL programs, including field activities, and analyze how this
impacts changes in ASD.
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