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Abstract

The Erasmus+ YOU4BLUE project represents an interdisciplinary educational initiative
aimed at fostering a youth culture of sustainability through hands-on learning, scientific
literacy, and critical thinking focused on the marine environment. The project aimed to
encourage lasting behavioural change and empower young people to act. It engaged sec-
ondary school students aged 14 to 18 on three Mediterranean islands (Sardinia, Crete, and
Mallorca) through a blended Place-Based Education (PBE) model that integrates online
learning with local, experiential activities. Forty-nine students completed a pre-assess-
ment questionnaire measuring baseline marine ecosystem knowledge, sustainability-re-
lated behaviours, and attitudes toward the sea. Following three international exchanges
involving the learning activities, roughly the same cohort of students completed post-ac-
tivity surveys assessing self-perceived knowledge gains and intercultural interaction.
Qualitative data from emotional mapping, field observations, and group reflections com-
plemented the quantitative analysis. The results indicate substantial self-perceived in-
creases in students’ understanding of marine ecosystems (+1.0 to +1.7 points on a 5-point
scale), enhanced collaboration with international peers, and strengthened environmental
awareness. Across all three sites, students applied their learning by co-designing pro-
posals addressing local coastal challenges, demonstrating emerging civic responsibility
and the ability to integrate scientific observations into real-world problem solving. These
findings suggest that combining place-based education, citizen science, and participatory
methods can effectively support the development of sustainability competences among
youth in coastal contexts. This study contributes empirical evidence to the growing literature
on education for sustainable development and highlights the value of blended, experiential,
and intercultural approaches in promoting environmentally responsible behaviour.
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1. Introduction

Sustainability is a multifaceted and evolving concept, shaped by environmental, eco-
nomic, sociocultural, and technological dynamics. Since the Brundtland Commission’s
landmark definition of sustainable development in 1987 (WCED 1987) [1] —“development
that meets the needs of the present without compromising the ability of future generations
to meet their own needs” —the global discourse has broadened to encompass increasingly
complex challenges, such as climate change, biodiversity loss, and the overexploitation of
natural resources. Despite broad scientific and political consensus on the urgency of ad-
dressing these issues, translating sustainability awareness into tangible behavioural
change—particularly among young people —remains a persistent challenge.

According to The Geneva Environment Network, young people aged 15 to 24 years
old currently represent over 16% of the global population, a figure expected to rise to
nearly 1.3 billion by 2030. Their role in shaping sustainable futures is therefore critical [2].
However, studies indicate that many European youths continue to exhibit sociocultural
resistance to sustainable transformation [3]. At the same time, young people are increas-
ingly disconnected from natural environments due to excessive digital exposure, spend-
ing an average of 8.5 h per day on screens [4]. This trend was further reinforced during
the COVID-19 pandemic, which significantly limited outdoor activities [5].

Such reduced contact with nature not only diminishes experiential environmental learn-
ing opportunities but also affects how youth process information. Research shows that digital
media environments often reinforce confirmation bias and selective exposure (“cherry pick-
ing”), hindering the ability to critically evaluate scientific information [6]. Conversely, multi-
ple studies demonstrate that engagement with nature strengthens youth development, mental
health, and well-being, fostering resilience, self-esteem, and optimism [7-10]. These findings
reinforce the importance of accessible nature-based educational experiences.

Young people today face an uncertain future due to climate change and other global
challenges, leading to concerns about their job prospects and the health of the planet. Yet,
rather than disengaging, many are taking action—like through the Fridays for Future
movement, where students worldwide protest for climate protection. These actions show
that youth are willing and able to make a difference. To support this momentum, it is
essential to equip them with the right tools through education. Schools and other learning
spaces can foster peer connection, deepen understanding of environmental challenges,
and involve students in the search for solutions. By empowering youth with knowledge,
skills, and a strong sense of community, educators can help them become confident lead-
ers for a more sustainable and fair future [10-12].

Education is increasingly recognized as a transformative driver capable of countering
these trends. The 2030 Agenda for Sustainable Development, adopted by the United Na-
tions in 2015, positions education as a key enabler, with SDG 4.7 calling for learners to
acquire the knowledge and skills needed to promote sustainable development [13]. In this
context, scientific literacy, critical thinking, media literacy, and active citizenship are central
competences that enable young people to engage with complex socio-ecological challenges.

Translating these global ambitions into educational practice requires pedagogical
frameworks that support the development of such competences. Within environmental
education, several complementary theoretical frameworks support the development of
such competences. Ocean literacy has gained prominence as an approach that promotes
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understanding of the ocean’s influence on humans and humans’ influence on the ocean.
Although not explicitly labelled as such in earlier literature, ocean literacy principles are
embedded in many educational initiatives addressing marine biodiversity, cultural ties
with the sea, and the impacts of human activities on marine ecosystems [6-10]. Similarly,
place-based education (PBE) offers a pedagogical model that situates learning within local
socio-ecological contexts. As emphasized in recent analyses of educational approaches to
sustainability [14] and in systematic reviews [15], PBE fosters experiential and inquiry-
based learning that enhances environmental awareness, strengthens students’ sense of
connection with their surrounding landscapes, and links global sustainability challenges
to local realities. These features are especially relevant in Mediterranean island settings,
where the sea constitutes both an ecological asset and a cultural reference point. A third
complementary approach is citizen science, which encourages public participation in sci-
entific data collection and environmental monitoring. Citizen science methods have been
shown to promote scientific literacy, strengthen youth agency, and foster positive attitudes
toward conservation [16]. By involving students in authentic scientific practices—such as spe-
cies identification, environmental assessments, and biodiversity monitoring —citizen science
helps bridge the gap between conceptual understanding and real-world action.

At the European level, recent policy frameworks—including the EU Green Deal, the
Education for Climate Coalition, and the Council Recommendation on Learning for Envi-
ronmental Sustainability [17] —have underscored the need for interdisciplinary and par-
ticipatory educational approaches that empower young people to engage meaningfully
with sustainability challenges. Within this landscape, the Erasmus+ Program 2021-2027
identifies environmental sustainability as one of its four overarching priorities, promoting
a green transition through cross-border educational cooperation, youth engagement, and
lifelong learning [18]. Special emphasis is placed on youth engagement and on fostering
a culture of active citizenship and environmental responsibility, equipping young Euro-
peans to take an active role in shaping a more sustainable and resilient future.

In this context, the present paper introduces the Erasmus+ YOU4BLUE project as a
case study that integrates ocean literacy principles, PBE education, and citizen science to
foster a youth culture of sustainability across three Mediterranean islands—Sardinia (It-
aly), Crete (Greece), and Mallorca (Spain). These islands share strong cultural relation-
ships with the sea and face comparable environmental pressures linked to mass tourism,
marine pollution, and climate vulnerability. At the same time, their distinct educational
landscapes provide an opportunity to explore how blended and participatory pedagogical
approaches operate across diverse local contexts.

Through a combination of online and experiential learning, YOU4BLUE engages stu-
dents in real-world marine environmental challenges and supports them in co-designing
proposals for local stakeholders, helping them shift from awareness to meaningful action.

The purpose of this article is to present the pedagogical foundations, implementation,
and mixed-method evaluation of the YOU4BLUE project, examining the extent to which
its blended and experiential approach contributed to the development of sustainability
competences in youth. By doing so, this study seeks to enrich the growing body of litera-
ture on education for sustainable development and to offer insights into designing educa-
tional interventions that integrate scientific literacy, place-based learning, and participa-
tory methodologies to support long-term behavioural change and civic engagement.

2. Materials and Methods
2.1. The YOU4BLUE Project

YOU4BLUE [19] is an educational project for secondary school students (ages 14-18)
aimed at increasing the knowledge and awareness of young generations of the importance
of nature for their life and wellbeing, as well as the need for a more responsible use of
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natural resources. Focusing on seas and oceans as key educational contexts, the project high-
lighted both the ecological and cultural value of marine ecosystems and emphasized the im-
portance of informed, sustainable behaviours, including conscious seafood consumption.

The key objectives of YOU4BLUE were: (i) strengthening students’ knowledge of ma-
rine ecosystems and sustainable practices, as well as their attitudes towards the sea; (ii)
fostering interest in STEAM, ICT, and English language; (iii) deepening students’ connection
to their local seascape; (iv) promoting critical thinking and social cohesion; and (v) testing a
blended learning methodology combining online content with place-based experiences.

The project was implemented in three Mediterranean islands —Sardinia (Italy), Crete
(Greece), and Mallorca (Spain)—(Figure 1), each represented by one secondary school
partnered with a local scientific institution. A total of 49 students (65% female) aged 14—
18 participated in the pre-assessment phase, while roughly the same cohort of students
took part in the international exchanges (51 in Sardinia, 47 in Crete, and 51 in Mallorca).
Schools represented different academic profiles (vocational, language-oriented, and ap-
plied science), allowing for interdisciplinary interaction. Participants were recruited by teach-
ers based on voluntary participation and interest in the project. Prior consent was obtained
from students and families, in line with ethical principles for educational research.

Figure 1. Area of study —Islands involved in the project.

Scientific partners were selected according to a complementarity criterion: each spe-
cialized in different disciplines related to the topics of the project (e.g., marine ecology,
oceanography, climate change), enabling them to synergistically develop a comprehen-
sive learning curriculum.

The pedagogical approach, validated by an academic institution, was adapted to the
specific local context of each island under the coordination of a start-up company with
expertise in scientific communication and dissemination of EU-funded projects.

2.2. The Approach

A recent analysis of Erasmus+ projects (2014-2020) on education for environmental
sustainability, commissioned by the European Commission, highlights effective strategies
for moving from awareness to action [20]. Key recommendations include using hands-on
activities, positive communication, peer-to-peer teaching, and bottom-up approaches to
empower individuals and communities. The report also emphasizes how interdiscipli-
nary learning, long-term perspectives, and community engagement can help scale these
initiatives beyond project duration and foster lasting behavioural change.

Following these recommendations, YOU4BLUE adopted a PBE model [20] that com-
bines online learning, local field experiences, and international peer exchange. Unlike
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traditional PBE approaches, YOU4BLUE did not focus on a single geographical area; in-
stead, activities were carried out in three Mediterranean contexts, allowing for cross-ter-
ritorial learning and collaboration. By integrating formal and informal learning,
YOU4BLUE offered students a transformative educational experience. Teachers and sci-
entists acted as facilitators, while student cross-country collaboration promoted intercul-
tural exchange and peer learning.

Educational activities were structured into three interconnected phases (Figure 2),
grounded in inquiry-based learning, peer education, and outdoor experiential learning.

PHASE 1 PHASE 2 PHASE 3
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Figure 2. The interconnected phase of the You4Blue project.

Phase 1—We all learn!

This phase began with a structured online course to provide foundational “blue
knowledge,” co-designed by the scientific partners. It was followed by in situ workshops
on videomaking, illustration, podcasting, and civic engagement. These activities devel-
oped digital, scientific, and communication skills, promoted media literacy and encouraged
students to communicate environmental messages using modern tools and platforms.

Phase 2—Sharing knowledge!

International exchanges immersed students in field activities on the three participat-
ing Mediterranean islands. Guided by local scientific partners, they explored marine hab-
itats, ecosystems, and socio-cultural contexts, developing a scientific mindset and greater
environmental awareness. Interaction with peers from different countries promoted in-
tercultural understanding and a shared Mediterranean identity, grounded in common en-
vironmental challenges. The hands-on, inquiry-based learning approach reinforced an un-
derstanding of the interdependence between human activities and marine ecosystems.

Phase 3: Making a difference!

In the final phase, students applied their acquired knowledge and skills to promote
ownership and civic responsibility. This included creating media products (e.g., videos,
illustrated books and podcasts) to raise awareness of key challenges, as well as developing
proposals for community stakeholders to improve or protect a specific local marine or
coastal site on their own island. This stage supported the internalization of sustainability
values and encouraged long-term behavioral change through real-world problem solving.
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2.3. Implementation and Activities
2.3.1. Online Learning Foundation

A dedicated self-paced e-learning course titled “YOU4BLUE—Young Generations
for Sustainable Blue Growth” was hosted on the EMMA platform [21]. Designed to last
four weeks, the course comprised five modules (20 units in total), each centered on a
20-min video produced by the project’s scientific partners. Topics ranged from marine
biodiversity and ecosystem services to cultural ties with the sea, human impacts, and con-
servation strategies. Pre- and post-unit insights and assessments as well as interactive
tools (i.e., Padlets) reinforced learning and engagement.

This online component laid the science-based foundation for subsequent activities,
incorporating STEAM principles and ICT skills to prepare students for in-situ workshops
and field activities.

2.3.2. In Situ Learning Activities

Following the online phase, students continued their educational journey through
hands-on experiences within their local environments. All in situ activities were designed,
organized, and implemented by the scientific partner responsible for each territory and
delivered to the local student groups (Italian, Greek, and Spanish cohorts, respectively).
To ensure coherence across sites, each program combined field visits, laboratory work,
and thematic workshops linked to marine science and conservation. These place-based
experiences complemented the online modules, strengthened scientific and environmen-
tal literacy, nurtured a deeper connection with local marine heritage, and encouraged eco-
conscious behaviours.

In Sardinia, activities were implemented by CEAS Laguna di Nora and included “A
sailing day” at the Porto d’Agumu Centre (navigation techniques, meteorology, and in-
troductory water sports such as windsurfing, SUP, and canoeing) and “Seafood to love”,
a workshop promoting sustainable seafood culture and responsible consumption.

In Crete, activities took place at the facilities of the Hellenic Centre for Marine Re-
search (HCMR) and the CretAquarium, under the responsibility of the HCMR education
and research team. Students participated in a laboratory workshop on plankton biodiver-
sity, a guided visit to the CretAquarium focused on native and non-native fish species,
and a thematic workshop on marine debris (origins and persistence of marine litter, dis-
persion through sea currents, ecological and human impacts, and relevant European leg-
islation), followed by a beach cleanup.

In Mallorca, activities were coordinated by the Mediterranean Institute for Advanced
Studies (IMEDEA-CSIC-UIB) and included a guided visit to the institute with laboratory
demonstrations on marine science and climate change, a field excursion to the Cabrera
Archipelago Maritime-Terrestrial National Park to learn about local conservation prac-
tices, and a visit to the Palma fish auction to explore local species, fishing techniques, and
the role of small-scale fisheries in regional culture. Additional initiatives addressed ma-
rine debris and sustainable fishing (Table 1).

2.3.3. International Student Exchanges

Student exchanges were organized on each of the three islands with the dual aim of
strengthening students’ connection to the marine environment and fostering behavioural
change toward more sustainable and healthy lifestyle choices. Through hands-on field-
work and intercultural interaction, participants deepened their understanding of marine
ecosystems, developed key soft skills (e.g., empathy, inclusiveness, intercultural dia-
logue), and reinforced their sense of European and Mediterranean identity.

A total of eleven scientific and twelve cultural activities were carried out, including
field studies, workshops, citizen science experiences, and guided visits to marine and cul-
tural heritage sites (Tables 2 and 3). In Sardinia, cultural activities during exchanges
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included a visit to the Archaeological Museum of Cagliari and a guided city tour, as well
as an excursion to the Archaeological Area of Nora. Leisure time was also dedicated to
swimming and sunbathing at Poetto Beach and Nora Lagoon. In Crete, participants vis-
ited the Archaeological Museum of Heraklion —highlighting the ancient relationship be-
tween Cretans and the sea—followed by engaging icebreaking games “to get to know
each other”, and a field trip to the coastal village of Plaka and to the seaside town of Agios
Nikolaos. In Mallorca, students took part in a full-day excursion to the Cabrera National
Park, which included snorkeling activities and naturalistic trails, during which students
collected photos for the citizen science workshop. Aquatic and outdoor activities were partic-
ularly well-received and proved effective in increasing student engagement and awareness.

2.3.4. Key Digital Skills and Hands-On Workshops

Three hands-on workshops on scientific communication —video-making, digital il-
lustration, and podcast production—were organized to strengthen key digital and crea-
tive skills. In the video-making workshop, students used smartphones to learn filming
techniques of framing, composition, angles, movement, and audio. In the digital illustra-
tion workshop, they practiced photo-taking, editing with GIMP, applying filters, and cre-
ating presentations. Finally, in the podcast workshop, they learned to structure, record,
and edit audio files using smartphones and Audacity software v 3.6.1. Working in multi-
national groups, students created and shared videos, presentations, and podcasts.

A citizen science workshop was also organized to engage students in co-creating
knowledge with stakeholders, addressing marine pollution through a collaborative,
hands-on approach. Following an introduction to citizen science methods and examples,
students used the i-Naturalist app [22] to collect and identify species data, recording 204
observations and 108 species during their stay in Mallorca.

Table 1. In situ learning activities conducted in the three territories with the respective student

group.

Location & Responsible Insti-

Site .
tution

Activities Description

A sailing day at the Porto d’Agumu Sailing Centre (sea knots, historical
Activities conducted in the Pula notes on navigation, meteorology, basics of sailing, windsurfing, SUP,

Sardinia (Tt- area and coordinated by CEAS and canoeing). Seafood to love, a workshop on eco-friendly culinary

1
aly) Laguna di Nora. culture and sustainable seafood consumption (seasonality, territorial-
ity, and low-impact choices).
Biodiversity —Plankt ksh loration of phytoplankt d
Activities conducted at HCMR  P© iversity lankton workshop (exploration of p ytoplankton an
. ) zooplankton using microscopes and stereoscopes). Biodiversity of fish
laboratories (Heraklion) and . . . . .
Crete . . through a guided tour of the CretAquarium (native, non-native species,
CretAquarium, organized by the . . . ..
(Greece) ; and key taxonomic groups). Marine debris workshop (origins and per-
HCMR education and research L . . i
team sistence of marine litter, dispersion by sea currents, ecological and hu-
' man impacts, European legislation), followed by a beach cleanup.
Activiti IME-
ctivities Conductec.i atIM Visit to IMEDEA with laboratory demonstrations on marine science
DEA, Cabrera Archipelago Mar- . . . .
. . i and climate change. Excursion to the Cabrera Archipelago National
Mallorca itime-Terrestrial National Park, Park (cultural history and conservation programs). Visit to the Palma
(Spain) and Palma fish market, coordi- y prog )

fish auction (local fish species, fishing techniques, and importance of

nated by IMEDEA research small-scale fisheries).

team.
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Table 2. Scientific educational activities implemented during the three exchanges to all three stu-

dents’ groups.

Site (Responsible Institu-
tion), Time

Activities Description

1. Mankind and the productivity of the sea. Workshop “The fishing park”. The concept
of sustainable resource use is addressed through the discovery of the fisherman’s
trade, knowledge of various fishing technologies and edible fish species.

Sardinia (CEAS Laguna di 2. Workshop “Plancton, a V\'zandering' universe”. Practical field obse‘rvatiorT experiencgs
Nora), April 2023 en.abled stu'de'nts to acquire eC(?lo'glcal knqwledge about the marine environment. Bi-
otic and abiotic factors and their interrelationships were examined.

3. Workshop “Life to defend” and visit at the museum “Galleria dei Cetacei” aim to
foster respect for biodiversity. Meeting and caring for sea turtles, sheltered in the
CRTM. Naturalistic canoeing excursion.

4. Guided Scientific Tour in CretAquarium focusing on Mediterranean biodiversity and
information about endemic and alien species.

5. Lab Workshop in CretAquarium on Water currents, their importance to marine eco-
systems and their wider effects on life across the planet.

Crete (HCMR), April 2024 6. Field work on the implementation of a Marine Litter -Plastics protocol in a nearby
beach.

7. Field work on collecting Biodiversity traces, followed by a live demonstration of a
ROV trip and its role on marine exploration.

8. Guided Scientific Tour in HCMR’s Aqualabs-Cages infrastructure offering infor-
mation on sustainable aquaculture and multidisciplinary research conducted.

9.  Workshop on citizen science in collaboration with UCSC.

Mallorca (IMEDEA), Sep-  10. Creative workshop: screen printing marine-themed designs on t-shirts.
tember 2024 11. Scientific tour in IMEDEA featuring eight thematic poster stations, each accompa-

nied by scientific presentations on topics related to the ocean and climate change.

Table 3. Cultural educational activities implemented during the three exchanges to all three stu-

dents’ groups.

Site (Responsible Institu-
tion), Time

Activities Description

1. Agquatic activities in Poetto Beach of Cagliari: Swimming and sunbathing.
Sardinia (CEAS Lagunadi 2. City Tour.
Nora), April 2023 3. Aquatic activities in Nola Lagoon: Lagoon Kayaking.
4. Archaeological Area of Nora.
5. Guided tour to Archaeological Museum of Heraklion.
6. Visit to Georgiadis Park of Heraklion —engaging icebreaking games “to get to know
. each other”.
Crete (HCMR), April 2024 7. Field trip to Plaka fishing village— A few words about Spinalonga’s leper colony and
its role throughout history followed by a visit to Ag. Nikolaos seaside town.
8. Tour in CretAquarium with photo collection for Naturalistic lllustration Lab.
9. Field Trip to Cabrera Archipelago Maritime —Terrestrial National Park.
Mallorca (IMEDEA), Sep-  10. City Tour.
tember 2024 11. Water sports: sailing/kayaking/stand up paddle boarding.
12. Snorkeling and Naturalistic Routes with photo collection for Citizen Science App.
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2.4. Evaluation of Impact

To assess the impact of the educational intervention, pre- and post-activity question-
naires were administered that targeted several key dimensions: scientific knowledge of
marine ecosystems, attitudes towards sustainability and the marine environment, behav-
iours related to environmental conservation, and awareness of human impacts on the sea.
Representative questionnaire items included questions on participants’ understanding of
human influences on marine biodiversity, their perceived responsibility for sustainable
seafood consumption, and participation in citizen science activities.

The questionnaires used in this study were developed following established guide-
lines in educational research. Initially, constructs focusing on marine ecosystem
knowledge, sustainability attitudes, and environmental behaviours were identified based
on theory and project objectives. Items were drafted collaboratively by the research team
and refined through expert review to ensure content validity and clarity. A pilot test with
a small student subgroup evaluated comprehension and relevance. While a full psycho-
metric validation was not possible, internal consistency was checked, and weaker items
were revised or excluded.

In addition to the quantitative questionnaires, qualitative tools were employed such
as emotional mapping, field observations, and group reflections conducted during work-
shops and in situ activities. These qualitative methods provided deeper insights into stu-
dents’ perceptions, motivations, and learning processes, complementing the numerical
data and supporting comprehensive interpretation of the findings.

The participant group consisted of forty-nine students, with a gender distribution of
approximately 65% female, recruited from three secondary schools located on the Medi-
terranean islands of Sardinia (Italy), Crete (Greece), and Mallorca (Spain). Recruitment
was voluntary and based on student interest in the project, with informed consent ob-
tained from parents or guardians. This approach ensured motivated participation and a
culturally diverse sample representative of the local educational contexts involved.

The project began with an online anonymous pre-assessment questionnaire admin-
istered to students at the outset. This semi-structured instrument comprised 30 items, in-
cluding four socio-demographic questions (age, residence, gender, and distance from the
coast), six questions on socio-cultural behaviours related to the marine environment (e.g.,
sea-related activities, transportation habits, drinking-water use, information sources, and
fish consumption), and two questions assessing students’ awareness of local environmen-
tal conditions and perceived human impacts. The remaining 18 close-ended questions
evaluated baseline marine literacy across topics such as the United Nations Decade of
Ocean Science, marine biodiversity, human pressures on oceans, sustainable consump-
tion, marine policy, and ecosystem services. This pre-assessment enabled identification of
students’ initial profiles and knowledge gaps, informing subsequent methodological steps
such as the development of the e-learning course.

To assess learning experiences and intercultural engagement during the exchanges,
a second questionnaire was administered immediately before and after each mobility. It
included four socio-demographic items (residence, family origin, age, and gender iden-
tity), two Likert-scale questions evaluating perceived ease of interaction with peers from
other countries, and activity-specific sections assessing perceived knowledge gains for
each scientific activity (three in Sardinia and Mallorca; five in Crete). Additional items
measured enjoyment of the scientific and free-time activities, and one item evaluated sat-
isfaction with accommodation. This pre/post design allowed for the identification of
changes in students’ perceptions, knowledge, and engagement associated with the ex-
change activities.

In Mallorca, the feedback questionnaire included additional items evaluating the cit-
izen science activity. Students rated, on a five-point Likert scale (1 = not at all, 5 = very
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much), the helpfulness of examples provided during the Active Citizenship workshop,
the usefulness of the i-Naturalist app for data collection during the field trip to Cabrera
Archipelago Maritime-Terrestrial National Park, the value of app data discussed with the ex-
pert, and whether the experience was replicable on their own island. These questions were
placed immediately after the accommodation item and provided insights into students’ en-
gagement with authentic scientific practices and perceptions of active citizenship.

Complementary qualitative tools—such as emotional mapping and group reflec-
tion—were used during workshops to explore students’ perceptions of local environmen-
tal issues and support co-design of their proposals. This triangulated approach provided
insights into both individual and collective learning outcomes.

At the end of the project, a short questionnaire was administered to teachers and
project staff (N = 12) to gather perceptions of student engagement and learning outcomes.
Respondents reported student participation and rated involvement, perceived gains in
knowledge of seas and oceans, environmental awareness, interest in STEAM subjects, crit-
ical thinking, ICT competencies, English language skills, and engagement in outdoor and
sports activities. They also evaluated the effectiveness of the blended methodology. This
instrument provided complementary observational data to triangulate student self-re-
ports and support evaluation of the project’s educational and intercultural impacts.

2.5. Methodological Limitations

Consistent with similar educational interventions, this study faced limitations, in-
cluding reliance on self-reported measures, variation in student participation across coun-
tries, short timeframe for capturing behavioural change, and lack of long-term follow-up.
These constraints are considered in the discussion section.

3. Results

As aresult of this interdisciplinary educational initiative, students were empowered
to take practical action and engage actively within their communities. Outcomes included
the development of media products—such as videos, illustrated books, and podcasts—to
raise awareness of key environmental challenges, as well as proposals addressed to local
authorities, offering ideas to protect or improve specific areas. These outputs were the
culmination of a civic engagement process in which students identified local environmen-
tal issues, analysed their causes, and designed community-oriented solutions.

3.1. Student Proposals and Civic Engagement

Although the content and focus of proposals varied across the three locations, all
demonstrated a shared commitment to environmental stewardship and sustainable de-
velopment. The experience fostered a deeper connection with local territories and high-
lighted the importance of preserving them through a sustainability lens that integrates
environmental, economic, and socio-cultural dimensions.

A brief overview of the student proposals is provided below and summarized in Table

The complete set of digital and communication materials—including videos, illustra-
tions, and podcasts—is available on the project website [19].
3.1.1. Sardinia—Enhancing the Usability of a Degraded Coastal Green Area

In Cagliari, students selected the “Su Siccu” pine forest, an underutilized coastal area
adjacent to their school, as the focus of their citizen science project. Field visits, environ-
mental assessments, and community interviews revealed issues such as poor lighting, lack
of basic infrastructure, and limited accessibility. Supported by CEAS Laguna di Nora, stu-
dents co-designed a redevelopment plan titled “Pineta Blu”, featuring benches, picnic
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areas, waste bins, Wi-Fi spots, and spaces for sports and children’s activities. Their work
was publicly presented at a multiplier event to local authorities, citizens, and peers ac-
companied by multimedia materials (podcast, video, and a presentation), and gained vis-
ibility through regional media coverage.

3.1.2. Crete—Sustainable Management for a Polluted Coastal Ecosystem

Students in Crete focused on “Fodele Beach”, an ecologically rich coastal site facing
growing pressures from pollution and tourism. Guided by experts from HCMR, they con-
ducted field monitoring, biodiversity recording, and interviews with local stakeholders,
including a retired marine biologist. They identified key threats—primarily plastic
waste —and formulated proposals aimed at improving beach management and balancing
ecological protection with local economic needs. These recommendations were presented
at a multiplier event during the 11th International Scientific Conference of IHSS in Hera-
klion, attended by 170 participants. The project reached a wider audience through digital
dissemination, engaging over 2000 additional students across the region.

3.1.3. Mallorca—Smoke-Free Beaches and Public Awareness on Coastal Pollution

Students in Mallorca tackled the pervasive issue of cigarette butt pollution in local
beaches, linking it to the impacts of mass tourism. Through regular clean-ups and data
collection, they identified cigarette filters as a significant source of non-biodegradable
waste. Their proposal included smoke-free zones, disposal bins, and awareness-raising
through signage and outreach campaigns. Communication materials —including a video,
podcast, and posters—helped them reach the wider community and encourage behavioral
change among beachgoers. Findings were also disseminated during an Environmental
Week exhibition, a multiplier event with the participation of local authorities and IME-
DEA scientists, and that included a “Think Tank” on sustainable tourism with participa-
tion of students, scientists, ONGs and authorities. The visibility of the proposal was fur-
ther enhanced by the dissemination of the podcast recording on the Spotify channel of a
local radio.

Table 4. Summary of student proposals and civic engagement. For more details, please visit the

project website: https://www.youforblue.org/multiplier-events accessed 26 November 2025

Sardinia Mallorca Crete

ject of analy- Valorizati d protection of Eco-
Qb] ectotanaly Degraded coastal area Mass tourism and pollution a'otization and protection ot eo
sis logically rich coastal site

Underutilized coastal green . . Growing pressures from pollution
. . Cigarette butt pollution on local . .
Target area and pollution Su Siccu and tourism, plastic waste of Fodele
. beaches
pine forest Beach

Structured co-design process, Field monitoring, biodiversity re-
Methods field visit, community inter- . cording, interviews with local stake-
) collection . . . .
views holders and retired marine biologist

Field visit clean-ups and data

Environmental Week exhibition, . .
Participation at 11th International

Scientific Conference of THSS in He-
raklion, local authorities

Event with local authorities,  scientist, local authorities and a
Engagement L . s " :
scientist and citizens Think Tank” on sustainable

tourism

Pineta redevelopment plan, in-

1 1 h P 1 ai ti i h
cluded elements such as Smoke-free zones, disposal bins, roposal aimed at improving beac

Proposal for im- benches, picnic areas, waste L
and awareness-raising through

management and balancing ecologi-

proving bins, Wi-Fi spots, and spaces . . cal protection with local economic
. , . . signs and campaigns
for sports and children’s activi- needs
ties
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3.1.4. Cross-Site Synthesis

Across all three locations, students engaged deeply with local environmental chal-
lenges, applying scientific methods and communication tools to propose feasible, context-
specific solutions. These actions fostered a stronger sense of civic responsibility, enhanced
environmental literacy, and encouraged community dialogue. Moreover, the student pro-
jects demonstrated that youth-led initiatives, when supported by interdisciplinary educa-
tion and local partnerships, can generate meaningful contributions toward coastal conser-
vation and sustainability.

3.2. Measured Impacts and Indicators
Quantitative Scoring and Interpretation

The quantitative data reported in this study are derived from students’ self-assess-
ments using a five-point Likert scale questionnaire. For each item, participants rated their
perceived knowledge or competence on a scale from 1 (“very low”) to 5 (“very high”). The
reported scores, such as 2.1, represent the mean value across all respondents for a given
knowledge domain or questionnaire item.

Specifically, the “knowledge” construct refers to the students perceived understand-
ing of topics related to marine ecosystems, sustainability, and environmental practices.
The mean score of 2.1 indicates an average self-perceived knowledge level slightly above
the lowest point on the scale, serving here as a baseline measurement before intervention
activities.

This approach is a common method in educational research to gauge perceived learn-
ing progress, providing valuable insights into participants’ subjective appraisal of their
knowledge gains. Ideally, such self-reported measures should be complemented by objec-
tive assessments or qualitative data—both of which are integrated within this study —to
enrich and validate the interpretation of learning outcomes.

The pre-assessment results highlighted heterogeneous socio-cultural profiles and in-
itial knowledge gaps among students (Table 5). For example, 63% reported using social
media as their primary information source, 45% predominantly consumed water from
plastic bottles, and 73% did not engage in water-related sports. These baseline patterns
underscore the relevance of integrating sustainability and marine literacy topics into ed-
ucational programs.

Self-reported data from feedback questionnaires, administered before and after each ex-
change, indicated substantial knowledge gains across all three locations. Students rated their
understanding of scientific activities and environmental topics on a five-point Likert scale (1 =
very low, 5 = very high), with mean scores increasing from 2.1 to 3.8 in Sardinia, 2.6 to 4.0 in
Crete, and 2.9 to 3.9 in Mallorca (Table 6). Perceived ease of interaction with peers from other
countries also improved modestly across exchanges (e.g., Sardinia 3.3 — 3.6; Crete 3.5 — 4.1;
Mallorca 3.3 — 3.5). These results reflect the combined effect of hands-on workshops, field
studies, and guided tours in enhancing marine literacy and intercultural collaboration.

In Mallorca, students participated in a citizen science component involving an Active
Citizenship workshop and field data collection using the i-Naturalist app in Cabrera Ar-
chipelago Maritime-Terrestrial National Park. Students’ perceptions of this activity were
generally positive. As summarized in Table 7, mean ratings (on the 1 to 5 scale) were 3.66
for the helpfulness of workshop examples, 3.72 for the usefulness of the i-Naturalist app
for data collection, 3.63 for the value of app data discussed with the expert, and 4.27 for
the replicability of the experience on their own island. Despite some missing responses,
these results indicate meaningful engagement with citizen science practices, acquisition
of practical biodiversity monitoring skills, and recognition of opportunities to replicate
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similar activities locally. This component illustrates how citizen science can reinforce sci-
entific literacy, active participation, and environmental stewardship.

Qualitative observations from workshops and student reflections suggested addi-
tional gains in individual awareness, critical thinking, and a shared sense of environmen-
tal responsibility. Engagement in outdoor and sports activities, as well as enjoyment of
free-time components, further supported holistic learning outcomes. Collectively, these
findings indicate that inquiry-based, place-based, and collaborative international learning
can effectively foster sustainability competences in secondary school students.

Teachers and project staff (N = 12) provided complementary perspectives on student
engagement and learning outcomes at the end of the project. Teachers consistently rated
student involvement higher than project staff, particularly for the e-learning component,
and both groups observed substantial improvements in knowledge of seas and oceans,
environmental awareness, interest in STEAM subjects, and critical thinking. Gains in ICT
and English language skills were more variable, while increases in participation in out-
door and sports activities were noted. The blended methodology combining e-learning
and in situ learning was consistently rated as effective, providing triangulated evidence that
the project positively influenced multiple dimensions of student learning and engagement.

Table 5. Overview of pre-assessment questionnaire responses with selected indicators.

Indicators Total
No. of Students 49
Females 65%
Social Media as Primary Info Source 63%
Plastic Bottle Use 45%
Public Transport Use 61%
No Water Sports 73%
Avg. Correct Answers * 79%

* Note: “Average Correct Answers” refers to responses on sustainability and marine ecosystem

questions. Further details and complete questionnaire are available from the authors upon request.

Table 6. Students’ self-perceived knowledge and social interaction (Before and After each exchange).

Exchange Location N. of Ave. Age Knowledge (Be- Knowledge (Af- Interaction Interaction (Af-
5 Students 5 8 fore) ter) (Before) ter)
Sardinia 51 16.8 2.1 3.8 3.3 3.6
(Italy)
Crete (Greece) 47 16 2.6 4.0 3.5 4.1
Mallorca (Spain) 51 16 2.9 3.9 3.3 3.5
Table 7. Student perceptions of the citizen science activity (Mallorca, N = 47).
Mean Range ..
Item M)  (Min-Max) Description
Helpful f 1 ing Acti iti-
elpfulness of examples during Active Citi 3.66 1-5 To understand the concept of active citizenship

zenship workshop

Practical use during excursions for collecting bio-

Usefulness of i-Naturalist for data collection = 3.72 1-5 . .
diversity data
Inf i ined f is-
Usefulness of app data discussed with expert  3.63 1-5 1 01:*mat10n gained from app data and expert dis
cussion
Replicability of experience on own island 4.27 2-5 Students’ perception of applicability in local context

Note: Responses are based on a five-point Likert scale (1 = not at all, 5 = very much). Missing re-

sponses were excluded from mean calculations.
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4. Discussion

The YOU4BLUE project adopted a blended PBE approach, integrating online learn-
ing with experiential activities in coastal settings. This model effectively fostered interdis-
ciplinary learning, civic engagement, and environmental awareness by connecting local
marine issues to broader sustainability goals. Interaction with researchers and interna-
tional peers enhanced students’” communication skills, critical thinking, and digital liter-
acy, while creative outputs, such as videos and podcasts, and co-designed provided con-
crete opportunities for applying their knowledge to community improvement.

Grounded in active and transdisciplinary learning, the YOU4BLUE project aimed not
only to transmit knowledge but also to cultivate the capacity for independent learning,
critical engagement, and responsible action. In line with Edgar Morin’s call to overcome
the compartmentalization of knowledge and embrace complexity [23], the project sought
to prepare minds capable of addressing the complex and interdependent challenges of the
21st century. The thematic focus on seas and oceans as both ecological and cultural assets
proved particularly effective in stimulating both emotional and intellectual engagement.

Our findings align with recent research emphasizing PBE as a powerful pedagogical
tool for fostering environmental awareness and community connection. Consistent with
studies highlighting the value of interdisciplinary and participatory approaches, the inte-
gration of hands-on learning and citizen science contributed significantly to student en-
gagement and the development of sustainability competences. Moreover, the observed
improvements in intercultural collaboration and digital literacy extend previous insights
into the social dimensions of environmental sustainability education.

This study advances the literature by demonstrating that interdisciplinary educa-
tional interventions can effectively mobilize youth to co-design local solutions to environ-
mental challenges, thereby bridging scientific literacy with civic responsibility. The results
reinforce the pedagogical value of blending experiential, collaborative, and transdiscipli-
nary learning strategies in fostering sustainable behaviours.

Despite its strengths, the project faced several challenges. Ensuring methodological
consistency across participating countries proved difficult, particularly in the implemen-
tation of evaluation tools and the comparability of feedback data. The short duration of
exchanges and the limited timeframe for local project implementation constrained the
depth of stakeholder involvement and limited the capacity for longer-term community
engagement. Furthermore, self-assessment tools, while useful, provided limited insight
into actual knowledge acquisition and behaviour change, due to potential biases and un-
even participation. Additional challenges included a gender imbalance in student partic-
ipants, especially in Greece, which may have influenced group dynamics, as well as occa-
sionally language barriers and differences in school organization that hindered smooth
collaboration.

5. Conclusions

An education system focused on teaching a “method” —the ability to inquire, ana-
lyse, and problem-solve—has greater longer-term impact than merely transmitting iso-
lated discipline content. Such an approach equips students not only with knowledge but also
with the mindset and skills to be aware, responsible citizens capable of lifelong learning.

The results across the three project sites highlight how student engagement with local
environmental challenges, through scientific methods and communication tools, extends
learning beyond the classroom, fostering a tangible sense of civic responsibility. This out-
come suggests that interdisciplinary education combined with local partnerships is crucial
in empowering youth to become active contributors to coastal sustainability. However,
further research is needed to evaluate the long-term impact of such projects on actual
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conservation outcomes. The variability in student engagement and community response
across locations also points to the importance of tailoring educational strategies to local
contexts to maximize effectiveness. These insights underscore the potential of integrating
practical environmental problem-solving within educational frameworks as a pathway to
sustainable development.

This project also emphasizes the importance of bridging the gap between humanistic
and scientific knowledge and highlights the pivotal role played by teachers, whose com-
mitment and expertise were instrumental to the success of the project. Their ability to in-
tegrate interdisciplinary approaches and foster student engagement demonstrates the
critical impact educators can have when adequately supported. However, systemic barri-
ers, such as limited resources, time constraints, and the entrenched bureaucratization of
the school system, alongside rigid and compartmentalized curricula, continues to limit
the uptake of innovative, flexible, and personalized teaching practices. Addressing these
structural obstacles is essential to fully harness the potential of teachers as catalysts for
educational transformation and sustainability.
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