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Sommario

I1 Disturbo dello Spettro Autistico (ASD) é un gruppo di disturbi dello Sviluppo
Neurologico (NDD) causato da una condizione correlata allo sviluppo del cervello.
Ha un impatto sulla comunicazione verbale e non verbale e sulle interazioni sociali,
causando mancanza di abilita nello sviluppo, nel mantenimento e nella comprensione
delle relazioni, interessi ristretti e comportamenti ripetitivi. Tutte queste difficolta
rendono le attivita quotidiane, come andare a scuola o uscire a fare la spesa, molto
difficili da completare e talvolta impossibili da compiere da soli. 5A & un progetto
che mira a migliorare ’autonomia delle persone affette da autismo nei contesti di
vita quotidiana attraverso 1'uso di tecnologie immersive, ovvero: realta virtuale e
aumentata e agenti conversazionali. Il caso d’uso scelto per questa tesi ¢ il museo,
appartenente al contesto di accessibilita e fruizione di servizi commerciali, culturali e
ricreativi. L’esperienza inizia con una formazione preliminare in Realta Virtuale in cui
gli utenti sono immersi in un ambiente museale artificiale e sono guidati attraverso una
serie di compiti grazie all’'uso di un Assistente Virtuale e altri elementi virtuali. Al fine
di facilitare la comprensione e ’apprendimento dell’esperienza svolta in VR, questi
elementi sono condivisi come elementi transmediali nell’app in realta aumentata, che
puo fungere sia da formazione secondaria in loco, sia da guida completa per I'utente
durante la visita. Entrambe le applicazioni sono altamente configurabili in base alle
esigenze dell’utente per massimizzarne i benefici apportati. Il seguente documento
descrive il processo di progettazione e implementazione delle due applicazioni. Infine,
¢ stato condotto uno studio esplorativo per testare 1'usabilita e 'accettabilita del
sistema.
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Abstract

Autism Spectrum Disorder (ASD) is a group of Neurodevelopmental Disorders (NDD)
caused by a condition related to brain development. It impacts verbal and non-verbal
communication and social interactions, causing lack of skills in developing, maintaining
and understanding relationships, restricted interests and repetitive behaviors. All these
difficulties make daily tasks, like going to school or going out for grocery shopping,
very difficult to complete and sometimes impossible to accomplish alone. 5A is a
project that aims to improve the autonomy of people with autism in everyday life
contexts through the use of immersive technologies, namely: virtual and augmented
reality and conversational agents. The use case chosen for this thesis is the museum,
belonging to the context of access and use of commercial, cultural and recreational
services. The experience starts with a preliminary training in Virtual Reality where
users are immersed in an artificial museum environment and are guided through a
set of tasks thanks to the use of a Virtual Assistant and other virtual elements. In
order to facilitate the understanding and learning of the experience carried out in VR
these elements are shared as transmedial elements in the Augmented Reality app that
can act both as a secondary training in loco as well as a complete guide for the user
during the visit. Both the applications are highly configurable according to the user’s
needs to maximize the benefits. The following document describes the design and
implementation process of the two applications. Moreover, an exploratory study has
been carried out to test the usability and acceptability of the system.
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Chapter 1

Introduction

This thesis is a collaborative work between me and two IT engineers, Andrea Panizzi
and Davide Perugini. It is di cult to separate the contribution, as it was a strict
collaboration in which everyone engaged. That said, my contribution has been stronger
in the research, user experience, dialogues and transmedial elements parts, while most
of the parts strictly related to coding was done by my colleagues. Regarding Virtual
Reality, most of my work concerned the creation and the import of 3D contents (3D
environments, 3D assets and animations) from Blender to Unity. Inside the Unity
project instead, the work focused on handling animations, texturing, lighting and
sounds. In relation to Augmented Reality, | tested the range and the possibility of dif-
ferent applications for image-based recognition and user tracking system technologies.
Further, 1 worked on measurements and creation dynamicMap virtual maps and on

all user interfaces and sprite animations. To document the work in its completeness,
all the parts are fully reported in both theses, with a more pronounced focus on the
respective contributions.

According to the Diagnostic and Statisical Manual of Mental DisordersQ{SM-5),
ASD is a group of Neuro-Developmental Disorders characterized by de cits in social
communication and social interaction across multiple contexts, including de cits in
social reciprocity, nonverbal communicative behaviors used for social interaction, and
an impairment of growth, maturation, or development of the central nervous system
[9] [15]. Autism spectrum disorder begins in early childhood and eventually causes
problems functioning in social, personal, and academic areas. The ASD population
has a di cult time generalizing knowledge from one context to another, making it
di cult for them to apply what they learn in a general context to speci c situations
[19]. Furthermore, people with ASD are frequently self-absorbed and appear to live
in their own world, with limited ability to speak and engage with others [21]. Autism

is referred to be a "spectrum" disorder since the kind and intensity of symptoms that
people experience vary greatly. Individual clinical characteristics are noted through
the use of speci ers such as "with or without accompanying intellectual impairment” or
"with or without accompanying structural language impairment" during the diagnosis
of autism spectrum disorder, whereas historically ASD was subdivided into several
di erent disorders (e.g. Asperger's Syndrome). These speci ers allow clinicians to
personalize the diagnosis and communicate a more detailed clinical description of the



a ected individuals.

Regarding the levels of severity of the symptoms, theSM-5 characterizes ASD by
dividing it into three levels of severity. The third level is the most severe, requiring very
substantial support in Daily Living Skills (DLS) due to serious de cits in verbal and
nonverbal communications skills [DSM-5]. The higher functioning individuals placed
in the rst and least severe level of the DSM-5 are capable of verbal communication
but still require support due to di culties processing sensory input and understanding
social cues. According to the latest data in recent publications in 2017 the prevalence
of autistic spectrum disorders globally was roughly 1% of the total population, or
around 62 million people [48], while in Italy, around 442 thousand people, or 0.62%
of the population, were diagnosed with ASD in the same year, though the data
are scarce and uncertain [39]. Also, males are approximately 4-5 times as likely to
have autistic spectrum disorder versus females [48]. People a ected by ASD show
severe di culties in several aspects of daily life, and nd themselves overwhelmed and
anxious in unfamiliar or crowded environments such as a public spaces. This aspects
will be further analyzed in the rst paragraph of the State of the art (see 2.1).

Virtual Reality is the simulation of a world through a computer modeled space that
lets the user interact with an arti cial three-dimensional visual or other sensory envi-
ronment. Today, the expression mainly refers to the immersive simulated experiences
provided by modern technological devices such as VR headsets and multi-projected
environments. Thus, the term VR refers to technologies that can interact with the
sensorial perceptions of users and present them with an arti cial world perceived as
real. Therapists and researchers in the eld of ASD started to use VR in the mid-1990s,
with the rst examples of its use as a mode of exposure therapy for speci ¢ phobias
[4]. They often deployed the technology to create virtual environments to help autistic
people prepare for encounters or situations that could be stressful [49]. Nowadays,
the technology has improved greatly and it is possible to provide a di erent level of
support. Advances in voice recognition, natural language processing, and arti cial
intelligence, as well as technological devices becoming more common and a ordable,
have led to the increased use in therapy. One of the most notable bene ts is that
virtual reality a ords incomparable control over the environment, allowing researchers
and clinicians to arrange environments to best promote learning and generalization
[4]. Furthermore, the use of virtual conversational agents with unconstrained natural
language input capabilities in healthcare is an emerging eld of research that may
have the potential to bene t health across a broad range of application domains [28].

Augmented Reality is de ned as an interactive experience of a real-world environment
where the objects that reside in the real world are enhanced by computer-generated
perceptual information, sometimes across multiple sensory modalities, mainly visual
and auditory [23]. The three basic features are a combination of real and virtual
worlds, real-time interaction, and accurate 3D registration of virtual and real objects,
seamlessly interwoven with the physical world such that it is perceived as an immersive
aspect of the real environment [11]. Augmented reality is used to enhance natural envi-
ronments and o er perceptually enriched experiences. With the help of advanced AR
technologies (e.g. adding computer vision, incorporating AR cameras into smartphone
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applications and object recognition) the information about the surrounding real world

of the user becomes interactive and digitally manipulated. In recent years, augmented
reality has been explored for many applications for smartphones, from gaming and
entertainment to education and business [22]. Several studies have focused on using
augmented reality (AR) to help children with autism in many areas of development,

in particular by extending children's interests, augmenting objects available in the
surrounding environment and simultaneously increasing the intrinsic motivation [3].

1.1 Contribution

On this basis, the project 5A, or Autonomie per I'Autismo Attraverso realta virtuale,
realta Aumentata e Agenti conversazionali, was created. 5A is an open-source project
that has been conceived and developed in collaboration witBLab. It is nancially
supported by Fondazione Tim The project aims to improve the quality of life
and autonomy of people a ected by autism with the use of Virtual RealityVR
and Augmented Reality Augmented Reality AR) used in tandem. The main idea

is that the user is at rst introduced to a real-life scenario in a simulated virtual
environment where they can experience and do a preliminary training in a safe and
controlled environment a situation similar to that they would encounter in real life.
Subsequently, the user is introduced in the actual real-life environment with the
support of an AR app easily accessible on modern smartphones that superimposes
interactive multimedia elements on the vision of the surrounding physical world. By
having multiple selectable levels of help features the app can function both as further
training and as an actual helping guide that acts as a support for the user while
moving through the environment.

Figure 1.1. Transmedial elements

This two-step approach helps them generalize the skills acquired while in the VR
environment, by nding the same elements in AR: in both Virtual and Augmented
Reality apps the user will have a similar experience, feedback and help while performing
the various tasks. To convey the similarity and increase the generalization of the
experience inside the user's mind, similar virtual elements, called Transmedial elements,
are used. One of the key parts of Trans-medial elements are the conversational agents
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that provide suggestions, vocal and textual feedback. They functions as guides,
assisting people with ASD in identifying speci ¢ elements and performing fundamental
tasks with the goal of completing in autonomy the scenario.

Various daily-life scenarios like taking the subway or shop in a supermarket have
been created inside the family of 5A apps. The project's main strength, that is its
extended reality nature, which includes a two-phase training and support, is unique
and exploratory of the eld. Within the 5A project, this thesis attempts to design
and implement a VR training experience and AR support to serve people with ASD
in the context of a visit to a museum. The visit at a museum is a type of experience
where pragmatic tasks like buying a ticket or nding an entrance are equally as
important as having a enjoyable and engaging experience inside the exhibit. With
the help of a context-aware conversational agent, the deployed solution helps autistic
people become more independent through a museum visit. The applications' design
and implementation basis were the foundations laid down by the the previous 5A
projects, with the goal of having the best solutions for both the Virtual and Augmented
environments. The main steps of the process were:

N

analysis of the context, its strength, limitations and problems;

de nition of the main kind of experience the user has to go through in a both
spatial and social way;

speci cation of the contents, features and their style of presentation;
development and testing of the various functions;

study and evaluation of the actual bene ts for the user based on a study
conducted with volunteers from a therapeutic center.

1.2 Thesis structure

This thesis is composed by the following chapters:

" Chapter 1 - Introduction : general introduction to the Autism Spectrum
Disorder, Virtual Reality, Augmented Reality and the nature of the 5A project.

Chapter 2 - State of the Art  : presents an in-depth description of Autism
Spectrum Disorder, then it gives an overview of the existing projects that make
use of Extended Reality technologies in order to give support to people with
Neurodevelopmental Disorders Neuro-Developemental DisordelXD). Finally,
some projects that use conversational agents are described.

Chapter 3 - Needs, Goals and Requirements : outlines the needs, goals,
and requirements that revolve around the users of 5A. Every app of the 5A
family shares these.

Chapter 4 - Design : it reports the complete design process of 5A-Museums,
rst describing the common elements between VR and AR, and then focusing
on the respective parts and their peculiarities and di erences.
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" Chapter 5 - Implementation : gives an in-depth analysis of the technical de-
tails of the two developed applications, focusing on the technologies and packages
used, on the architecture and on the main features and script components.

" Chapter 6 - Exploratory Study  : reports on the stages of the study conducted
to test the e ectiveness of the application.

" Chapter 7 - Conclusions : summarizes the thesis overall results and presents
some critical remarks on the work performed.



Chapter 2

State of the Art

2.1 Autism of Spectrum Disorder (ASD)

As brie y mentioned in the Introduction (see 1), only a minority of individuals with
autism spectrum disorder live and work independently in adulthood.

Hus Bal et al. [14] investigated the independent variables for Daily Living SkillBLS
attainment in a sample group of ASD patients ranging in age from 2 to 21 years. The
study found a decline in the ability to develop DLS during adolescence, particularly
for domestic skills such as food cooking, shopping, and household safety, based on
interviews and questionnaires administered to both parents and diagnosed individuals.
The study further highlights the connection between the fear of the new, unknown
and uncertain with an immobility of the subjects both in mental state and physical
state. The study concludes that DLS should be a focal point of educational plans for
young people with ASD. Consequently, a vast number of adults diagnosed with ASD
rely on support from their parents or social services [19].

All of these implications highlight the importance of well-thought training activities

in order to successfully teach these subjects. Interestingly, many children with autism
are very interested and motivated to use smart devices such as computers, tablets,
smartphones [15]. These types of assistive technology devices allow people with autism
to interact with their surroundings, make choices, express needs, and interests, and
communicate with their friends and parents. Using these devices also increases their
sense of self-e cacy, allowing them to gain more and more skills and knowledge
while improving their abilities [25]. For these reasons, using technological devices
may represent an excellent tool for DLS training of individuals diagnosed with ASD.
Devices such as visors, smartphones and smart objects are quite promising at present
and progress has already been made in ASD individuals as shown by the statistics.
One key feature of this technological devices is that they allow for an experience that
is keen to that found in real-life board games and videogames. This e ect, obtainable
for example by the use of rewards, badges, checkpoints, feedbacks, is more widely
de ned as gami cation . In fact, it's been observed that people with ASD are more
likely to learn or to improve certain behaviors if they have stimuli that clearly gives
them a feel of "reward". The response is even stronger if the stimuli are given by
their favorite cartoon, Im or videogames characters [37].

A study by Goldsmith and LeBlanc highlighted how modulated simulations in which
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practice and learning activities can be achieved in a safe environment could have a
positive in uence on the communication, navigation, and focusing skills of children
with autism [4]. The eld is open and prepared for further development and better
applications for the ASDs, especially if these are implemented by all parties, such as
family members, educators and therapists who are involved in the rehabilitation of
the autistic people. [25].

2.2 XR technologies for ASD
2.2.1 Virtual Reality for ASD

As stated in the Introduction (see 1), VR is the use of computer modeling and
simulation to allow a person to engage with a three-dimensional visual or other sensory
environment that is arti cially created. The main VR applications' characteristic

is their immersive experiences. These experiences generally involve execution of
more complex tasks (e.g., riding a motorbike) and more straightforward ones (e.g.,
walking around a city). To complete these tasks, users can interact with the virtual
environment in a more immersive and engaging way. Immersion is, in fact, one of the
reasons VR is increasingly used technology for therapeutic purposes [[18]]. Although
the term immersion is often used in the restricted meaning of spatial immersion [10],
the expression can generally be extended to the whole sensorial experience. Indeed,
immersion refers to the capacity of VR experiences of submerging the perceptual
system of the user in such a way that they can e ectively feel "inside" the digital
environment. This plays well with the wide and complex inner world of people a ected

by ASD and allows the technology to communicate with them in more e ective ways
[5].

According to a study conducted to investigate the feasibility and e ectiveness of VR
applications applied to DLS training of individuals diagnosed with ASD:

" multi-modal interfaces create better learning conditions through cognitive inte-
gration and limited cognitive load compared to single modality learning interfaces

[2];

" technology-based learning has been suggested to be an especially e ective
learning tool for people a ected by ASD [5];

" VR simulation can immerse the learner in a situation where tasks can be
performed and repeated in safe surroundings.

Shahira Sharafeldin and HadeelEl Naggar remarked at the Eurasia International
Conference in 2018 that virtual environments enhance interactive learning and provide
a variety of chances for the student to have in uence over the learning process [27].
They also highlight four major bene ts of employing virtual technologies:

" VR creates an immersive setting in which people with ASD feel like protagonists,
which increases motivation and engagement.

" create a constructive learning approach: Virtual reality experiences allow per-
sons with ASD to study, explore, receive feedback, and engage with a virtual

7
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environment with a modular degree of freedom that is adapted to their specic
needs, allowing them to learn more e ectively.

give low-cost yet e ective solutions: sophisticated and costly devices are no
longer required. Smartphones, tablets, and video-game devices now have simple
access to VR/AR thanks to recent technology advancements.

experiment environments: The level of immersion gained enables for more
learning and access to genuine objects.

In order to improve the autonomy of people with ASD in orent themselves inside
an airport and ultimately board a ight, in 2020 the Interactive Media Institute of
San Diego built a virtual reality experience. The application, called VR-ATT, was
developed forGoogle Cardboardand simulates the procedures that passengers must
follow in order to book a ight. It's a ve-minute virtual reality simulation Im

that takes players through the check-in process, security procedures, waiting at the
departure gate, and boarding. The project was completed using a Google Cardboard
headset and the iPhone app. VR-ATT aids the spatial navigation of the users by
highlighting important information such as "Look, there's the ticket counter.” Let's
wait and see what the attendant says.” Social stories, which are widely used to teach
communication and social interaction strategies to people with autism, were used as
the basis for the narrative script [34].

(a) Materials used (b) Virtual environment

Figure 2.1. VR-ATT

Emil Rosenlund Hgeg at al. in Copenhagen presented an experiment aimed to train
people with ASD at shopping at a supermarket with the goal of making them more
autonomous. The virtual environment was designed and implemented to look like a
local supermarket next to the school in which the baseline- and post assessments were
conducted. The user could move around in a 1:1 virtual version of the supermarket
via walking and VR teleportation Using the HTC Vive controllers. The user could
look at a shopping list, grab items from the shelves and place them in the virtual
shopping basket [19]. The feasibility and e ectiveness of the system was investigated
in collaboration with a teacher at a school for children and adolescents with mental
disorders; a head-mounted display based VR simulation of a supermarket was built and

8
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evaluated with the purpose of developing the shopping skills of students diagnosed with
ASD. A preliminary test inside a supermarket without VR training was conducted,
then the subjects were asked to do the same tasks inside the Virtual Environment.
The aim of the repeated usage of the system was to allow the transfer of adaptive
shopping skills from VR to real shopping experience. This was achieved through the
repetitions of product search processes in the safety of the simulated environment,
and stripping the environment from additional obstructive and intimidating elements,
allowing the participants to focus on the improvement of their skills. Days later, the
subjects were brought again in the real supermarket to test the e ectiveness of the
training. The results were mixed, because during the nal test the supermarket was
much more crowded than the rst time. In particular, the authors make the hypothesis
that the treatment group's negative development of self reported sense of con dence
during the post-treatment assessment could be due to the lack of constant training
multiple times on the VR simulation and the environmental discrepancies between
the real supermarket and its VR version, as the VR supermarket simulation did not
include any other human shoppers. This underlines the importance of having a high
delity model and also humans and crowds, which can be considered distractors
that are present in real life experiences. Moreover, there were also positive results, as
many participants found the product they were searching for by themselves. Also,
one of the participants who usually was uncomfortable with shopping scenarios and
who refused to enter the supermarket alone during the pre-assessment accomplished
the post-treatment shopping assessment with perfect results.

(a) Inside the virtual environment (b) User interacting with the environment

Figure 2.2. Project from Emil Rosenlund Hgeg at al.

A study conducted from the University of the West of England of Bristol by Nigel
Newbutt has experimented avVR experience of a museum on 11 autistic subjects
between 10 and 14 years [47]. The aim of the testing was to make the users feel
comfortable in the museum environment, training them for a real museum visit. The
process was divided in 5 steps:

" Answering questions related to their experiences of visiting museums/cultural
spaces.

" They had the chance to experience a museum tour using a VR 360-degree app
(using Google Cardboardl.
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" Completed a questionnaire about the VR experience.
" 4 days later visited the same museum in real life.

" The next day completed a post museum visit questionnaire related to their
experiences.

The key elements that were discovered through this study were:

N

Using the VR app helped to calm and relax the children.

Using the VR app seemed to help the children know what to expect before they
visited the real world museum.

The VR app might have helped to alleviate issues of confusion when visiting in
real life.

The VR app was reported as helping the children to visualize the space before
visiting in real life.

Reports of museums being distracting were similar before and after the visit.

Other two projects that we took in account during the study and the development
of 5A Museums were the already implemented 5A projects: 5A-Subway and 5A-
Supermarket. In 5A-Subway users are guided through the virtual reconstruction of
the Milan subway. They have to nd the subway road signs, enter the underground,
buy a ticket and take the subway. During the experience, users are followed by a
robot assistant that helps them in the tasks execution [35].

5A-Supermarket is aVR experience, developed for mobile smartphones and Oculus
devices, where users have to go grocery shopping in a simulated supermarket. The
application guide the users to all the steps that have to be followed when going to the
supermarket, from taking the shopping cart to the payment to the cashier. Even in
this case, the user is followed and helped by the same robot assistant [36]
Unfortunately 5A-Supermarket, due to Covid-19 related problem, has not been tested
on nal users. Concerning the testing of 5A-Subway these are the main results that
emerged:

" users extremely appreciate the experience and express their will of having more
activities similar to the one proposed;

" BA-Subway has been considered useful to its purpose;

" the conversational agent is helpful and contributes to support users end the
experience.

10
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2.2.2 Augmented Reality for ASD

AR, on the other hand, is also emerging as a promising technology to help those with
ASD understand the world more fully by bridging the physical and digital worlds [33].
About the impact of AR on ASD, research shows its e ects to be positive in a variety
of situations. AR can encourage play and increase motivation, attention, and the
learning of new tasks. AR-based apps are used to enhance engagement, motivation,
and learning for people with ASD [33]. AR overlays, like 3D videos, gures, and
information, can be added to any real object and multiple studies have shown that
these AR experiences result in increased engagement, enjoyment, motivation, and
attention. One particular study designed to teach object discrimination revealed a
62% increase in on-task participation and happier, more determined students [13].
Some studies even suggest that some child can prefer AR-based apps to VR, as they
are less overwhelming and have a softer approach by mixing the virtual world with
the real one [29]. Another study was executed for children where a ve-step picture
schedule of a toothbrushing task was augmented with a video clip demonstrating
all the steps. After treatment, the AR intervention showed an immediate increase
in independent performance by the participants, and after two months, completion
of the task remained high [17]. The kids enjoyed the AR content, and the teachers
reported the app to be an e ective teaching tool. This systematic literature review
shows that the development and evaluation of systems and applications for users with
ASD is very promising. The use of technological advancements such as virtual agents,
arti cial intelligence, virtual reality, and augmented reality undoubtedly provides a
comfortable environment that promotes constant learning for people with ASD [31].

(a) User navigating through
the environment (b) Display of the AR object

Figure 2.3. Knowledgemon Hunter

11
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KNOWLEDGEMON HUNTER, developed by a team of students at the Universidade
Federal Rural do Semi-Arido in Mossord, Brasil, is a serious augmented reality game de-
veloped for smartphones inspired by the popular app Pokemon Go, designed to support
learning and minimize the autistic children's social isolation. It encourages children to
explore the geographic space in their proximity, demanding the user to search ctional
characters [24]. The main interface features a 3D avatar located in a map mirroring
the real one corresponding to the user's position. The device captures the user's
movement and coordinates through the GPS system. To process the coordinates,
MapBox API was used. When the user moves in the real environment and approaches
a virtual character geographical position, it appears in the main interface as an AR
object and can be captured. The characters' shape, color, movement, and sound are
based on animals present in assisted therapies, as they generally generate a particular
empathy in children. When a child captures a character, it can access the Learning
Object related to that character and, through interactions with the game menus, view
the information about it. The application saves the Learning Object so that the user
can access the information at any time. After seeing the content, the user can answer
guestions related to it in a sort of minigame that tests the user's cognitive abilities.
When the answer is correct, a congratulations image will display, and the algorithm
adds points to his score. Otherwise, an incentive message is displayed to it to try again.

Figure 2.4. Minigame inside ARtis

The archaeological park context is explored in ARtis, an APP by Garage94 and
Naepolisanit, that allows seeing virtual content overlapped with the surrounding
reality through a smart device's camera, creating a path inside a museum or park
to help the user orientate and experience an appealing and interactive visit [38].
Interestingly, the APP is created with the fact that the user, a child/teen in this case,
is accompanied by a tutor during the whole visit. The tutor can select the di culty
level for the user to tweak the help provided and the level of complexity of the several
activities o ered. ARtis allows users to interact with this kind of content thanks to
the presence of a virtual guide (a friendly avatar) who will accompany and help the
user throughout the visit to the museum and will allow a better and safer exploration
by providing information and support in case of need. Particularly interesting here
are the activities proposed in the form of minigames, such as virtually breaking down
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the artworks as if they were pieces of a puzzle or adding graphic elements to a statue
to allow interaction with it or simulating the restoration of a painting, thus creating
interest in the user about the artwork.

Figure 2.5. Mosoco helping children with autism

Lizbeth Escobedo et al. developed the Mobile Social Compass titled MOSOCO, a
mobile assisting application that uses augmented reality and the visual supports of a
validated curriculum, the Social Compass, to help children with autism practise social
skills in real-life situations. They presented the results of a seven-week deployment
study of MOSOCO in a public school in Southern California with both autistic stu-
dents and neurotypical (NT) students [8]. MOSOCO provided autistic children with
interactive features to encourage them to make eye contact, maintain appropriate
spatial boundaries, reply on conversational initiators, share interests with partners, dis-
engage appropriately at the end of an interaction and identify potential communication
partners. MOSOCO runs on an Android smartphone which is wirelessly connected
to a server. It uses the smartphone's camera to augment a real-life social situation
with visual support mimicking the Social Compass curriculum which augments social
stories using paper-based visual supports. The results of the study demonstrated that
MOSOCO facilitated practicing and learning social skills, increasing both quantity and
guality of social interactions, reducing social and behavioural mistakes, and enabling
the integration of children with autism in social groups of neurotypical children.

2.3 Conversational Agents

Conversational agents are being employed as context-aware guides, a point of reference
and a supporter. This concept has been used in extended reality apps to help end-users
in managing anxiety and frustration while doing daily activities. The majority of
Conversational Agents for children with disabilities are focused on improving language
skills and the identi cation on body language, so their end goals di er from 5A's.
Nevertheless, a comparison was useful to understand better which features would be
implemented in the app and how it compares. The analysis cover examples of three
Agents for people with disabilities and one for non-impaired people. In the end, a
comparison table is presented.

ECHOES is a serious game developed by The Department of Informatics of King's
College of London to help young children with Autism Spectrum to practice and
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