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Abstract In this case of excellence, we present the design of a site-specific virtual heritage experience for a bomb shelter
dating from the Spanish Civil War, known as Refugi 307. In order to maximize impact, we followed a co-design approach to
analyse the project requirements for an educational experience for primary school students. In this way we included in the
design the different needs and viewpoints of the involved stakeholders (students, teachers, curators, guides and
interaction designers). The prototype was based on a novel Augmented Reality interaction paradigm, called World as
Support. The goal was to complement the current guided visit in two ways: by linking physical evidence with historical
events; and by fostering understanding of historical contents through emotional engagement and critical thinking. The
results showed benefits of using digital augmentation and collaborative activities based on embodied exploration to
enhance the educational experience.

Keywords: Augmented Reality; World-as-Support interaction paradigm, co-design strategies; Virtual Heritage.

1. Introduction

Cultural heritage sites play a crucial role in how people understand history and culture. According to
Betsworth et al. (2014), they have “the potential to teach us important lessons, such as where we
came from and subsequently, the people it has made us today”. While interactive experiences have
been commonly used in these contexts to complement learning concepts (Flynn, 2013; Roussou et.
al., 2015; Sakr et al., 2016), in recent years, a wide range of screen-based technology approaches
have been explored in museums (Roussou et. al.,, 2015) and sites (Sakr et al., 2016) related to
Cultural Heritage, as it is believed the interaction with multimedia content allows visitors to obtain a
better understanding of past cultures (Mdller et al., 2016).

Cultural Heritage places acquire their importance and meaning through situatedness; i.e.,
interpretation is possible because the visitor is physically present on site. However, in the currently
dominant Window-on-the-World interaction paradigm (WoW), screen-based interfaces, such as
smartphones or tablets, tend to draw the user’s attention away from the physical space onto a
framed window, which tends to isolate him/her and to provide an individual experience (Miiller et
al., 2016). On the other hand, the design of interactive experiences for archaeological sites (Schaper
et al., 2017) is particularly challenging, as very often these spaces cannot be modified by adding
physical objects or installations. In such cases, visits are often complemented by guided tours and
digital audio guides to direct visitors’ attention towards aspects that are not necessarily obvious
without further explanations.

The goal of this research is to address the challenges of archaeological sites by exploring the
educational potential of a recently emerging interaction paradigm called World-as-Support (Was$),
which is based on projective Augmented Reality (AR) (Malinverni et al., 2017).

2. The World-as-Support interaction paradigm

The WaS paradigm is based on projective AR; i.e., augmentation is achieved by projecting the digital
content onto the physical world surrounding the user via a handheld device. This portable system,



based on a mobile device with computer vision capabilities and a pico-projector, dynamically
recognizes the environment (e.g.. topography, objects, users’ gestures and motion) and projects the
digital information directly onto it. This allows interaction designers to take advantage of the
benefits of Reality-Based Interaction, such as environment awareness and social awareness (Jacob et
al., 2008). Moreover, as users act within the physical world to interact with digital content (Dourish,
2001), it unfolds the potential of bodily and tangible interaction, such as tangible manipulation,
spatial interaction, and embodied facilitation (Hornecker and Buur, 2006).

We have conducted preliminary studies comparing the affordances of the WaS and the WoW
paradigms in an educational environment (Malinverni et al., 2017). The results have shown that in
the context of a storytelling application for primary students, the paradigm has the potential to
enhance students’ learning experience in multiple ways: by supporting environmental awareness
and context awareness, and by shaping the social relationships between users (Malinverni et al.,
2017).

In the light of these promising results, we argue that the Wa$S paradigm should be applied to
archaeological sites, where it would address three fundamental issues. Firstly, as the projection
avoids the risks of users focusing only on the on-screen information, it provides a balanced addition
of historical contents without disrupting the immersive experience of being on site. Secondly, as it
allows multi-user engagement and collaborative tasks, it can help reveal new layers of the
experience and promote different viewpoints. This shared action of meaning construction allows
visitors to obtain a holistic understanding of the historical context. Finally, , as this paradigm allows
users to interact with digital content directly in the physical world, , it can help deploy a more multi-
sensory, embodied approach to the past, by which visitors can establish emotional anchors and
strengthen their empathy with other people.

3. Case Study

To test these hypotheses, we carried out a study in the context of Refugi 307. This urban site is one
of the 1,402 bomb shelters built in Barcelona by civilians during the Spanish Civil War, and was
aimed at protecting the population from the many raids of the Italian and German aviation. This
bomb shelter is nowadays part of the History Museum of the Barcelona (MUHBA) and can be visited
by means of guided visits (figurel). Hence, the main goal of our project was to explore new ways to
complement the current guided visit with an educational virtual heritage experience.

Figure 1. A school class following the guided visit and using the Was$ system inside the Spanish Civil War bomb
shelter Refugi 307.



3.1 Sample and procedure

To analyse the different aspects of the user requirements and to include the multiple needs and
viewpoints of the involved stakeholders, we conducted an ethnographic study of the guided visit, as
well as several co-design workshops with 40 students (girls = 18; boys = 22; mean age = 10.78 years
old) and three teachers from a local school. We also interviewed a curator, a guide, and a museum
educator. Some of the activities designed included the visualization of a bomb dropped by an
airplane, the transportation of an injured person to the infirmary on a stretcher, building an arch
that supports the tunnel, and listening to recreations of children testimonials recounting their
experiences in the shelter.

Figure 5: Example of a collaborative activity in which two users project and transport a digital version of a
stretcher to the original physical space of an infirmary

Finally, to evaluate the education potential of the WaS interaction paradigm, we tested (figure 1) a
mid-tech prototype built during the previous workshops with a total of 20 children (girls = 11; boys =
9; mean age = 9.95 years old).

3.2 Methodology

The goal of the evaluation was to better understand stakeholders’ meaning-making of the
educational experience in the bomb shelter by including their contributions from a perspective that
went beyond the limits of verbal language. Due to children’s limited linguistic competence, it is
often difficult for them to express their thoughts and explain ideas adequately. In this case,
multimodal analysis (Kress, 2010; Malinverni et al., 2016; Sakr et al., 2016; Van Mechelen et al.,,
2017) has shown to effectively inform the design process (Malinverni et al., 2016; Van Mechelen et
al., 2017). Multimodality is an interdisciplinary approach, derived from socio-semiotics, which aims
to understand how people communicate and represent meaning in different forms (Price and Jewitt,
2013).

By collecting, analyzing and interpreting the multiple resources that children employed during the
activities (e.g. body postures, spatial interaction, facial expressions, gaze, verbal expressions,
drawings, etc.) we obtained useful insights into how children express their mental models in relation
to the educational context through their body and person-environment interaction. Video- and
audio recordings, annotations, and children’s contributions during the co-design workshops were
transcribed into a descriptive format and analyzed using the software NVivo 11 and a grounded
theory approach. As a result we were able to understand how in situ activities during the guided visit
influenced children’s meaning-making processes.



4. Results and discussion

Our findings indicate the benefits of complementing the learning experience during the guided visit
with supporting activities that involve digital augmentation of the physical space and that encourage
embodied explorations such as spatial interaction, tangible manipulation and collaborative tasks.

Employing the WaS system allowed children to visualize missing objects in the physical space and
therefore to illustrate certain aspects of life within the bomb shelter. The results show how these
projections helped children better understand learning contents that were difficult to imagine.
Furthermore, this feature also allowed pupils to compare different contents at the same time, and
the results point towards the potential of Wa$S for supporting children’s capability of perspective-
taking (Ackermann, 1996).

On the other hand, we found evidence that activities involving embodied exploration do enhance
children’s understanding about topics requiring emotional engagement (Sakr et al., 2016), critical
thinking (Rowan et al., 2016), and the notion of collaboration (Stanton et al., 2001). However, we
concluded that due to the limited functionality of the current version of the prototype, this feature is
still not fully explored. Previous studies (Malinverni and Pares, 2014) have demonstrated that
embodied interaction (Dourish, 2001) can support learning of abstract concepts. We envision,
through an improvement of the functionality of the prototype, to foster students’ understanding of
underlying socio-cultural meanings such as the notion of identity (Smith et al., 2011) and solidarity.
We believe that particularly activities building on collaborative learning (Doise et al., 1975;
Malinverni and Pares, 2015; Nelson, 1994) and a shared construction of meaning (Ackermann, 2004)
can promote a better understanding of these concepts.

5. Conclusions

This case study contributes to the body of advanced interfaces in cultural heritage by presenting and
evaluating an educational experience based on the World as Support interaction paradigm for
primary school children in the context of a Cultural Heritage site. Our study indicates a first set of
benefits of using digital augmentations and participative activities based on embodied exploration.
On the one hand, it allowed children to explore the physical environment in meaningful ways and to
construct meaning by discovering new layers of the educational experience. On the other hand, the
enactment of specific situations allowed the students to more directly experience historical content
during the visit that required emotional engagement, critical thinking and collaborative learning. In
future studies, we will explore further potentials of this approach with an advanced prototype.
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