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Abstract:

This research addresses environmental issues through innovative educational approaches, aimed at fostering
soft skills in children from disadvantaged neighborhoods and at enhancing local community engagement. The
study, which employs a Design-Based Research method, involved the creation of immersive educational escape
rooms designed by students and focused on environmental themes. The outcomes reported increased
environmental awareness, improved collaboration and digital skills, and enhanced community involvement.
Civic, educational, and playful dimensions were successfully integrated to benefit underserved children.
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Introduction

In 2024, a network of researchers and local community associations implemented an integrated and innovative
educational intervention for 4th-grade children in a vulnerable neighborhood of a northern Italian city. The
initiative aimed to enhance their socio-cognitive and digital skills while fostering awareness of environmental
issues. Although these topics were addressed at a local level, they align with European frameworks such as
DigComp 2.2 and GreenComp, as well as the 2030 Agenda, which served as key reference points for the
intervention'’s approach and activities. Furthermore,

The integration of environmental education with digital skill development was a fundamental aspect of this
research-driven initiative. The intervention focused on the creation of virtual reality (VR) games and immersive
teaching, both of which are emerging themes in K-12 education. VR experiences enhance immersion and
engagement, supporting attention processes and emotional involvement (Tilhou et al., 2020). Moreover, when
combined with appropriate teaching strategies, VR positively influence learning processes and motivation. The
immersive and interactive nature of certain VR games place students in authentic contexts, fostering
experiential learning through hands-on activities (Angel-Urdinola et al., 2021; Di Natale et al., 2020).
Presenting environmental preservation through VR-based gaming transform it into a challenge to be tackled or
a problem to be solved, allowing students to engage in practical experiences within a safe play space where
simulated consequences encourage reflection.

The pedagogical approach of this intervention is rooted in a constructionist framework for game design (Harel
& Papert, 1991; Kafai, 2006; Li et al., 2013), emphasizing active student participation in creating VR games
rather than merely consuming them. Usinga an environment for game development programming, students
designed videogames that explore environmental issues, thereby deepening their understanding and
engagement.

Our research hypothesis posited that involving nine- and ten-year-old children from disadvantaged urban
contexts in game design lead to more effective learning and foster behavioral change, particularly by
enhancing environmental awareness. Furthermore, by adopting eco-friendly behaviors and actively engaging in
the educational intervention, children influence their families and inspired broader community change.
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This study employed a Design-Based Research (DBR) methodology (Anderson & Shattuck, 2012), which
integrated theory-driven approaches with empirical evaluation across two iterative cycles. The first cycle,
conducted in the previous year, involved a quasi-experimental study investigating how students improved
socio-cognitive skills and developed pro-environmental attitudes. Findings indicated that students from at-risk
neighborhoods showed significant improvement compared to their peers in more affluent areas. Consequently,
the second iteration of the intervention targeted a broader population of disadvantaged students. This study
aims to present the research design approach adopted in this initiative and its outcomes, with the expectation
that this can be adopted also in other similar urban schooling contexts in Europe.

This work aims to present the prototype design approach developed through this research. By sharing these
insights, we invited European researchers participating in the panel discussion to consider adopting and
applying this model within their own urban schooling contexts.

Theoretical framework

Stories can be a good way to enhance territories and help people view places from different perspectives.
Regarding this, let us take the example of the Neighborhood of Detroit project, which, through the stories of
its inhabitants, sought to restore value to the city of Detroit to promote civic engagement actions after falling
victim to the economic crisis and thus experiencing social, economic, and cultural degradation for several
years. When we combine storytelling with play, especially for younger children, it can convey significant
themes such as environmental education, which should be more effectively approached in an inclusive
manner. However, to work on current and delicate issues, it is necessary to consider the operation Europe has
long adopted to help citizens develop key competencies for citizenship (2018). These competencies are cited in
the 2018 Recommendations document:

e  digital competence;
e  personal, social, and learning to learn competence;

e  social and civic competence in citizenship.

These objectives are transversally included within those listed in the 2030 Agenda (2015), in which it is
essential for our discussion to work on goal number 4, referring to quality education, with a focus on point 4.7.
This point aims to ensure that all learners acquire the knowledge and skills needed to promote sustainable
development, including education for sustainable development and sustainable lifestyles, human rights,
gender equality, the promotion of a culture of peace and non-violence, global citizenship, and the appreciation
of cultural diversity and culture's contribution to sustainable development.

Furthermore, a recent UNESCO report (2023) emphasizes the role of innovative pedagogical approaches and
digital technologies in fostering inclusive and equitable education, highlighting that the focus should be on
education and its three challenges: quality, as well as equity, inclusion, and efficiency. In light of these three
challenges, immersive games created by students on environmental issues can support active citizenship and
engagement in disadvantaged communities, bridging educational gaps and empowering marginalized learners,
who become agents of change.

As reported by ISTAT data, Barriera di Milano is one of the neighborhoods in Turin experiencing particular
social hardship, with a high youth unemployment rate of about 13.1%, creating cultural impoverishment and
economic and social impoverishment. According to ISTAT, the Social Vulnerability Indicator of Barriera di
Milano is equal to the weighted average of 101.2 (2017). Although much has been done, the degradation that
the neighborhood often experiences, both socially and environmentally, is relatively high. Hence, it is
necessary to rebuild social awareness from the ground up to work on the sense of citizenship and consequently
focus on the related competencies. The care of spaces and places can become an action that gains meaning and
value for both individual citizens and the community. People, including children, become accustomed to living
in these places, and as a result, degradation starts to feel normal. For this reason, we aimed to work in this area,
starting from primary school, so that children can develop critical thinking skills about the issues in their
environment—specifically, environmental concerns—and, together with the community, rebuild a vision of
beauty to restore social value to the territory through virtual game projects and game-based learning.

Methodology and research design

A Design-Based Research (DBR) has been conducted in this research, encompassing two cycles (pilot phase and
scaling up phase), in which the latter is still undergoing in order to progressively enhance the design approach



obtained in the former. The specific DBR approach adopted envisages the four iterative phases recommended
by Reeves (2006). The design approach that emerged was aimed at guiding innovative educational
interventions targeted at fourth graders of the vulnerable neighborhoods.

During the first cycle of DBR, the pilot phase, the development of collaborative and cognitive skills within
experimental groups of students tasked with designing Virtual Reality (VR) games structured as escape rooms
(Repetto et al., 2023) were compared with control groups engaged in the creation of physical escape rooms. A
pretest-posttest design was deliberately selected, using two calibrated teachers’ and students’ scales as an
instrumental metric for assessing the enhancement of collaborative skills. The results of this first cycle suggest
that experimental groups of students engaging with immersive VR environments enhanced situated,
experiential, and transformative learning processes. In contrast, the control group involved in constructing
physical escape rooms showed minimal improvements in on teachers' and students' assessment scales.
Moreover, the notable improvements observed in two classrooms comprising foreign students, many of whom
experience learning difficulties, underscore the necessity of expanding the sample size of these students in the
ongoing second cycle of Design-Based Research (DBR).

During this scaling up phase, it was imperative to establish a network of associations to provide support for
this demographic and to provide training for primary school teachers in immersive teaching and learning. This
involved adopting the same educational approach utilized during the first cycle - with a more active
participation of teachers trained on this approach - and applying it to a larger sample of students in
disadvantaged situations.

The three "Is" of DBR, as outlined by Hall (2020), were utilized in our research, that can be considered an
interventional, innovative, and iterative one. Firstly, the research involved intervention to alter and enhance
the learning experience and the relationship that students facing disadvantaged situations have with
environmental issues. Secondly, the research, due to its advancement of environmental education through
immersive and novel technology and methods, can be regarded as pioneering in the realm of learning and
teaching. Thirdly, the two interconnected cycles, which encompass conceptualization, design, implementation,
and evaluation, represent one of the most contemporary and adaptable approaches to learning design.

The sample

The study led during the scaling-up phase involved 13 fourth-grade classes from four primary schools,
engaging approximately 350 students. A team of three or more teachers per class, including special education
teachers, participated due to the high presence of foreign students and Newly Arrived in Italy (NAI) students.

The study phases
The study was organised into the following phases:

e Teacher Training on the Design of Escape Rooms: Between February and April 2024, five meetings of
two hours each were held to train teachers on game-based learning and digital educational escape
rooms to learn the fundamental theoretical and design principles.

e C(Creation of Stories and Puzzles by the Children: Between May and June, after the training, teachers
began working with their classes to create the story and puzzles to be included in the games. Teachers
could choose between actual escape rooms or fantasy escape rooms. In the first case, the story is based
on the local context using issues related to their neighborhood. In the second case, teachers and their
classes chose to create escape rooms that address real problems within a fantasy narrative. Each class
created its own story, resulting in 13 stories and future games.

e Game Development: This phase involves creating escape rooms using the CoSpaces Edu software.
Children can use their resources, such as 2D or 360-degree images, and take advantage of the 3D
environments available in the software to create animated objects, dialogues, and scene transitions.
Additionally, the software allows for coding and stimulates logical thinking. Figure 1 provide an
example of the development of a game scene.
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Figure 1: Example of a 3D Scene with scene transition on the left and 3D object programming code on the
right

e Sharing at the Sotto18 Film Festival: To add value to the games, children had the opportunity to

showcase their work through a video at a conference organized by an association operating on
cinema-related topics.

Research tools

Throughout the scaling-up phase, teachers and researchers collected qualitative data through reflective
journals, student interviews, and classroom observations, allowing for continuous refinement and scaling of
the intervention. Adjustments were made to enhance student engagement, address technological challenges
and foster better collaboration. The DBR approach ensured that the project remained adaptable, effectively

improving digital skills, environmental awareness, and collaborative learning while addressing the specific
needs of disadvantaged students.

Results

From a thematic analysis of reflective journals and interviews, several interesting data points emerged related
to the qualitative observation of the activities, which have merged into a set of thematic cores.

Firstly, there was a cultural gap between students, influenced by their home backgrounds, and a general low-
to-medium level of knowledge about environmental education. The development of digital escape rooms has
proven to be an effective and engaging way to teach environmental concepts. Many students were able to solve
puzzles and retain the information about the environment, even recalling it at later times.

Students digital competences were distributed in a specific manner: while most students were familiar with
using mobile phones, tablets, and gaming consoles, fewer were skilled in using computers or digital tools.
However, game-based learning (GBL) proved to be effective, leading to growth not only in collaboration skills
but also in creativity and the basic functions of using computers. These activities allowed for significant
development in students' digital literacy, including improvement of children computational thinking. As
students became more familiar with the tools and platform used, they showed greater independence and
speed in both creating and using the escape room scenes, as well as in collaborative work.

There were noticeable differences in group dynamics across different classes. Some groups struggled to
collaborate effectively, while others demonstrated excellent teamwork, particularly in resolving conflicts

through democratic voting or open dialogue. The cultural diversity of the students also posed challenges in
communication, especially in mixed-language groups.



Students with certified disabilities or special needs actively participated in the coding and virtual reality
activities. The adoption of cooperative attitudes were evident, with students supporting each other, especially
those with less experience with computers or virtual reality headsets. The use of virtual reality has been
particularly beneficial for students with disabilities, for increasing inclusion and motivation.

The level of motivation and involvement of the teachers greatly influenced the success of the project. When
teachers were well-prepared and engaged, they created a more productive and smooth learning environment.
However, some teachers showed lower engagement and needed more guidance, which sometimes resulted in
less organized class dynamics.

Conclusion

The results garnered from the pilot phase of this research, in conjunction with the outcomes of the ongoing
scaling-up phase, underscore the imperative nature of initiatives tailored for children experiencing
disadvantaged situations, wherein access to diverse and innovative educational opportunities leveraging
emerging technologies is limited.

One primary outcome involves the establishment and maintenance of a comprehensive network encompassing
university entities, schools and local cultural and environmental associations. This network aims to provide
integrated socio-educational support to the most vulnerable neighborhood within a city in northwest Italy.
Collaboration with existing entities operating within the designated territory is integral to this endeavor,
fostering synergy with ongoing local initiatives.

Another outcome involves the enhancement of teaching methodologies among primary school teachers in the
targeted neighborhood. Through innovative training programs, teachers were equipped to revamp their
approaches to teaching and learning. This initiative cascades to sensitize students and, subsequently, the
broader community on topics related to prevention and environmental conservation. Leveraging novel
immersive learning technology, this effort not only promotes active citizenship but also fosters an inclination
towards advocacy and ecological transition.

Furthermore, dissemination and adoption of the design approach developed within this research is worthy of
consideration: this integrated perspective not only encompasses environmental considerations but also
permeates social, cultural, and educational dimensions. It is envisioned that this approach will serve as a model
inspiring similar initiatives and studies in other urban areas facing similar socio-cultural challenges across
Europe.
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