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Preface

The International Conference on Education, Science and Modern Approaches in Research &
Teaching (EDUSMART) has been conceived as an academic platform to bring together educators,
researchers, and professionals from various disciplines and educational levels—from early childhood
to higher education. The conference seeks to promote dialogue, share innovative practices, and explore
emerging methodologies that integrate science, technology, and education in addressing the challenges
of contemporary learning and teaching. Initiated by the Department of Mathematics and Computer
Science of the Technical University of Civil Engineering Bucharest, this event reflects a strong
institutional commitment to advancing educational innovation and interdisciplinary collaboration.

This proceedings volume compiles the peer-reviewed papers presented at EDUSMART 2025,
held on 22-24 July 2025 at the Technical University of Civil Engineering Bucharest, Romania. The
special theme of this edition, “Generation for Innovation, Resilience, Leadership and Sustainability
(GIRLS),” highlights the transformative power of education and science in cultivating creativity,
adaptability, leadership, and sustainable development.

The contributions collected in this volume address a wide range of topics, including innovative
teaching and learning methodologies, technology-enhanced education, digital and Al-driven
pedagogical tools, interdisciplinary and inclusive approaches, as well as case studies on service-learning
and project-based learning. The papers also emphasize international cooperation and best practices that
bridge education, research, and community engagement.

This volume is intended for educators, researchers, practitioners, and students who seek to
advance education through science, technology, and modern pedagogical models that prepare future
generations to meet global challenges with innovation, resilience, leadership, and sustainability.

Mierlus-Mazilu Ion
Editor
Technical University of Civil Engineering Bucharest

Bucharest, Romania
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GIRLS PROJECT: GENERATION FOR INNOVATION, RESILIENCE,
LEADERSHIP AND SUSTAINABILITY. THE GAME IS ON!

A. HERNANDEZ ENCINAS, D.M.L.D. RASTEIRO, M.J. SANTOS SANCHEZ, M. QUEIRUGA-DIOS, L.
HERNANDEZ ENCINAS, A. MARTIN MUNOZ, I. MIERLUS-MAZILU, M. MIGUEL HERNANDEZ, R.J.
MURILLO RUIZ AND A. QUEIRUGA-DIOS

ABSTRACT. The GIRLS project, “Generation for Innovation, Resilience, Leadership, and Sus-
tainability. The Game is On!”, is a collaborative European initiative aimed at promoting
inclusion, diversity, gender equality, digital transformation, and the Sustainable Development
Goals. Designed as a game-based learning experience, the project applies the principle of
“learning by playing” to higher education, where traditional lecture-based approaches remain
predominant. By integrating active methodologies such as research-based learning, game-based
learning, competency-based learning, and service learning, the project encourages both stu-
dents and educators to engage in experiential learning, creativity, and leadership development.
Structured as stages of gameplay, from “The Board” to “Game Over!”, the project transforms
the learning process into an interactive and motivating experience, fostering innovation, sus-
tainability awareness, and the adoption of modern pedagogical practices in higher education.
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1. INTRODUCTION

Erasmus+ KA220 Higher Education (KA220-HED) projects are part of Key Action 2 of the
Erasmus+ programme and focus on international cooperation between universities and other
institutions. Their main purpose is to foster innovation, quality, and modernization in higher
education through the development of joint curricula, new teaching methodologies, digital tools,
and strategies that promote inclusion, sustainability, and internationalization within the univer-
sity sector.

These are co-funded projects by the European Union, which require the participation of a con-
sortium with at least three organizations from three different Erasmus+ programme countries,
and usually last between 12 and 36 months. EU support covers the management and imple-
mentation of activities, as well as the dissemination of results, making these projects a valuable
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opportunity to strengthen academic cooperation while enhancing students’ employability and
skills.

Throughout a project, organizations are generally able to carry out a wide range of activities.
From more traditional ones to more creative and innovative approaches, organizations have the
flexibility to choose the best combination that contributes to achieving the project’s objectives,
in line with its scope and proportionate to the partnership’s capacities. For example:

e Project management: activities necessary to ensure proper planning, implementation,
and monitoring of the projects, including smooth and efficient collaboration among
project partners. At this stage, activities usually involve organizational and administra-
tive tasks, virtual meetings between partners, preparation of communication materials,
preparation and follow-up of participants in activities, etc.

e Implementation activities: these may include networking events, meetings, and working
sessions to exchange practices and develop results. They may also involve the participa-
tion of staff and learners, provided that their involvement contributes to the achievement
of the project’s objectives.

e Dissemination and promotion activities: organization of conferences, sessions, or events
aimed at sharing, explaining, and promoting the project results, whether in the form of
tangible outputs, findings, best practices, or any other format.

Each year, the Furopean Commission sets the priorities and common objectives that the
Erasmus+ programme must pursue across different fields of education, training, youth, and
sport. Therefore, in addition to strengthening the capacities of the organizations involved in the
project, cooperation partnerships aim to contribute through their results to the achievement of
the Programme’s priorities.

Accordingly, projects are required to structure their work around one or more of these prior-
ities and to select them at the application stage. When designing project proposals, it is also
recommended to review the results of previously funded projects based on similar priorities in
order to ensure consistency and avoid duplication, as well as to progressively build on existing
results and contribute to the joint development of the different fields. Useful information on
funded projects can be found in the Erasmus+ Project Results Platform.

In addition, to better link European priorities with the specific needs at national level, Eras-
mus+ National Agencies may highlight one or more of these European priorities as particularly
relevant in their national context, in order to encourage organizations to focus their contributions
on the selected areas in a given year.

The main objective of cooperation partnerships is to enable organizations to increase the
quality and relevance of their activities, expand and strengthen their network of partner or-
ganizations, and enhance their capacity to work together transnationally, thus fostering the
internationalization of their activities. This also includes exchanging or developing new prac-
tices and methods, as well as sharing and confronting ideas. Their purpose is to support the
development, transfer, or implementation of innovative practices, as well as the execution of
joint initiatives that promote cooperation, peer learning, and the exchange of experiences at a
European level. The results are expected to be reusable, transferable, scalable, and, whenever
possible, to incorporate a strong interdisciplinary dimension.

The aim of cooperation partnerships is to improve the quality of the work, activities, and
practices of the organizations and institutions involved, reaching out to new actors who are
normally not included in a given sector; develop the capacity of organizations to work at a
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transnational and cross-sectoral level; address common priorities and needs in the fields of edu-
cation, training, youth, and sport; foster transformation and change (at an individual, sectoral,
or organizational level), leading to improvements and new approaches in proportion to each
organization’s context.

2. CASE sTuDY: GIRLS PROJECT

The partnership that has carried out this project is composed of the Universidad de Salamanca
(Spain) as coordinator, the Polytechnic University of Coimbra (Portugal), the Universidad Fran-
cisco de Vitoria (Spain), the Spanish National Research Council (CSIC, Spain), the Technical
University of Civil Engineering of Bucharest (Romania), the Spanish Network of Entities Against
Leukemia and Blood Diseases (AELCLES, Spain), Maristas Champagnat School (Spain), and
Universidad Vasco de Quiroga (Mexico).

The GIRLS project was proposed by these partner institutions as an initiative to promote key
European values and priorities such as inclusion and diversity, equality, digital transformation,
and the Sustainable Development Goals (SDG). The project, entitled “GIRLS — Generation
for Innovation, Resilience, Leadership and Sustainability. The Game is on!”, was designed as
a game, based on the idea that one of the most effective ways to learn is through practical
experience. In this case, through play [4, 19, 23, 25].

The structure and stages of the projects were included as can be seen in Figure 1.

& 6IRLS

Generation for INNOVATION, RESILIENCE,
and SUSTAINABILITY

THE GAME IS ON!

Co-funded by
the European Union
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FIGURE 1. Stages of the GIRLS project, structured as a game.



While many educators already use innovative active methodologies to engage students in their
learning, this approach is still not widely adopted in higher education, where traditional lecture-
based teaching remains dominant. GIRLS seeks to address this gap by encouraging the use of
active methodologies in higher education and involving more educators in their application. The
project will focus on four specific approaches, inquiry-based learning (IBL), game-based learning
(GBL), competence-based learning (CBL), and service-learning (SL), which will be integrated
into several activities. The overall structure of the project followed the logic of a game, with
work packages designed as stages such as “The Board”, “The Rules of the Game”, “The Match”,
and “Game Over!”.

The term service-learning, which is one of the pedagogical approaches used in the GIRLS
project, was first coined in 1967, but it was not until the 1990s that it became established in
American higher education. In Europe, SL is a relatively new methodology, and it was only
seven years ago that the first European international conference on this methodology in higher
education was held.

The GIRLS Project represented a novel and challenging approach within the Erasmus+ frame-
work. Through its activities, it aimed to support lifelong learning and contribute to the educa-
tional, professional, and personal development of individuals in the fields of education, training,
and youth. In line with the objectives of the Programme, the project contributed to sustainable
growth, quality employment, social cohesion, innovation, and the strengthening of both Euro-
pean identity and active citizenship, which the authors believe will endure in the HEI partner
institutions.

The objectives proposed for this project were as follows:

OB1. Provide training in digital skills and innovative pedagogies.

OB2. Bring universities closer to society.

OB3. Promote sustainable development in higher education.

OB4. Foster individual and organizational transformation and change, leading to improve-
ments, new approaches, and institutional development.

The following outcomes were expected:

For OB1: University teachers within the consortium will be trained in digital skills and innova-
tive pedagogies, and this training will be extended to other professors from different
universities and educational levels, making all generated materials openly accessible.

For OB2: Through projects with associations, outreach activities, and initiatives in disadvantaged
communities in developing countries, the project will strengthen the connection between
universities and society. This directly aligns with SDG 17, as partnerships and networks
will be created, which are essential for implementing the 2030 2030 United Nations
Agenda (https://sdgs.un.org/2030agenda). Teachers, students, and organizations
will collaborate closely in a learning process that transforms into community service.

For OB3: The project will integrate the SDG into higher education by proposing activities and
providing resources to make this integration possible across different disciplines.

For OB4: The aim is for the pursuit of innovation, resilience, leadership, and sustainability to
start at the individual level and extend to institutions and governments. The project
also seeks to promote genuine gender equality, not merely through activities labeled as
equality initiatives, but by integrating equality into all project activities. In fact, the
majority of the teams involved in the partner organizations are women who are highly
aware of this issue.



These objectives were directly related to the priority “Stimulating innovative learning and
teaching practices”, as they seek the application of interdisciplinary approaches and innova-
tive pedagogies, promote lifelong learning in higher education, facilitate credit acquisition and
micro-credentials, and incorporate sustainable development as a central theme of the project.
They are also linked to the priority “Addressing digital transformation through development
of digital readiness, resilience and capacity”, aiming for the digital transformation of institu-
tions, enhancing their capacity and readiness to manage the transition to digital education. The
project included the development of digital pedagogy, the mastery of digital tools by teaching
staff, and the innovative creation and use of digital educational content. Finally, they relate to
the priority “Inclusion and diversity in all fields of education, training, youth and sport”, as the
project promotes social inclusion and reaches individuals with fewer opportunities by creating
inclusive environments that foster equity and equality and address the needs of the broader
community.

One of the innovative aspects of the GIRLS project was that the project itself has been
designed as a game, in which the work packages were structured around game elements: the
board, the rules of the game, the match, and game over! The consortium when presenting this
proposal intended, through this approach, to begin applying active methodologies not only in the
project’s activities but also in the design of all tasks carried out during the project. Additionally,
the project would provide digital tools to higher education members, following the “learning by
doing” approach. Each tool used was properly documented, and all necessary materials are
available to ensure mastery of its use.

Another innovative aspect was the inclusion of an entity from a non-participating Programme
country. The participation of Universidad Vasco de Quiroga allowed the project to address
social, digital, and educational innovation aspects in a different context. This partner also had
experience in community work. In Mexico, they have established what are called pasantias, a
year of social service that graduate students must complete to serve the community. In this way,
they give back to society what it has provided them in the form of free university education. The
inclusion of this partner added significant value to the project, as university students and staff
were able to learn from service-learning projects and SDG-related initiatives already underway;,
as well as propose new ones from a perspective different from the European context, since these
communities face realities not present in Europe.

Finally, it should be noted that the core focus of the project was on the SDG and women. No
specific objective was set for these aspects, as they were addressed transversally and form the
underlying framework throughout the entire project.

3. DISCUSSION

We have analyzed a total of 980 projects based on the results available on the Erasmus+
Project Results Platform of the European Union, filtering specifically for Strategic Partnerships
in Higher Education and for the calls from 2022 to 2025. This platform allows users to download
an Excel file containing detailed information for each project, including the programme, the key
action, the type of action, the project identifier, title, summary, and selected topics, as well
as the coordinating institution and participating partners. By examining this dataset, we were
able to gain a comprehensive overview of recent trends, topics, priorities, and the distribution of
partnerships across countries and institutions, providing valuable insights for designing future
projects and aligning them with both Erasmus+ objectives and emerging educational needs in
higher education.



Figure 2 shows a word cloud, which reveals a clear focus on educational and digital transfor-
mation. The largest and most central terms, such as digital learning, skills, courses, curricula,
and innovative, suggest a strong commitment to modernizing teaching systems. An orientation
towards the development of competences and practices is evident, indicating that the projects
focus on tangible outcomes and the practical application of knowledge. Other recurring concepts
like technologies, development, and content underscore the importance of creating resources and
tools to facilitate this change. To a lesser extent, but still present, are themes related to sus-
tainability and inclusion, such as green, climate, inclusion, and equality, which reflect a project
agenda that integrates social and environmental aspects within the framework of education and
training [6, 31].

The GIRLS Project aligns with the priorities proposed by the European Union and national
FEuropean agencies, as evidenced by its positive evaluation. This alignment is clearly demon-
strated by our focus on key areas such as digital learning, the development of skills and compe-
tences, and the promotion of innovative educational approaches. These themes are at the core
of the Digital Education Action Plan (2021-2027) [6] and other European initiatives, which seek
to modernize education systems and prepare citizens for the digital age. Our project’s successful
evaluation confirms its relevance and contribution to the strategic objectives set at the Euro-
pean level, including the integration of digital technologies and the promotion of inclusive and
sustainable practices.

change
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FIGURE 2. A word cloud obtained from the topics of 980 projects.

4. CONCLUSIONS AND SOME RESULTS

During the project life cicle, partners collaborated in the dissemination of the proyject results,
analysing and providing a space for discussion with colleagues and researchers.
Here are some results for each project objective:
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4.1. OB1. Provide training in digital skills and innovative pedagogies. The GIRLS
project operationalised OB1 through a series of mutually reinforcing interventions that em-
bedded active, technology-enhanced practice into course design and delivery. Problem-based
learning, which requires teamwork and entrepreneurship, demands that students apply and
demonstrate digital competencies in authentic, collaborative tasks. This approach also involves
structuring staff development around designing and facilitating such activities [21]. The strategic
use of student response systems increased participation and enabled real-time, data-informed
feedback cycles, making digital skills visible for both students and instructors [10]. Flipped-
classroom designs shifted content acquisition to digital environments and repurposed contact
time for guided application and peer instruction [5]. A complementary e-learning pathway
curated resources and sequenced activities to sustain practice and monitoring of digital compe-
tences over time [3]. Finally, a partner workshop on technology-enhanced mathematics educa-
tion consolidated these pedagogical approaches across institutions and supported their transfer
to additional modules and contexts [26]. Taken together, these components delivered the OB1
training agenda by combining training methods for staff with structured learning opportuni-
ties for students, resulting in aligned outputs (e.g., courses, manuals, and app-based artefacts)
and outcomes (documented student digital skills attainment, partner uptake, and satisfaction).
Across pilots, partners reported consistent use of the approaches above, with representative
evidence including participation/attendance records, learning-platform analytics, and assess-
ment artefacts (here we may insert some numbers we already have... for example, the number
of trained staff, courses using PBL/flipped formats, pass rates, and satisfaction percentages).
Based on this, and supported by the cited literature [3, 5, 10, 21, 26], we conclude that OB1
was achieved, with demonstrable training in digital competencies and adoption of innovative
pedagogies across partner institutions.

4.2. OB2. Bring universities closer to society. The GIRLS project advanced OB2 by inte-
grating service-learning and community-engaged practices within higher-education programmes
and internationalisation activities, thereby establishing structured, bidirectional channels be-
tween academic work and societal needs; notably, incorporating service-learning into mobility
and partnership initiatives demonstrably connected universities with communities and stake-
holders beyond the campus, fostering co-creation, civic responsibility, and knowledge exchange
[20, 22, 27]. Across the portfolio, curricular interventions and dissemination activities linked
disciplinary inquiry to real-world problems and beneficiaries: case studies translating academic
research into responses to community health priorities [1]; projects in mathematics education
creating accessible learning tools for visually impaired individuals [30]; applications of opera-
tional research explicitly organised as community service to support evidence-informed decision-
making in local settings [13]; and course-embedded service-learning systematically aligning learn-
ing outcomes with authentic community briefs [2, 18]. Complementary scholarly and professional
forums, such as conference contributions that articulated the nexus between mathematics, en-
gineering, and service to the community, amplified transfer and uptake across partners and
contexts [16], while reflective analyses highlighted how service-learning fosters engagement,
solidarity, and a sustained sense of social responsibility among participants [24]. Together,
these elements demonstrate that the project did not merely “reach out” but operationalised
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university-society linkages through co-designed activities, accessible outputs, and reciprocal part-
nerships; the resulting artefacts, practices, and documented community interactions substanti-
ate that OB2 was achieved, with universities demonstrably closer to society through service-
learning, socially purposeful research, inclusive resource design, and public-facing dissemination
[1, 2, 12, 16, 18, 20, 22, 24, 27, 30].

4.3. OB3. Promote sustainable development in higher education. The GIRLS project
advanced OB3 by integrating sustainability principles into teaching, research, and community
engagement in higher education, using learning landscapes to support students’ commitment
to sustainable development and to normalise sustainability-focused decision-making in real aca-
demic settings [4]. At the core of the discipline, curriculum-based modelling of solar energy
offered concrete, data-driven engagement with renewable solutions and their trade-offs, enabling
students to link theoretical analysis with practical energy transitions [29]. The project also
proved that education for the Sustainable Development Goals can be sustained and meaningfully
progressed even under restricted or conflict-affected conditions, thereby enhancing resilience and
continuity in SDG-aligned learning [9]. Complementing these efforts, a service-learning project
on sustainable energy access connected institutional expertise to community needs, transforming
curricular work into measurable social benefits and demonstrating the transfer of sustainability
skills beyond the classroom [13]. These activities put sustainable development into practice
within higher education by aligning pedagogy, research, and societal partnerships around SDG-
related challenges; the outputs (e.g., learning resources and modelling artefacts) and outcomes
(e.g., demonstrable student skills, documented community applications) confirm that OB3 was
achieved, with sustainability embedded in both educational processes and practical application
across partner institutions [4, 9, 13, 29].

4.4. OB4. Foster individual and organizational transformation and change, lead-
ing to improvements, new approaches, and institutional development. The GIRLS
project advanced OB4 by organising capacity-building around innovation, resilience, leader-
ship, and competence development, thereby linking personal growth with institutional renewal.
Conference and dissemination activities explicitly fostered innovation and resilience as drivers
of change at both the individual and organisational levels [17]. The project’s design embed-
ded these same drivers — innovation, resilience, and leadership — as core, cross-cutting aims
that guide practice and policy towards sustainable improvement [14]. Complementary scholarly
outputs position GIRLS within a broader change trajectory in higher education, demonstrat-
ing how competence development and internationalisation work together to enhance curricula,
foster a quality culture, and promote institutional learning [28]. Additionally, the project, in
particular, has initiated new approaches that support organisational development across partner
contexts [11]. At the level of representation, mentoring and accompaniment programmes trans-
lated these aims into tangible developmental pathways, strengthening staff and student com-
petencies, agency, and reflective practice, which are precursors to lasting transformation [7, 8].
Competency-focused academic environments further reinforced this shift by aligning recogni-
tion, dialogue, and dissemination around what graduates and educators can demonstrably do,
catalysing programme redesign and organisational commitment to evidence-based improvement
[15]. These features show that GIRLS did not merely propose change but also operationalised
it through coordinated interventions, supportive structures, and shared standards; the resulting
adaptations in practice, adoption of new pedagogical and managerial approaches, and docu-
mented improvements in programmes and partnerships confirm that OB4 was achieved, with
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clear contributions to both individual capability development and organisational growth across
institutions [7, 8, 11, 14, 15, 17, 28].

[1]
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[12]

[13]

[14]

[15]

[16]

REFERENCES

M. Anciones-Polo, A. Di Mauro, M.J. Santos Sanchez, R.J. Murillo Ruiz, Ma. Queiruga-Dios, D.M.L.D.
Rasteiro, and A. Queiruga-Dios. Descriptive and inferential analysis of renal health and patterns of water
consumption: A case study of ciudad hidalgo. In Araceli Queiruga-Dios, Deolinda M.L.D. Rasteiro, and
Angel Martin-del Rey, editors, V International Conference on Mathematics and its Applications in Science
and Engineering (ICMASE 2024), volume 490 of Springer Proceedings in Mathematics & Statistics, pages
349-359. Springer, Coimbra, Portugal, 2024.

I.A. Barroso, B. Sanchez-Barbero, and M. J. Caceres. Una experiencia de aprendizaje-servicio para trabajar
matematicas con adultos con discapacidad intelectual. In XVI EPREM, Foz do Iguagu, Portugal, 2022.
https://sbemparana.com.br/xvieprem/anais/547113.pdf.

J.L. Cabanillas Garcia, M.C. Sanchez-Gémez, and 1. Del Brio-Alonso. Andlisis multimedia de la metodologia
de enserianza e-learning con el uso de Ca@QDas nVivo. Ediciones Universidad de Salamanca, 2023.

B. Cuadrado-Ballesteros, M.-1. Gonzalez-Bravo, J. Martinez-Ferrero, and E. Lahuerta-Otero. Bridging knowl-
edge and action: Sustainable development through learning landscapes in higher education. Innovations in
Education and Teaching International, pages 1-17, 2025.

I. Del Brio-Alonso, J.L. Cabanillas-Garcia, M.C. Sanchez-Gémez, and M. Franco-Martin. Mixed study on the
use of flipped classroom methodology in the subject of community mental health care. In M. et al. Milrad,
editor, Methodologies and Intelligent Systems for Technology Enhanced Learning, volume 764 of Lecture Notes
in Networks and Systems, pages 23-33. Springer, Cham, Guimaraes, 2023.

European Commission. Digital education action plan 2021-2027: Resetting education and training for the
digital age, 2021. Accessed on October 8, 2025.

S. Garcia Cardo, R.J. Murillo Ruiz, A.A. Cortes Ferndndez, and M. Queiruga-Dios. Mentoring programs for
engineering students as a way to improve their skills and competences. In 51st Annual Conference of the
European Society for Engineering Education (SEFI), Dublin, Ireland, 2023.

S. Garcia-Cardo, M. Queiruga-Dios, and A. Queiruga-Dios. Comparative study of accompaniment programs
for undergraduate degree students in spanish universities. Frontiers in Psychology, 14(1165232), 2023.

M.I. Gonzélez-Bravo, D. Lépez Diaz, M. D. Merchan Moreno, E. Pascual Corral, A. Pérez Fonseca, and M. J.
Santos Sanchez. Educar en tiempos de guerra. la internacionalizacién a través de los objetivos de desarrollos
sostenibles. In Fdiciones Universidad de Salamanca, pages 115—-128. 2024.

M.D. Merchan Moreno, E. Pascual Corral, M. Miguel Hernandez, and M.J. Santos Sanchez. Improving
motivation and continuous assessment in engineering classrooms through student response systems. In 51st
Annual Conference of the European Society for Engineering Education (SEFI), Dublin, Ireland, 2023.

I. Mierlus-Mazilu. Girls — generation for innovation, resilience, leadership and sustainability project. In 62nd
Annual Scientific Conference of Angel Kanchev University of Ruse and Union of Scientists New Industries,
Digital Economy, Society — Projections of the Future VI, volume 62, pages 66-74, 2023. https://conf.uni-
ruse.bg/bg/docs/cp23/bp/bp-9.pdf.

I. Mierlus-Mazilu. Operational research-based learning service for transport problem solutions. In 63rd Annual
Scientific Conference of Angel Kanchev University of Ruse and Union of Scientists New Industries, Digital
Economy, Society, Ruse, Bulgaria, 2024.

I. Mierlus-Mazilu, S. Constantinescu, and A. Anghelescu. Energize tomorrow: Service-learning for sus-
tainable energy access (girls — generation for innovation, resilience, leadership and sustainability). In The
21st Workshop on Mathematics, Computer Science and Technical Education, volume 7, pages 80—89, 2024.
https://dmi.utcb.ro/icmcste/.

I. Mierlus-Mazilu and L. Nitd. Generation for innovation, resilience, leadership and sustainability (girls
project). In The 20th Workshop on Mathematics, Computer Science and Technical Education, volume 6,
pages 62-67, 2023. https://dmi.utcb.ro/icmeste/.

A. Queiruga-Dios. Competences-based education in higher education. In 12th International Conference EDU-
vision 2022 “New Contemporary Challenges — Opportunities for Integrating Innovative Solutions into 21st
Century Education”, 2022. Online round table.

A. Queiruga Dios. Matematicas, ingenieria y servicio a la comunidad. In Aportando a la Sociedad desde las
aulas: Jornada de Aprendizaje-Servicio, Salamanca, 2023.

9



[17]

18]

[19]

[20]

21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

A.  Queiruga-Dios.  Generacién para la  innovacion, resiliencia, liderazgo y  sostenibil-
idad. In Jornadas de Investigadoras de Castilla y Ledn. Conferencia  Senior, 2025.
https://jornadasinvestigadorascyl.org/conferenciantes-senior /.

A. Queiruga-Dios, D.M.L.D. Rasteiro, B. Sdnchez Barbero, A. Martin del Rey, and 1. Mierlus-Mazilu. Service-
learning activity in statistics course. In IV International Conference on Mathematics and its Applications in
Science and Engineering (ICMASE 2023), pages 50-61. Springer, Madrid, 2023.

A. Queiruga-Dios, M.J. Santos Sédnchez, M. Queiruga Dios, V. Gayoso Martinez, and A. Hernédndez Encinas.
A virus infected your laptop. let’s play an escape game. Mathematics, 8(2):166, 2020.

A. Queiruga-Dios, M.J. Santos Sdnchez, D.M.L.D. Rasteiro, M. Queiruga-Dios, and M. Anciones-Polo. In-
ternationalization: Higher education and service-learning. In 14th International Conference ED Uvision 202/
“New Contemporary Challenges — Opportunities for Integrating Innovative Solutions into 21st Century Educa-
tion”, 2024. Online, part of the XII ROUND TABLE 3: Development of Competences and Internationalisation
of Education, http://www.eduvision.si/the-book-of-papers.

M. Queiruga-Dios, S. Garcia-Cardo, and A. Queiruga-Dios. Problem-based learning, teamwork and en-
trepreneurship in the numerical methods course. In Araceli Queiruga-Dios, Deolinda M.L.D. Rasteiro, and
Angel Martin-del Rey, editors, V International Conference on Mathematics and its Applications in Science
and Engineering (ICMASE 2024), volume 490 of Springer Proceedings in Mathematics € Statistics, pages
371-378. Springer, Coimbra, Portugal, 2024.

M. Queiruga-Dios, M.J. Santos Sanchez, M. A. Queiruga-Dios, and M. Queiruga-Dios. Community service
to share learning and science. In Hands-on science: Rethinking STEAM education in times of uncertainty,
page 233. Universidade de Vigo, 2022.

Maridn Queiruga-Dios, Juan José Bullén Pérez, and Araceli Queiruga-Dios. An escape game to find the
owner of a latent fingerprint while learning biometry. In Breakthroughs in Digital Biometrics and Forensics,
pages 327—344. Springer, 2022.

D.M.L.D. Rasteiro, C. Caridade, A. H. Encinas, A. Queiruga-Dios, and I. Mierlus-Mazilu. Engagement and
solidarity while learning. In 51st Annual Conference of the FEuropean Society for Engineering Education
(SEFI), Dublin, Ireland, 2023.

D.M.L.D. Rasteiro, C. Caridade, C. Pinto, C.D. Nikolopoulos, E. Ulbrich, K. Petridis, J. Mendonga, L. Babo,
MaxWhere Solutions, and Selay Arkiin Kocadere. Escape rooms and students competencies. In International
Conference on Mathematics and its Applications in Science and Engineering, pages 335-348. Springer, 2024.
D.M.L.D. Rasteiro, A.H. Encinas, A. Queiruga-Dios, M.J. Santos Sdnchez, A. Martin, L. Hernéndez-Alvarez,
M. A. Gonzédlez De La Torre, and A. Pose Diez de la Lastra. Workshop: Using technology to teach/learn
mathematics, how are we as teachers fostering mathematics education mobility? In 51st Annual Conference
of the European Society for Engineering Education (SEFI), Dublin, Ireland, 2023.

D.M.L.D. Rasteiro, A. Queiruga-Dios, A. Herndndez Encinas, M.J. Santos Sédnchez, E. Bigotte de Almeida,
and C. Caridade. Bridging academic learning and community service. In Araceli Queiruga-Dios, De-
olinda M.L.D. Rasteiro, and Jesis Martin-Vaquero, editors, V International Conference on Mathematics
and its Applications in Science and Engineering (ICMASE 2024), volume 490 of Springer Proceedings in
Mathematics & Statistics, pages 323-334, Coimbra, Portugal, 2024. Springer.

D.M.L.D. Rasteiro, A. Queiruga-Dios, M.J. Santos Sénchez, M. Queiruga-Dios, and M. Anciones-Polo.
Development of competences and internationalisation of education: Preparing students for a globalized
and interconnected world. In 14th International Conference EDUvision 2024 “New Contemporary Chal-
lenges — Opportunities for Integrating Inmovative Solutions into 21st Century FEducation”, 2024. Online,
part of the XII ROUND TABLE 3: Development of Competences and Internationalisation of Education,
http://www.eduvision.si/the-book-of-papers.

M.J. Santos Sénchez, R.P. Merchan Corral, J. Garcia Ferrero, D. Pérez Garcia, and A. Medina Dominguez.
Modeling solar energy with mathematics. In Araceli Queiruga-Dios, Deolinda M.L.D. Rasteiro, and Jesis
Martin Vaquero, editors, V International Conference on Mathematics and its Applications in Science and
Engineering (ICMASE 2024), volume 490 of Springer Proceedings in Mathematics & Statistics, pages 361—
370. Springer, Coimbra, Portugal, 2024.

B. Sédnchez-Barbero, M.J. Céceres, A. Queiruga-Dios, and A. Martin-del Rey. Un proyecto aps. creacién de
cuentos para el aprendizaje de las matematicas con usuarios con discapacidad visual. In 21 Jornadas para el
Aprendizaje y Ensenanza de las Matemdticas (21 JAEM), Santander, Espafia, 2024.

10



[31] UNESCO. Education for sustainable development. https://www.unesco.org/en/
sustainable-development/education. Accessed on October 8, 2025.

AELCLES (SPANISH NETWORK OF ENTITIES AGAINST LEUKEMIA AND BLOOD DISEASES), SPAIN
Email address:  ascen@usal.es

PoOLYTECHNIC UNIVERSITY OF COIMBRA, PORTUGAL
Email address:  dml@isec.pt

DEPARTMENT OF APPLIED PHYSICS, FACULTY OF SCIENCES, UNIVERSIDAD DE SALAMANCA, SPAIN
Email address: smjesus@usal.es

ACCOMPANIMENT INSTITUTE, UNIVERSIDAD DE FRANCISCO DE VITORIA, SPAIN
Email address: marian.queiruga@ufv.es

INSTITUTE OF PHYSICAL AND INFORMATION TECHNOLOGIES (ITEFI), CSIC, SPAIN
Email address: {agustin.martin,luis.h.encinas}@csic.es

TECHNICAL UNIVERSITY OF CIVIL ENGINEERING OF BUCHAREST, ROMANIA
Email address: ion.mierlusmazilu@utcb.ro

MARISTAS CHAMPAGNAT SCHOOL, SALAMANCA, SPAIN
Email address: mmiguelhe@maristassalamanca.org

UNIVERSIDAD VASCO DE QUIROGA, MORELIA, MEXICO
Email address: jmurillo@uvagq.edu.mx

DEPARTMENT OF APPLIED MATHEMATICS, HIGHER TECH. SCHOOL OF INDUSTRIAL ENGINEERING, UNIVER-
SIDAD DE SALAMANCA, SPAIN
Email address: queirugadios@usal.es

11



Proceedings of EDUSMART 2025: GIRLS Project Conference

available online at https://dmi.utcb.ro/edusmart-proceedings/

"WATER YOU DOING?”: A WATER AWARENESS INITIATIVE WITHIN
THE ERASMUS+ PROJECT GIRLS

M. MIGUEL HERNANDEZ, L. GARCIA ARREGUI, L. BORRALLO SANCHEZ AND M.J. SANTOS
SANCHEZ

ABSTRACT. This paper describes the implementation of the Service-Learning project ”Water
you doing?”, carried out at Colegio Marista Champagnat in Salamanca (Spain). Embedded
within the European Erasmus+ GIRLS Project (Generation for Innovation, Resilience, Lead-
ership and Sustainability), this initiative aimed to raise awareness about the responsible use
of water and to foster empathy toward affected communities by insanity water, drawing in-
spiration from previous experiences and international collaborations. In this project, after an
initial session to motivate and train teachers, students from across the school conduct Physics
experiments with other pupils in different grades to help them understand the importance of
water from a scientific perspective. The paper outlines the activities carried out during Wa-
ter Week, the monitoring indicators, and the impact evaluation, highlighting the effectiveness
of awareness-raising actions and the importance of sustained efforts in promoting sustainable
habits.
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1. INTRODUCTION AND PROJECT CONTEXT

Colegio Marista Champagnat de Salamanca [1], stablished in 1933, belongs to a long-standing
educational institution, founded in 1817. It is a Catholic school with a strong Marist educa-
tional tradition, which seeks to provide its students with a comprehensive education through an
updated pedagogical model and a firm commitment to values and society. It offers education
ranging from Kinder-garden to High School. It currently has a teaching community made up
of 86 teachers and 1136 students. All teachers and approximately 1000 students participated in
”Water you doing?” project.

"Water you doing?” is a Service-Learning (SL) initiative that represents an evolution and
integration of previous experiences, both local and international. After an initial session to
motivate and train teachers, students from across the school conduct experiments with other
pupils in different grades to help them understand the importance of water from a scientific
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perspective. The initial inspiration came from a meeting held in Mexico in June 2024 (Fig.
, where a valuable exchange took place with the Universidad Vasco de Quiroga [2] and other
GIRLS European project partners [3]. A particularly meaningful collaboration was established
with the Mexican association “Da una Esperanza de Vida” (Give a Hope for Life), which supports
kidney patients in Ciudad Hidalgo, in the state of Michoacén [4].

FIGURE 1. This image captures two moments from the meeting between the European
Erasmus+ GIRLS project partners and the ” Give a Hope for Life” Association in Ciudad
Hidalgo, in the state of Michoacan, Mexico.

Additionally, the project builds on the results of a previous initiative at Colegio Maristas
during the 2022 — 2023 academic year, titled ” We Are Water”, which focused on the responsible
use of water and culminated in an open house (Fig. . That initiative proved effective, leading
to a measurable reduction in water consumption during its implementation.

The current project is also closely aligned with the school’s strategic plan, in which three of
its five strategic goals -student agency in learning, sustainability, and leadership- are directly
connected to the aims of the Erasmus+ GIRLS project. For its implementation and develop-
ment, the school worked in close collaboration with several internal teams, including EcoZ2social,
InnovaPlus (innovation and professional development), and the Social Action Team, whose ef-
forts directly support awareness campaigns and causes such as that of “Da una Esperanza de
Vida”.

This internal collaboration was further strengthened by the external support of the University
of Salamanca (USAL), which provided expert guidance and training in the scientific aspects of
the experiments carried out. This contribution was essential for the design and implementation
of the practical dimension of the project, which formed the core of the educational experience
led by the students.

The project’s objectives and theoretical foundation are outlined below, along with the imple-
mentation of the activities carried out during Water Week, as well as the results obtained and
their evaluation, and the conclusions drawn from the experience.

2. OBJECTIVES AND THEORETICAL FOUNDATIONS OF THE PROJECT

The ” Water you doing?” project pursues several key objectives, all aligned with the promotion
of Sustainable Development Goal (SDG) 6: Clean Water and Sanitation [5]. The main objectives
include:

e Promoting the care and conservation of water resources.
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Jornada de puertas abiertas

& General
eco2social, Maristas Sonrie, me gusta mi cole, proyecto educativo,
puertas abiertas, somos agua

© 10.Feb. 2023

@ @ G @

A lo largo del dia de hoy hemos tenido una jornada de puertas abiertas, donde varias familios se han acercado a conocer nuestro colegio y nuestro
proyecto educativo. Durante la visita hon podido recorrer nuestras aulas y pasillos que estdn ombientadas en torno al cuidado del agua. Gracias a
todos las familias que habéis compartido con nosotros esta jornada de puertas abiertas. {Esperamos veros pronto por nuestro colegio y nuestras aulas!

FIGURE 2. Some images from the Colegio Maristas during Water Week, where class-
rooms and hallways were decorated with water conservation themes. Project de-
veloped during the 2022 — 2023 academic year, titled "We Are Water” (https://
maristassalamanca.es/etiquetas_noticias/somos-agua/).

e Fncouraging students to adopt more sustainable water consumption habits.

e Raising awareness about the responsible use of water and its vital importance.

e Fostering empathy and engagement with the association “Da una Esperanza de Vida”,
by highlighting the human dimension of water access and the need for responsible usage.

The relevance of this project lies in the recognition that, although awareness-raising actions
can be effective in the short term, their positive outcomes tend not to last unless education
around water use is ongoing and consistent [0, [7]. This underscores the need for patience and
persistence in cultivating sustainable, long-term behavioral change among students.

The initiative is based on the project-based learning methodology Service-Learning. As it
is known SL experiences allow students to engage in their community by developing helpful
activities, while increasing their motivation and acquiring skills and knowledge specific to their
studies [8]. Another methodological principle is active learning, as everyone involved, teachers
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and students, will carry out water experiments. And, as mentioned before, students from dif-
ferent grades are responsible for presenting the experiences at other educational levels. In this
case, the SL methodology is provided by students to peers at different levels in the same school.

3. IMPLEMENTATION AND ACTIVITIES OF Water Week

The project was comprehensively implemented through the event Water Week, held in com-
memoration of World Water Day on March 22, 2025. This initiative actively involved the entire
educational community. The preparation phase was meticulous and included the organization of
student groups and a weekly calendar of structured activities. The key phases of implementation
included are detailed below (Fig. [3]).

-0-0-0-0

TEACHER TRAINING RESOURCE CREATION CLASSROOM ACTIVITIES INTERGENERATIONAL WATER CONSUMPTION
AND KNOWLEDGE EXPERIMENTATION CHALLENGE
DISSEMINATION

FIGURE 3. Diagram showing the phases for project implementation“Water you doing?”.

e Teacher Training: Teachers participated in a special training session focused on aware-
ness, contextual understanding, and practical preparation for Water Week. During the
session, they experienced first-hand the scientific activities that students would later
carry out (Fig. @) A set of nine physics experiments was carefully prepared to help
the entire educational community understand the importance of water from a scientific
perspective (Fig. [5). Teachers were provided with a sheet with a detailed script for
each of the experiences (Fig. @ This training was led by the InnovaPlus team and,
specifically, by the teachers who represent the school in the European Erasmus+ GIRLS
Project in collaboration with the University of Salamanca.

e Resource Creation: The school collaborated with the EcoZsocial team to create a pre-
sentation dynamic for the school’s morning reflection time, ” Amanecer Marista”, with a
focus on raising awareness for World Water Day.

e Classroom Activities and Knowledge Dissemination: From March 17th to 21st, class-
rooms were transformed into learning laboratories. During Water Week, students -guided
by their tutors- engaged in scientific experiments and prepared presentations to share
with other student groups.

e Intergenerational Experimentation: A central activity involved students from 5th grade
of Primary Education to 10th grade (4° E.S.O.) presenting a selected experiment, guided
by older or younger peers. These sessions brought together all educational stages, sharing
“science” across generations (Fig. @ The methodology promoted hands-on learning and
the development of key competences such as leadership, communication, public speaking,
and teamwork. In order to carry out the presentation of all experiments across the entire
school within a single hour, a carefully structured organizational model was implemented.
Considering that each year group in Primary and Secondary Education was divided into
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FIGURE 4. Some images from the teacher training session for Water Week: a) Room
prepared for the arrival of the teachers; b) a moment from the presentation; ¢) detail of
the explanation of one of the experiences and d) material prepared so that all teachers
can carry out the experiences.

three classes of approximately 25 to 30 students, the activity was structured into three
20-minute rotations, totaling one hour. In each rotation, two year groups (i.e., six classes)
were involved. Each class was divided into five small groups, resulting in 30 small groups
per rotation. These groups were then distributed throughout the school to present their
assigned experiment to other classes (Fig. . same structure was repeated during
the second and third rotations. This system enabled all Infant and Primary classes up
to Grade 4 to engage with three different experiments, while students from Grade 5
of Primary through to Secondary had the opportunity to present one experiment and
observe two others, ensuring both active participation and peer-to-peer learning within
a limited time frame.

Water Consumption Challenge: Students were invited to calculate the amount of water
wasted during showers, particularly while waiting for the water to reach the desired
temperature. They collected and measured this water, and then calculated monthly
and annual waste at the individual, classroom, and whole-school levels (approx. 1200
students). To support the activity, data on the local water treatment cost in Salamanca
(1.30€/m?) was provided to help students make real-life mathematical estimations.

4. RESULTS AND IMPACT EVALUATION

The evaluation of the project was primarily conducted using a “Target-based evaluation” (a
graphic self-assessment tool, see figure E[), which allowed students to reflect on four key aspects:
their initial motivation, changes in their water usage habits (awareness), their interest in the
experiments presented, and the process of preparing and presenting their experiment. Student
feedback on these Target-based evaluation reflected a highly positive experience. Some examples
of their comments include:
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FIGURE 5. Index of the nine experiments carried out to understand the importance of
water from a scientific perspective, throughout the ”Water you doing?” project.

o “We loved being part of this experience”.

o “We really enjoyed learning with our Secondary School classmates. We want to do it
again! Thank you and congratulations on the initiative”.

e Several students praised how well-prepared the experiments were and how the explana-
tions were adapted to the younger childrens understanding.

e Others explicitly acknowledged the impact on their awareness: “This Water Week really
helped people understand how to use water better in their daily lives”.

In addition to this qualitative assessment, the project also relied on a quantitative indicator:
the water consumption ratio (cubic meters of water consumed / total number of students). It
is important to note that this data refers specifically to the water consumption recorded for the
school building. An extended data series provides a more comprehensive view of the project’s
longitudinal impact is collected in Table A decrease in water consumption per student in
a year has been observed over the last five years: from 3.31m3/student in the 2019 — 2020
academic year to 2.08 m?/student in the 2024 — 2025 academic year.

While the ratio remained below or close to the targets between 2020 and 2023, the sharp
increase in the 2023 —2024 academic year initially raised concerns. Further research revealed that
the spike was caused by a significant water leak on school premises. The anomaly in consumption
allowed the maintenance team to identify and repair the issue, avoiding long-term inefficiencies.
As such, the 2023 — 2024 data point should be interpreted as atypical and not indicative of the
project’s effectiveness. The strong return to reduced consumption levels in 2024 — 2025 with 2.08
(m3/student) per year, well below the target, 2.29 (m?/student)per year, provides compelling
evidence of the project’s success in promoting sustainable habits. It underscores the effectiveness
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Observe how a substance less dense than another The ink in these markers is made up of an oily silicone
“floats" on it. polymer, color, and alcohol, so it doesn't stick to the
bottom of the plate. When the alcohol evaporates and
1 we add water, it slides under the drawing and makes it
Material float.
v The drawings do not break easily when floating due to

A white ceramic dinner plate
A chalkboard marker

A small bottle of water
Water

the bonding strength of the color and polymer.

Why do they float? Because these inks are not soluble in
water, that is, they do not mix with it, and due to one of
the many properties of water, density, a force is
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(\ generated pushing the drawing towards the surface.
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Experimental method

Results
Make sure the plate is dry and draw a picture with the
marker. Very quickly, the drawings will
The drawing can be whatever you want, for example, separate from the plate, float,
animals, numbers, a house or a tree. For example, several and if you gently move the
small fish. plate, they will move.

After making the drawings, let it dry a little (approx. 10
seconds) and add the water slowly from the edge of the

late until you cover the drawing(s).
L L gls) Link to video

FIGURE 6. Example of a experimental script for one of the experiments Breathing Life
with the different sections: objectives, materials, experimental methodology, scientific
basis, and results.

FIGURE 7. Students presenting experiments (Descartes’s Diver, in this case), guided
by older or younger peers. These sessions brought together students from all educational
levels, sharing science across generations.

of combining interdisciplinary service-learning strategies with science-based inquiry and values
education to foster responsible behaviour[9].

These results highlight that favorable outcomes in water consumption are not spontaneous,
but rather the result of consistent educational efforts, student engagement, and the integration
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FIGURE 8. Example of the timetable for all the classes involved. Some classes, in this
case bth and 6th graders, share experiences with other educational levels. At other times,

roles are reversed.

TABLE 1. Water consumption rate recorded in Colegio Maristas building over a year
(cubic meters of water consumed / total number of students). The first column shows
the school year, the second shows consumption (m?/student) per year, and the fourth
column shows the school’s target after carrying out activities to promote responsible
water use (in same units).

Schooll year Water consumption in a year Tarject in a year

(m? /student) (m?/student)
2019 — 2020 3.31 -
2020 — 2021 2.57 -
2021 — 2022 2.60 -
2022 — 2023 2.57 2.54
2023 — 2024 4.15 2.41
2024 — 2025 2.08 2.29

of sustainability into the school’s culture. The longitudinal data reinforce the need for sustained
awareness campaigns to achieve lasting behavioural change.

5. CONCLUSIONS

Following the completion of the Service-Learning project “Watter you doing?”, developed by
the entire educational community of Colegio Maristas Champagnat in Salamanca (Spain), we

can conclude:

e The "Water you doing?” project has proven to be a successful educational initiative
at Colegio Marista Champagnat in Salamanca, achieving a tangible reduction in water
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FIGURE 9. Preschool students evaluating the water experiment session at “Watter you
Doing?” conducted by students of different level, using a “Target-based evaluation” (a
graphic self-assessment tool).

consumption and fostering a positive shift in awareness and attitudes among students
across all educational stages.

The initiative involved a high level of participation, engaging a large number of teachers
and students in the design, implementation, and evaluation of learning experiences. A
particularly remarkable organisational effort enabled more than 30 small student groups
to present water experiments in just one hour to all classrooms of the school, thanks to
a carefully coordinated rotation system. This strategy ensured that each student was
both a learner and a teacher, strengthening communication, leadership, and collaboration
skills.

The curricular connection was central to the project design, integrating scientific con-
tent, mathematical reasoning, communication, and civic values into a single educational
experience. Furthermore, the initiative promoted inter-level interaction, as older and
younger students worked together, aligning with the school’s identity as a UNICEF
Level 3 Rights-Respecting School, where pupils’ voices and proposals for mixed-age col-
laboration were taken into account in the planning.

The use of Service-Learning methodology, along with collaboration among internal teams
such as Fco2social, InnovaPlus, and Solidarity, and the inspiration drawn from interna-
tional partners such as Universidad de Salamanca (USAL), Universidad Vasco de Quiroga
(UVAQ) and the association “Da una Esperanza de Vida” in Mexico, were key pillars of
the project’s success.
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e While the main evaluation tool was the “Target-based evaluation”, the impact was fur-
ther supported by evidence of fluctuations in water usage, reinforcing the need for con-
tinuity and persistence in sustainability education. As presented in section 4, the water
consumption data for the 2024 — 2025 school year revealed a remarkable improvement,
with a consumption rate of 2.08 m?/student per year, the lowest in the last five academic
years.

e This project not only fulfilled its goals of raising awareness and encouraging behaviour
change, but also demonstrated that learning in motion, active student participation, and
an intergenerational approach are fundamental to transformative education.

e It is strongly recommended to maintain and expand this type of initiative to promote
long-term sustainable habits and strengthen the school community’s commitment to
social and environmental responsibility.
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SERVICE LEARNING: A BRIDGE BETWEEN ACADEMIC KNOWLEDGE
AND SOCIAL ENGAGEMENT

A. HERNANDEZ ENCINAS, A. MARTIN MUNOZ, L. HERNANDEZ ENCINAS, M. ANCIONES POLO
AND 1. DE {SCAR LOPEZ

ABSTRACT. This paper presents a study focused on the analysis of two questionnaires (“Sur-
vivors” and “Questionnaire for people affected by haematological diseases”) developed by the
Spanish Association of Entities against Leukemia and Blood Diseases (AELCLES), within the
framework of the GIRLS Service-Learning (SL) project. These instruments are conceived not
only as tools for data collection, but also as pedagogical resources designed to enhance students’
comprehensive education. From a methodological perspective, the Service-Learning approach
offers a particularly valuable framework, as it explicitly integrates academic learning with mean-
ingful community engagement, thus reinforcing the reciprocal relationship between knowledge
acquisition and social contribution, as highlighted in seminal works on SL. The implementation
of the questionnaires provides students with an opportunity to mobilize theoretical knowledge
in an authentic social context, thereby strengthening the experiential dimension of learning and
fostering a sense of civic responsibility. In doing so, students not only consolidate curricular
content but also engage with pressing social issues—specifically, hematological diseases—thus
contributing to public awareness and supporting the work of civil society organizations. This
dual focus reflects the core principles of Service-Learning, where academic rigor and social util-
ity converge to create transformative educational experiences. Consequently, the questionnaires
analyzed in this study should be understood not merely as evaluative and didactic instruments,
but as catalysts for social responsibility and civic engagement, situating students as agents of
change within their communities. By fostering both individual growth and collective benefit,
they exemplify how Service-Learning initiatives can bridge the gap between higher education
and social impact, producing outcomes of relevance both for learners and for society at large.
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1. INTRODUCTION

Service-Learning projects represent a unique opportunity for students to see, in a practical
way, the relevance of their active involvement in society. Beyond academic content, this educa-
tional approach connects learning with civic commitment, favouring a comprehensive education
that includes values such as solidarity, empathy and social responsibility [4, 9].
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Participating in initiatives of this kind transforms the educational experience: students not
only acquire technical knowledge, but also discover the power they have to generate a positive
impact on their environment. Whether collaborating with associations, analysing real problems
or designing concrete solutions, each action allows them to realise that their time, effort and
skills can contribute to the common good [8].

These projects are particularly valuable because they demonstrate that training does not
end in the classroom: it is projected out into the community, nourished by reality and, at the
same time, transforms it. For this reason, promoting Service-Learning means investing in an
active, critical and committed citizenship, capable of building a fairer and more humane future
[3, 10, 11].

In this work, the development of a SL project performed as part of the GIRLS project is
presented, as well as two activities carried out in collaboration with CSIC. The SL project
consisted on the generation of two questionnaires and the statistical analysis of their results and
the activities with CSIC consisted in two workshops about recreational physics and cybersecurity
risks and best practices, respectively, in the framework of the European Erasmus+ GIRLS
project, has made it possible to develop a real, interdisciplinary and transformative project that
demonstrates how education can become a tool for social change. It is important for them to
see that the knowledge they acquire can help many people and that it is not only useful for
passing subjects. It is possible to collaborate with a non-profit association with one’s time and
knowledge; it is not always necessary to give money in order to have an effective and valuable
collaboration. Our students have learnt this during the last three years that the GIRLS project
has been running [1, 5].

This paper is organized as follows: After Section 2 devoted to present AELCLES association,
Section 3 presents the two questionnaires with their respective results and their presentation to
the AELCLES members. Section 4 provides information about the activities in collaboration
with the Spanish National Research Council (CSIC), and finally, a section with the conclusions
extracted from those results is presented.

2. AELCLES: A GROUP OF ASSOCIATIONS

AELCLES is the Spanish Network of Entities Against Leukemia and Blood Diseases. It was
founded in 2009 and is currently made up of 15 associations spread throughout Spain, as shown
in Figure 1.

Among the objectives of the group of associations are:

e To promote comprehensive and multidisciplinary care for haematological patients and
support for their families.

e To promote and support research in the field of haematological diseases.

e To disseminate the clinical and therapeutic characteristics of these diseases.

e To inform and raise awareness among politicians, the media, health and education pro-

fessionals and society in general about the problems of patients with haematological

diseases and their families.

To defend and promote the rights of haematological patients and their families.

To favour the quality of care and the improvement of care structures.

To promote the improvement of the quality of life of those affected and their families.

To work for the defence and improvement of the living conditions of people with physical

and organic disabilities caused as a consequence of suffering or having suffered from a

haematological disease.
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FIGURE 1. Map of the member associations of the network AELCLES.

3. QUESTIONAIRES AS SERVICE-LEARNING PROJECT

Two questionnaires were generated to carry out a SL project which can help to develop
AELCLES objectives, “Survivors” and “Questionnaire for people affected by haematological
diseases” (Figure 2).
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FIGURE 2. Questionnaires by AELCLES.

24



One of the most enriching and significant learning experiences for the students was discovering
that their knowledge not only has academic value, but also social value and that it can have a
real and positive impact on other people’s lives. They have discovered that collaborating with
a non-profit association does not necessarily require a financial contribution: time, commitment
and the application of knowledge are equally valuable ways to contribute to the common good.

This spirit has been clearly evident in the GIRLS project , developed over the last few years.
For our group, this project has been a significant step forward. As already mentioned, we had
two questionnaires previously developed, but no rigorous scientific study had been carried out
on them.

3.1. Surviving Questionnaire. The main objective of this questionnaire is to obtain an ac-
curate understanding of the real situation of individuals diagnosed with a hematological disease
in Spain. To this end, the instrument has been designed to comprehensively address different
dimensions of the patient’s experience, including psychological, social, economic, and occupa-
tional aspects. In addition, the questionnaire seeks to identify potential territorial disparities by
examining whether hematology patients across Spanish autonomous communities have access to
the same resources and support systems to cope with the disease.

There were 237 responses to this questionnaire. Its analysis was carried out by mixed groups
of students from different degrees: second year of labour relations, first year of statistics and
industrial engineering and fourth year of statistics. This allows enriching the analysis from
multiple perspectives [1].

During the presentation of the project, the faculty explained in detail the objectives, phases
and tasks that the students would have to carry out, highlighting that most of them were
unaware of the existence of these associations. Figure 3 shows the presentation, with some of
the students attending in person and others connected online.

FIGURE 3. Presentation of the Service-Learning project to students.

As mentioned above, the groups were made up of a mixture of students from different special-
ities in order to provide a more general view. Six groups were made by students, resulting in six
projects (Figure 4). Each group focused on a different section of the questionnaire , addressing
specific aspects or conceptual dimensions. This allowed the students to become actively involved
in the analysis of oncohaematological diseases and to reflect on the needs of people affected by
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FIGURE 4. Projects realised with the Surviving questionnaire.

these diseases and those who care for them. They also discovered their capacity for altruistic
collaboration, seeing that they could actively help associations.

The students presented their results (Figure 5), after addressing challenges such as data
cleaning, which was particularly complex due to the large number of open-ended responses.
Some groups performed the pre-coding of qualitative variables in Excel before importing the
datasets into SPSS for statistical processing.

FIGURE 5. Presentation of projects by students.

Some of the results obtained are:

e Males were predominantly from the Comunidad Valenciana (almost 40%), followed by
Cantabria and Galicia (around 15-18%). Females showed the highest representation in
the Comunidad de Madrid and Asturias (both around 25-27%), with notable proportions
also from the Pais Vasco and Extremadura (about 13-15%) (Figure 6):

e The most common reaction to the diagnosis of the disease was fear, helplessness and
anxiety, and the least common reaction was to rescue abandoned projects.
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e Initially 87% of the studied population decided to find out about the disease. The
majority did so on the internet, and the second largest group chose to seek information
from their doctor. Some people get information from more than one source (Figure 7).
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FIGURE 7. Type of media in which information is sought.

e In asking this question differentiating by gender, the results show very similar patterns
between men and women. Among men, 86.7% reported having sought information about
their disease compared to 86.8% of women, while 13.3% of men and 13.2% of women
stated they had not done so (Figure 8).
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e When asked whether the information has been useful or not, most respondents considered
it to be very useful (42.3%) or quite useful (35.5%). A smaller proportion stated they
had not sought information (14.5%), while 7.3% considered it of little use and only 0.4%
found it useless (Figure 9).
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FIGURE 9. Usefulness of the information obtained.

e In terms of family cancer history:
— 49.1% reported cancer other than haematological cancer.
— 14.4% reported a history of haematological cancer.
— 35.5% reported no history
e The most common side effect suffered by patients in the sample, both men and women,
is tiredness, hair loss and loss of taste (ageusia).

3.2. Questionnaire for people affected by haematological diseases. The programs devel-
oped by most of the associations within the federation are based on the needs directly expressed
by patients and their caregivers. Daily contact with the reality of individuals diagnosed with
a hematological disease plays a decisive role in shaping the direction of our efforts and guiding
our priorities for action [6].

It is well known that for many patients it is particularly challenging to reconcile their illness
with work responsibilities, whether due to the difficulties of returning to their previous job after
treatment or the barriers to accessing new employment opportunities as a result of treatment-
related sequelae. This situation is often compounded by the fact that companies frequently fail
to provide the necessary adaptations to the workplace or working hours, further exacerbating
the problem. As a consequence, patients frequently experience a significant loss of purchasing
power, with all the social and personal repercussions that this entails [7].

In this context, the questionnaire serves as an essential tool to gain a more accurate under-
standing of the labor and economic situation of a considerable number of patients. Its analysis
provides a solid basis for the development of targeted initiatives and actions aimed at alleviat-
ing these difficulties, thereby contributing to an improved quality of life for patients and their
families. The second questionnaire ” Questionnaire for people affected by haematological dis-
eases” received 221 responses and served as the basis for a Final Year Project (FYP) entitled:
“Evaluation of a comprehensive questionnaire to improve support services for haematological
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diseases from a multivariate perspective”. In this study, advanced statistical techniques such
as the External Logistic Biplot (ELB) and the Chi-squared Automatic Interaction Detection
(CHAID) algorithm were used [2, 12].

As discussed in the FYP, these methodologies enabled the identification of complex patterns,
the discovery of protective factors that support patient recovery, and the detection of barriers
that increase the vulnerability of both patients and their caregivers. The FYP was carried out by
Isaac de Iscar Lopez, a student on the Statistics Degree Programme, under the direction of the
lecturer Maria Anciones-Polo and concluded that these methodologies allowed the identification
of complex patterns, the discovery of protective factors that favour patient recovery, and the
detection of barriers that increase the vulnerability of both patients and caregivers.

The descriptive and inferential analyses provided a detailed profile of the sample from a socio-
demographic, clinical and social approach. The population was mainly adult, with a medium-
high level of education, and a significant impact of the diagnosis in both the economic and
employment spheres. The main support network was the family, although instances of loneliness
were also detected, a particularly relevant aspect in analysing psychosocial and economic needs.

Significant associations were found between the biological sex of the diagnosed person and
the role of the primary caregiver, as well as between sex and access to psychological care or
specialised information. Although some trends were not statistically significant, they provided
valuable insights into support dynamics, the economic impact of the illness, and inequalities in
access to resources The ELB enabled the visualization of relevant patterns, highlighting variables
strongly associated with positive patient outcomes, such as emotional education, healthy eating,
relaxation techniques, and effective communication with healthcare staff.

In contrast, barriers related to physical limitations, occupational problems, and sexual dif-
ficulties were grouped in an opposite direction in the analysis, being associated with higher
vulnerability. This differentiation provides a robust empirical basis for patient-centred interven-
tions, integrating both physical and emotional well-being.

Moreover, the ELB showed remarkable efficacy in classifying categorical variables related to
the recovery process. The predictive regions allowed precise distinction between the presence or
absence of optimal factors and the main obstacles perceived by patients and caregivers.

The segmentation analysis using the CHAID algorithm identified distinct risk profiles and
contextual conditions influencing access to resources and the employment impact of caregiving.

In the first model, knowledge about social support was strongly linked to the degree of disabil-
ity of the diagnosed person and, especially, to the information received at diagnosis. Patients
with less disability who were informed through associations had a higher level of knowledge,
whereas the most vulnerable profiles corresponded to those who did not receive such informa-
tion.

The second model revealed that the primary caregiver’s request for medical leave was the
main predictor of leaving employment. Interestingly, among those who did not request leave,
lack of knowledge about support associations was associated with a lower likelihood of leaving
employment, suggesting the possible influence of unobserved factors.

The results of this work have yielded relevant conclusions: some confirmed previous intuitions
based on experience with people diagnosed with haematological diseases; others, completely new
ones, have opened ways to define new and more effective intervention projects.

This can be summarised in the following way:
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e The socio-demographic and clinical characterisation revealed a predominantly adult pop-
ulation with medium-to-high educational attainment, significant economic and employ-
ment repercussions following diagnosis, and a primary reliance on family support net-
works. Notably, cases of social isolation were also identified, underlining the need to
address psychosocial dimensions of care. The analysis also confirmed a significant asso-
ciation between the biological sex of the diagnosed individual and the role assumed by
the primary caregiver, suggesting underlying gender-related dynamics in caregiving.

e The application of the ELB made it possible to pinpoint factors most strongly associ-
ated with positive recovery outcomes, including emotional and dietary education, relax-
ation practices, and effective communication with healthcare professionals. Conversely,
physical limitations, work-related challenges, and sexual difficulties emerged as barriers
contributing to greater vulnerability.

e The CHAID segmentation analysis identified distinct profiles influencing access to social
assistance and the economic consequences of caregiving. Specifically, knowledge about
available support was closely linked to the degree of disability and to the information
provided at the time of diagnosis, with associations playing a decisive role in enhancing
awareness. Furthermore, the request for medical leave by the primary caregiver emerged
as a determinant in withdrawal from the labour market, highlighting the interplay be-
tween caregiving demands and employment sustainability.

Overall, these results underscore the importance of early, structured, and personalised inter-
ventions that address both the health and social needs of patients and caregivers. They also
emphasise the critical role of information dissemination and the active involvement of patient
associations in mitigating the multidimensional impact of haematological diseases.

3.3. Sharing the result with the AELCLES associations. The study was shared with all
AELCLES member associations in an online event (given their geographical distribution), so
that each could adapt the results to their specific needs (Figure 10).

FIGURE 10. Presentation of the FYP to the AELCLES associations.
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4. COLLABORATIONS WITH CSIC

4.1. Hospital activity. An experience was conducted in the hospital within the framework of
Recreational Physics (Figure 11). This activity provided moments of wellbeing and disconnec-
tion for patients, caregivers and healthcare staff, positively impacting the mental health of all
participants.

Workshop
Playing and Thinking with Experiments

INSTITUTE OF PHYSICAL AND INFORMATION TECHNOLOGIES
Spanish National Research Council (CSIC)
Agustin Martin Mufioz and Luis Herndndez Encinas
In collaboration with: ASCOL and AELCLES
Monday, 7 April 2025, 17:00 hours

Block B, 6th floor
University Hospital of Salamanca
8 o
: " BIALS S
Bm=o— CSIC &l ;583

FIGURE 11. Recreational Physics at the Hospital: Playing and Thinking with Experiments.

4.2. Security workshop. There was also a workshop on safety (Figure 12), a topic of great
importance given the sensitivity of the material used in these partnerships. This workshop was
held at the Marista Champagnat school, a member of the GIRLS group.

Talk
Gaining Usability and Security in Cybersecurity

INSTITUTE OF PHYSICAL AND INFORMATION TECHNOLOGIES
Spanish National Research Council

Luis Herndndez Encinas and Agustin Martin Mufioz

In collaboration with: ASCOL, AELCLES and Colegio Marista Champagnat,
Tuesday, 8 April 2025, 11:00 a.m.
Place: Colegio Marista Champagnat (Salamanca)
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FIGURE 12. Safety workshop at Marist Champagnat School: Gaining Usability
and Security in Cybersecurity.

5. CONCLUSIONS

These Service-Learning projects demonstrate how the union between the academic and asso-
ciative worlds can generate a positive and tangible impact on society. Through service-learning,
students not only acquire professional skills, but also become committed citizens. Initiatives
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such as those developed together with AELCLES not only contribute scientific and social value,

bu

[1

t also consolidate the idea that shared knowledge saves, improves and transforms lives.
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INTEGRATING SERVICE LEARNING IN ENGINEERING EDUCATION
BASED ON THE UTCB EXPERIENCE IN THE GIRLS PROJECT

I. MIERLUS MAZILU, A.D. ANGHELESCU AND S. CONSTANTINESCU

ABSTRACT. This article presents the integration of Service Learning (SL) into engineering edu-
cation at the Technical University of Civil Engineering Bucharest (UTCB) within the framework
of the Erasmus+ GIRLS project (Generation for Innovation, Resilience, Leadership and Sustain-
ability). Service Learning connects academic content with real-life societal needs, empowering
students to apply their knowledge in ways that benefit local communities. The article focuses on
the development and implementation of the project “Illuminating Sustainable Futures — Solar
Empower, Energize Tomorrow,” which engaged high school students and university staff in activ-
ities promoting sustainable energy access. The initiative included energy efficiency workshops,
a public showcase of a solar-powered prototype house, awareness campaigns, and collabora-
tive educational sessions with local schools. Additionally, the project model was successfully
transferred and adapted during a preparatory phase held at the University of Ruse (Bulgaria),
establishing a foundation for future regional SL initiatives. Building on this experience, UTCB
further expanded the use of Service Learning in core curriculum subjects, including Numerical
Analysis, Operational Research, and Probability and Statistics. Case studies and student-
led projects demonstrated how real-world contexts, such as optimizing transportation logistics
or modeling energy consumption, enhance conceptual understanding and foster critical think-
ing, civic responsibility, and interdisciplinary collaboration. The article highlights how Service
Learning has transformed the teaching process from passive knowledge transmission into ac-
tive, purpose-driven learning, while aligning with the United Nations Sustainable Development
Goals, particularly SDG 7. The UTCB experience confirms the potential of SL to generate
both academic and social impact, inspiring a more engaged and competent generation of civil
engineers prepared to address contemporary sustainability challenges.
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1. INTRODUCTION: SERVICE LEARNING IN ENGINEERING EDUCATION

In recent years, engineering education has undergone a significant transformation, shift-
ing from traditional lecture-based instruction toward more interactive, socially engaged, and
context-driven methodologies. Among these approaches, Service Learning (SL) has emerged
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as a powerful pedagogical model that bridges academic learning with real-world application.
Rooted in experiential education, Service Learning combines rigorous academic instruction with
structured community service activities, enabling students to apply theoretical knowledge to
address concrete societal needs.

In the context of engineering programs, this methodology offers unique opportunities to en-
hance both technical and transversal competencies. While conventional curricula often focus
on mathematical modeling, problem-solving, and system optimization in controlled or abstract
settings, Service Learning introduces complexity, unpredictability, and ethical considerations
found in real-world environments. Engineering students become active participants in projects
that impact local communities, from optimizing energy use and improving infrastructure to
addressing environmental sustainability.

Service Learning not only supports the development of professional and civic responsibility but
also aligns closely with the goals of sustainable development. By engaging students in projects
that tackle pressing societal challenges—such as energy access, climate change mitigation, or
urban mobility—SL fosters interdisciplinary collaboration, critical thinking, and reflective prac-
tice. Moreover, it transforms the role of the instructor from a lecturer to a facilitator of learning
experiences that are both meaningful and socially relevant.

In this context, the Technical University of Civil Engineering Bucharest (UTCB) has actively
explored the potential of Service Learning in engineering education. Through its participation in
the Erasmus+ project GIRLS — Generation for Innovation, Resilience, Leadership and Sustain-
ability, UTCB has implemented and expanded SL practices across various disciplines, including
numerical analysis, operational research, and statistics. This article documents and analyzes
this institutional experience, demonstrating how Service Learning contributes to the formation
of socially aware and technically competent civil engineers.

At the heart of this transformation stands the Erasmus+ GIRLS project — Generation for
Innovation, Resilience, Leadership and Sustainability, which promotes the integration of socially
responsible, inclusive, and innovative educational practices within higher education institutions.
GIRLS is a strategic partnership project that brings together universities from several Euro-
pean countries, aiming to reshape engineering and STEM education through gender-inclusive
strategies, active learning methodologies, and community-based engagement. One of the central
pillars of the GIRLS project is the promotion of Service Learning as a structured framework for
enhancing the relevance, inclusivity, and social impact of technical education.

The philosophy underpinning the GIRLS project is grounded in the belief that future engineers
and scientists must be equipped not only with analytical and technical skills but also with
empathy, ethical awareness, and a commitment to societal well-being. Traditional pedagogical
approaches often overlook these dimensions, focusing primarily on cognitive learning outcomes.
GIRLS addresses this gap by encouraging institutions to integrate teaching strategies that are
both participatory and transformative.

In particular, the project supports methodologies that allow students to actively contribute to
sustainable development goals (SDGs) through their academic activities. By engaging students
in real-life projects that intersect with environmental, social, and economic challenges, GIRLS
encourages a redefinition of success in engineering education—not just in terms of academic
performance, but also in the capacity to generate positive change in society. Service Learning
becomes, in this context, more than a teaching method; it is a vehicle for empowerment, lead-
ership development, and civic engagement, especially among underrepresented groups in STEM
fields.
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As an institutional partner, UTCB has embraced the GIRLS project as an opportunity to
operationalize these values within its own educational framework, leading to the implementation
of multiple Service Learning initiatives that combine technical rigor with social relevance.

2. INSTITUTIONALIZING SERVICE LEARNING FOR SUSTAINABLE ENERGY ACCESS IN LOCAL
AND INTERNATIONAL CONTEXTS

After outlining the theoretical background and the relevance of Service Learning (SL) for
engineering education, the next step is to illustrate how this pedagogical approach was institu-
tionalized within the Erasmus+ GIRLS project framework. In order to move beyond conceptual
advocacy, UTCB undertook a series of structured actions aimed at embedding SL in both ex-
tracurricular and curricular activities, with a strong emphasis on sustainability and community
impact.

The institutionalization process at UTCB followed a multi-layered trajectory: first, by rais-
ing awareness among students and faculty about the social relevance of engineering knowledge;
second, by engaging local stakeholders such as schools, municipal actors, and professional asso-
ciations; and third, by linking academic tasks to real-world challenges connected to Sustainable
Development Goal 7 (Affordable and Clean Energy). These stages ensured that SL was not only
tested as an isolated experiment but was progressively anchored in the university’s educational
culture.

A key milestone in this process was the development of the “Solar Empower House” prototype,
designed and demonstrated together with high-school partners in Romania. This initiative
became a flagship activity for the GIRLS project, enabling both hands-on learning and public
engagement. The prototype served as a tangible demonstration of how engineering students can
transform theoretical knowledge into solutions addressing community needs while developing
transversal skills such as teamwork, communication, and project management.

Building on the momentum generated at UTCB, the project was subsequently expanded in-
ternationally through collaboration with “Angel Kanchev” University of Ruse in Bulgaria. The
transfer of methodology and experiences allowed for adaptation to a different institutional and
cultural context, while preserving the same guiding principles of civic engagement and sustain-
able energy awareness. This cross-border dimension not only reinforced the European scope
of the GIRLS project but also validated the replicability of SL-based approaches in technical
universities.

Consequently, the following two subsections describe in detail: (i) the implementation process
at UTCB, highlighting the local partnerships, activities, and curricular integration, and (ii) the
extension to the University of Ruse, focusing on the adaptation strategies, dissemination events,
and evaluation results that confirmed the added value of scaling SL beyond national boundaries.

Implementation at UTCB

The implementation of Service Learning (SL) at the Technical University of Civil Engineering
Bucharest (UTCB) was anchored in the Erasmus+ GIRLS project through the initiative titled
“Illuminating Sustainable Futures — Solar Empower, Energize Tomorrow: Service-Learning for
Sustainable Energy Access.” The project aimed to bridge academic knowledge with community
needs by empowering high school students to understand and apply sustainable energy solutions,
with a particular focus on solar power.

The initiative began at UTCB in April 2024, where a comprehensive series of activities were
carried out in partnership with “Sfantul Sava” National College (Bucharest) and the Forestry
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Technological High School (Ramnicu Valcea). These activities included: Energy efficiency work-
shops, introducing high school students to practical conservation strategies; A community aware-
ness campaign, involving seminars and poster exhibitions on renewable energy;

e A public showcase of a prototype energy-independent solar house, designed and presented
by university students;

Hands-on workshops on solar technologies, including basic installation concepts and
experiments with photovoltaic panels;

Reflection and evaluation sessions, where students assessed the social and technical im-
pacts of their work;

A needs assessment survey, identifying energy challenges in the local school context;
The creation of educational materials and collaboration with high school teachers to
integrate SL elements into the curriculum.

The approach combined educational workshops, hands-on activities, and public outreach,
ensuring that learning outcomes were both academically rigorous and socially relevant. By
addressing the theme of energy access—one of the central pillars of Sustainable Development
Goal 7—the project provided students with opportunities to connect theoretical concepts from
engineering and physics with real-world challenges.

A central component of the project was the design and demonstration of a prototype solar-
powered house. Developed in collaboration between UTCB students and high school learners,
the prototype served as a tangible showcase of how renewable energy can be harnessed in prac-
tice. The activity allowed participants to gain practical experience in sustainable construction
methods, solar panel installation, and energy efficiency design, while simultaneously raising
awareness in the wider community.

The project also integrated a series of thematic workshops. Sessions on energy efficiency
and conservation introduced practical strategies for reducing energy consumption and empha-
sized the role of civil engineers in promoting sustainable practices. Complementary activities
included introductory lectures on renewable energy, hands-on experiments with solar panels,
and discussions on global energy challenges. These were coupled with needs-assessment surveys
and reflection exercises, enabling participants to contextualize knowledge and critically assess
their community’s energy practices.

Community engagement was another key dimension of the UTCB implementation. Awareness
campaigns, poster sessions, and public events created opportunities for dialogue between stu-
dents, teachers, parents, and local stakeholders. The prototype solar house was exhibited during
a dedicated showcase event, offering guided tours, interactive presentations, and demonstrations
that inspired environmentally conscious behaviors beyond the academic setting.

Finally, the project emphasized the importance of reflection and knowledge transfer. Feed-
back sessions and evaluation workshops encouraged both university and high school students to
articulate their learning outcomes, identify challenges, and propose improvements. The docu-
mentation of activities in reports, videos, and educational resources ensured that the project’s
impact extended beyond the immediate participants and created a basis for curriculum integra-
tion.

Through this holistic approach—combining theory, practice, and civic engagement—UTCB
demonstrated that service-learning can effectively prepare students to become both competent
engineers and socially responsible citizens. The Solar Empower initiative thus established a repli-
cable model of how higher education institutions can contribute to sustainable energy awareness
while strengthening community-university partnerships.
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Extension to “Angel Kanchev” University of Ruse

Following its successful implementation at UTCB, the Service Learning (SL) model was trans-
ferred to “Angel Kanchev” University of Ruse (Bulgaria), within the framework of the Erasmus+
GIRLS project. This extension sought to validate the adaptability of the UTCB experience in
a different national and institutional context, while preserving the overarching aim of fostering
sustainable energy awareness and student engagement.

The collaboration between UTCB and the University of Ruse was designed as a structured
knowledge transfer process. Materials, methodologies, and outcomes from the Romanian activi-
ties were shared with academic staff in Ruse, enabling them to adapt the approach to their own
curricula and community needs. Particular emphasis was placed on integrating renewable energy
themes into engineering courses, thereby aligning technical education with social responsibility
and environmental sustainability.

To replicate the UTCB model, the University of Ruse organized a set of workshops, seminars,
and community-oriented activities. These focused on introducing students to the principles
of renewable energy, emphasizing solar solutions, and highlighting the societal implications of
sustainable energy practices. The events also encouraged high school and university students to
work together, fostering intergenerational collaboration and enhancing civic engagement.

The first phase focused on establishing institutional alignment and developing a contextualized
educational framework tailored to the Bulgarian academic and community environment. This
groundwork included identifying relevant stakeholders, co-designing educational content, and
exploring opportunities for transdisciplinary engagement.

The second phase transitioned into hands-on implementation, involving students and faculty
in interdisciplinary activities that promoted the understanding and application of sustainable
energy concepts. Through workshops, group projects, and collaborative reflection, participants
explored the social, environmental, and technical dimensions of energy access and community
empowerment.

The third phase deepened community engagement and strengthened the educational impact
through interactive, awareness-raising initiatives. A variety of participatory formats were em-
ployed to address diverse learner needs and to stimulate local interest in renewable energy
practices, with an emphasis on solar-based solutions and climate-conscious behaviors.

This multi-phase implementation in Ruse served to adapt and validate the Service-Learning
for Sustainable Energy Access: Illuminating Sustainable Futures — Solar Empower, Energize
Tomorrow model in an international setting. The next step of the initiative involves participation
in the final phase of the GIRLS project—evaluation and dissemination—aimed at consolidating
results and promoting sustainable integration of Service Learning in higher education. This
final stage will take place at the University of Ruse and will provide a platform for institutional
reflection, cross-country comparison of outcomes, and the formulation of long-term strategies
for embedding Service Learning into the academic culture.

Public dissemination played an important role in the Ruse extension. Drawing inspiration
from the solar house prototype developed at UTCB, the Bulgarian team organized interactive
sessions and demonstration activities to raise awareness among students, teachers, and local
stakeholders. The outreach dimension helped to bridge the academic setting with the broader
community, ensuring that the project impact extended beyond the classroom.

As part of the adaptation process, the University of Ruse incorporated reflection and evalu-
ation sessions into the activities. These allowed students to critically assess both the technical
and social aspects of their learning, identify local challenges in energy access, and explore ways
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in which engineering knowledge could contribute to addressing them. Documentation of the
process, including teaching materials and project reports, was developed to facilitate future
integration into the curriculum.

The extension to Ruse confirmed that the SL approach developed at UTCB is not only contex-
tually relevant but also transferable across borders. By adapting the solar energy initiative to its
own educational environment, the University of Ruse demonstrated the flexibility of the model
and its potential for wider European application. This cross-border collaboration strengthened
institutional partnerships, enriched the educational experiences of students in both countries,
and showcased the role of technical universities in advancing sustainable development goals
through service-oriented education.

The implementation of Service Learning at UTCB and its subsequent extension to “Angel
Kanchev” University of Ruse demonstrate how locally developed educational innovations can
be effectively scaled and adapted across borders. At UTCB, the Solar Empower initiative es-
tablished a replicable framework that combined workshops, prototype development, community
engagement, and reflection. Its transfer to Ruse confirmed both the flexibility of the model and
its capacity to inspire civic responsibility and sustainable practices in diverse contexts. Together,
these experiences underline the transformative potential of Service Learning when embedded in
engineering education, preparing the ground for its systematic integration into the curriculum.
The following chapter explores how this integration was achieved at UTCB, highlighting con-
crete examples from mathematics and engineering courses where SL principles were translated
into classroom practice.

3. INTEGRATING SERVICE LEARNING INTO THE UTCB CURRICULUM

Building on the experience gained through the Solar Empower initiative and its international
extension, UTCB advanced the institutionalization of Service Learning (SL) by embedding it
directly into core mathematics and engineering courses. While extracurricular projects provided
visibility and immediate community impact, the long-term sustainability of SL required curric-
ular integration. This step ensured that future generations of students would experience SL not
as an optional activity, but as an integral component of their academic formation.

The curricular implementation followed two guiding principles. First, academic rigor was pre-
served, with mathematical and engineering concepts remaining central to each activity. Second,
these concepts were systematically linked to real-life problems relevant for local communities,
thereby fostering both technical competence and civic responsibility. By addressing authen-
tic challenges in sustainability, mobility, and logistics, students were encouraged to perceive
theoretical knowledge as a tool for societal transformation.

At UTCB, three courses were selected as pilot contexts for embedding SL: Numerical Anal-
ysis, Operational Research, and Probability and Statistics. Each course adopted a case-based
approach in which students applied theoretical methods to problems with clear social and envi-
ronmental dimensions. For example, regression methods were used to study route alignments,
optimization techniques supported decision-making in sustainable transport logistics, and sta-
tistical modeling provided insights into campus mobility.

The following subsections describe these three implementations in detail, highlighting how
abstract mathematical tools were transformed into meaningful solutions for the community.

3.1. Numerical Analysis: Sustainability through the Least Squares Method. In the
Numerical Analysis course, Service Learning was applied through a case study involving the least
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squares method for linear regression, contextualized within a sustainability challenge relevant
to civil engineering. Rather than introducing the algorithm as a purely computational tool,
students were invited to engage with a real-world problem involving sustainable energy access
and spatial planning.

The proposed task focused on determining the optimal alignment of a gas pipeline (or solar
energy infrastructure route) such that it would pass as close as possible to several rural or
suburban communities. Students were provided with the coordinates of the towns, which served
as data points, and asked to compute the best-fit line minimizing the sum of squared distances.
The mathematical core of the project involved:

e Formulating the linear model using the method of least squares;

e Implementing the algorithm and interpreting the slope and intercept within the geo-
graphic context;

e Visualizing results using plotting tools and evaluating the solution’s proximity to each
community.

Beyond the computation, the project was structured around Service Learning principles:

e Students reflected on the broader implications of infrastructure placement in terms of
cost, accessibility, and environmental impact;

e They presented their findings in the form of a short technical report and infographic,
simulating communication with local authorities or community groups;

e Peer feedback and collaborative discussion were included to enhance critical evaluation
and communication skills.

This approach allowed students to understand the mathematical method in depth, while
simultaneously recognizing its power in solving socially relevant challenges. It also reinforced
the value of using mathematics not as an abstract exercise, but as a tool for creating sustainable
and equitable engineering solutions.

3.2. Operational Research: Optimizing Transport Logistics through Real-World Ser-
vice Learning Projects. The course of Operational Research (OR) at UTCB offers fertile
ground for integrating Service Learning into the technical curriculum, particularly through its
focus on decision-making, resource optimization, and mathematical modeling. In traditional
teaching settings, OR often relies on abstract transportation problems or textbook datasets.
By incorporating Service Learning, the UTCB teaching team introduced authentic, community-
relevant scenarios that required students to apply linear programming techniques to address real
logistical challenges faced by construction companies.

A representative case study involved a collaboration with a local concrete supplier and con-
struction contractor. The scenario simulated the transportation of ready-mix concrete from
multiple batching plants to various construction sites across Bucharest, with constraints re-
lated to capacity, delivery windows, and production costs. The objective: minimize the total
transportation cost while satisfying demand and operational constraints.

Students were guided to:

e Define decision variables and construct the linear programming model;

e Input real or simulated company data (distances, capacities, unit costs) into the model;

e Use optimization software (such as Excel Solver or Python-based tools) to compute the
optimal transport plan;

e Analyze the solution in terms of cost savings, resource efficiency, and environmental
impact (e.g., fuel consumption reduction).
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In line with the Service Learning framework, the project also emphasized:

e Stakeholder communication: students prepared executive summaries and visual dash-
boards, assuming the role of consultants reporting to industry partners;

e Reflection: students discussed the trade-offs in real-world optimization, such as the
tension between economic efficiency and sustainability;

e Collaboration: tasks were completed in small interdisciplinary teams, mimicking profes-
sional practice in engineering consultancy.

Through this project, students developed a deeper appreciation for the complex interplay
between mathematical optimization and societal needs. They did not merely solve an algorith-
mic problem—they engaged with logistics as a system embedded in economic, environmental,
and social dimensions. The Service Learning format transformed a technical exercise into an
opportunity for students to practice civic-minded engineering, develop consulting skills, and
understand the impact of operational decisions on communities and the environment.

This example demonstrates the potential of Service Learning to move beyond passive knowl-
edge acquisition, encouraging students to think holistically and ethically about the problems
they are trained to solve.

3.3. Probability and Statistics: Traffic Flow Analysis as a Service Learning Project.
In the course of Probability and Statistics, Service Learning was introduced through an ap-
plied research project focused on traffic flow analysis, responding to an identified need within
the Faculty of Railways, Roads, and Bridges at UTCB. As the campus expanded and student
commuting patterns evolved, both faculty members and student representatives expressed con-
cerns regarding congestion near key entrances, inefficient pedestrian crossings, and limited data
to support infrastructure improvement proposals. This context provided an ideal opportunity
to transform a theoretical course into a socially engaged, data-driven project with real-world
relevance.

Under the Service Learning framework, students were invited to act as urban data analysts,
tasked with evaluating traffic and pedestrian movement patterns around the faculty’s main build-
ing. The overarching goal was to provide actionable insights for improving safety, accessibility,
and mobility within the university’s immediate surroundings.

The project unfolded in multiple stages:

e Data collection: Students designed and implemented structured observation protocols,
manually recording vehicle counts, pedestrian frequency, and peak-time congestion in-
tervals. Complementary data was gathered via short surveys distributed to students and
staff regarding commuting habits.

e Statistical modeling: Using concepts taught in the course—such as frequency distribu-
tions, central tendency, confidence intervals, and hypothesis testing—students processed
the collected data to identify trends and statistically significant findings.

e Correlation and regression analysis: Linear regression was employed to explore relation-
ships between traffic intensity and variables such as class start times or proximity to bus
and metro stations.

e Visualization and interpretation: Results were presented through histograms, time-series
graphs, and GIS-based maps, making the findings accessible to both academic and ad-
ministrative audiences.

In keeping with Service Learning principles, the project emphasized stakeholder engagement
and social relevance:
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e Students held a discussion session with administrative staff and safety officers from the
faculty, where they presented their findings and proposed interventions (e.g., retiming
crosswalk signals, installing signage, redesigning access routes).

e The reflection phase allowed students to consider how statistical tools can directly inform
policy, design, and user-centered infrastructure.

e Several student teams extended their reports into final-year projects, and the data was
archived to serve as a baseline for future mobility studies on campus.

This extended Service Learning project achieved multiple educational objectives. Techni-
cally, it reinforced statistical analysis skills, data interpretation, and research methodology.
Socially, it connected students with their own institutional environment and empowered them
to become agents of change within it. Pedagogically, it demonstrated how mathematics and
statistics—often perceived as abstract or disconnected—can be powerful instruments for under-
standing and improving the spaces we inhabit.

Furthermore, the experience fostered a culture of responsibility and initiative, as students
recognized the broader impacts of their work on campus planning, safety, and sustainability.
In doing so, the project exemplified the core mission of Service Learning: to create meaningful
intersections between academic knowledge and community engagement.

4. CONCLUSIONS AND FUTURE PERSPECTIVES

The successful implementation of Service Learning (SL) at UTCB not only required innovative
curricular design but also a systematic evaluation of its educational impact. Assessing how
students perceived these activities was essential for understanding whether SL truly enhanced
their learning, motivation, and preparedness for professional practice. This chapter therefore
presents the evaluation process and its outcomes.

The analysis was carried out through a structured questionnaire and reflection sessions, de-
signed to capture both quantitative and qualitative evidence. The evaluation focused on three
key aspects: the extent to which SL made theoretical knowledge more applicable, its influence
on student motivation, and its contribution to professional readiness. By combining numerical
data with student feedback, the results provide a comprehensive picture of the benefits and
challenges of introducing SL into engineering education at UTCB.

To evaluate the impact of the Service Learning (SL) approach, a structured questionnaire was
administered to second-year civil engineering students at UTCB after completing mathematics
modules that integrated SL activities. The aim of the evaluation was to capture students’
perceptions of the educational value of SL, particularly regarding the applicability of theoretical
knowledge, their motivation to learn, and their preparedness for professional practice.

The questionnaire combined Likert-scale items (ranging from strongly disagree to strongly
agree) with a few open-ended prompts to allow students to elaborate on their experiences. It
was designed around three main dimensions:

e Relevance and applicability of theory — to assess whether mathematical concepts became
clearer when linked to real-world cases.

e Student motivation — to explore whether SL activities enhanced engagement and interest.

e Professional preparedness — to determine the extent to which students felt ready to apply
knowledge in practical contexts.

The survey contained the following items:
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e Q1. The integration of real-world problems helped me better understand the theoretical
concepts taught in the course.

e Q2. Working on community-relevant projects improved my ability to apply mathematical
methods to practical situations.

e Q3. The Service Learning activities increased my motivation to engage with the subject.

e Q4. T found the collaboration with external partners (e.g., schools, local stakeholders)
valuable for my learning.

e Q5. The SL experience improved my teamwork and communication skills.

e Q6. I feel better prepared for my future professional career because of the SL activities.

e Q7. Overall, I consider Service Learning to be a valuable complement to traditional
teaching methods.

Responses were collected anonymously to encourage honest and critical feedback. In addition,
short reflection sessions were organized in small groups, where students could discuss their

experiences openly. This provided complementary qualitative data to enrich the quantitative
results of the survey.

1001

85% 85%

83%

Percentage of Agreement (%)

FIGURE 1. Student Responses to Q1 — Q7 on Service Learning Experience at UTCB

The questionnaire results provide a clear indication that the integration of Service Learning
(SL) into mathematics courses at UTCB had a positive impact on students’ perceptions of their
learning experience.

Overall, the responses revealed strong agreement with the majority of the items:

e For Q1 and Q2 (applicability of theory), more than 85% of respondents agreed that
real-world projects made mathematical concepts clearer and improved their ability to
apply theory in practice.

e For Q3 (motivation), approximately 78% of students reported that SL increased their
engagement and interest compared to traditional approaches.
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e For Q6 (professional preparedness), 82% of students indicated that the SL activities
enhanced their confidence in applying knowledge to professional challenges.

e Items Q4 and Q5 (collaboration and transversal skills) also received high levels of agree-
ment, with many students emphasizing the added value of teamwork, communication,
and interaction with external partners.

e Q7 (overall value of SL) confirmed that students considered the approach a beneficial
complement to traditional teaching, with the majority expressing support for its contin-
uation and expansion.

Qualitative feedback reinforced these results. Students highlighted that working on authentic
problems gave them a sense of purpose and responsibility, while the opportunity to collaborate
with peers and community stakeholders made the learning process more engaging. Several
respondents noted that the prototype-based activities and community presentations helped them
to connect academic knowledge with societal needs in a meaningful way.

The results of the evaluation confirm that Service Learning (SL) can play a transformative role
in engineering education when carefully integrated into the curriculum. Students consistently
reported that the connection between abstract theory and real-world applications enhanced
their understanding of mathematical concepts. This aligns with the primary aim of the GIRLS
project: to demonstrate that technical knowledge gains relevance and depth when it is placed
in the context of societal challenges.

The increase in motivation highlighted by the survey is particularly significant. Many students
indicated that they felt more engaged because the learning activities were not only academic
exercises but also contributed to addressing authentic community needs. By situating mathe-
matics in the context of sustainability and renewable energy, SL shifted students’ perception of
the discipline from being purely theoretical to being a tool for problem-solving with tangible
impact.

Another important aspect emerging from the feedback is the strengthening of transversal
skills. Collaboration with peers and external partners fostered teamwork, communication, and
project management competences, which are increasingly valued in the professional world. The
ability to work in interdisciplinary and intergenerational teams was repeatedly mentioned as a
benefit of the SL experience.

At the same time, some students pointed out challenges such as the additional time and
effort required, or the difficulty of balancing technical rigor with community engagement. These
observations underline the importance of continuous adaptation and support from instructors
in order to maintain the balance between academic standards and service outcomes.

Overall, the discussion indicates that SL not only supports the acquisition of technical knowl-
edge but also enhances personal growth, civic responsibility, and professional readiness. It val-
idates the approach as a meaningful complement to traditional teaching, capable of preparing
students for the complex demands of contemporary engineering practice.

The evaluation of Service Learning (SL) at UTCB highlights its positive contribution to both
academic and personal development. Students reported clearer understanding of theoretical
concepts, stronger motivation, and greater preparedness for professional challenges. The findings
confirm that SL is an effective complement to traditional teaching methods, especially when
aligned with sustainability goals and community engagement.

Looking ahead, several directions for further development have been identified:

Curricular expansion — extend SL activities to additional mathematics and engineering courses
to reach a broader student population.
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Deeper community partnerships — strengthen collaborations with schools, municipalities, and
non-governmental organizations to ensure the societal relevance of student projects.

Digital resources — develop a repository of case studies, reports, and teaching materials that
can be shared across institutions and reused in future cohorts.

Cross-border collaboration — build on the successful transfer to the University of Ruse by
exploring partnerships with other European universities.

Longitudinal evaluation — implement multi-year studies to track how SL influences student
learning outcomes, professional trajectories, and civic engagement over time.

In conclusion, Service Learning has proven to be a valuable methodology for transforming
technical courses into purpose-driven learning experiences. By combining academic rigor with
social responsibility, UTCB has laid the foundation for a model that is both replicable and
adaptable, contributing to the advancement of sustainable engineering education.
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GROWTH THROUGH GIRLS: VOICES, TRANSFORMATIONS, AND NEW
PATHWAYS

DEOLINDA M. L. D. RASTEIRO

ABSTRACT. This report presents the work developed by the Polytechnic University of Coimbra,
via its Coimbra Engineering Institute (ISEC), within the framework of the Erasmus+ project
GIRLS: Generation for Innovation, Resilience, Leadership and Sustainability. The initiative
seeks to promote inclusive, interdisciplinary, and transformative learning experiences by engag-
ing students in authentic, community-based challenges that foster both academic development
and civic engagement. At ISEC, this goal was operationalised through two distinct but comple-
mentary educational approaches: the integration of Service-Learning (SL) methodologies into
the curriculum of the Statistical Methods course, a second-year unit within the Mechanical Engi-
neering degree; and, in the project’s second year, the adoption of a research-based methodology
exploring the use of ChatGPT as a pedagogical tool in the first-year Statistical Methods course
for Informatics Engineering students.

These pedagogical approaches were designed to enhance the learning of statistical concepts
through socially meaningful tasks aligned with the United Nations’ Sustainable Development
Goals (SDGs). Students collaborated with peers and community stakeholders, including non-
governmental organisations, to address real-world problems through data analysis, critical inter-
pretation, and reflective practice. Beyond the acquisition of technical knowledge, the experience
aimed to cultivate ethical awareness, empathy, and critical thinking, competencies increasingly
recognised as essential in contemporary engineering education.

Throughout the implementation, students engaged in a series of structured activities, includ-
ing the co-creation of statistical problems with real data, the development of digital resources,
and the production of academic outputs such as conference presentations and scientific papers.
Reflection was embedded throughout the process to promote metacognitive awareness and per-
sonal growth. The analysis presented in this report draws on qualitative data from student
responses to guided reflection prompts, enabling an exploration of their perceptions, challenges,
emotional responses, and development of transversal competencies.

The findings indicate that the integration of Service-Learning and research-based method-
ologies into a core mathematical discipline is not only feasible but also pedagogically enriching.
It contributes to a more holistic and socially responsive form of engineering education, bridg-
ing academic knowledge with civic responsibility. The outcomes suggest that, when placed in
learning environments requiring real engagement and ethical reflection, students deepen their
understanding and strengthen their connection to both their discipline and broader society.

This report presents the context, methodology, student experiences, and pedagogical impli-
cations derived from these implementations.

Mathematics Subject Classification (2020): see http://www.ams.org/msc/
Keywords: Service-Learning, Engineering Education, Mexico, Reflective Practice, Interna-
tional Education, Qualitative Analysis.
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1. INTRODUCTION

The GIRLS - Generation for Innovation, Resilience, Leadership and Sustainability Erasmus+
project was designed to foster transformative learning by connecting higher education with civic
engagement, innovation, and global sustainable development challenges. The project brought
together institutions from Europe and Latin America with the objective of developing and testing
inclusive, interdisciplinary, and competence-based pedagogical strategies for the development of
transversal and civic competencies in STEM and Engineering Education.

This report synthesises the contributions of the Polytechnic University of Coimbra, particularly
those developed at the Coimbra Engineering Institute (IPC/ISEC), within the framework of the
GIRLS project. Over the course of three academic years, students and educators engaged in a
wide range of collaborative and research-informed activities. These included:

Curricular Implementations: Two major pedagogical strategies were implemented at
ISEC within the Statistical Methods course, targeting different student profiles. First,
Service-Learning (SL) projects were embedded in the course for second-year Mechanical
Engineering students. These projects involved partnerships with local non-governmental
organisations and interdisciplinary teams of students addressing real-world themes such
as gender, mobility, education, financial literacy, customer satisfaction, and ethical con-
sumption behaviour in the fast fashion industry. Second, a research-based methodology
was introduced in the first-year Informatics Engineering course to explore the educa-
tional potential of ChatGPT as a collaborative tool. In this implementation, students
engaged in a two-phase process: solving tasks independently and then critically analysing
Al-generated responses. This approach aimed to foster critical thinking, conceptual un-
derstanding, and epistemic awareness in statistical reasoning.

Pedagogical Handbooks: Four methodological handbooks were developed to support
active learning implementation, each focused on a specific pedagogical model: Service-
Learning (SL), Competence-Based Learning (CBL), Game-Based Learning (GBL), and
Research-Based Learning (RBL).

Sustainable Development Goals (SDG) Resources: A set of four pedagogical re-
sources was created to integrate statistical concepts with real-world issues aligned with the
United Nations’ Sustainable Development Goals. These resources, designed for higher
education contexts, addressed SDG 3 (Good Health and Well-being), SDG 5 (Gender
Equality), SDG 6 (Clean Water and Sanitation), and SDG 11 (Sustainable Cities and
Communities), and included contextualised problem statements, datasets, and detailed
statistical resolutions.

Reflection Moments: Structured reflection activities were conducted during the in-
ternational mobility to Mexico, guided by the Think—4—Share method. These moments
included individual, small group, and collective reflection, supported by presentation ma-
terials to scaffold students’ ethical, emotional, and cognitive processing of the experience.
Scientific Publications: Several peer-reviewed publications were produced as part of
the GIRLS project. These include:
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— Is Collaborative Learning a Voluntary Process? (ICMASE 2023)
https://doi.org/10.1007/978-3-031-49218-1_9
— Service-Learning: As a Way to Enhance Students’ Competencies (SEFI 2024) —
describing the CASPAE project
https://doi.org/10.5281/zenodo. 14256917
— Descriptive and Inferential Analysis of Renal Health and Patterns of Water Con-
sumption: A Case Study of Ciudad Hidalgo
https://doi.org/10.1007/978-3-031-84151-4_30
— Bridging Academic Learning and Community Service
https://doi.org/10.1007/978-3-031-84151-4_28
— SEFI MSIG 2025 paper on interdisciplinary Service-Learning and inclusive teaching
practices (forthcoming)
— Mexico qualitative study entitled Transformative Learning through International
Service (forthcoming)
— Critical Thinking and AI — Construction of Statistical Knowledge (ICMASE 2025)
(forthcoming)
e Chapters in Springer Volume: Two chapters were written for the Springer book
Education for Sustainability and SDGs in Engineering:
— One chapter addresses SDG 10 (Reduced Inequalities) and presents an SL project
in which students analysed wage disparities.
— The other focuses on SDG 12 (Responsible Consumption and Production), centred
on the assessment of material waste in Engineering contexts.
e Gramma’s Stuff: Additional outputs include the collaborative journal Gramma Things,
which aims to promote intergenerational communication and dialogue across age groups
through shared narratives.

This comprehensive ecosystem of activities reflects a systematic and holistic approach to inte-
grating Service-Learning, civic engagement, and the Sustainable Development Goals into Engi-
neering Education. It also seeks to promote inclusive, interdisciplinary, and emotionally mean-
ingful learning environments capable of equipping students with both academic knowledge and
social awareness.

2. METHODOLOGY

2.1. Pedagogical Context. The SL initiatives described in this report were integrated into a
second-year Statistical Methods course for engineering students. The seven-step model (Obser-
vation, Preparation, Action, Reflection, Data Registration, Evaluation, and Recognition) struc-
tured the SL activities. This approach enabled students to apply theoretical statistical knowledge
in real contexts.

2.2. Community Engagement. The non-profit organisations CASPAE and Academia Negocio
e Turismo da Empresa Dcanjamba from Angola served as the community partners in the 1% and
2nd project years, respectively. One of the students was from Angola and the fruitful collaboration
was proposed by him to the remaining group colleagues. Students worked on analysing data
relevant to organisations’ operations, including service characterisation, project assessment, and
technological needs analysis. Groups of students were tasked with identifying problems, collecting
data, and conducting analyses with tools such as Excel and SPSS.
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2.3. Evaluation Tools. Students completed pre- and post-questionnaires assessing competen-
cies in areas such as teamwork, leadership, cultural awareness, critical thinking, and problem-
solving. The evaluation instrument used a 7-point Likert scale.

2.4. Case Study 1: CASPAE Collaboration (2023/2024). The initial implementation of
the SL initiative took place in partnership with CASPAE, a social support non-profit organisation
in Coimbra. Engineering students worked in small groups to address real needs identified by
the NPO. Projects included service usage profiling, gender-based digital inclusion gaps, and
evaluation of CASPAFE’s expansion strategies. Students conducted interviews, developed and
distributed surveys, and analysed data using Excel and SPSS. The experience was framed within
a structured SL cycle.

2.5. Case Study 2: Ethical Consumption, Financial Literacy and Service Quality
(2024/2025). In the following academic year, the SL initiative evolved into a deeper inter-
disciplinary collaboration between Statistical Methods and Linear Algebra students. Thirteen
students, including one with Asperger syndrome, formed three groups. Their projects addressed:

e Ethical consumption behaviour in fast fashion;
e Financial literacy among engineering students;
e Customer satisfaction for an Angolan company (Dcanjamba).

The inclusive pedagogical design supported neurodiverse participation and cross-course collab-
oration. All projects involved full SL cycles: autonomous survey design, field data collection,
statistical analysis using SPSS, and structured group reflections.

The comparison between pre- and post-questionnaires demonstrated substantial gains in stu-
dents’:

e Teamwork and collaboration skills,
Leadership and responsibility,

Appreciation of cultural and racial diversity,
Problem analysis and critical thinking,
Ability to connect theory to practice.

These findings suggest that SL activities positively impacted both academic and transversal
competencies.

The pre- and post-questionnaires were completed by all 13 students involved in the second-
year implementation. The instrument used was adapted from validated tools and included items
grouped into key transversal competencies. Data analysis revealed statistically significant im-
provements in students’ self-assessed competencies, particularly in teamwork (mean increase of
1.2 points), leadership (1.1 points), and the ability to relate academic content to real-life contexts
(1.3 points), as previously reported in [I] and further discussed in [2].

Reflections were collected in two ways: through individual written forms completed at key
stages of the SL cycle, and through guided oral sessions using the Think—4—Share method. These
reflections were structured along three axes: emotional, cognitive, and ethical, and provided rich
qualitative data for analysis, later used to inform the Mexico case study publication (forthcom-
ing).

In terms of inclusivity, special attention was given to neurodiverse participation. One of the
students involved in the second-year projects had Asperger syndrome, and adjustments were
made to support his engagement. These included assigning roles that matched his strengths,
adapting group timelines, and ensuring clear communication within the team. The positive
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outcomes of this inclusive practice were noted in the students’ reflections and reinforced by
teachers’ observations, as documented in [2].

2.6. Case Study 3: Research-Based Use of AI in Statistical Methods (2024,/2025). In
the second year of the GIRLS project, a research-based pedagogical approach was implemented
in the first-year Statistical Methods course for Informatics Engineering students. This initia-
tive aimed to explore the educational potential of Al (ChatGPT, Claude, Deepseek, etc) as a
collaborative tool to support statistical reasoning and critical thinking.

The activity was structured in two phases. In the first phase, students individually solved
a set of open-ended statistical problems without external assistance, using only their course
materials and calculators. In the second phase, they were presented with Al-generated solutions
to the same problems. Students were asked to critically evaluate these Al-generated responses,
comparing them to their own, identifying errors or inconsistencies, and justifying whether they
would accept, reject, or revise either solution. They then submitted written reports articulating
their reasoning and the learning process.

This dual-phase methodology was designed to foster epistemic awareness by engaging students
in reflective judgement and the evaluation of multiple representations of knowledge. It activated
all stages of the research cycle: problem formulation, analytical procedure selection, interpre-
tation of results, and reflective communication of findings. The pedagogical design was aligned
with principles of Research-Based Learning (RBL), as described in the project’s methodological
handbook.

Qualitative analysis of student reports revealed meaningful learning outcomes. Students ex-
pressed increased awareness of conceptual subtleties in statistical reasoning and demonstrated
improved capacity to identify logical flaws or misapplications of formulas. Many reported sur-
prise at the persuasive yet incorrect nature of some Al-generated responses, highlighting the
importance of human oversight in automated contexts. Preliminary observations suggest that
the use of ChatGPT served as a catalyst for metacognitive engagement, encouraging students to
examine their own problem-solving processes with greater depth.

This implementation also laid the groundwork for a forthcoming peer-reviewed publication
presented at ICMASE 2025, entitled “Critical Thinking and Al — Construction of Statistical
Knowledge”, which will further detail the research findings and implications for Al-supported
learning in Engineering Education.

3. A STORY OF LEARNING, SERVICE, AND TRANSFORMATION IN MORELIA

In June 2024, twenty students from across Europe, studying engineering, health sciences,
and languages, embarked on a journey to Morelia, Mexico. They travelled not as tourists or
researchers, but as learners and guests, prepared to serve and to grow. This international mobility
was part of the GIRLS Erasmus+ project - Generation for Innovation, Resilience, Leadership,
and Sustainability. The game is on!, KA220-HED-285023E0, an European initiative grounded
in the belief that education reaches its full potential when it extends beyond the classroom into
society.

In collaboration with the Universidad Vasco de Quiroga and local organisations in Ciudad
Hidalgo, the students participated in an intense, emotionally charged week of community-based
engagement. The central theme of the initiative was health education, with a particular focus on
kidney health and the promotion of safe water consumption. However, the experience evolved
into far more than a conventional public health campaign.
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Armed with surveys, lesson plans, and an open mind, students visited schools, health cen-
tres, and homes. They listened to families, identified community concerns, and collaboratively
designed engaging interventions to communicate essential health messages. Engineering stu-
dents worked alongside their peers in health sciences to analyse data and deliver content, while
language students translated materials and facilitated intercultural dialogue. Together, they
navigated cultural differences, logistical constraints, and unfamiliar health practices. For many
participants, this was their first time outside Europe, and their first experience of working within
such a different social and cultural environment.

Central to this initiative was a carefully designed Service-Learning (SL) framework, rooted in
experiential education theories ([3], [4]) and aligned with the GIRLS pedagogical foundations.
Preparatory sessions were held prior to departure, guided by the GIRLS project handbooks.
Upon arrival in Mexico, students were not assigned predefined roles; instead, they were encour-
aged to observe, to listen, and to reflect. Daily reflection practices helped scaffold their learning
and emotional processing. Students wrote extensively about their experiences, what they saw,
how they felt, and what they learned. These written reflections served as a powerful lens through
which their personal and collective transformations became visible.

Some students wrote about learning to be more efficient and empathetic listeners; others ex-
pressed the emotional difficulty of confronting poverty and systemic inequality firsthand. Several
reported discomfort with leading health workshops in a culture they were still striving to under-
stand. Yet, within this discomfort emerged deep learning. One student reflected, “Everything.
I feel like a completely different person now.” Another wrote, “It is important to help people
without expecting anything in return.”

As the week progressed, students began to shift their self-perception. They no longer saw
themselves merely as learners completing an assignment but as actors of social change. They
questioned assumptions, discovered strengths, and built cross-cultural relationships. The word
“transformation” appeared repeatedly in their reflections, alongside terms such as “people”, “help”,
“life”, and “motivation”.

By the end of the mobility, students had not only conducted health interventions and statistical
analyses but had also produced multilingual educational materials and engaged in real-world
problem-solving. More importantly, they had internalised what it means to learn with purpose
and to serve with humility. Educators, community partners, and students alike reported that
the experience left a lasting impression, both academically and personally.

This international SL case illustrates the holistic learning model promoted by the GIRLS
project. It exemplifies how civic engagement, interdisciplinary collaboration, and structured
reflection can converge to promote transformative educational outcomes that reach far beyond
traditional classroom boundaries.

3.1. Structured Reflection and the Think—4—-Share Methodology. A core pedagogical
component of the Morelia experience was the implementation of structured daily reflection using
the Think-4-Share methodology. Developed and facilitated by one of the GIRLS educators,
this approach enabled participants to engage in introspection, collective meaning-making, and
synthesis at the community level.

Each session followed a three-phase progression:

e Individual Moment (15 minutes): Students revisited the day’s experiences as if
replaying a mental film, reflecting on actions, emotions, knowledge shared, and lessons
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learned. They wrote personal insights on colour-coded post-its and placed them on a
board titled Individual Reflection.

e Group Moment (20 minutes): Small working groups exchanged their reflections
without interruption. A designated spokesperson synthesised common ideas and recorded
them under the heading Group Reflection.

e Community Moment (25 minutes): Representatives from each group shared their
conclusions with the full cohort. The collective listened attentively, and final insights
were compiled as a Community Reflection.

This methodology is conceptually aligned with Kolb’s experiential learning cycle, 3], concrete
experience, reflective observation, abstract conceptualisation, and active experimentation, and
honours the emotional, ethical, and interpersonal dimensions of learning. It also fosters inclusive
participation and supports students in recognising their own growth and positioning within a
community context.

The layered structure of Think-4-Share not only amplified students’ voices but also generated
valuable qualitative data for subsequent analysis, supporting the integration of reflective tools
within the broader GIRLS pedagogical framework.

Community

Key Concepts:

Reflection
Group

- Emotional Awareness
- Ethical Engagement
- Collective Synthesis
- Experiential Learning

Reflection

Individual

Reflection

F1GURE 1. The Think—4—Share reflection cycle: expanding from individual to
community-level insight. Visual accessibility is ensured by combining colour
and pattern: blue + diagonal lines for Individual Reflection,

for Group Reflection, and pink -+ crosshatch for Community Reflection. In
greyscale or for colour-blind readers, the pattern distinguishes the layers.

4. DISCUSSION

The results across the Service-Learning (SL) and research-based implementations demonstrate
that both methodologies effectively supported the development of mathematical and transversal
competencies in authentic, socially meaningful contexts. In the SL case studies, the integration
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of statistical methods with real-world themes, such as ethical consumption, financial literacy,
and the evaluation of community service, significantly enhanced:

e Students’ perception of the relevance and applicability of mathematics;
e Engagement with civic and societal challenges;
e Critical and ethical reflection on their future professional roles as engineers.

The 2024/2025 interdisciplinary implementation added further pedagogical value by fostering
collaboration between students from the Statistical Methods and Linear Algebra courses. Joint
problem-solving encouraged the articulation of algebraic reasoning and improved mathemati-
cal communication. Notably, the inclusion of a student with Asperger syndrome, supported
through differentiated strategies (e.g., clearly defined roles, structured mediation, and asynchro-
nous reflection), demonstrated the inclusive potential of SL when aligned with universal design
principles. This confirms previous findings that SL can promote both academic learning and
social belonging among neurodiverse learners.

SL integration also led to broader educational benefits:

e Students reported a stronger sense of purpose in applying theoretical knowledge to com-
munity challenges;

e Motivation and engagement increased as students faced complex, real-life scenarios re-
quiring both analytical and interpersonal skills;

e Structured reflection activities promoted the development of ethical awareness, empathy,
and civic responsibility.

However, some limitations were observed. Not all students experienced progress in every
transversal competence, indicating the need for more differentiated and personalised feedback
mechanisms. Additionally, during the initial SL implementation, there were occasional mis-
matches between students’ expectations and the actual needs of the community partners (CAS-
PAE and Dcanjamba), particularly in terms of project scope and available data. These challenges
highlight the importance of early and transparent dialogue between academic teams and com-
munity organisations.

Regarding the research-based implementation using Al, preliminary findings suggest that Al-
supported learning can serve as a catalyst for critical thinking. Students not only identified com-
putational errors or logical inconsistencies in the Al-generated responses but also demonstrated
increased metacognitive awareness in evaluating their own reasoning. The iterative comparison
between human- and machine-generated solutions encouraged reflective judgement and epistemic
agency, core goals of research-based learning. While the novelty of the tool contributed to ini-
tial enthusiasm, sustained learning gains were linked to structured guidance and clearly defined
evaluation criteria.

In summary, both the SL and RBL approaches, when grounded in well-structured pedagogical
models and reflective practices, show strong potential to enrich Engineering Education. They
promote a more holistic and engaged learning experience, bridging disciplinary knowledge with
ethical and societal awareness.

5. CONCLUSION: LESSONS LEARNT, PEDAGOGICAL IMPACTS, AND NEW PATHWAYS

This multi-year, interdisciplinary initiative confirms that Service-Learning (SL), when strate-
gically integrated with Research-Based Learning (RBL), provides a robust pedagogical frame-
work for engineering education. By embedding statistical concepts within socially relevant,
community-driven challenges, students experienced mathematics not as an abstract discipline
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but as a tool for ethical engagement, civic transformation, and interdisciplinary collaboration.
The outcomes validate that such pedagogical innovation can bridge the gap between curricu-
lum and society, fostering not only technical competencies but also personal and civic maturity.
The case studies, ranging from local NGO partnerships in Portugal to international mobility in
Mexico and collaboration with Angola, demonstrated that students undergo significant transfor-
mation when placed in real-world learning environments. Across SL and RBL implementations,
students displayed greater self-efficacy, emotional intelligence, critical judgement, and cultural
humility. These outcomes were particularly evident in their written reflections, where words like
“transformation”, “people”; “help”, and “responsibility” surfaced consistently. This evidence aligns
with the theoretical experiential learning and supports the view that learning is most effective
when it is active, contextualised, and affective.

Lessons Learnt by Students. Students’ reflections and performance across the SL and
research-based implementations revealed a wide range of learning outcomes:

e Working with real data is inherently non-linear, requiring adaptability, critical thinking,
and tolerance of ambiguity;

e Applying statistical methods in real-world contexts is cognitively demanding but deeply
rewarding;

e Mathematical reasoning can serve as a tool for civic engagement and ethical deliberation;

e Interdisciplinary teamwork fosters empathy, communication, and the flexibility needed
for post-academic professional environments;

e Leadership and autonomy are not innate, but emerge through scaffolded experience and
reflective practice.

Lessons Learnt by Educators. Educators involved in the project identified key pedagogical
insights that inform future SL design and implementation:

e Students thrive in structured, socially relevant learning environments that give purpose
to mathematical inquiry;

e Inclusive practices, especially for neurodivergent learners, are enhanced through pre-
dictable, transparent, and values-driven pedagogy;

e Cross-disciplinary collaboration between curricular units unlocks innovative formats for
active learning;

o Effective SL design requires careful alignment between course objectives, community
needs, and available resources;

e Student engagement increases when their work is perceived as socially meaningful and
contextually impactful;

e Transversal competency evaluation offers a complementary lens to assess student devel-
opment beyond content mastery.

The experience was equally transformative for educators. The interdisciplinary collaboration be-
tween instructors of mathematics, statistics, and engineering challenged traditional disciplinary
silos. It also provided a testbed for inclusive practices, particularly in supporting neurodivergent
students through transparent roles, scaffolded timelines, and structured reflection. Educators
reported increased satisfaction, stronger student engagement, and greater alignment between
learning outcomes and social responsibility goals. Importantly, the initiative reinforced the role
of educators as facilitators of meaning-making rather than transmitters of abstract content.
Beyond classroom practice, this work provides evidence for broader institutional and policy im-
plications. The GIRLS pedagogical model, grounded in SL, RBL, Competence-Based Learning,
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and Game-Based Learning, offers a transferable template for other institutions seeking to imple-
ment high-impact, inclusive, and SDG, aligned teaching practices. The integration of transversal
competencies into curriculum design, assessment, and reflection practices could inform accredita-
tion processes, faculty training, and the development of interdisciplinary modules across Europe.
To capitalise on the insights gained, future initiatives should focus on the development of: (1)
validated tools for assessing transversal competencies; (2) inclusive SL toolkits with guidelines for
neurodiverse engagement; (3) partnerships with international NPOs that extend learning beyond
national boundaries; and (4) faculty development programmes that embed the GIRLS frame-
work across disciplines. Moreover, research should continue to explore the intersection of Al tools
(e.g., ChatGPT) with ethical and epistemic learning in mathematics and engineering education.
Ultimately, this initiative confirms that mathematical and statistical learning, when embedded
in community contexts and reflective practice, becomes not only more effective but also more
human. As engineering education moves toward complexity, uncertainty, and global interdepen-
dence, models such as GIRLS offer a compelling response, one that integrates knowledge, care,
and action.
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ABSTRACT. This paper presents the results of a qualitative study exploring the reflections of
twenty undergraduate students who participated in a one-week Service-Learning (SL) activity
in Morelia, Mexico. The programme was embedded in an international, interdisciplinary initia-
tive within the Erasmus+ Project G.I.R.L.S. (Generation for Innovation, Resilience, Leadership
and Sustainability) that involved engineering and health sciences students from the partners’
countries participating in the project, with activities ranging from hygiene education to collabo-
rative community interventions. Using a deductive coding framework and descriptive qualitative
analysis, the study identifies key themes including ethical awareness, cultural adaptation, social
impact, and personal transformation. Students’ reflections reveal a heightened sense of civic
responsibility, professional identity, and emotional growth. The results provide strong evidence
of the pedagogical power of SL, particularly when implemented in intercultural and transdisci-
plinary contexts where authentic community engagement is central.
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1. INTRODUCTION

Service-Learning (SL) is increasingly recognised as a transformative pedagogical approach
that integrates academic instruction with meaningful community engagement. In engineering
and health education, SL has been shown to enhance not only technical competencies but also
interpersonal skills, ethical reasoning, and civic responsibility. This paper presents a qualitative
analysis of a one-week international SL project conducted in Morelia, Mexico, involving stu-
dents from engineering and health sciences. The initiative was part of the Erasmus+ project
G.I.R.L.S. (Generation for Innovation, Resilience, Leadership and Sustainability), co-funded by
the European Union. The central aim was to assess the educational impact of the experience
through the lens of students’ reflections, collected immediately after the activity. Grounded
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in experiential learning theory ([?]), transformative learning theory ([15]), and critical service-
learning ([16]), this study explores how short-term international SL contributes to students’
cognitive, emotional, and social development. The research questions guiding the analysis were:

(1) What themes emerge from students’ reflections on their SL experience in Mexico?
(2) 2. How do these themes reflect the learning outcomes associated with transformative
and experiential education?

2. METHODOLOGY

2.1. Context and Participants. The SL project was conducted over one week in Morelia,
Mexico, in partnership with local community associations and Universidad Vasco de Quiroga.
This educational institution is also a partner of the G.I.LR.L.S. project. Twenty students from
four different countries (Portugal, Spain, Romania and Mexico) participated in the initiative,
thirteen from engineering, four from health sciences and three from Translation Interpretation
and Language Teaching. Activities included hygiene education, public health campaigns, and
collaborative problem-solving, using Statistical Analysis, with community members. The ped-
agogical design followed the principles of active learning and intercultural exchange. These
students have previously participated in SL projects in their universities.

2.2. Data Collection. The reflection prompts and structure followed by the students were
drawn from an internally developed handbook produced within the scope of the GIRLS Eras-
mus+ project ([9]). This handbook provided the pedagogical scaffolding for pre-reflection, struc-
tured action, and post-activity reflection. Although only published at the project website,
https://girlsproject.eu/wp-content/uploads/Service-learning-guide _EN.pdf, it is a validated in-
ternal project deliverable used to guide students’ engagement with Service-Learning activities.
Students were invited to submit written reflections in response to guided prompts at the end of
the SL week. The reflections were transcribed and compiled into a single Excel file. Participa-
tion was voluntary, and all students provided informed consent for the use of their data in this
study.

2.3. Analytical Approach. A qualitative content analysis was conducted using both deduc-
tive and inductive coding methods. The SL literature informed deductive codes, while inductive
codes emerged from the dataset through iterative rounds of analysis. Following best practices
in thematic saturation, coding proceeded across five rounds until no new themes were identified,
consistent with the approach described by Guest, Bunce, and Johnson (2006), [10], who reported
that thematic saturation is typically achieved within eight to twelve interviews. This contributed
to the internal coherence and analytic rigour of our findings. The coding was supported using
Microsoft Excel for data structuring and Python (version 3.10) for data visualisation and fre-
quency analysis. Libraries such as Pandas and WordCloud were employed to generate summary
tables and word cloud visualisations, enhancing the transparency and reproducibility of the
analysis. To complement the qualitative analysis presented in this study, a parallel investigation
was conducted to assess the health issues that motivated the Service-Learning activity quanti-
tatively. Anciones-Polo et al. (2025), [1], explored the patterns of water consumption and the
level of awareness concerning renal health among residents of Ciudad Hidalgo, revealing critical
insights into local vulnerabilities. Their study, based on a structured questionnaire completed by
491 participants, identified insufficient water intake, high consumption of sugar-sweetened bever-
ages, and widespread lack of knowledge about renal health as pressing concerns. These findings
reinforced the need for interdisciplinary, community-engaged initiatives like the one described in
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the present study. They contributed to the design and implementation of targeted educational
activities during the intervention. Taken together, the two studies offer a comprehensive picture
of both the socio-health context and the pedagogical impact of the Service-Learning experience.

3. RESuLTS

The qualitative analysis of written reflections by twenty students who participated in the
one-week SL experience in Mexico revealed a rich landscape of learning processes, emotional re-
sponses, and ethical awareness. Using a deductive coding framework informed by the literature
(e.g., 8], [3]), nine major thematic categories were identified as can be observed in Figure 1:
Learning Outcome, Social Impact, Challenges and Adaptation, Ethical Awareness, Transforma-
tion, Cultural Awareness, Emotional Responses, Civic Engagement, and Communication Skills.

Code Co-occurrence Matrix (S1-520)

18
CHALLENGES & ADAPTATION ' o ] 0 2 1 o o 0 1 o ]

CIVIC ENGAGEMENT - © 5 o ] o 1 o 1 o o 3 o
COLLABORATION - 0 o ] 1 o [ o 0 3 o ] o i
COMMUNICATION SKILLS - 0 ] 1 4 [ [ o o 3 0 o o
12
CULTURAL AWARENESS - 2 0 o o - [ o H 3 o ] 2
EMOTIONAL RESPONSES - 1 1 0 o o AN o 1 0 0 0 3 10
I
EMPATHY - 0O 0 o 0 [/ 0 1 [ 1 o 0 1 B s
ETHICAL AWARENESS - 0 1 0 0 F 1 o 1 o o 1
§ 6
LEARMING QUTCOME- © o 3 3 3 o 1 1 1 1 4
REFLECTION- 1 0 0 o [} 0 o [ 1 2 o 0 &
SOCIAL IMPACT - © 3 o 0 [} [} ] 7 i -2
TRANSFORMATION - 0 o 0 0 2 3 1 1 4

FiGUurE 1. Thematic categories provided by the collected data

The analysis highlights how this international SL experience served as a powerful catalyst
for both intellectual development and civic consciousness. The most prevalent theme across all
student responses was Learning Outcome, appearing in the reflections of seventeen students.
Students demonstrated growth in statistical literacy, public health awareness, and soft skills
such as listening and teamwork. For instance, Student 5 reflected: “I learned the importance
of organisation, to listen, because otherwise people lose attention.”. Similarly, Student 8 noted:
“We learned how to ask the right questions, optimise work, and be efficient.”. The second most
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frequent theme was Ethical Awareness, expressed by fifteen students. These reflections showed
sensitivity to social injustice, healthcare inequality, and the structural challenges faced by the
Mexican community. Student 14, who worked on health education, wrote: “It is important to
help people without expecting anything in return.”. Student 16 emphasised the lack of accessible
health education: “There are not enough programs dedicated to real education about health.”.
Challenges and Adaptation emerged in the reflections of fourteen students. These challenges
spanned logistical issues, cultural misunderstandings, and difficulties in survey implementation.
For instance, Student 6 reported: “We had many difficulties, among them communication,
culture and even technical issues.”. Social Impact was also a dominant theme, with thirteen
students reflecting on the perceived benefit of the activity for the local community. Student 1
wrote: “My motivation is to help people in a more meaningful way.”. Student 9 linked the project
directly to awareness-building: “The importance of people knowing basic healthcare practices
and acting preventively.”. Transformation, as described in the accounts of twelve students, was
often linked to emotional change or a re-evaluation of values. Student 9 stated powerfully: “Ev-
erything. I feel like a completely different person now.”. Student 13 reflected on personal growth
through discomfort: “I think we have carried out the project in a very decent way, even with
these taboos.”. Cultural Awareness was present in eleven reflections. Students became aware of
both contrasts and commonalities between their home and host cultures. Student 20 described:
“How to properly collaborate with and understand people with very different views.”. Civic En-
gagement and Communication Skills were coded in ten and nine reflections, respectively. These
included moments where students identified themselves as actors of change and improved their
ability to convey technical information. Student 7 remarked: “We tried to explain everything as
simply as possible to make sure the community understood.”. Several codes frequently appeared
in combination. Learning outcomes were often linked to Transformation and cultural awareness,
as students described gaining new knowledge while navigating culturally unfamiliar contexts.
Student 18 exemplified this by saying: “Learning new things every day from the data, from
people, and from myself.”. Ethical Awareness often co-occurred with both Social Impact and
Civic Engagement, suggesting that ethical reflection was not abstract but grounded in students’
direct action and observation. For example, Student 3 stated: “To work with the population
of Cd. Hidalgo to understand their problems with kidney health.”. While most students ex-
hibited multidimensional engagement, the depth and scope varied. Students 9 and 20 showed
the widest thematic spread, being coded across nearly all categories, including Transformation,
Cultural Awareness, Collaboration, and Ethical Awareness. Their reflections were introspective
and holistic. Others, such as Student 2 or Student 4, provided more concise accounts that fo-
cused primarily on technical or operational aspects, including stress during data collection or
the need for better preparation. This diversity is typical of SL interventions and reflects dif-
ferent styles of reflection, cultural fluency, or emotional readiness. Many students expressed a
range of emotional responses, from pride to frustration and surprise. Student 5 shared: “I feel
really proud and grateful for being part of this experience.”. Student 16 acknowledged discom-
fort and responsibility: “It was overwhelming at first, taking so much responsibility in a new
culture.”. Reflections often revealed a high degree of empathy, particularly when students per-
ceived structural injustices. Student 17 remarked: “Kidney failure in people without access to
care is unacceptable.”. To complement the thematic analysis and coding of students’ reflections,
a word cloud (see Figure 2) was created to visualise the most frequent individual terms used by
participants in their written responses. This graphical representation helps capture the affective
and conceptual density of the Service-Learning experience by foregrounding prominent terms
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such as people, help, life, project, different, and motivation. The prevalence of emotionally
charged and action-oriented words supports the thematic categories identified during content
analysis, including empathy, transformation, and social responsibility. While not a substitute
for qualitative coding, this word cloud provides an accessible and immediate visual cue to the
central themes that students engaged with, reinforcing the evidence for transformative learning
outcomes. A visualisation of the most frequent words used by students across twenty written
reflections after the Service-Learning activity in Mexico. Larger words indicate higher frequency.
The word cloud illustrates a focus on people, service, learning, and problem-solving.

—
ab]
)
—

=

(@)

=
.

anee make challenge ' resources > experlment
roblémbetter:
5 world e :_1
fmd YA understand““"‘-‘ll -
- g i working 5
eneople
gh-lpq)égwe presentatlon : e g
Q: W EN l.8.motivation
Y ¥
w_.!::-
°.

~ knowledge

FIGURE 2. Word Cloud of Students’ Reflections

To deepen the textual analysis of students’ reflections, a second visualisation was developed
using bigrams, pairs of consecutive words frequently occurring across the dataset (see Figure 3).
Unlike the single-word cloud presented above, the bigram word cloud offers a more nuanced view
of the linguistic patterns in the students’ discourse. It reveals common phrases that combine
action and meaning, such as “able to improve”, “asking right”, and “I am learning” and “caring
helping” that indicate the students’ emphasis on impact, personal growth, and applied learning.
This representation captures the relational structure of their learning narratives, highlighting
not only the frequency of concepts but also their contextual usage. The visualisation supports
the thematic findings by showing how students articulate their transformative experiences in
syntactic units, offering additional insight into the reflective depth of the Service-Learning ac-
tivity.

This word cloud visualises the most frequently used two-word combinations (bigrams) in the
reflections of the twenty undergraduate students after the experience in Mexico. Taken together,
these results reveal that this international SL experience supported deep, multidimensional
learning. Students confronted real-world challenges, developed civic competencies, acquired
technical and soft skills, and engaged ethically with another cultural context. The coding process
confirms not only cognitive outcomes but also affective and civic development, reinforcing SL’s
potential as a transformative pedagogical strategy in engineering and health education.

4. DISCUSSION

The findings from this study align strongly with prior research on the transformative po-
tential of Service-Learning (SL) in higher education. As noted by Eyler and Giles (1999) and
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Meyers (2009), [8], [14], SL supports not only academic development but also civic and ethical
growth. These outcomes were evident in the reflections of our student cohort. The co-occurrence
of Learning Outcomes with Ethical Awareness and Social Impact in this study reinforces this
model. It underlines the role of SL in bridging disciplinary knowledge with real-world respon-
sibility. Daniel & Mishra (2017), [7] go further and analyse the global awareness of students
after participating in an international service-learning course based on science, technology, engi-
neering and mathematics (STEM). However, Caspersz & Olaru (2017), [4], analysed the results
of an SL activity that strengthens students’ individual and citizenship skills, and they found
that students relate that activity with the opportunity to develop their employability skills,
which was not highlighted in this current study. Different publications analyse the results of
SL activities on students’ skills and competences. Shea et al. (2023), [20], suggest that this
pedagogical approach addresses students’ civic attitudes and the differences between these stu-
dents and those participating in “traditional” classes. Compared to previous implementations
of SL at other partners’ institutions ([18], [19]), the Mexico experience revealed additional lay-
ers of intercultural learning and ethical sensitivity, as was suggested in recent publications ([6],
[23]). Students’ reflections often alluded to their discomfort or surprise when facing unfamil-
iar health beliefs or practices, confirming that international SL can amplify the affective and
ethical dimensions of experiential learning. For instance, several students described challenges
in conveying reproductive health knowledge in culturally appropriate ways. The quality of re-
flections analysed in this study was likely enhanced by the structured guidance provided in the
Service-Learning Booklet ([9]), which framed the activities around observation, preparation, ac-
tion, and reflection. This alignment with critical SL pedagogical practices ([2], [21]) reinforces
the credibility and depth of student learning demonstrated. The Mexico project activity also
deepened students’ capacity for collaboration and communication across disciplinary and lin-
guistic boundaries. This mirrors prior studies emphasising the development of 21st-century skills
in engineering education ([17]). The combination of data collection, public health messaging,
and team coordination required students to adapt continuously, a process that many explicitly
identified as educational in its own right. Importantly, our results confirm that SL fosters what
Butin (2010), [3] calls “epistemological disruption”: the capacity of students to question their
assumptions and adopt new civic perspectives. Student 9’s description of feeling like a “com-
pletely different person” exemplifies such transformation. Moreover, the high frequency of codes
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linked to ethical reflection and social justice suggests that the activity succeeded in sensitising
students to community needs, inequalities, and their own role as potential changemakers. This
also corresponds with critical frameworks in SL literature, which argue that authentic commu-
nity engagement, particularly in cross-cultural contexts, promotes a deeper understanding of
systemic injustice ([16]). Experiential learning in unfamiliar environments provides opportuni-
ties for critical thinking, innovation, and flexibility, which are essential qualities in engineering
and healthcare practice ([12], [11]). Emotional dimensions were prominent, suggesting that SL
is uniquely capable of triggering transformative learning episodes ([15]). The integration of sci-
entific content (e.g., kidney health, health education) with local realities enabled students to
see how technical knowledge applies in real-world environments, thereby reinforcing the social
embeddedness of engineering and health sciences. In sum, the Mexican SL experience did not
merely enhance technical or soft skills. It served as a complex pedagogical space where ethical,
emotional, and intercultural learning took place. Collaboration between disciplines also proved
enriching, aligning with Vygotsky’s social constructivist theory ([22], [13]). Ultimately, students
observed direct connections between theory and practice, thereby validating the arguments for
the pedagogical effectiveness of SL in STEM curricula ([5]). Future work should continue explor-
ing how structured reflection, preparatory training, and sustained partnerships with community
organisations can maximise these learning outcomes.
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ABSTRACT. This paper begins with a brief description of the Service-Learning methodology,
followed by a justification for its crucial implementation in higher education. Then, it presents
various experiences involving both undergraduate and master’s students who are training to
become secondary education teachers. To further disseminate the methodology, workshops
have been organized for university professors and publications have been developed to reach a
broader audience. These initiatives collectively aim to promote the integration of this powerful
approach across all levels of education.
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1. INTRODUCTION

Service-Learning (SL) is a project based methodology for education that allows students to get involved in
their community by developing helping activities that go beyond volunteering. This pedagogical approach is
being used by many universities as practical training [1]. At the same time, their motivation increases and they
acquire specific competencies and knowledge related to their studies (Fig. 1). In short, the main benefits that
this methodology provides to the students involved (see Fig. 2) are:

e Meaningful learning.- Students learn in practical and meaningful ways, applying the knowledge acquired
in a real context [1].

e Personal development.- It encourages the development of skills such as empathy, social responsibility,
teamwork, and problem-solving [2, 3, 4].

e Social Impact.- Addresses community needs, generating a positive impact on their well-being and devel-
opment [3, 5].

Currently, many teachers use innovative active methodologies in their classes to motivate and engage students
in their own learning, but this is not the case in higher education, where it is not so common to shift the
classic system of lectures [6]. The European GIRLS project “Generation for innovation, resilience, leadership and
sustainability. The game is on!” [7] seeks to address this gap by promoting the adoption of active methodologies
in higher education. The main objectives of the project include:
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FIGURE 1. Diagram presenting the definition of the Service-Learning (SL) methodology
and its main achievements.
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FIGURE 2. Outline of the main benefits that the Service-Learning methodology provides
for the students involved.

(1) To train teachers in digital skills and active pedagogies.

(2) To promote the university approach to society. This is directly related to Sustainable Development Goal
(SDG) 17, since alliances and action networks will be created, to implement the 2030 Agenda. Teachers,
students and organisations will collaborate closely in students (and teachers) learning process, which is
transformed in community service.

(3) To integrate the SDGs in higher education: activities will be proposed and resources will be provided to
make this possible in different disciplines.

(4) To promote innovation, resilience, leadership, and sustainability starting individually and reach institu-
tions and governments. It also seeks to promote real gender equality; that is to say, not with activities
that have the title of equality but integrating this equality into all the activities that are developed in
the project.
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The SL methodology exhibits key features that support the achievement of these objectives. It is an innovative
and active pedagogical strategy that allows sustainable development goals to be worked on in a natural way, fosters
connections between students and society, and enables the development of transversal skills. For these reasons,
this article presents some of the actions developed within the GIRLS project to implement and disseminate the
SL methodology among university students and professors [6].

As a starting point, it is worth reflecting on the relevance of this methodology in higher education. The
answer should be affirmative. First, the university has a social responsibility: to educate students not only for
employment, but for active, responsible citizenship. And secondly, in fact, this mission is reflected in educational
legislation. The regulations prior to the current education law, called LOU (Spanish education law 2010), stated:
“Universities shall promote practices of social and civic responsibility that combine academic learning in the
different degrees with the provision of service to the community, aimed at improving the quality of life and social
inclusion” [8]. Science and engineering students often do not have opportunities to develop personal and social
skills and competencies during their undergraduate studies. Their programs tend to focus almost exclusively
on technical content, leaving little room for the development of so-called “soft skills”, such as communication,
teamwork, critical thinking, and a sense of responsibility. Service-Learning offers an opportunity for students to
address this gap, via participating and engaging in activities that respond to human and community needs in
their immediate environment. The current Spanish Organic Law of the University System (LOSU) [9] dedicates an
important space to educational innovation and improvement of the quality of teaching in higher education. In this
context, it mentions various active and participatory methodologies, including Service-Learning, a methodology
that combines academic learning with community service. Key points highlighted by LOSU in relation to SL
include:

e The promotion of active teaching methodologies that favor student participation, practical learning, and
social commitment.

e The framing of SL as a methodology that addresses real-world social challenges, contributing both to
the student training and to the improvement of the community.

e More specifically, the promotion of pedagogical innovation and cooperation with the social environment,
which is directly applicable to SL projects. In this way, the law encourages universities to implement
methodologies such as SL within their educational programs, favoring a more comprehensive training
connected to contemporary social challenges.

e The recognition of the need to comprehensively assess student competencies within SL initiatives, both
in terms of academic achievement and social impact.

In summary, LOSU supports and promotes the use of methodologies such as SL, recognizing them as key tools
for a more inclusive, participatory, and socially engagement-oriented education. And this is precisely why this
innovative methodology is being promoted within the European GIRLS project [7].

Regarding the SDGs, the adoption of the 2030 Agenda for Sustainable Development gave society a new impetus
to work towards improving living conditions and promote human well-being [10]. The fourth SDG is entirely
dedicated to “ensure inclusive, equitable and quality education, promoting lifelong learning opportunities for all”.
Education is considered a fundamental tool to generate the changes in lifestyle and thinking necessary for the
sustainable development of society. In this context, universities play a fundamental role and SL offers a meaningful
pathway to strengthen the social dimension of the teaching-learning process. In this sense, the university is open
to learning experiences, using innovative methodologies and making it easier for students to leave their classrooms
and experiment in other environments.

This article presents a selection of Service-Learning experiences conducted with undergraduate science and
engineering students, as well as with master’s students preparing to become secondary school teachers. It also
presents several initiatives aimed at promoting this powerful approach at all educational levels, such as the
organization of workshops for university professors and the publication of articles in various formats.

2. SERVICE-LEARNING IN HIGHER EDUCATION

How can the SL methodology be introduced into teaching practice in higher education? The first step is to look
around and to identify potential community partners and organizations with which to collaborate. Universities
often maintain institutional agreements with a wide range of associations, making this process easier. At the
Universidad de Salamanca (USAL), a list of such institutions can be found at the link: https://sas.usal.es/
participacion-y-voluntariado-2/entidades-con-acuerdo-de-colaboracion/.
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FIGURE 3. Phases of a SL project included in the guide developed by the European
GIRLS project: Generation for innovation, resilience, leadership, and sustainability[7].

The next step is to work on the phases of the SL methodology: observation, preparation, action, reflection,
registration, evaluation, and acknowledgments. To support this process, a guide (Fig.3) has been developed by
the GIRLS project [11] (https://girlsproject.eu/sl-projects/). This Service-Learning guide was developed to help
both teachers and students immerse themselves in the methodology. It outlines each step in detail and functions
as a working notebook where students participating in a Service-Learning project can record each phase, ensuring
they internalize the steps while also capturing all the information.

Below are some Final Degree Projects, carried out by Science and Engineering students, as an example.

2.1. Analysis of the acoustic quality of the spaces in the Trilingual Building. Oral communication in
educational classrooms is essential, that is why classroom acoustics are specially important. The intelligibility of
speech depends on the quality of the acoustics, which allows correct teacher-student communication and makes
it possible for students to learn properly, avoiding the need for teachers to force their voices to do so. Two key
parameters, reverberation time and background noise level, are used to assess the acoustic quality of a classroom.
Hence, regulations define procedures for measuring these parameters and set recommended values based on the
specific function of each space. In this Final Degree Project [12], developed by B.M. Bustillo, a study of the
acoustic quality of the classrooms and laboratories most frequently used in the Physics Degree of the Faculty of
Science of the Universidad de Salamanca is carried out. The objective was to verify whether they comply with
the recommendations of reverberation time and background noise level given by the current regulations of the
Castilla y Ledn region. In addition, a survey is carried out among the teachers who usually teach classes in the
selected spaces, to find out their perception of the acoustics of the classrooms. Finally, the results obtained are
analysed and solutions to improve the acoustic quality of these spaces are proposed. This initiative represents a
Service-Learning project that allows the knowledge acquired in the Physics Degree to be increased and applied
to a real problem, allowing an exchange of information between students and the community. Figure 4 shows the
floor plans of some of the classrooms selected for experimental measurements, as well as photographs of them.
Above, on the right, student B.M. Bustillo presents her work at the LaIDTC conference [12].

2.2. Disclosure of statistical errors. A group of students from the Higher Tech. School of Industrial Engi-

neering of the Universidad de Salamanca disseminated statistics carried out an outreach activity aimed at seniors
participating in the experience university program, where they presented their project entitled “Disclosure of
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FIGURE 4. Plans of some of the classrooms selected for the experimental measurements,
as well as photographs of them. Up, on the right, the student B.M. Bustillo presents her
work at the LaIDTC conference [12].

statistical errors”. Through this initiative, the students not only applied their technical knowledge but also en-
gaged in an important exercise of science communication, adapting complex statistical concepts to a non-specialist
audience in order to raise awareness of common mistakes in the use and interpretation of data.

Another SL Statistical project was developed involving several groups of students from the Industrial Engi-
neering, Statistics, and Labor Relations degrees at the Universidad de Salamanca. These students collaborated
with the ASCOL association (Association against Leukemia and Blood Diseases), which is part of the AELCLES
group [13], contributing their skills to support the organization’s work. This project emphasized the social impact
of statistics by demonstrating how academic knowledge can be transferred beyond the classroom to provide real
value to patient associations and the wider community [3, 14].

3. SERVICE-LEARNING FOR FUTURE TEACHERS

This section includes some of the Master’s Thesis projects that students from the Master’s Degree in Secondary
Education Teaching (“Méster Universitario de Profesorado de Educacién Secundaria, Bachillerato, Formacién
Profesional y Ensefianza de Idiomas - MUPES” https://www.usal.es/master-secundaria) [15] have completed with
students in recent years.

3.1. What is behind the plug? Attention to diversity in the subject of Physics and Chemistry.
Attention to diversity and inclusion are fundamental aspects in current education, with the goal of effective
learning for all students. In this context, this Master’s Thesis [5] develops a learning situation “What is behind
the plug?”, which responds to the different abilities, rhythms, and learning styles of the students. It is proposed for
the 3rd course of secondary education (E.S.O.) for diversification with students with special educational needs.
The project was carried out in collaboration with members of the Aviva Foundation [16] (Fig.5) and students
who attend the “Comedor de los Pobres” (Soup kitchen for the poor). It contemplates the curriculum of the
subject of Physics and Chemistry, as well as aspects related to the subject of Technology and Digitization. The
methodological pillars of this learning situation are Service-Learning, gamification and problem based learning,
trying to bring physics closer to disabled people. It is intended that students are the protagonists of their own
learning, so that the role of teachers is relegated to that of a mere guide. This approach allows the development
of the competence of learning to learn. During the sessions, students visualize experiences and play games related
to various physical phenomena to understand the essence of energy transformations, as well as the generation
and transport of electrical energy (Fig.6), prioritizing experiential learning. In addition, the construction of an
electrical circuit is proposed, promoting collaborative work and problem solving. It is hoped that the experience
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FIGURE 5. Student I. Rodriguez (center) with a group of young people from the Aviva
association, conducting a workshop on electricity ‘What is behind the plug?”.

FIGURE 6. Examples of some of the activities carried out during the workshop ‘What
is behind the plug?”. On the left, participants draw elements that require electricity to
function, and on the right, they experiment with the key elements of a real electrical
circuit.

will spark interest in science and that they will learn about the use of renewable energy sources as an alternative
energy source [5].

3.2. Feel like a scientist in Salamanca. The use of didactic routes offers numerous benefits for both students
and teachers. Due to the non-existence of this type of routes for the subject of Physics and Chemistry in the city
of Salamanca, the following activity is proposed “Quimique-ando: siéntete cientific@ en Salamanca” [17] (Spanish
wordplay that combines chemistry and walking). It is a methodological route of eight stops through the city of
Salamanca for students of 4th year of secondary education (E.S.O.). The topics to be dealt with at each stop
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FIGURE 7. Image showing the Salamanca city map in the background on Google Earth.
In the center (below) is a graphic organizer showing the stops, topics to be covered, and
activities to be completed during the Physics and Chemistry route through the city
of Salamanca. And on the right, below, I. Pérez-Moneo presenting the project at the
LaIDTC conference [12].

have been divided and specific activities have been designed for each point, such as carrying out experiments or
searching for information, with the aim of facilitating the assimilation of the concepts, maximizing the students’
understanding and seeking to relate theoretical concepts in a practical context close to their day-to-day life.
Various methodologies are used, highlighting Service-Learning, the learning box and mobile learning, by using the
mobile phone as an access and evaluation tool. The activities have been designed to take advantage of the benefits
of using attendees’ own mobile devices, so this route can be found on Google Earth (Fig.7) [18]. It is expected
that this experience can contribute to the development of key competences and increase students’ interest and
motivation for Physics and Chemistry. In addition to showing the relevance of science in various contexts, such
as history, art or food.

3.3. Building Knowledge and Community: A Service Learning Proposal for Physics and Chemistry
Teaching. This Master’s Thesis proposes a Learning Situation entitled “Building Knowledge and Community:
A Service Learning Proposal for Physics and Chemistry Teaching” [17]. This proposal, which is based on Service-
Learning, Project Based Learning and Cooperative Work, is aimed at all Compulsory Secondary Education and
Spanish Baccalaureate courses. The objective is to contribute to awareness and training in the field of hygiene
for all students in the educational system from the curricular contents of the subject of Physics and Chemistry,
without forgetting the interdisciplinarity with Biology and Geology. To this end, this project is developed taking
into account the ethnic cultural diversity present in the classrooms, working for the full inclusion and development
of the students. Thus, a Learning and Service project is proposed in which students develop key and specific
competencies, getting involved in their community and participating in the practical application of the specific
contents of the curriculum in real life. The Learning Situation is made up of four sessions in which students carry
out different experiments with which they train in hygiene and understand, through the Physics and Chemistry
curriculum, its importance in daily life and its impact on health. These experiments are prepared and carried
out in groups, encouraging cooperative work, and their final product is their realization and dissemination of
the knowledge acquired to the rest of the educational community. Therefore, a Service-Learning experience is
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FIGURE 8. On the right side S. Gonzéalez is in one of the workshops developed in Mi-
choacdn (Mexico), and on the left, presenting the results of her work at the “Encuentros
sobre Fronteras de la conferenceCiencia”[19].

proposed in which students teach and learn from the rest of the educational center’s courses. This proposal is
closely linked to Sustainable Development Goals number 3 “Good Health and Well being?” and number 4 “Quality
education”. A valuable addition to this work is that the author, S. Gonzéalez, had the opportunity to bring it to
fruition during a broader SL experience developed in various towns in Michoacédn (Mexico). On the right side of
the figure 8, she can be seen in one of the workshops developed in Mexico, and on the left, presenting the results
of her work at the “Encuentros sobre Fronteras de la Ciencia” conference [19].

3.4. Design of scientific SL sessions in Hospital. This Master’s Thesis captures firsthand the experience of
the educational innovation project CiHeLHos ( “Ciencia en Hematologia en el Hospital” - “Science in Hematology
at the Hospital”) by S. Beltrdn [17]. This project involves Master’s students preparing and delivering scientific
outreach sessions for oncohematology patients and their caregivers. Physics and chemistry experiments will be
conducted at the University Hospital of Salamanca in collaboration with the ASCOL Association (Association
Against Leukemia and Blood Diseases). The underlying approach of this educational innovation project is for
students to “learn by doing” utilizing the powerful active methodology of Service-Learning. The scientific sessions
serve to provide attendees with a pleasant time and allow them to momentarily forget about the disease they
are experiencing, either personally or as caregivers. Aside from entertainment, scientific outreach is another
important factor present in the scientific sessions. Through simple physics and chemistry experiments conducted
with everyday materials, the aim is to bring science closer to a non-specialist audience. Unfortunately, for this
project, although several outreach sessions were planned, only one was possible due to the COVID-19 pandemic
in Spain, which forced us to stay home. Fortunately, starting in the 2023-24 academic year, outreach sessions have
resumed, with students majoring in Physics and Chemistry from the MUPES [15] (Universidad de Salamanca)
on the children’s ward of the University Hospital of Salamanca (Fig. 9).

4. SL TRAINING COURSE FOR TEACHERS AT UNIVERSITY

Once the Service-Learning methodology is introduced to our students, including those who are going to be
secondary school teachers, next step was to try to raise awareness of this methodology and its possibilities by
performing two teacher training workshops. One of them was conducted at the Higher Polytechnic School of
Industrial Engineering of Béjar and the other, at the Faculty of Sciences of Salamanca, both at the Universidad
de Salamanca. The workshops are presented as a practical activity in which attendees (science and engineering
teachers) are asked to work in teams from similar areas of knowledge and explore the different stages involved
in a SL projects. Activities carried out by university students in different areas of science and engineering are
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FIGURE 9. MUPES students conducting a Physics and Chemistry outreach workshop
on the children’s ward of the Salamanca University Hospital at Christmas.

presented. In the final part of the course, attendees are asked to design a SL activity linked to one of the subjects
they teach. All these proposals are compiled on a digital wall design with Padlet, as shown in Figure 10 .

It’s worth noting that the teaching attendees actively participated in the course, generating ideas for innovative
projects that could actually be implemented in the future, as reflected in their course evaluation: “It was a pleasure
to participate in the workshop and learn about the SL projects that are taking shape”, “I found it to be a very
enriching experience, both for the content and the collaborative atmosphere that was generated throughout the
morning: everything was perfect”, “ I'm taking away many ideas, useful resources, and, above all, inspiration to
continue advancing in this direction”.

5. THE GAME IN ON!

An important aspect of SL project phases is the dissemination of the experiences achieved. Therefore, it is
essential to provide involved students with forums where they can share their learning experiences and to offer them
the opportunity of presenting those experiences at conferences aimed at the teaching community (as previously
mentioned). The documentation and publication of all these projects are key to offer real-life experiences that
serve as examples for other teachers.

As an example of how SL works with future teachers, the book chapter “Service-Learning in Action in the
Classroom of the Future” has been published within the book: Alternating Educational Model: 15 Proposals for
its Implementation in the Master’s Degree in Secondary and Baccalaureate Education, Vocational Training, and
Language Teaching (Fig.11), published by Ediciones Universidad de Salamanca [17], which is available for free
download (https://eusal.es/eusal/catalog/book/978-84-1091-099-7).

Another example is the book chapter “Promoting Gender Equality through a Learning Situation” published by
Springer in the book titled “Innovation, Resilience, Leadership, and Sustainability in Higher Education” in 2025
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FIGURE 10. SL projects designed by the teachers who participated in the SL workshop
and collected in the Padlet application.

(see Fig. 12). This chapter presents an SL experience designed to give visibility to women teachers and researchers
at the Universidad de Salamanca through Wikipedia (the free encyclopedia, https://es.wikipedia.org). It has been
proposed as Learning Situations for different subjects in the specialities of Technology and Physics & Chemistry
through a thesis project for the master’s degree in Compulsory Secondary Education, Baccalaureate, Vocational
Training and Language Teaching. It is clear that in order to change society’s view of women, the role of education
is essential, and in this sense, we must start by training the future teachers, such as MUPES students, who
thus will become agents of change. This work presents the different developed phases of the Learning Situation:
1) the training of university students in the Wikipedia editing process, enabling them to act as editors; 2) the
process of interviewing female research professors about whom they wanted to write a biography; and 3) the
incorporation of the entries in Wikipedia once they have managed to become editors. The objective is to follow
the initiative launched by Wikipedia in November 2021, focus on promoting entries dedicated to women scientists
and technologists, thus contributing to reduce gender biases [20]. This book is precisely one of the results of the
European GIRLS project. Readers will find ideas and proposals for implementing SDG-related activities with
higher education students. Other publications can be found on the European GIRLS project website [7], serving
as clear examples for other teachers to implement the S methodology, so the game can continue.

6. CONCLUSIONS

Service-Learning is a pedagogical approach that integrates academic objectives with community service. It
allows students to apply theoretical concepts in practical contexts. Real-life cases are presented showing how
this methodology is applied to undergraduate and master’s students, providing pedagogical approaches to engage
students in their learning process and acquire the desired skills. Specific cases are presented for the training of
future secondary school teachers in the SL methodology. In addition, practical training courses have been offered
for university professors of science and engineering. Finally, the publication of applied case studies illustrating
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FIGURE 11. Cover of the book and chapter Service-Learning in Action in the Class-
room of the Future Alternating Educational Model: 15 Proposals for Implementation
in the Master’s Degree in Secondary Education and Baccalaureate Teaching, Vocational
Training, and Language Teaching (MUPES) (Universidad de Salamanca Publishing) [17].

the use of SL methodology in science, engineering, and teacher education is highlighted. These four steps aim to
introduce this methodology in an experiential way to a broad teaching community.
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UNAMUNO PARA TODOS: SERVICE-LEARNING AND INCLUSIVE
EDUCATION THROUGH LITERARY HERITAGE AS PART OF THE
ERASMUS+ GIRLS PROJECT

L. BORRALLO SANCHEZ AND M.J. SANTOS SANCHEZ

ABSTRACT. This paper presents Unamuno para todos, a Service-Learning project developed
at Colegio Marista Champagnat (Salamanca, Spain) within the Erasmus+ GIRLS Project. It
aimed to make the literary legacy of Miguel de Unamuno accessible through inclusive literary
routes adapted to diverse audiences. Fourth-year secondary students worked in cooperative
groups to research Unamuno, design accessible materials, and lead real-life tours for children
and individuals with various disabilities. The project combined Project-Based Learning, Uni-
versal Design for Learning, and civic engagement to promote empathy, active citizenship, and
meaningful interdisciplinary learning.
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1. INTRODUCTION

Colegio Marista Champagnat of Salamanca [1], founded in 1933, is part of a long-standing
Marist educational tradition that dates back to 1817. As a Catholic school, its mission is rooted
in the development of values, inclusion, and social responsibility through a holistic educational
approach. The school offers comprehensive education from early childhood through secondary
levels and currently serves 1136 students with a faculty of 86 teachers.

Unamuno para todos (Unamuno for all) is a Service-Learning (SL) initiative carried out with
4th-year secondary students within the framework of the European Erasmus+ GIRLS Project:
Generation for Innovation, Resilience, Leadership and Sustainability [2]. The project responds
to the challenge of making cultural and literary heritage accessible to all, particularly to groups
with specific needs, by designing inclusive tourist-literary routes based on the life and legacy
of Miguel de Unamuno. Given his profound literary, philosophical, and civic influence, under-
standing Unamuno’s life and work is key to appreciating the scope of this initiative. Miguel
de Unamuno (1864-1936) was one of the most influential Spanish intellectuals of the early 20th
century, a prominent member of the Generation of 98, and a prolific author of novels, essays,
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poetry, and plays. As long-time professor and rector of the University of Salamanca, his thought
combined existential concerns with reflections on Spain’s identity and the ethical role of the in-
dividual in society. Closely linked to the city where he lived and worked for most of his life,
Unamuno left an enduring mark on Salamanca’s cultural landscape. This deep historical and
symbolic connection provided the students with a unique opportunity to reinterpret his legacy
through accessible, community-oriented educational experiences. Grounded in the principles of
project-based learning and inclusive education, the initiative aims to cultivate active citizenship,
empathy, and creativity among students while engaging directly with the local community.

The project also aligns closely with the school’s strategic goals, especially those related to
student agency, sustainability, and innovation. Through interdisciplinary teamwork, students
explored Unamuno’s biography, literary output, and his historical ties to the city of Salamanca,
ultimately transforming this research into real-world learning experiences adapted to diverse
audiences. These included children, people with intellectual or sensory disabilities, individuals
with reduced mobility, and persons on the autism spectrum.

Unamuno para todos directly contributes to several Sustainable Development Goals (SDGs),
particularly SDG 4 (Quality Education) and SDG 10 (Reduced Inequalities) [3], by promot-
ing inclusive, equitable, and meaningful learning environments. The project was implemented
through close coordination between subject teacher, support staff, and external collaborators
such as Fundacién AVIVA [4], reinforcing the school’s commitment to community engagement
and social transformation through education. The Fundacién Aviva promotes the rights and
social inclusion of people with disabilities, and regularly collaborates with Colegio Maristas in
Salamanca.

The following sections present the theoretical foundations of the project, its pedagogical design
and implementation, the outcomes observed, and a critical reflection on its impact and future
development.

2. THEORETICAL FRAMEWORK

The Unamuno para todos project is based on a pedagogical model that integrates Service-
Learning (SL), Project-Based Learning (PBL), inclusive education, and the Universal Design for
Learning (UDL) framework. These approaches converge to promote transformative, situated,
and equitable learning, aligned with global educational priorities such as the UN Sustainable
Development Goals (SDGs), particularly SDG 4 (Quality Education) and SDG 10 (Reduced In-
equalities), as can be seen in Fig. 1. Service-Learning is a methodology that combines academic
learning with socially committed action. In the Spanish context, authors such as Puig, Martin,
Rubio y Palos[5] and Batlle [6] highlight its capacity to promote civic responsibility, ethical
awareness, and curricular depth. In this project, students did not only study Unamuno’s life
and literary work, they applied that knowledge to serve real communities by designing inclusive
tourist-literary routes in their own city, Salamanca (Spain).

Project-Based Learning) supports active learning through real-world challenges that require
inquiry, collaboration, and solution design. According to John Thomas [7] and Marina [8] , PBL
promotes deep learning and student autonomy. In Unamuno para todos, the challenge was
both academic and social: how to make literary heritage accessible for all audiences. Students
researched, planned, and created meaningful routes using the city as a living classroom.

Inclusive education is another essential pillar of the project. Rather than viewing diversity as
a problem, it is understood as an opportunity for growth and innovation. The work of Booth
y Ainscow [9] has been fundamental in conceptualizing inclusion from an ethical and systemic
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FIGURE 1. The Unamuno para todos project is based on a pedagogical model that
integrates Service-Learning (SL), Project-Based Learning (PBL), inclusive education,
the Universal Design for Learning (UDL) framework and Sustainable Development Goals

(SDGs).

perspective. Likewise, Echeita[10] and Verdugo [11] have emphasized the need for educational
experiences that embrace all learners, especially those with disabilities or learning differences.

To operationalize inclusion, the project adopted the Universal Design for Learning (UDL) ap-
proach, which promotes flexibility in how students access, express, and engage with learning. In
Spain, the UDL framework has been increasingly applied to support equity in the classroom [12].
In Unamuno para todos, UDL principles translated into the creation of materials adapted to dif-
ferent needs - visual supports, audio guides, simplified texts, tactile objects, and more - allowing
every participant to experience and understand the content in accessible ways.

Lastly, the project links directly to the SDGs, positioning literature and education as tools
for building inclusive, just, and sustainable societies. As highlighted by UNESCO [13] and De-
lors [14], education that fosters empathy, cultural understanding, and civic engagement is critical
for global development. The Unamuno para todos initiative exemplifies how literary education,
often perceived as abstract, can become a motor for inclusion and social transformation.

3. METHODOLOGY

The methodological approach of Unamuno para todos was designed to promote meaningful, in-
clusive, and community-oriented learning. Rather than relying on a traditional content-delivery
model, the project drew on a combination of active methodologies:

(1) Student Agency and Cooperative Learning. The students were the central protagonists
of the learning process. They worked in heterogeneous cooperative groups, assuming
shared responsibility for inquiry, content creation, and public presentation. Techniques
such as Jigsaw —where each student first becomes an “expert” on a specific topic and
later shares it within a mixed group to build collective knowledge— guided cooperation,
and structured turn-taking ensured equitable participation and interdependence. These
strategies promoted not only academic engagement but also essential interpersonal skills,
including active listening, empathy, and conflict resolution.
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(2)

The

Interdisciplinarity and Inquiry-Based Learning. The project broke traditional subject
boundaries, linking literature, history, civic education, and digital competence. Stu-
dents engaged in guided research, developed questions, and made decisions about how
to structure their learning outcomes. Through this interdisciplinary lens, the figure of
Miguel de Unamuno was explored not only as a literary icon, but as a thinker, citizen,
and symbol of cultural heritage in Salamanca.
Service-Learning as a Civic Pedagogy. The core methodology was framed by Service-
Learning, which enabled students to connect their academic work with real social needs.
Rather than simulating a task, they addressed an authentic challenge: making Una-
muno’s legacy accessible to audiences with specific needs. This experience of purposeful
learning enhanced their sense of responsibility and allowed them to see their work as
meaningful beyond the school context.
Universal Design for Learning. To ensure that all students could participate meaningfully
-and that their audiences would benefit from their work- the project followed UDL
principles:
e Multiple means of representation. Students used videos, tactile materials, Easy-to-
Read formats, and sign language resources.
e Multiple means of expression:. They presented their learning through posters, pre-
sentations, digital storytelling, and performances.

e Flexibility in pace and support. Timeframes and group roles were adapted to ac-
commodate diverse learning profiles, with support teachers actively involved.
Digital Tools. The project incorporated technology for learning and creation as a central
component. Students used digital platforms (Google Classroom, Google Docs), design
tools (Canva, Capcut), and geolocation software (Google Maps) to collaborate, design
accessible materials, and plan their routes. These tools not only enhanced the quality of
the final products but also developed students’ digital literacy in a purposeful, ethical,

and creative way.

Different assessment tools. Evaluation was continuous and formative, using rubrics for
route quality, accessibility, creativity, and presentation, self and peer-assessment to pro-
mote reflection and improvement and observation and feedback from teachers and invited
audiences.

4. DEVELOPMENT OF THE PROJECT

Unamuno para todos project was implemented over several weeks during the 2024-2025

academic year and involved a clearly defined sequence of pedagogical activities. These stages
were designed to gradually build student knowledge, promote teamwork, and culminate in a
real-life application of learning through inclusive literary routes. The project was carried out in
seven main phases detailed below.

(1)

Research and expert group work. Students were first divided into expert teams, each
focused on one aspect of Miguel de Unamuno’s legacy: his biography, literary Works,
philosophical and ideological views and historical and cultural ties to the city of Sala-
manca After conducting collaborative research, students restructured into mixed groups
using the Jigsaw technique, so that each new team had one “expert” from each field.
This strategy fostered peer teaching, knowledge integration, and dialogue-based learning.
Creative synthesis and collaborative outputs. Each mixed group synthesized their knowl-
edge by creating a visual poster representing a collective puzzle of Unamuno’s life and
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thought. Students also produced alternative outputs such as a fictional diary page writ-
ten in Unamuno’s voice or a wisual thinking map of his personal and intellectual tra-
jectory. These activities deepened comprehension and promoted creativity and shared
authorship.

Historical reflection through film. The viewing of Mientras dure la guerra (While at
War, 2019), Alejandro Amenébar’s film depicting Unamuno’s final months and political
dilemmas during the Spanish Civil War, provided a cinematic complement to the histor-
ical research. Students prepared analytical questions in advance and participated in a
guided video forum, where they reflected critically on the character’s ideological shifts,
his civic role, and the relevance of these debates in today’s society.

Inclusive route planning. Each group then selected a specific audience with diverse needs
(young children, individuals with visual, auditory, intellectual or motor disabilities, or
autism spectrum disorder). From this point, the city of Salamanca became the project’s
living classroom. Students designed an adapted literary route linked to Unamuno’s
life and works, including key locations such as the University of Salamanca, his former
residence, or cultural landmarks referenced in his writings. Each stop along the route
included tailored explanations and interactive activities adapted to the chosen group.
Design of adapted materials. In response to the needs of their target audience, students
created a wide variety of inclusive materials: tactile maps and Braille guides, infograph-
ics, illustrated scripts and simplified texts, videos with subtitles or elements in Spanish
Sign Language (LSE) , interactive objects and storytelling for children, accessible signage
and visual supports (Fig.2). This phase required deep reflection and creativity, and it
included consultations with support teachers and, in some cases, external specialists.

FIGURE 2. Some of the materials created by students for the Unamuno para todos
project and a moment of the video provided by a member of AVIVA’s[4] Sign Language
Workshop.

Implementation with real audiences. As the final product, five of the ten routes were car-
ried out with real participants, offering students a powerful, authentic experience. These
included a route for people with intellectual disabilities, conducted with seven users of
the Fundacién AVIVA, each accompanied by a support person, a route for people with
auditory disabilities, attended by around fifteen participants from AVIVA’s Sign Lan-
guage Workshop and three routes adapted for young children (Fig. 3), delivered by the
three student groups to three classes of 1st grade primary students from the same school,
involving approximately 75 children and 6 educators. During these sessions, students
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assumed full responsibility for conducting the activities, adapting communication, and
ensuring physical and cognitive accessibility. These moments provided emotional depth,
social connection, and a tangible sense of impact.

FIGURE 3. Images of some of the stops made at key locations along the literary routes
of the Unamuno para todos project.

Ongoing reflection and documentation. Throughout the project, students were encour-
aged to reflect on their process, challenges, and personal growth. They documented their
work in shared platforms (Google Docs, Canva) and used digital tools to organize their
materials and coordinate responsibilities. Their reflections consistently highlighted the
project’s transformative value, its emphasis on empathy and inclusion, and the powerful
learning generated by working for and with real people.

5. EVALUATION OF THE PROJECT

The evaluation of the Unamuno para todos project was carried out using four different ap-
proaches (as shown in the diagram in Fig. 4): objectives and learning outcomes achieved,
quantitative evaluation, qualitative evaluation, and areas for improvement and sustainability, as
detailed below.

5.1. Objectives and Learning Outcomes Achieved. The Unamuno para todos project suc-
cessfully met its pedagogical, cultural, and social objectives. Among its main goals were:

To deepen students’ knowledge of Miguel de Unamuno and the literary and historical
significance of Salamanca.

To promote empathy and inclusive thinking by designing routes adapted to audiences
with specific needs.

To enhance communication, creativity, and critical thinking through real-world learning
challenges.

To strengthen collaborative work, digital literacy, and autonomous learning through
interdisciplinary teamwork.

To connect literature to civic engagement and the principles of social justice.

These goals were achieved through a series of tasks that fostered both academic performance
and personal development. The students demonstrated:

Improved oral and written communication, through the preparation of scripts, visual
and verbal presentations, and peer dialogue.
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FIGURE 4. Evaluation aspects of the Unamuno para todos project was carried out
using four different approaches: objectives and learning outcomes achieved, quantitative
evaluation, qualitative evaluation, and areas for improvement and sustainability.

e Advanced digital skills, using tools such as Google Maps, Canva, Capcut, and shared
cloud platforms.

e Increased awareness of inclusion and accessibility, as shown in their capacity to adapt
materials to audiences with disabilities.

e Social and civic competencies, particularly empathy, cooperation, and responsibility.

e A deeper appreciation of cultural heritage, understanding the relevance of literature and
history in shaping collective identity.

The learning outcomes clearly reflected the project’s alignment with the Furopean Key Com-
petences for Lifelong Learning [15], especially in the areas of communication, social and civic
engagement, digital competence, and cultural awareness.

5.2. Quantitative Evaluation. The project involved all 70 students in 4th grade of Secondary
Education, divided into ten cooperative groups. Each group was assigned a specific audience
(e.g., children, people with auditory, visual, or intellectual disabilities, autism, or reduced mo-
bility). Of the ten designed routes, five were implemented with real participants:

e One route for people with intellectual disabilities, developed and conducted in collabo-
ration with Fundacién AVIVA (7 users plus support persons).

e One route for people with auditory disabilities, also in collaboration with AVIVA, in-
volving around 15 participants from their Sign Language Workshop.

e Three routes for children in 1st grade of Primary Education, involving 75 children and
6 teachers from the school itself.

These live activities ensured that over 100 people from diverse backgrounds benefited directly
from the students’ work, with many others reached indirectly through shared materials, digital
content, and internal diffusion within the school community.
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5.3. Qualitative Evaluation. The qualitative feedback was overwhelmingly positive. Surveys
completed by users, educators, and students highlighted the project’s transformative nature.

e Participants with intellectual disabilities expressed high levels of satisfaction, enjoyment,
and engagement. The inclusive materials and empathetic attitude of the students were
especially appreciated. The activity was described as emotionally impactful, respectful,
and meaningful.

e People with auditory disabilities emphasized the clarity of explanations, communication
efforts, and welcoming environment. The presence of accessible resources and the human
warmth of the student guides made a significant difference.

e Students themselves reported that the experience was deeply meaningful, helping them
develop a greater awareness of diversity, a stronger sense of responsibility, and valu-
able collaborative and communication skills. Many described it as “eye-opening”, “life-
changing” or “one of the most useful project” they had ever done.

5.4. Areas for Improvement and Sustainability. The evaluation also identified areas for
future improvement:

e Objective formulation. Although generally clear, the objectives could be more tightly
linked to measurable outcomes.

e Activity sequencing. Some students suggested a more fluid progression between phases
to maintain engagement and time efficiency.

e External collaboration. The participation of more community partners would have en-
riched the project further.

e Evaluation mechanisms. While useful, surveys and reflection tools could be comple-
mented by more systematic qualitative data collection in future editions.

Nonetheless, the project showed strong signs of sustainability and replicability. The methodol-
ogy is transferable, and future editions could explore new literary figures connected to Salamanca
(e.g., Carmen Martin Gaite, Fray Luis de Leén, Gonzalo Torrente Ballester). The initiative also
contributed to a broader school-wide culture of inclusion, innovation, and civic responsibility,
reinforcing long-term educational goals and Colegio Maristas values.

6. DISCUSSION

The implementation of Unamuno para todos reveals the transformative potential of literature
when approached through inclusive, student-centered methodologies. By positioning students as
cultural mediators and agents of social change, the project not only fulfilled its educational goals
but also challenged traditional assumptions about the teaching of literary heritage in secondary
education.

One of the project’s most significant contributions lies in its ability to connect literary content
with real-world contexts. Rather than studying Unamuno in abstract or purely academic terms,
students engaged with his legacy in the streets of Salamanca -his city- transforming learning
into an embodied, situated experience. This approach aligns with contemporary theories of
experiential learning [16] and service-learning [6], which emphasize the value of learning through
action and reflection.

Furthermore, the project demonstrates that inclusive education -often limited to structural
accommodations- can become a creative and critical pedagogy. The students’ work in adapting
content to diverse audiences required them to go beyond empathy: they had to analyze language,
restructure ideas, redesign supports, and rethink communication entirely. In doing so, they
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developed not only competencies but also a deeper ethical awareness of difference. As Echeita [10]
and Verdugo [11] argue, true inclusion is not about integration into the existing system, but about
transforming that system to accommodate and celebrate diversity.

The project’s use of Salamanca as a living classroom also speaks to the value of leveraging
local heritage for global educational purposes. Unamuno’s intellectual legacy became a gateway
to discussions about democracy, civil responsibility, and freedom of thought-topics that are as
relevant today as they were in his time. This reinforces the argument that literature can be
a powerful tool for civic education, especially when taught through collaborative and socially
committed practices.

Nevertheless, the project also faced some structural and logistical challenges. The coordina-
tion of student groups, the alignment of tasks with specific curricular goals, and the integration
of external partners all required considerable planning and adaptability.

Another tension emerged between the academic demands of the curriculum and the open-
ended, creative nature of the project. While most students responded positively to the chal-
lenge, some struggled with time management and group dynamics. These issues underscore the
importance of explicit scaffolding, ongoing formative assessment, and differentiated support to
ensure equitable participation.

Finally, the project makes a clear contribution to the UN Sustainable Development Goals,
particularly SDG 4 (Quality Education) and SDG 10 (Reduced Inequalities). By fostering in-
clusive, participatory, and socially engaged learning environments, Unamuno para todos models
how secondary education can promote equity, cultural appreciation, and active citizenship, not
as theoretical goals, but as lived experiences.

In sum, the project redefines what it means to teach literature in the 21st century: it becomes
not only a means to develop linguistic and analytical skills, but also a vehicle for empathy and
social justice.

7. CONSLUSIONS

Unamuno para todos has proven to be much more than a curricular innovation: it is a meaning-
ful example of how literature, when taught through inclusive and socially engaged methodologies,
can become a powerful tool for both personal growth and community impact.

Through a carefully structured and student-driven process, the project enabled learners to
explore the figure of Miguel de Unamuno in depth, while also taking on the real challenge of
making his legacy accessible to audiences with diverse needs. In doing so, students not only
acquired academic knowledge and communicative skills, but also developed empathy, social
awareness, and a sense of civic responsibility.

The initiative reaffirms the value of Service-Learning, Project-Based Learning, and Universal
Design for Learning as integrated approaches that bring literature closer to life. It also high-
lights the relevance of cultural heritage as a pedagogical tool and the importance of local-global
connections in education.

The project aligns clearly with the values of the Erasmus+ GIRLS Project, and it directly
contributes to key global goals such as SDG 4 (Quality Education) and SDG 10 (Reduced
Inequalities). Moreover, it sets a replicable model that can be adapted to different contexts and
literary figures, expanding its reach and impact in future editions.

In short, Unamuno para todos demonstrates that teaching literature today must go beyond
the text: it must touch reality, challenge assumptions, and invite students to be not only readers
of the world, but also agents of inclusion, memory, and transformation.
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SERVICE-LEARNING PROJECT: MUSEUM OF TOYS AND PHYSICS

B. M. BUSTILLO, J. GARCIA-FERRERO, R.P. MERCHAN, M.J. SANTOS SANCHEZ

ABSTRACT. A double Service-Learning project was implemented in this work. It is the final
master’s project of a student of the Master’s Degree in Secondary Education, Baccalaureate,
Vocational Training, and Language Teaching (MUPES) at the University of Salamanca. The
project consisted of B. M. Bustillo, the student in charge, selecting four toys to explain their
physical principles to Compulsory Secondary Education students (aged between 16 to 17) at
the Colegio Marista Champagnat (Salamanca, Spain). The final aim is to start the creation of
a permanent toy museum to explain Physics in this Educational Center. Students contributed
to this initiative by choosing additional toys, producing explanatory sheets and videos related
to their operation, and donating them to the museum. This project was designed to motivate
students, promote cooperative work and provide a sustainable didactic resource for teaching
Physics in the Center. This last aspect is what makes it a dual Service-Learning project: first,
the MUPES student implemented all the steps necessary to start a Toy and Physics Museum at
the school (providing a service to Colegio Maristas in this case); and second, Colegio Maristas
students themselves create materials for the museum, donate them, and share the physics that
explains their behavior with their classmates.
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1. INTRODUCTION

The motivation of Compulsory Secondary Education (ESO, Educacion Secundaria Obliga-
toria, in Spanish) students in relation to Science, Technology, Engineering and Mathematics
(STEM) subjects is generally low, largely influenced by the abstract and complex nature that
scientific and technological subjects represent to students [1]. To alleviate this situation, it is
necessary to employ resources that motivate students and to implement active learning method-
ologies. The use of toys as teaching resources can serve as an introduction to many topics related
to Physics. By taking advantage of the initial curiosity that toys arouse in students and the
familiarity they represent for them, they can help to motivate students towards these topics,
allowing them to see that the knowledge learned in the classroom is related to their everyday
environment [2].

88



One of the active methodologies used is Service-Learning (SL). It is a pedagogical method that
seeks to promote exchange between students and their community through the implementation
of a project that benefits both parts. Students use and deepen the knowledge acquired in a
given subject, in accordance with the academic objectives established in the project, to perform
a service to the community, bringing them closer to their everyday reality [3]. Furthermore, the
introduction of cooperative work in SL increases students’ sense of belonging to the group due
to greater interaction with their peers, and also improves their academic performance [4].

Taking into account the theoretical and pedagogical basis mentioned above, this “Service-
Learning Project: Museum of Toys and Physics” was carried out. It was a double Service-
Learning project in which a permanent toy museum was created in an Educational Center to
explain Physics. It took place in the Colegio Marista Champagnat in Salamanca (Spain) and the
students who collaborated with the project were in their fourth year of Secondary Education.
This activity was designed to be applied in the Physics and Chemistry subject, specifically to
reinforce, develop, and expand the explanation of Physics, although it could also be connected
to other STEM subjects.

The objective of this project was twofold. Firstly, it aimed to motivate students to learn
Physics and Chemistry through a SL experience in which they contributed to the creation of
the museum. Secondly, it was hoped that this museum would serve as a teaching aid to explain
Physics to other classes and academic years, expecting that it would continue to grow and be
sustainable over time. Thus, it can be considered a double SL project.

There exist other activities of a similar nature that have been carried out in Spain, such as toy
exhibitions in museums outside of high schools [5], science fairs where students explained how
different experiments worked [6], and the construction of temporary interactive museums within
high schools [2]. However, to the author’s knowledge, there is no project like the one described
here, which proposes the creation of a permanent museum within the Educational Center itself,
developed in collaboration with students, where toys are exhibited alongside explanatory sheets
of the underlying working physical principles. Therefore, the project presented here is considered
innovative.

2. MOTIVATION AND CONTEXT

As previously mentioned, a double SL project was carried out. The teacher, in this case a
student of the Master in Teacher Training (MUPES, Mdster Universitario de Profesorado de
Educacion Secundaria, Bachillerato, Formacion Profesional y Ensenanza de Idiomas, in Span-
ish) [7], in an introductory session presented four toys to the 4th year ESO students at the
Colegio Marista Champagnat as a manipulative resources to explain the physics related to their
working principle. The selected toys were: the Energy Stick, which emits light and sound when
hands are placed on each end of the stick; the jumping doll, which appears to jump when it
is compressed and released; the thermal pinwheel, whose blades begin to spin when its candles
are lit; and the ludion, whose figure descends when pressure is applied to the walls of the water
bottle that contains it. These toys were donated to the Center to begin the creation of the per-
manent museum, along with an explanatory sheet of the physical principles of their operation.
Section 6 details each of these toys and the physical principles that explain how they work.

The Master’s student B.M. Bustillo carried out a SL by using and developing the academic
skills acquired in the MUPES to design a collaborative project with Colegio Maristas Center,
which was sustainable over time and useful for the educational community to which it was
intended. On the other hand, Secondary School students were proposed, working cooperatively
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in groups, to contribute to the museum by carrying out a SL too. To do that, they had to choose
a toy based on the examples seen in the teaching session and, from the point of view of Physics,
to complete an explanatory sheet with its working principles. Besides, they had to create a
short video showing the toy in action and giving a brief explanation of why it worked that way.
The video was included in the explanatory sheet through a QR code. Next, if possible, students
were asked to donate the toy to the Center’s museum, or it was considered that the Center itself
would acquire it. Thus, this exhibition could grow and serve as an additional teaching resource
in the Center, for other teachers of the same subjects and for different academic courses. That
justified the double nature of this SL project.

The beneficiaries of this project were, first of all, the students enrolled in the Physics and
Chemistry course in the 4th year of ESO at the Colegio Marista Champagnat in Salamanca, a
partner in the GIRLS project [8] together with the University of Salamanca. The Center itself
also benefited from the project, as it hosts the exhibition of toys and Physics. And, of course, the
Master’s student who implemented the initiative, putting into practice the knowledge acquired
during the Master’s program.

The subject most closely related to this project, and for which it was intended to be carried
out, was Physics and Chemistry, specifically Physics. At the same time, this subject was strongly
connected to the content of subjects such as Mathematics and Technology.

3. OBJECTIVES

The project objectives, presented below, were divided into learning objectives for Secondary
School students and for the SL project itself. These objectives were related to the Sustainable
Development Goals (SDGs) [9] and the learning outcomes regulated by current educational
legislation [10].

Student learning objectives:

e To uderstand the physical phenomena involved in the working principles of some toys.
e To communicate using scientific language, either orally or in writing.
e To develop cooperative work skills.

Objectives of the double SL project:

e To start a permanent exhibition in the Center with toys and information of how they
work from a Physics point of view.

e To connect the knowledge of Physics and Chemistry of 4th year ESO students with
a social dimension, in this case, working together to create the Museum of Toys and
Physics.

4. METHODOLOGY

The methodology followed in the project included cooperative work within Service-Learning.
Currently, SL is a pedagogical method that seeks to exchange students’ knowledge with com-
munity service. This method allows students not only to apply and increase their knowledge
of a specific subject associated with academic objectives, but also to relate it to real life, while
acquiring community values and skills that enable them to grow personally. In this way, the
objective of this pedagogy is to bring students closer to their reality, promoting their individual
performance, avoiding the mechanised acquisition of knowledge and competitive evaluation that
can occur in the traditional classroom [11].
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This project proposed the use of cooperative work among students. There were different
types of roles that each student could play within the group, depending on the tasks they were
responsible for. Specifically, in this project, the roles of the students in each group are shown
below.

e Writer: Fills in the explanatory sheet, details the physical working principle of the chosen
toy and writes the video script.

e Spokesperson: Ensures that all members carry out their tasks, narrates the video and
summarises the group’s work.

e Researcher: Searches for information about the chosen toy, investigates how it works
and the related physical principles, and shares the information found with the group.

e Technician: Reviews the video script, is responsible for recording and editing the video,
and supervises that the work is carried out according to the established deadlines.

Within the SL methodology, along with the cooperative work proposed in the project, toys
were used as a teaching resource. They enable the teacher to capture the students’ attention
from the very beginning. They motivate the students to learn how those toys work, based on
their previous knowledge and experience, and promote meaningful learning by bringing class
work closer to everyday life. Moreover, in economic terms, these toys are much more affordable
than the laboratory equipment that can be used to explain the same laws or principles of Physics
[12].

5. CURRICULAR AND REGULATORY BASIS

Currently, LOMLOE, or Ley Orgdnica 3/2020, published in the BOE (Boletin Oficial del
FEstado, in Spanish), is in force in Spain [13]. More precisely, Real Decreto 217/2022, published
in the BOE, establishes the organisation and minimum teaching requirements for Compulsory
Secondary Education at the state level for all Autonomous Communities. In the specific case of
this project, for the Autonomous Community of Castilla y Ledén, the Decreto 39/2022, published
in the BOCYL (Boletin Oficial de Castilla y Ledn, in Spanish), establishes the organisation and
curriculum of Compulsory Secondary Education in the aforementioned Autonomous Commu-
nity [10].

The curriculum for each academic stage consists of objectives, key and specific competencies,
content, teaching methods and assessment criteria, all of which are geared towards enabling
students to achieve the so-called “leaving profile” at the end of Compulsory Secondary Education.
Specifically, the academic elements most extensively covered in this project are shown below,
aligned with the regulations governing the Physics and Chemistry subject in the 4th year of
ESO, consulted in Decreto 39/2022.

e Key competencies: linguistic, STEM, digital, personal, social and learning to learn.

e Operational descriptors related to the key competences: CCL1, STEM2, CD3 and CP-
SAAS.

e Content that was worked on with the different toys is included in the blocks “Basic
scientific skills”, “Interaction” and “Energy”.

e Assessment criteria related to specific competencies: 1.1 and 5.1. The first refers to the
understanding and explanation of physical-chemical phenomena from a scientific point
of view, arguing appropriately and using various means of communication. The second
allows for the assessment of students’ collaborative interactions within the cooperative
work they were asked to do.
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e Cross-curricular content: oral and written expression, mutual respect and cooperation
among peers.

Moreover, this project aimed to contribute to the achievement of the SDGs, especially Quality
education (SDG 4) and Partnerships for the goals (SDG 17).

6. DEVELOPMENT OF THE EDUCATIONAL PROJECT

In this section, the different stages followed to develop the whole project are exposed. The
first ones summarise the previous and organisational work the teacher (in this case, the Master’s
student, responsible for the project) should perform, while the last paragraphs are devoted to
the sessions carried out with the secondary school students on site.

Starting with the previous work, before choosing the toys that were shown to students in
class to introduce them to the project, it was necessary to know the content taught to students
in Physics and Chemistry, whether acquired in that course or in previous ones, and also the
content covered in other subjects, such as Mathematics or Technology.

Secondly, once the content of the subject corresponding to the selected students’ course had
been analysed, the toys that would be presented to them as a reference were chosen. Thus, they
could start from an initial experience similar to what they will later be required as part of the
project. As it was previously indicated, the toys chosen to be shown to the students in class
and to start the museum were: the Energy Stick, the jumping doll, the thermal pinwheel and
the ludion.

e Energy Stick. The Energy Stick (Fig. 1) is a toy consisting of a transparent plastic
tube with aluminium caps at each end. Inside, it contains an electrical circuit powered
by two batteries connected in series to LEDs and to a sound emitter [14].

Initially, the circuit is open until a conductive element is connected to both electrodes,
allowing the circuit to close. When this occurs, the flow of electrons through the con-
ductor allows the conversion of electrical energy into light energy (via the LEDs) and
sound energy (via the emitter).

FiGURE 1. Energy Stick toy.

Based on Ohm’s law, since the current is zero when the circuit is open, it is obtained:
(6.1) V = IspenRopen = 0

where V is the circuit voltage, Iopen is the electric current intensity, which is zero when
the circuit is open, and Ropen is the resistance of the open circuit.

Using Ohm’s Law for the case of a closed circuit, in which the current flowing through
it is no longer zero, the following expression is obtained:
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(6.2)

V= IclosedRclosed 7é 0

where V is the circuit voltage, I¢oseq is the electric current intensity, which is not zero
when the circuit is closed, and Rgjeseq is the resistance of the closed circuit.

The purpose of this toy was for students to understand that humans are conductors,
that the toy’s circuit was initially open and that, once closed, the energy flowing through
it could be used to produce sound and light. In addition, this toy was intended to enable
students, through inquiry and experimentation, to deduce the reasons for its operation.
To this end, they were provided with a guide to follow in order to help them deducing
its working principle.

e Jumping doll. The jumping doll (Fig. 2) is a toy whose suit or dress is made of a

plastic fabric weave that acts like a spring, so that when the doll is squeezed, the dress is
compressed and when released, the doll jumps higher than might initially be expected.
The purpose of this toy was for students to learn about the forces that influence
the toy’s movement and understand the principle of energy conservation based on how
it worked. In addition, they could observe, in a very simple way, how energy was
transformed from elastic potential to kinetic and gravitational potential, completely to
gravitational potential, and back to gravitational and kinetic potential again.

FIGURE 2. Images of the Jumping doll toy in the resting (left), compression
(center), and jumping (right) phases.

Therefore, according to the principle of conservation of energy and considering the
absence of friction forces, it can be seen how energy transformations occur in the phases
of the toy’s jump:

— The toy is compressed

1
Er = Ep.elastic = ik(Az)2

where Et refers to the total energy of the toy, Ej clastic corresponds to the elastic
potential energy accumulated by the doll when compressed, k is the spring constant,
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(6.4)

(6.5)

and Az is the displacement from the equilibrium position experienced by the spring
during compression.
— The toy is released and ascends

Ep.elastic - Ep.gravitational + Ek = %k(Az)Q = mgh + %mVZ
where Ej clastic refers to the elastic potential energy accumulated by the toy,
E} gravitational corresponds to the gravitational potential energy of the toy as it rises,
Ey is the kinetic energy due to the movement of the toy, m is the mass of the toy,
g is the constant of terrestrial gravity, h is the height of the toy at each moment of
the ascent, and v is the speed of the doll at each height.
— The toy reaches its maximum height

2= mghmax.

Ep.gravitational + Ek = Emax. gravitational energy — mgh + imv

where Ej, gravitational 1S the gravitational potential energy of the toy during its ascent,

Ey is its kinetic energy, and E,ax gravitational energy 18 the potential energy of the toy

at the highest point of the jump, where the speed of the doll becomes zero. The

variable hy,.x. refers to the maximum height reached by the toy during the jump.
— The toy descends

2
Emax. gravitational energy — Ep.gravitational + Ex = mghyax. = mgh + §Il’lV

where Epax gravitational energy 18 the gravitational potential energy possessed by the
toy at the maximum height of the jump, Ej, gravitational is the gravitational potential
energy associated with the height of the toy during its fall, and Ey is its kinetic
energy associated with its downward movement. Moreover, hy,.y. is the maximum
height reached by the toy during the jump, h is the height of the toy at a given
moment during its descent, and v is its velocity at that moment.

e Thermal pinwheel. This toy (Fig. 3) consists of a glass candle holder with a curved

metal support that has blades at the top, on which metal figures can be hung. The
purpose of the thermal windmill was to allow students to visualise how the transfer of
energy in the form of heat from the candle to the air, generates convection currents that
cause a force to be exerted on the inclined blades of the windmill, producing mechanical
work of rotation on them.

In this toy, the lit candles are considered to transfer heat according to an isobaric
process to the surrounding air (ideal gas):

Q = mcp (Thot - Tinitial)

where QQ is the heat absorbed by the air near the candles, m is the mass of heated air,
Cp, is the specific heat of air at constant pressure, Ty, is the temperature acquired by
the heated air, and Tipjtia) 1S the temperature of the air prior to heating.

According to the Ideal Gas Law, when the temperature of the air near the candles
increases, it expands at constant pressure, reducing its density:
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(6.8)

(6.9)

(6.10)

FIGURE 3. Thermal pinwheel toy.

m pM m
pV =nRT = MRT:> RT - v - "

where p is the air pressure, M is its molar mass, R is the ideal gas constant, n is the
number of moles of gas, T is the temperature of the gas, m is its mass, V is its volume,
and p is its density.

The heated air rises and the ambient air (at a lower temperature) descends to take
its place, generating a continuous flow of air (convection current). The rising hot air
current generates a force on the blades according with drag equation:

1
2
Feach blade — iphotvhotsblade application

where Feach blade 18 the force generated by each blade, ppot is the density of the hot air,
Vhot 1S the speed at which the hot air hits the blade, and Spjade application 1S the area of
application of the air on the blade.

The pressure force exerted by the hot air on the blades causes mechanical rotational
work that makes them turn.

Wiotation = NbladesI'blade F each.blade (Ofinal — Oinitial)

where Wiotation 1S the rotational work done on the blades, Npjages 1S the number of
blades on the windmill propeller, rpjaqe indicates the radius of the blade from the axis
of rotation, Feach.blade 1S the pressure force of the hot air on each of the blades, and
(Ofinal — Oinitial) is the angular displacement of the propeller when rotating.

Ludion. The ludion (Fig. 4), described by Raffaello Magiotti, a disciple of Galileo [15],
is a toy based on the principles of Archimedes and Pascal that became popular in the
mid-17th century. To see how it works, a container is needed (a bottle with a capacity
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(6.11)

(6.12)

(6.13)

of one litre or more) filled with water and some air, into which the ludion is placed.
This toy contains a kind of upside-down tube, which is placed inside the water. The
purpose of this toy was to allow students to visualise Pascal’s Principle and Archimedes’
Principle, and to study the effects of forces and pressure on fluids, in this case water.

FIGURE 4. Images of the Ludion without applying pressure to the container
(left), when starting to apply pressure to the container (center) and when con-
tinuing to apply pressure to the container (right).

When the ludion is submerged in a bottle filled with water (Fig. 4 left), a thrust force
equivalent to the weight of the displaced water volume acts on it (Archimedes’ Principle):

-

E+P= pwateerubmerged object(_g) + mobjectg

where E is the buoyant force on the ludion, P is the vector relative to the weight of the
toy, Pwater is the density of water, Viubmerged object 18 the volume of the ludion that is
submerged in water, ¢ is the vector of Earth’s gravitational acceleration, and m is the
mass of the ludion.

When the bottle is squeezed (Fig. 4 center and right), the pressure is transmitted
uniformly throughout the fluid (Pascal’s Principle). This causes the air contained in the
ludion to be compressed as more water enters it. This increases its mass and weight,
causing it to descend inside the bottle:

E+P<0=|P| > [E|
Finally, when you release pressure on the container, some of the water that had been

introduced into the ludion escapes into the container. Therefore, its weight decreases,
and the ludion rises to its initial position:

E+P>0= |P| <|E|
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ENERGY STICK

OBJECTIVE

5

SCIENTIFIC BASIS

The Energy Stick is a transparent plastic tube with caps sealed

reasoning skills to explain
how the Energy Stick works,
and understanding light and
sound as forms of energy
transfer.

MATERIAL

* Energy Stick toy
* Conductive and
conductive materials

non-

RESULTS
« If the circuit is not
closed, the LEDs do not
light up and no sound is
emitted.

* When the circuit is

closed, the LEDs light up
and a high-pitched sound
is emitted.

by inium electrodes. It contains an electrical circuit
powered by two batteries connected in series to LEDs and a
sound emitter (Vega Bautista, 2020). The circuit is open until a
conductive element is connected to both electrodes, allowing
it to close.

« The electrical conductivity of a material is the extent to
which valence electrons circulate throughout the entire
structure.

When the circuit is closed, the flow of electrons through the
conductor allows the conversion of electrical energy into light
energy (through the LEDs) and sound energy (through the
emitter).
isible light is electromagnetic radiation that can be
perceived by the human eye and is composed of transverse
electromagnetic waves that do not need a material medium
to propagate (Fernandez et al.,, 2009).

« Sound is the auditory sensation produced by longitudinal
disturbances in the air generated by a source of mechanical
vibration, that propagate through an elastic medium
(Cabrera San Martin et al, 2009).

EXPERIMENTAL METHOD

1.Students are provided with the Energy Stick to explore how
it works.

and i are provided so that
they can deduce how the toy works and gather evidence.
3.Conclusions are drawn based on the analysis of the
experimental results.
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(¢) Thermal pinwheel.
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Knowing the forces that
influence the movement of
the toy and understanding of
the principle of
conservation of energy
based on how it works.

MATERIAL

« Jumping doll toy

sewaX~w

< If the toy is not
compressed, it remains
at rest on the surface.

« If the toy is compressed
and released, it rises to
a certain height and
then falls.

QR

Xale_h26w,

SCIENTIFIC BASIS

Initially, the toy remains at rest on a surface (Newton's First
Law).
When compressed, it stores elastic energy. When released,
the external force compressing it ceases, resulting in a non-
zero net force acting on the toy, causing it to jump’ with a
certain acceleration (Newton's Second Law).
Considering that there are no friction losses, the initial
stored elastic potential energy is completely transformed
into kinetic and gravitational potential energy during the
ascent. At the highest point, all the energy is gravitational
potential energy. During the descent, the total energy is
still conserved in the form of kinetic and gravitational
potential energy (Principle of conservation of energy).
 Newton's First Law: “Every body remains in its state of
rest or uniform rectilinear motion unless acted upon by
an external force” (Garde & Sanjosé, 1992).

* Newton's Second Law: “The change in the velocity of a
body is directly proportional to the force acting on it”
(Garde & Sanjosé, 1992).

« Principle of conservation of energy: “The total energy
of an isolated system is conserved” (Solbes & Tarin,
1998).

6UP6SING_~ X ~N6-Fe2
1.The doll is compressed

2.The doll is released

3.0bserve what happens

(b) Jumping doll.
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(d) Descartes’ Ludion - Diver.

FiGure 5. Working principle sheets, made as example for students in Canva
application.
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(b) Thermal pinwheel exposition.

(¢) Jumping doll exposition. (d) Energy Stick exposition.

FIGURE 6. First session images, in which the teacher (in this case, the Master’s
student B.M. Bustillo, responsible for the project) explains to the students the
different toys selected. To preserve the identity of the students, their faces appear
pixelated in the images.

Thirdly, once the toys had been selected and their physical working principle had been linked
to the contents of the Physics and Chemistry course in the 4th year of ESO, their explanatory
sheets were designed to provide students with a summary of how each toy works, and assessment
tools were created to evaluate the quality of the project. The toy explanatory sheets and the
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FIGURE 7. Genially created for the SL project: Museum of Toys and Physics [18].

assessment tools were designed using the Canva application [16] to make them visually appealing
to students and teachers (see Fig.5).

Fourthly, to present the entire project in a single document, the Genially [17] application was
used to create an interactive document where all the aforementioned explanatory sheets could
be consulted for each of the toys shown in class [18]. Also, an explanatory sheet template can
be found, which students could edit to describe the toy they chose, and diverse links with ideas
for possible toyS selection.

The project is introduced to the students in two sessions carried out in the Secondary Center.
In the first session, as seen in Fig. 6, the students were introduced this SL project, which began
by showing them four toys. The presentation continued with an explanation of their underlying
Physics and concluded with the donation of the toys and their explanatory sheets to a museum
that would be created at the Centre. Afterwards, the students were asked to find a toy and to
analyse the Physics behind it, so that this exhibition can be enriched with their contributions.
To carry out the work, students were instructed to form groups of four, to find a toy and to
complete an explanatory sheet on how it works from a physical point of view. Then, they have to
record a short video explaining what happens in the toy, which should be included via a QR code
in the sheet, and, if possible, donate the toy to the Center to contribute to the museum. The
sheet they wrote would be included with the toy in the display case chosen for this purpose. For
the collaborative work, students were explained the different roles they had to take on. Finally,
they were presented, through a specific Genially created for this project [18] (see Fig. 7), the
template sheet they must complete in their group projects, as well as links to information that
may be helpful for them. Finally, students were given a printed group bull’s-eye self-assessment
to fill out once they had submitted the toy explanatory sheet and video.

In the second session, the students worked in groups to create the final product requested,
under the supervision of the subject teacher. Finally, all the toys that had been worked on, both
those shown to the students in the classroom and those chosen by the students themselves, were
displayed in a showcase at the Center together with their explanatory sheets, thus creating this
toy bank.

As regards the attention to individual differences, one of the major problems found in car-
rying out the project was access to visualisation of the toys’ operation by students with visual
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impairments. That is why it was considered necessary to use the new technologies available to
bring this knowledge to students. Specifically, a podcast was produced using the free Adobe
Podcast [19] platform, which explained how these toys worked to students with these needs.

7. ASSESSMENT

To assess the quality of this dual Service-Learning project, both the learning achieved by
the students and the quality and fulfilment of the objectives set for the project itself were
evaluated. The assessment tool used to evaluate the learning acquired by the students was a
groupal bull’s eye self-assessment (see Fig. 8). In it, the different teams of students value their
level of performance concerning the specific competencies assessed in this project, broken down
into achievement indicators. The different students groups submitted the group’s bull’s eye once
they had completed the explanatory sheet and the video on the physical basis of the chosen toy.
On the other hand, the overall quality of the project was evaluated using a rubric that considered
three dimensions related to the meaning of service, the formative elements of the project and
the logical aspects of implementing it. The rubric could not be fully completed until the impact
over time of the project in the Center is known.

You must the it i target by rating the
following categories from 1 to 4 (4 being ‘excellent’) in relation to
your participation and performance in the project. To do this, color
from the center of the bull's eye to the ring that corresponds to your level
for each category

We participate We clearly explain the
actively and meet physical working principle
the rol assigned of the toy using scientific

terms

We justify the
physical basis
of the toy
using
appropriate
laws, principles
and theories.

We work in a
respectful
way and
listen to the
others group
mate's
opinion

We contribute We use a variety of
individually to group communication and
decision-making digital resources
through dialogue

Related evaluation criteria (1.1,5.1)

FIGURE 8. Bull’s eye self-assessment model sheet.

8. RESULTS

Firstly, the results of the class session in which the toys and the project were introduced to
the students were evaluated. In the words of the Center’s 4th year ESO Physics and Chemistry
teacher, after this session, it can be considered that the students’ curiosity was aroused and
their knowledge of Physics and Chemistry refreshed. This activity also enabled the MUPES
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student to collaborate with the Center and to develop what she had learned throughout the
Master lessons.

As for the results obtained in the second session, all groups of students were able to fill in the
explanatory sheet using the physical principle governing the operation of the chosen toy (Fig. 9,
and digitally available in [18]). Looking at the sheets, although some groups used more scientific
language than others, all of them referred to physical concepts to analyse why the toys worked
in each particular way. With regard to the QR codes that included explanatory videos, the
students showed how the toy worked, but did not make comments in the video. This might have
been due to a lack of time or confusion when explaining that part of the project. The videos
included via a QR code on the information sheets for the four toys shown to the students in
class did not contain a verbal explanation of why they worked that way, so this was considered
a lesson for the future.

Looking at the groupal bull’s eye self-assessment submitted (see Fig.10), it can be seen that
most of the groups considered that they had adequately performed all aspects related to cooper-
ative work. As for their level of performance in relation to the use of communication and digital
resources, and the justification and explanation of the physical basis of the toys, all groups rated
it with a grade of 3 or 4, the highest levels.

Finally, as shown in Fig. 11, all the toys and their explanatory sheets have been placed in a
display case in the educational Center itself, giving rise to the creation of this Toy and Physics
Museum. It must also be mentioned that the Center itself promoted this activity through social
media (see Fig. 12).

9. CONCLUSIONS

After completing the steps outlined in this project, the conclusions reached are presented
below.

e The students were able to relate the physical phenomena included in their curriculum
to the physical principles present in both the toys shown in the teaching session, and in
those chosen by the students themselves to elaborate the final product requested.

e Through the students’ comments at the end of the explanation session of the project, it
was possible to verify that the use of toys as a didactic resource boosted the students’
motivation towards the subject.

e By completing the explanatory sheet, the groups of students were able to put into practice
the narration of the working principle of the toys using scientific language, although not
all with the same degree of precision. In addition, there was some confusion regarding
the short explanation that the students were asked to make when recording the video.

e The cooperative work carried out by the groups of students, as reflected in their groupal
bull’s eye self-assessment, was adequately developed.

e The toys explained by the MUPES student have been donated to the Centre along with
their explanatory sheet, as well as those made by the ESO students, and the museum
has already been set up.

e Through the final product asked to the students, the project has succeeded in connecting
their knowledge of the subject with a social dimension.

Thus, it is considered that the objectives proposed for this project, which can be analysed
up to date, have been met. One of the possibilities for improvement would be to dedicate more
time to the Physics and Chemistry subject so that students can reflect on the importance of
the project (since on this occasion only two face-to-face hours were dedicated: one to present
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FIGURE 9. Explanatory sheets elaborated by the students in Spanish (digitally
available on [18]).

the project and another for the students of the Colegio Maristas to implement and evaluate
it). Additionally, in the future, it must be specified how to make the explanatory video, to
prevent students from omitting the brief explanation on it. On the other hand, given the cross-
curricular nature of the contents with which the functioning of the toys can be explained, it
could be suggested that this project be carried out jointly with the subjects of Technology and
Mathematics, and extended to other educational levels.
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FIGURE 10. Some examples of bull’s eye completed, in Spanish, by different
student groups.

FiGUurE 11. Display case for hosting the toys, placed in a corridor at Colegio
Marista Champagnat.
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