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ABSTRACT

The transformative potential of new technologies has unveiled
unprecedented horizons for the creation of inclusive life
environments, allowing the design of authentic, significant and
personalised outdoor learning experiences. This study proposes a co-
design protocol to develop inclusive solutions for outdoor learning in
leisure contexts based on the use of Augmented Reality and 3D print
to enhance equal opportunities for participation in cultural, social,
and educational processes.

Il potenziale trasformativo delle nuove tecnologie ha aperto orizzonti
inediti per la costruzione di ambienti di vita inclusivi, permettendo di
progettare esperienze di outdoor learning autentiche, significative e
personalizzate. Questo studio propone un protocollo di co-design per
sviluppare soluzioni inclusive di outdoor learning in contesti di Tempo
Libero basate sull’utilizzo della Realta Aumentata e della stampa 3D
per favorire pari opportunita di partecipazione ai processi culturali,
sociali e formativi.
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Introduction

In light of contemporary social, environmental, and technological transformations,
societies are called to rethink educational processes in ways that can foster
interconnected, inclusive, and sustainable communities. To this end, designing life
contexts that can promote collaboration, reciprocity, and shared knowledge
appears to be a crucial trajectory to create inclusive learning ecosystems, from
formal education to leisure settings (Giaconi et al., 2023; Giaconi & Del Bianco,
2025). As highlighted by scientific literature (Canevaro, 2006; Lepri, 2011; Giaconi,
2015), such an endeavour acknowledges the dynamic interplay between people
and environments, highlighting how cultural, social and educational processes are
shaped by a multitude of tangible and intangible factors within the context that
generates them. As a consequence, the creation of significant opportunities for
outdoor learning throughout everyday life should rely on the promotion of
meaningful connections between people, communities, and contexts, highlighting
the relational value of education for all people, including those with disabilities
(Aiello & Giaconi, 2024; d’Alonzo & Giaconi, 2024).

Following these considerations, the creation of inclusive learning ecosystems puts
forth the need to foster equity and participation, welcoming learners’ diversity in
all life contexts through flexible and personalised solutions that can enhance
community engagement (UN, 2006, 2015; Bocci, 2020). Such a trajectory draws on
the guidance offered by Special Pedagogy principles and practices, suggesting how
a bio-psycho-social approach (WHO, 2001) can orient the design of inclusive
contexts through the removal of barriers and the provision of facilitators,
effectively addressing the dynamic and unique relationships between people and
environments (Giaconi, 2015; Caldin, 2022; Giaconi et al., 2021, 2024). Accordingly,
in line with the UN Convention on the Rights of Persons with Disabilities (2006),
accessibility emerges not only as a fundamental right, but also as a pedagogical
resource, aimed at guaranteeing social inclusion “in all aspects of life” (p. 6) by
increasing opportunities for active involvement. As noted by scientific literature,
the promotion of active participation can be interpreted as “the powerful level of
inclusion” (Pinnelli et al., 2024, p. 349), highlighting how all life contexts represent
constitutive dimensions of each person’s existential path (Giaconi, 2015; Giaconi &
Del Bianco, 2025). In this sense, Special Pedagogy frameworks can embrace and
value diversity, generating concrete opportunities for full participation and,
therefore, for the achievement of significant levels of Quality of Life in persons with
disabilities (Schalock & Verdugo Alonso, 2002, 2006; Giaconi, 2015).



In this scenario, universities can represent key agents in the creation of virtuous
and sustainable learning ecosystems, promoting innovation through the synergy
with local communities and the establishment of generative networks (Del
Gottardo & Rossiello, 2022; Giaconi et al., 2023). Consequently, scientific research
represents a vital resource to promote an inclusive culture across life contexts
(Giaconi et al., 2024), opening a fruitful dialogue with the territory to transform
theoretical knowledge into impactful practices while orienting communities
towards accessibility-driven innovation paths. Building on these considerations,
this contribution proposes a research protocol for the development of inclusive
solutions to support outdoor learning in leisure settings, illustrating an application
scenario related to urban and natural heritage fruition supported by Augmented
Reality technologies, co-designed with people with disabilities (Giaconi, 2015;
Giaconi et al., 2024).

Leisure and technological innovation for Quality of Life

Following an ecosystemic approach, education can be understood as a process that
extends beyond formal settings, reaching out to all life contexts in light of their
value for personal and community growth, including leisure settings (Giaconi et al.,
2023; Giaconi & Del Bianco, 2025). According to scientific studies, leisure can be
defined as a complex dimension that derives from the interconnection between the
availability of free time, the conduction of freely chosen activities and the personal
perception of pursuing personal gratification through them (Purrington &
Hickerson, 2013; Chick, 2016; Auger et al., 2018; Tokarski & Zarotis, 2020). In this
sense, leisure can encompass a wide variety of experiences: from play to sports,
from resting to entertainment, from cultural life to recreation (Iso-Ahola &
Baumeister, 2023). As underlined by related literature (Hunnicutt, 2020; Tokarski &
Zarotis, 2020), leisure represents a central and independent dimension in
contemporary societies, and has experienced significant growth in its
infrastructures, encompassing rights and policies, goods and services, professional
roles, and scientific research. While the choice of the most relevant forms of leisure
may vary between people and along the life course, studies confirm how, regardless
of that, this dimension retains a crucial role in determining people’s wellbeing and
their level of participation in social life (Tokarski & Zarotis, 2020; Iso-Ahola &
Baumeister, 2023).

In this context, the rationale for focusing on leisure settings lies in the recognition
of this dimension as a fundamental human right (UN, 2006; WLO, 2020), and the
acknowledgment of its relationship with Quality of Life (Felce & Perry, 1995; WHO,
1995; Iso-Ahola & Park, 1996; Cummins, 1997; Schalock & Verdugo, 2002, 2006;



Giaconi, 2015; Del Bianco, 2019). In this direction, leisure can be conceptualised
both as a “life enricher” and “social indicator” (Schalock & Verdugo, 2002, p. 25),
representing a central resource to promote social inclusion, active participation,
self-determination and personal development (Giaconi & Del Bianco, 2025).
Accordingly, the pedagogical value of leisure unfolds in the provision of
opportunities to promote self-realisation, active participation and social inclusion
(Aitchison, 2009; Macbeth, 2010; Giaconi, 2015; Giaconi & Del Bianco, 2025),
highlighting how such a dimension can be interpreted as a source of meaning in life
and of life (Iso-Ahola & Baumeister, 2023). Because of these reasons, opportunities
to engage in leisure settings are closely tied to the promotion of inclusive learning
ecosystems for all people, including those with disabilities (Giaconi et al., 2024;
Giaconi & Del Bianco, 2025). However, as highlighted by related studies,
safeguarding the right to full participation in leisure contexts still faces significant
challenges, particularly related to the availability tangible and intangible resources
to support the involvement of all people: from accessible settings/tools to
professionals’ inclusive training (Bantekas, 2022; Lansdown, 2022; Byrne, 2024;
Giaconi et al., 2024). As a consequence, the dimension of leisure represents an
urgent area of investigation to promote equal opportunities especially in outdoor
learning, representing a generative space for the promotion of inclusive processes
and meaning-oriented planning (Giaconi & Del Bianco, 2025). Therefore, exploring
leisure in this perspective allows us to understand how accessible environments
and practices can transform everyday experiences into meaningful learning
opportunities, particularly in outdoor contexts.

Against this backdrop, innovative technologies, such as Augmented Reality (AR)
systems, can represent a viable resource to enhance active participation and
meaningful learning in leisure. Specifically, Augmented Reality can be defined as a
technology that superimposes computer-generated information on the real world,
enhancing it through the provision of a composite visualisation that unites concrete
reality with synthetic representations (Wellner et al., 1993; Craig, 2013). Previous
studies show how AR systems can provide adaptable and flexible supports to
educational processes, offering innovative opportunities for authentic, meaningful,
and personalised learning experiences (Garzén & Acevedo, 2019; Quintero et al.,
2019; Giaconi et al., 2021; Dhaas, 2024; Giaconi & Del Bianco, 2025). However,
several limits concerning its application within inclusive perspectives are
highlighted by scientific literature as well. Such limits include its widespread
application as an individual support rather than a tool to enhance shared
experiences, the frequent lack of accessibility features, and the nearly total absence
of applications and systems that are co-developed with people with disabilities
(Sheehy et al., 2019; Dudley et al., 2023; Creed et al., 2024). As a consequence,
there is an urgent need to identify theoretical and practical guidelines for the



promotion of technology-driven solutions that could enhance outdoor learning in
leisure settings through an accessibility-by-design and inclusive approach
(Caldarelli et al., 2023; Giaconi et al., 2024; Rossi et al., 2024).

In light of these considerations, the experimentation and validation of standardised
protocols and transferable procedures can support the use of AR technologies for
the creation of meaningful, sustainable and accessible outdoor learning
experiences in leisure settings, following an “ecological perspective of inclusion”
(Medeghini, 2018, p. 118).

Research protocol

As anticipated in the introduction, this study aims at proposing a research protocol
for the development of inclusive solutions to support outdoor learning in leisure
settings. The protocol is built upon a participatory research approach (Hall, 1975;
Cornwall & Jewkes, 1995; May, 2024), aiming at the active involvement of people
with disabilities through the combination of the theoretical and operational
frameworks of both Universal Design for Learning (UDL) (Savia, 2016) and co-design
(Steen, 2013; Giaconi et al., 2020, 2024).

The choice of integrating UDL with co-design derives from the opportunities that
both frameworks offer for the design of inclusive experiences in outdoor learning.
Specifically, UDL represents a foundational paradigm to frame learning processes
within the ecosystems they take place in, highlighting the value of design practices,
didactic strategies and material supports in promoting inclusive actions within
formal and non formal educational settings (Rose & Meyer, 2002; |zzo, 2012; Savia,
2016; Bochicchio & Pennazio, 2024), drawing from the concept of Universal Design
(Mace, 1985; Goldsmith, 2007). As highlighted by previous studies in Special
Pedagogy (Aiello & Giaconi, 2024; d’Alonzo & Giaconi, 2024), UDL serves as a crucial
resource to promote an informed and meaningful use of technologies to support
accessible and inclusive outdoor learning experiences, responding to all people’s
personalisation needs (Rose et al., 2014; Cottini, 2019; Caldarelli et al., 2023;
Giaconi et al., 2021, 2024). In this sense, UDL can support the use of technologies
as facilitators across life contexts, enhancing social participation through an
accessibility-by-design approach (WHO, 2001; Goldsmith, 2007). In parallel, co-
design (Giaconi et al., 2020, 2024), can be understood as a collective process of
exploration and creativity, where multiple actors are actively and equally engaged
to find solutions aimed at fostering communities’ wellbeing (Titchkosky, 2011;
Steen, 2013). In this sense, within co-design experiences, participants can
collaborate to identify unique needs and challenges, propose potential solutions,



and experiment with them in practice, with the ultimate goal of generating positive
transformations (Sarmiento-Pelayo, 2015; Del Bianco et al., 2024). The perspective
of co-design adopted in this study is therefore based on the dynamic intersection
between Special Pedagogy theoretical expertise and community involvement,
promoting critical inquiry and imagination as key resources to foster social
innovation and inclusion (Shogren et al., 2022; Del Bianco et al., 2024; Giaconi et
al., 2024). Overall, the combination of UDL and co-design principles and practices
can ensure the compliance to accessibility standards while making space for
context-specific needs and challenges based on stakeholders’ feedback, leading
towards the design and development of inclusive, creative and community-led
solutions for outdoor learning.

Following the complementarity of these approaches, the proposed research
protocol is composed of the following key steps, as illustrated in Figure 1:

1. Identification of Universal Design for Learning requirements within the
specific outdoor learning application scenario;

2. Preliminary prototype creation, following the identified UDL requirements;

Co-design: testing of the preliminary prototype with participants;

4. Co-design: joint work to identify challenges and solutions through
participatory research methodologies;

5. Co-design: refinement of the prototype according to the identified
solutions;

6. Reiteration(s) of co-design phases;

7. Creation of the inclusive learning experience for outdoor learning.

w

With reference to the specific methodological tools implemented to support the
co-design activities, focus groups (Liamputtong, 2011) involving people with
disabilities were held to discuss accessibility needs and identify strategies and
solutions aimed at increasing the inclusive potential of the prototypes. Participants’
insights were then analysed through the use of Qualitative Content Analysis
(Schreier, 2012) in order to structure and clarify their feedback and insights,
providing a coherent overview of the refinements to be made.
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Figure 1: Proposed research protocol

As anticipated, the proposed research protocol was tested within a specific
application scenario related to outdoor learning in urban and natural heritage
fruition. In relation to the focus of this contribution, we will present the preliminary
prototype construction and the first iteration of co-design activities involving a
group of people with disabilities (steps #1, #2, #3 and #4) in the following
paragraph.

Co-design application scenario

The research protocol presented in the previous paragraph was applied to the
design and development of an AR-based system consisting in an interactive map
reproducing the territory of Macerata (ltaly), aimed at creating an inclusive
experience to support outdoor learning in the exploration of the area’s urban and
natural heritage.

The identification of Universal Design for Learning requirements (step #1) consisted
in a brainstorming among researchers regarding the possible solutions and
strategies to ensure that the interactive map would follow UDL main principles. To
this end, the research team focused on providing multiple means of interaction
with the prototype, choosing to integrate visual, tactile and auditory information
by combining AR technology, 3D print, a programming board and touch sensors.



Following these directions, the preliminary prototype development (step #2)
consisted in the creation of a 3D-printed tactile map of the city of Macerata and its
surrounding areas, connected to a speaker and a projector through a conductive
system, as illustrated in Figure 2. The technological setup, supported by an Arduino-
based programming board, enables tactile exploration to trigger both
videomapping effects and the playback of music or customisable sounds.
Specifically, by touching the elements of the map, people can activate the satellite
view projection of the city’s urban and natural landscapes while listening to audio
descriptions related to the elements they are interacting with (e.g., monuments,
natural areas, and other points of interest). Through the integration of multiple
means of interaction and communication, every person can choose their preferred
solution to learn about the city of Macerata’s urban and natural heritage,
supporting their outdoor learning experience.

3D printed map Conductive system Arduino-based
in relief and touch sensors board

Touch-activated visual and
auditory learning content

T @)

Figure 2: AR-based interactive map preliminary prototype

The co-design activities (steps #3 and #4) involved a group of 12 participants with
and without disabilities. In the testing phase (step #3), participants were firstly
briefed on the scope of the co-design session and the features of the AR-based
technology. After signing informed consent and providing anagraphic data, every
participant was allowed to freely interact with the prototype for approximately 10
minutes, with the support of a researcher as facilitator. Lastly, a focus group was
held with all participants to identify their unique needs, gather feedback and
discuss possible refinements (step #4), using the following guiding questions:



e What are the main limits and challenges you faced during the interaction
with the AR-based map?

e What solutions could be implemented to overcome such limits and
challenges and create an inclusive system for outdoor learning?

The focus group discussion resulted in the joint identification of three main
challenges and their corresponding solutions, which are synthetised in the analysis
of the insights shown in Table 1.

In the first place, participants noted that the use of an interactive map to support
outdoor learning of urban and natural heritage could benefit personalisation
features not only at the level of interaction, but also with reference to the specific
contents related to urban and natural heritage that one wishes to learn about.
While discussing this aspect, participants underlined the added value of creating
different paths to support outdoor learning in the exploration of a city or a territory,
stating how they usually utilise mobile devices to navigate urban and natural
environments to have this kind of flexibility of paths and contents. Following this
suggestion, researchers proposed the integration of NFC sensors into the tactile
map: by bringing the smartphone close to different points of interest in the map,
the NFC sensors can launch specific heritage routes via Google Maps on the user’s
device. Through this solution, the interactive map can be complemented by the use
of personal devices, ensuring a more flexible and customisable experience in which
each person can select their preferred contents.

Secondly, participants expressed how they experienced challenges concerning
autonomy in both the use of the map and the conceptualisation of its embedded
contents. After discussing possible suitable solutions to deliver a support system
that could better contextualise the elements in the map, the group agreed upon
the idea of including an interactive legend containing visual and tactile symbols,
enabling people to recognise and differentiate the various points of interest and
areas of the map (e.g., natural landmarks, cultural sites, other points of interest,
and so on). This proposal reflects participants’ broader concern with ensuring that
accessibility solutions go beyond functional navigation to support meaningful
cultural engagement in outdoor contexts. According to participants, such a solution
can enhance the outdoor learning experience not only by supporting
comprehension and cultural accessibility, but also by fostering autonomy in the
interaction with technology.

Lastly, participants highlighted the need to create distinct supports according to the
informational purpose of the map, stressing the need to differentiate between
orientation-related content and content concerning urban and natural heritage. To



address this challenge, they proposed the creation of two separate tactile maps:
one dedicated to spatial orientation and another focused on urban and natural
points of interest. This distinction, according to participants, would make the
experience clearer, allowing people to approach the outdoor learning experience
in @ more structured and accessible way. Together, these tools can jointly support
outdoor learning without generating overlaps between different types of
information. This insight underscores that accessible technological solutions should
be conceived and designed not merely as navigational aids or informational
supports, but rather as true mediators of cultural participation and inclusive
learning.

Identified challenges Co-designed solutions
Need to support personalised Creation of a NFC system embedding
outdoor learning Google Maps contents

Need to support conceptualisation and | Creation of an interactive tactile legend
understanding in outdoor learning illustrating key points of interest

Need to support outdoor learning | Design of two distinct maps: one for spatial
through multiple supports orientation and one for heritage information

Table 1: Challenges and solutions related to the AR-based interactive map

Overall, participants appreciated the idea of providing multiple means of
interaction with the map, underlining its potential to meet diverse learning styles
in outdoor experiences. Moreover, they recognised the interactive map’s potential
to foster social experiences and situated learning, as the AR-based system
encouraged collaborative exploration and dialogue among people when
discovering the contents of the map. In this sense, the exploration of urban and
natural heritage through the prototype was perceived as an opportunity to share
interpretations, exchange perspectives, and co-construct meaning in outdoor
learning experiences. Accordingly, the experience offered a context in which
experimentation, reflection, and collaboration could converge to generate new
ways of engaging with heritage in outdoor settings. Such dynamics highlight how
AR can amplify participation and social interaction in outdoor learning experiences.

Perspectives and conclusions

This research experience highlights how leisure settings can represent privileged
contexts for developing inclusive environments aimed at guaranteeing accessibility



and full participation for all people in outdoor learning. Specifically, the proposed
protocol was shown to effectively support the promotion of inclusive processes
within outdoor learning, leveraging innovative technologies while maintaining a
person-centred approach in the provision of situated and authentic educational
experiences. Providing a frame of reference to orient the use of supports like AR
technology, 3D print, touch sensors and NFC systems, the illustrated research
protocol can represent a scalable and transferable resource to orient teachers,
educators and institutions in the creation of meaningful opportunities for outdoor
learning. To this end, integrated systems such as the presented interactive map can
be proposed as didactic mediators in workshop-based activities, supporting
interconnected, inclusive, and sustainable educational processes in outdoor
contexts. Such a perspective resonates with the idea that learning represents a
dynamic and relational process based on the interaction between people,
communities, and environments, acknowledging how every life context retains a
pedagogical value and represents a living ecosystem that can foster social inclusion,
active participation and personal development, enhancing Quality of Life (Giaconi,
2015; Giaconi et al., 2023; Aiello & Giaconi, 2024; d’Alonzo & Giaconi, 2024; Giaconi
& Del Bianco, 2025) (Figure 3).

Special Pedagogy - ¥ community
expertise ¥~ involvement

Innovative supports for workshop-based activities

Inclusive outdoor learning experiences
in leisure settings to promote Quality of Life (Giaconi, 2015)

Figure 3: Creation of the inclusive learning experience for outdoor learning

The co-design process illustrated in this contribution appears to confirm that
technological innovation, when framed within Special Pedagogy expertise and
leveraged through active community involvement, can represent a crucial asset to



promote inclusive processes across life contexts, offering innovative pathways of
research and experimentation (Giaconi et al., 2024). In this sense, the application
of Universal Design for Learning principles was complemented by the fundamental
contribution of people with disabilities, through their unique insights and feedback.
Such an approach allowed the researchers to identify innovative strategies to
bridge technological development with pedagogical principles. Specifically, the co-
design process facilitated the identification of functional requirements, the testing
of inclusive prototypes, and the definition of concrete improvements. In this sense,
the proposed approach allowed for the generation of effective, context-related
solutions which could respond to diverse needs and enhance active participation.
As highlighted by previous works (Giaconi et al., 2020, 2021, 2024), the adoption of
participatory methodologies shows how accessibility is not a mere checklist to
complete, but rather a dynamic and relational process that can foster
empowerment and self-advocacy (Del Bianco, 2019), guarantee equal rights and
social impact (Taddei, 2017), strengthen community involvement (Titchkosky,
2011; Shogren et al., 2022), and, lastly, lead to the generation of meaningful
opportunities for authentic outdoor learning experiences. In this direction, the
involvement of people with disabilities as active protagonists of the research
process led to “some better, more lively and imaginative ways to conceive of a
collective’s version of problems as well as its versions of answers or solutions”
(Tichkosky, 2011, p. 131).

In conclusion, in the creation of inclusive learning ecosystems, ecological awareness
appears to represent both a means and an end, situating this endeavour in the
continuous dialogue with stakeholders and the capacity to generate synergies
between micro-level practices (such as co-design) and macro-level strategies (such
as institutional policies for accessibility and inclusion) (Giaconi et al., 2023; Giaconi
& Del Bianco, 2025). In this context, technologies are not conceptualised as an
alternative to traditional outdoor learning experiences, but rather as an amplifier
that can promote social inclusion through innovative means, supporting their
educational impact in terms of learners’ participation. As a result, the generative
and dynamic intersection between Special Pedagogy knowledge, technological
innovation, and participatory research approaches represents a promising
trajectory to support inclusive and meaningful outdoor learning experiences,
enhancing Quality of Life (Giaconi, 2015) and leading communities towards more
inclusive, interconnected and sustainable cultural, social and educational
processes.
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