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Sommario

I disturbi del neuro-sviluppo sono un gruppo di patologie che si manifes-
tano nelle prime fasi dello sviluppo di un bambino e che limitano le capacita
personali, cognitive e comunicative di un individuo.

Questa € la categoria dei principali disturbi dei soggetti con cui abbiamo
interagito durante la creazione del nostro progetto. Lo scopo di questa tesi &
di descrivere le fasi di progettazione, implementazione e valutazione di uno
strumento in realta virtuale (nel prima implementazione) e in touch-screen
(aggiunto nella seconda implementazione) il cui obiettivo ¢ quello di ren-
dere possibile lo sviluppo di un livello di autonomia e di autocoscienza nei
soggetti testati riguardante ’educazione alimentare.

Nella realta virtuale, tramite 1’ausilio di un visore e uno smartphone, I'utente
viene immerso in un ambiente tridimensionale rappresentante una cucina
(con un tavolo, un frigorifero e altri oggetti collegati) in cui deve completare
le diverse attivita relative ai minigiochi che compongono il sistema (tre nella
prima versione, quattro nella seconda). Le stesse funzionalita sono disponi-

bili anche nell’implementazione touch-screen dell’applicazione.

Il sistema sviluppato in questa tesi, denominato GEA, é stato progettato
in collaborazione con specialisti in NDD che hanno seguito il processo di

design dei giochi, valutandone I'impatto cognitivo nei pazienti.

La prima versione del prodotto € stata sperimentata all’interno di un pro-
getto europeo il cui obiettivo ¢ quello di valutare 1'usabilita del visore di
realta virtuale e 'efficacia dell’uso della realta virtuale come strumento di
apprendimento, mentre la seconda ¢ stata integrata nel programma terapeu-

tico di quattro centri in uno studio a lungo termine.






Abstract

Neurodevelopmental Disorders (NDD) are a group of pathologies that
can appear in child’s early developmental process, and that can limit per-
sonal, cognitive and communicative capabilities.

This is the category of the main disorders affecting the subjects we have
interacted with during the creation of our project. The purpose of this the-
sis is to describe the design, implementation and evaluation phases of a tool
developed at first only for virtual reality and then also in touch-screen which
goal is to enable the development of a certain level of autonomy and self-
awareness regarding food education in the tested subjects.

In virtual reality, with the support of a headset and a smartphone, the user
is immersed in a tridimensional environment that represents a kitchen (with
a table, a fridge and some other related goods) in which he must complete
different activities related to the mini-games composing the system (three in
the first prototype, four in the second). The same functionalities are avail-

able in the touch-screen implementation of the application.

The system developed in this thesis, named GEA, has been designed with
the collaboration of NDD specialists that have followed the design process of
the games, evaluating the cognitive impact that they could have generated

in patients.

The first prototype of the product will be experimented inside an european
project which aim will be to evaluate the usability of the WIVR headset
and the efficacy of virtual reality as a learning tool, and the second one will
be integrated inside the therapeutic program in a long-term study of four

centers that have collaborated to the project.
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Chapter 1

Introduction

1.1 Neurodevelopmental Disorders

The term neurodevelopmental disorder (NDD) comprehends all the con-
ditions that are caused by a dysfunction of a part of the brain or nervous
system that shows some symptoms in the physical and psychological de-
velopment of the child [1]. The most common diseases are Autism, ASD,
attention de cit and hyperactivity, ADHD, and Down syndrome [2]. Chil-
dren who su er from these syndromes need help in developing cognitive
abilities such as attention and language, social skills such as the ability to
relate to others and personal and domestic autonomy skills.

As for the spread of these diseases, for example the autism, there are no
certain data, but there is agreement on the fact that the phenomenon is
growing. According to the World Health Organization (WHO), ASD a ects
one child in 160 and recent estimates by the Cdc (Center for Disease Control)
indicate that 3 million people are a ected by this disorder in the US and
about 60 million in world [3]. According to estimates gathered by World At-
las, Japan and Great Britain are the countries where autistic disorders occur
more often; in Figure 1.1 is represented the prevalence of autism spectrum
disorder among children in some selected countries worldwide.



1. Introduction

Figure 1.1: Autism di usion by World Atlas

Prader-Willi syndrome

Prader-Willi syndrome is a genetic disorder characterized by hypothalamic-
pituitary anomalies that are associated to hypotonia and poor weight gain
in infancy and the successive insurgence of hypefphagia that could bring to
a state of pathologic obesity. It a ects about 1/25000 newborn.[4]

It has been rst observed that this pathology goes through two main nutri-
tional phases|[5], but a recent collaborative study conducted by the doctors
Cassidy and Miller[6] found that these phases are much more complex and
can be divided into a total of seven phases and sub-phases as showed in
Figure 1.2.

The most critic phase characterized by hyperphagia starts at the age of
about 4 years in which the patient develop an increasing interest in foods
that is accompanied by constant food seeking and a lack of sense of satiety
due to an anomaly in the functioning of the hypothalamus. Food-seeking
in particular, could be very dangerous because patients want constantly to
eat something and often this could bring them to eat also inedible foods,
steal foods or steal money to buy foods and lead to the status of obesity
that could culminate in di erent kinds of complications, also death in severe
cases. So, it is important to try to nd a way to regulate the eating impulse

or to control it externally in order to avoid the worst consequences for the
patient.
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Figure 1.2: Prader-Willi's nutritional phases

1.2 Food problems in people with NDD

Various researches have demonstrated that feeding problem is common
in person with cognitive disabilities such as persons with NDD[7]. The doc-
tors Palmer, Thompson and Linscheid during the 70s reported that almost
the 33% of people with developmental disabilities have also feeding problems
that can be subdivided into a wide variety of symptoms and some of them
can also have severe consequences on the individual health that could, in
most serious cases, bring also to death. There are numerous types of eat-
ing disorders that have been observed among mentally disabled people, but
Sisson and Van Hasselt[8] proposed a list of four main categories:

Lack of independency skills
Disruptive behaviour

Eating too much or too little
Selectivity

However, these categories do not consider all the observed cases. In fact,
Matson and Bamburg[9] found that 9-25% of people a ected by mental dis-
abilities engage in Pica. According to the de nition, Pica is "an abnormal
desire to eat substances (such as chalk or ashes) not normally eaten" and this
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rises a lot the risk of poisoning. There're also a lot of individuals that are
food selective either by type, texture, temperature or feeder and this rises
the risk of malnutrition, obesity and hospitalization is the only solution in
some cases (some individuals may have the need for feeding tubes).

1.3 General approach

Technology is a great opportunity in educational eld, where it is demon-
strated that the so called "stealth learning” (i.e. the help of technologies in
educational scope) [10] is a solution to create a greater emotional involve-
ment and that has as a consequence the ability to increase learner's learning
opportunities. In our speci c case, stealth learning is suitable for the treat-
ment of patients a ected by mental disabilities to develop their cognitive,
emotional and intellectual skills. Games are already widely used in thera-
peutic scope, due to the natural attraction people feel about this kind of
activities.

More recently, some experiences have demonstrated that the use of games in
educational scope is something very successful [11], due to di erent aspects:

People with NDD are usually really attracted by technological devices
and technological gaming experience, and this could be exploited to
teach important lessons about various kind of things related to every-
day life such as autonomy (eg in food education area).

Virtual reality can be seen as a good candidate in the treatment of
this kind of people, because it leads to a more focused activity in a
simpli ed real-life context in which patients can improve their skills
and then apply them to real life situations. Dr. Dorothy Strickland,
Department of Computer Science of North Carolina State University,
in her treatise on the study of a virtual reality (VR) application for
autistic children [12], states that among the great bene ts that can be
found are: control on input stimuli, small changes to reach a general-
ization, safe learning situations, personalized treatment and learning
with minimal human interference. In recent years there has been an
increase in interest in the use of VR especially in the eld of NDDs, for
example in the articles by Dott. Yufang in [13] and Dott.ssa Garzotto
in [14], and, as stated by Dott.ssa Strickland in [15], both the strength
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and limitations of Virtual Reality seem to adapt good to the needs
that the learning tools for this type of disability require.

1.4 Research process and thesis structure

The development of our application started from the co-design process
and early design phase that took place at the beginning of our project de-
velopment until the last evaluation phase.

Our project has been developed in two subsequent prototypes that tried to
consider all the suggestions and all the requests received from those who
played with it and from people expert in the eld.

The two evaluation phases had a di erent objective in mind: the rst was
more concerned with the virtual reality headset usability and how much the
game was liked, the second one, on the other hand, was going to evaluate
the learning e ectiveness of the tool and the di erence of e cacy between
touch-screen and virtual reality.

However the ow of events that characterized the development of this project
can be summarized as represented in gure 1.3:

Figure 1.3: Project's ow

The thesis is organized as follows:

Chapter 2 This chapter is about the description of technologies used to
develop GEA so Virtual Reality and Touch screen with their related
devices. At the end we focus on the presentation of Co-Design that we
apply at the beginning for the rst prototype of GEA.

Chapter 3 In this section we show examples of modern technologies de-
veloped for NDD people, followed by already proposed projects about
food education and food allergies. After that we shown some possible
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methods of validations that we use to planning our personal validation
phases.

Chapter 4 Here we describe how we elicitate the requirements, which are
our target groups, context, needs, constraints, goals. After that we
show the UX design with description of all the app's pages and re-
spective screenshot and ow diagram. Finally, we brie y describe the
implementation overview.

Chapter 5 This section is dedicated to the rst evaluation phase that was
conducted inside a bigger project about TWB platform. It is divided
into two main sections: data and results related with therapists and
data and results related with patients, all involved into the experimen-
tation.

Chapter 6 Chapter 6 is related to all the modi cations and adjustments
coming from the results of the rst evaluation (Chapter 5). The new
developed prototype is the result of these modi cations plus the im-
plementation of the tablet version of the already existing games and
the addition of a fourth game.

Chapter 7 Here is described the evaluation that was done for testing the
second prototype (Chapter 6). In particular we have divided the group
selected with a pre-test into two sub-groups, one that uses the VR
mode and the other that uses the touch screen mode to compare the
technologies.

Chapter 8 This chapter sums up the contributions of this thesis from a
technological, engineering and design perspective.

At the end of the thesis, three appendices illustrate the questionnaires used
during the evaluation phases and during the requirements elicitation phase.



Chapter 2

State of the art

2.1 Virtual Reality

"Virtual Reality is electronic simulations of environments experienced
via head mounted eye goggles and wired clothing enabling the end user to
interact in realistic three-dimensional situations." (Coates, 1992)

It can be de ned using three variables: vividness, richness of an environ-
ments representation, and interactivity, extend to which a user can modify
form and content of a mediated environment. The vividness is composed
by sensory breadth, which refers to the number of sensory dimensions si-
multaneously presented, and sensory depth, which refers to the resolution
within each of these perceptual channels; the interactivity instead is formed
by speed, which refers to the rate at which input can be assimilated into the
mediated environment, range, which refers to the number of possibilities for
action at any given time and mapping, which refers to the ability of a system
to map its controls to changes in the mediated environment in a natural and
predictable manner [16].

All of them, combined together, in uence the telepresence that refers to
a set of technologies which allow a user to feel as if he was present at a
place di erent from his true location. So a "virtual reality" is de ned as a
real or simulated environment in which a perceiver experiences telepresence
[17]. In Figure 2.1 is reported a schema to summarize what was just exposed.
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Figure 2.1. Telepresence in uencing variables

We focus our project on Wearable Immersive Virtual Reality (WIVR).
Immersive is the term that refers to the degree to which a virtual environ-
ment submerges the perceptual system of the user in computer-generated
stimuli. The more the system captivates the sense and blocks out stimuli
from the physical world the more the system is considered immersive.[18]
Wearable indicates that the virtual environment is displayed in specialized
small screen: we use a binocular head mounted displays (HMD) which al-
lows to reach a fully immersive experience as we can see from the taxonomy
by Muhanna [19] reported in Figure 2.2.

The classi cation is based onto two factors: the rst factor is the type of
technology used in building the system and the second one is the level of
mental immersion. Systems that do not use hardware facilities in order to
experience the virtual reality system are said to be 'Basic' virtual reality
systems, divided into hand-based virtual reality systems such as cell phones,
personal digital assistants, ultra mobile computers or portable game con-
soles and monitor-based virtual reality systems such as desktop computers
displaying three-dimensional graphics on monitors, otherwise are said to be
'‘Enhanced’ virtual reality systems. In the proposed taxonomy there are
three levels of mental immersion: the lowest level of immersion is that seen
in basic virtual reality systems, an higher level of immersion is partially
immersive virtual reality, like in monocular head-based systems or wall pro-
jectors, and lastly the highest level of immersion is fully immersive virtual
reality.
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Figure 2.2: Virtual Reality taxonomy

The HMD "trick" our brain using the principle of stereoscopic vision to
simulate the perception of depth and to create 3D images and spaces, the
VR has to generate two di erent images one for each eyes. The lenses of
the visor augments the eyes in such a way we can converge the two scenes
to obtain only one but that seems to be in the 3 dimensions space. We can
see an example of that in Figure 2.3: on the left there are the two images
created by the VR application and on the right the 3D image that we can
see using HMD. Finally it can track the head movement so when we move
it the space updates.

Figure 2.3: Stereoscopic image and the correspondent 3D image

Nowadays HMD are very popular and the costs are in a very big range
from a cheap one, like Google Cardboard [20], to a more expensive one, like
Samsung Gear VR [21], so the VR is for everyone. VR is also used in a lot
of di erent areas as it can be seen in Figure 2.4 representing the investments
in the 2015 taken from Digi-Capital [22], an AR/VR/XR adviser that o ers
reports and analytics platform.
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Figure 2.4: Virtual Reality investments sectors

The great bene ts of using Virtual Reality in an educational and reha-
bilitation context are now recognized worldwide and proved through various
comparative tests between rehabilitation with the use of new technologies
and rehabilitation with the use of classical methods [23], [24], [25]. In [26]
a review is carried out on recent literature to support and demonstrate the
e ectiveness of the use of VR with autistic children and in [27] the e ects
of a virtual reality game are analyzed to demonstrate the increase in social
and emotional activities on a sample of 30 children between 7 and 16 years
who su er from ASD.

A research conducted inside Zhejiang university [28] demonstrate the vir-
tual reality e ectiveness in learning eld as a mean to enhance, motivate
and stimulate learners' understanding of certain events. The main advan-
tage given by this kind of approach is that users are happy to learn in virtual
reality environment by playing. It also helps to improve the users' ability
to analyze problems and explore new concepts and can be used to create a
sharable virtual learning space to enhance collaborative learning.

The experiment conducted by psychologists Tang and Yan [29] by study-
ing on a survey of 68 students that have taken part to a distance-learning
course, nds out that users characteristics such as their e cacy and attitude
towards virtual learning environment are due to the actual e ectiveness of
virtual reality.

For the development of our application an approach that uses Wearable Im-
mersive Virtual Reality (WIVR) has been preferred since the possibility of
a complete immersion in the environment and the removal of many distrac-

10
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tions are the basis of an e ective therapy. The user is in a world similar to
the real one but safer as there is nothing that can hinder his learning and
is reduced to the minimum the "fear" of making mistakes: it is as if the
person could "train” the daily life so you can be ready and not catapulted
into a world di cult for him. The use of the viewer also allows to main-
tain a greater level of concentration because the player does not distract
looking elsewhere or perceive the looks and reactions of those around, the
only source of disturbance will then be sound. Once, this type of games was
not accessible to everyone because of the costs of the technology and the
problems that have been encountered in using it, such as a sense of nausea
as suited by the United States Army in [30], but nowadays many steps have
been taken and viewers, as well as virtual reality itself, are within everyone's
reach.

Regarding the technology of Virtual Reality viewers, HMDs, now on the
market there is a clear division between two currents: embedded viewers,
such as HTC Vive Pro, [31], and Microsoft Oculus Rift, [32], and modular
viewers, such as Google Cardboard, [20], and Samsung Gear VR, [21].

HTC Vive Pro

Figure 2.5: HTC Vive Pro

HTC Vive Pro (Figure 2.5) is an advanced virtual reality headset devel-
oped by HTC and Valve Corporation. The Vive Pro uses two screens, one
per eye, each having a display resolution of 1440x1660. The displays are
made of AMOLED technology, having a refresh rate of 90 Hz (90 frames per
second). The device uses these sensors: SteamVr Tracking, G-Sensor, gyro-
scope, proximity and IPD sensor. It uses optimized ergonomics and lenses

11
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with 110 degrees. But it has a very high cost: 879 euro only the visor and
1399 euro the complete pack (from the o cial store).

Microsoft Oculus Rift

Figure 2.6: Microsoft Oculus Rift

Microsoft Oculus Rift (Figure 2.6) is the newest virtual reality headset
developed by Microsoft. The Oculus Rift uses two screens, one per eye,
each having a display resolution of 1200 x 1080. The display refresh rate
is 90Hz (90 frame per seconds) and the orientation sensors are: gyroscope,
accelerometer, magnetometer. As audio it uses on-ear headphones (detach-
able) and built-in microphone. It has a proximity sensor and a replaceable
facial interface. But it has a medium cost: 399 euro (from the o cial store).

Google Cardboard

Figure 2.7: Google Cardboard

Google Cardboard (Figure 2.7) is composed of two biconvex lenses mounted
on a plastic or cardboard frame available in di erent colors and shapes. The
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smartphone placed inside this structure shows the visual contents, subdivid-
ing them into two-dimensional images with two identical dimensions, and
the interaction is obtained through the focused gaze. The user can navigate
the virtual world by rotating his head which will consequently rotate the
virtual scene projected on the display.

Samsung Gear VR

Figure 2.8: Samsung Gear VR

Samsung Gear VR (Figure 2.8) is still a modular HMD, produced by
Samsung and Oculus VR. It is light weighted and with a good quality of
materials, it has accelerometer, gyroscope and proximity Sensor but we can
use it only with Samsung smartphones with speci ¢ characteristics. It costs
more than Cardboard but it is not so expensive.

During the implementation and testing phases of our application we de-
cided to use the modular visor as it turns out to be the most economical
choice on the market and the nancial factor is of great importance since
the game is designed to be integrated into existing and widely adopted in
therapeutic programs.

2.2 Touch screen

Touch screen technology exists for a longer time one could imagine. The
rst touch screen device in fact was a radar built in capacitive way and
dates back to around 1966. Its invention is due to E. A. Johnson [33] and it
works using a sheet of conductive, transparent material with a small current
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owing on it. The central computer computes the current at each of the
four corners, and when an objects touches the screen, a capacitor is formed
between it and the platform and measuring again, the current on the corners
the computer is able to approximately compute the point in which there was
the touch.

At rst this technology was abandoned, then in the rst 2000s it was used
on BlackBerry devices, but the major explosion of touch screen devices is in
the 2007, when Apple releases the rst iPhone [34].

From that point on, touch screen devices become increasingly used (as we
can see from the Figure 2.9 related to phones) and they have had an explosive
growth due to their main characteristic: the human computer interaction.
This interaction could be exploited by the fact that the user could touch
directly what he wants without recurring to a third element (like a mouse)
and this is particularly appealing because it makes the interaction more in-
tuitive and allows a better usability of the system that is one of the main
reasons of the success of this kind of devices. Moreover this improved us-
ability will result in a easier training of people that learns faster and better
with reduced costs due to the fact that this technology has grown a lot in
recent years and it is no longer excessively expensive and resource-hungry
[35].

Figure 2.9: Evolution of touch screen

The massive evolution of these devices has strongly in uenced humans
way of life. The amount of time a person spend on internet or on electronic
devices in general is something that continues to grow every year. From a
general point of view this is surely not a good thing because it has a large
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number of consequences that we have to take care of. In Figure 2.10 we can
see that the time spent by children in playing with touch screen is greater
than other games like puzzles or board game.

Figure 2.10: Time spent by children at playing games

Despite this kind of behaviour is largely criticized and not recommended
by doctors and psychologists, the experiment conducted by the doctors B.
Huber, J. Tarasuik, M.N. Antoniou, C. Garrett, S.J. Bowe and J. Kaufman
[36] demonstrated that people could learn from touch screen educational
games and apply this knowledge on physical problems. In fact there are
a lot of applications thought for this purpose that help people to develop
memory, problem-solving and executive functioning skills that could then be
applied to real-world problems. The experiment, focused on young subjects,
shows substantially that there's no di erence in learning for children that
use real objects from those who learn only on touch screen application. In
particular, as observed by M.J. Mayo [37], games could involve people more
easily due to the presence of images, animations and sounds. Moreover,
they're particularly adapt at dosing information delivery. On a touch screen
application it is easy to complicate things and to add visual elements as the
di culty increases, while maintaining the focus on a small area that avoid
extraneous distractions, so these educational games seems to be e ective in
enhancing motivation and increasing people interest in subject matter that
leads to more e ective learning [38].
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2.3 Modern technologies for NDD people

All the new existing technologies are now helping therapists and families
to deal with neurological disabilities. In fact, in addition to virtual reality,
smart objects, multisensor environments or smart spaces and conversational
agents are used.

Smart objects are devices that can interact not only with the user but also
with other similar devices and with the surrounding environment. Physi-
cal world can be described in terms of three properties [39]: awareness (is a
smart object to be able to understand events and human activities occurring
in the physical world), representation (refers to a smart object's application
and programming model) and interaction (denotes the object's ability to
converse with the user in terms of input, output, control, and feedback).
Examples are Dolphin Sam [40] (on the left in Figure 2.11) and Huggable
[41].

Smart spaces or multisensor environments are rooms in which children can
play or interact in a controlled way because they are equipped with techno-
logical items like cameras, smart objects, leds and projectors.

Examples are Magic K room (on the right in Figure 2.11) e M4All [42].
Conversational agents are devices that can communicate with the user in
a manner consistent with what is required: an interaction of the user is
answered by the agent who must be with sense.

Figure 2.11: Dolphin Sam and Magic K Room

2.4 Co-Design with NDD people

Over the past six decades, designer have been moving increasingly closer
to the future users of what they design. In particular, design is becoming
something that is more and more related to what the user needs, this imply
the necessity of the collaboration between the experts in eld (designers)
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and the nal users (that are usually not experts) leading to what is now
called co-design process.

The historic user-centered approach, in which designers thought as the user
as nal objective of their studies, but considered him as a passive entity,
have been gradually substituted by the co-design process since the 1970s
[43] because people have been giving more importance to activities in which
their opinion is required (Figure 2.12).

Figure 2.12: Classical approach vs codesign approach

In the classical approach in fact, as we can see in the image above, there
were di erent entities that collaborates to the nal design of the product,
but the user was considered a passive object of study: researches brings
knowledge from theory and developed some more through the observation
and interviews. Designer then apply this knowledge to conceptualize the
nal product. In co-creation approach, on the other hand, the roles get
mixed-up: the user is involved as "expert of his/her experience" and plays
a large role in the knowledge development idea generation and concept de-
velopment [44].
In the eld of NDD, this could lead to multiple bene ts: in particular, the
target user perspective is taken into account since the early design phase
and this allow to create something ad-hoc for this kind of people (for exam-
ple the usage of simple words in explanations, the usage of certain kind of
graphic stu s and so on) and for the participants point of view, this could
lead to a greater self-awareness and a more positive social behaviour.
Co-design is an approach to design which aim is to involve the nal users
as active stakeholders and not just as targets or entity of study that tries
to guarantee that the nal product will meet their needs and that it will be
usable. This approach is focused on processes and procedures of design but
it is not a proper design style.
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Recent studies [45] have proven how designers that works in a co-design fash-
ion creates more innovative products, concepts and idea rather than working
on their own and it is clear how the participation of the nal users in all the
product design phase raise the importance of their opinion that previously
were considered only in testing phase.

In co-design, participants are invited to cooperate with designer in di erent
stages of the product design, from the very starting point in which there's
idea discussion, where the participants could increase the domain knowledge
of the problem (for example if a product will be designed for a certain kind
of target, the participation of user belonging to that category will be of great
help to understand pro and cons of each idea), during the development in
which they evaluate proposed solution, until the nal product e ective re-
lease. Marteen Pieters, Head of Co-creation & People Insight[46], describes
co-design as a part of the complete co-creation process that refers to the
"transparent process of value creation in ongoing, productive collaboration
with, and supported by all relevant parties, with end-users playing a central
role" and covers all stages of a development process.

The approach of co-design was actually born in Scandinavia in the 1970s and
at the beginning was called "cooperative design" even if, as the US commu-
nity which the method was presented to noticed, initially it was something
that create a separation between the managers and workers because there
weren't sessions that include them both and in which they could discuss
and compare their ideas but there were separate meeting without a direct
cooperation.

Later they understood the importance of previous experience to give the
product design something more that allows the reach of major achievement
with methods developed through the focus on hands-on experience. Co-
design is often used by trained designers who recognize the di culty in
properly understanding the cultural, societal, or usage scenarios encoun-
tered by their user. As Prahalad and Venkat recognized in their book [47]
"The meaning of value and the process of value creation are rapidly shifting
from a product and rm-centric view to personalized consumer experiences.
Informed, networked, empowered and active consumers are increasingly co-
creating value with the rm" and we can see how in the last years the
importance of co-design has reached di erent design elds, in particular the
mobile app development.

Technology is increasingly being seen as a bene cial support in the treat-
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ment of people with NDD disabilities, for example computers have a number
of features very attractive for children with ASD, such as the possibility to
repeat tasks and easily correct errors as pointed out by the National Autistic
Society [48]. The possibility to involve the nal users into the design process
of the applications that will be then used by them could be of great help for
the success of the applications themselves.

Malinverni et al. [49] demonstrate in their study with children with special
needs that co-design activities, if correctly planned, can lead to the devel-
opment of a sense of empowerment and competence, both of which re ect
a general bene cial e ect on the individual, that can derive satisfaction or
fun from a useful activity and, at the same time, actually feel the usefulness
of his/her contribution.

This approach can often present challenges related with properly de ning
the role that these children can assume in the design process. The involve-
ment of children a ected by disabilities as informants has been reported by
several authors such as Frauenberger and all in [50], Keay-Bright in [51] and
Millen and all [52], which propose di erent methods. They vary from e orts

to get feedback about design choices, to the analysis of their preference, the
creation of scenarios or the observation of their behavior. The incorporation
of these methods permits integrating children's contributions directly into
the initial design stages, allowing a deeper in uence on the de nition of the
nal product.

The main di culty is related to the heterogeneity of the participants, with
respect to their ages and the degree of their conditions. Benton and all
in [53] provide designers with a framework that guides them in adapting
co-design to account for neurodiversity. Based on the degree and type of
disorders, strengths and di culties can be isolated: the co-design activity
can consequently be shaped around the detailed pro le of the participants, in
order to leverage on their strong assets and to avoid discouraging them with
tasks in which they struggle more. It often occurs that participants show
an extreme attention towards details and precision, along with remarkable
talent in some very specic area of their interest, and these features can
bring much value to the nal design [50].

More practical experiences [49] in the context of co-design with people with
disabilities have highlighted some aspects that may in uence the e ective-
ness of the process concretely like:

The importance of having a regular scheme de ned for all the sessions:
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using a xed general structure often helps creating a sense of continuity
for the group. It is also suggested by studies mentioning the positive
e ects of routine elements as introductory recaps and scheduled task
checking, for example [53].

Temporal proximity of the sessions: helps maintaining the process ef-
cacy, as the participants may nd it hard to remember the progresses
made over long time periods, depending on the degree of their condi-
tions.

During practical co-design sessions, the fundamental role of previous knowl-
edge of the participants is evident: studies have proven that previous knowl-
edge on both the subject of the design process and the logic behind the
designed elements may have a direct impact on the improvement of the
participants' contributions to the nal design [49]. For this reason, it is
important to consider the possible need to include familiarization sessions
in the design process: this is especially required when the object of the de-
sign process is technology, as the participants may not be familiar to the
type of devices they will use during the design sessions, like for example
VR instruments. Lack of familiarity may induce either over-stimulation due

to the novelty of the situation or fear and general uneasiness; needless to
say, both conditions are to be avoided, as they are usually harmful to both
the process, the individual and the group. The next factor to consider is
the integration of the participants' social background as a whole: families,
tutors and educators are included in the process directly, in order to take
full advantage of the existing relationships between them and the partici-
pants. The key idea of focusing the design work on the involved subjects’
strengths as opposed to their di culties is also central in Benton et al. [53],
whose research outlines a exible framework, adaptable according to the
individual participants' pro les in order to simultaneously exploit the multi-

ple strong characteristics exposed by neurodiversity and reduce the attrition
posed by obvious di culties. The overall framework proposed by the study
focuses on the key concepts of understanding neurodiverse cultures as di er-
ent structures for thinking and behaving, with associated strong assets and
weaknesses; and tailoring the activities to the individuals, as to account for
their unique and distinctive characteristics.
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2.5 Projects about food education

In the specic eld of food education, we could nd dierent kinds of
game developed for touch screen devices. In particular one example is the
Food pyramid game developed by the Colorado State University [54] as a
game to teach children what are the ve main food groups and how to apply
this knowledge to plan meal and snacks in order to increase their self-e cacy.
This game is composed by various challenges regarding the food pyramid,
and the researches has concluded that a game composed with a challenge is
more e ective that one based on a storyline.

Important companies are committed every year to the promotion and de-
velopment of interactive educational games for children in this eld both for
school and for home. Nestle is an example with the project "Nutrikid", [20],
prepared with advice Scientic Committee of the NFI, Nutrition Founda-
tion of Italy. As they read from their website "The Nutrition Foundation of
Italy, was constituted legally as a non-pro t association in December 1976,
with the aim of activating interactions and collaborations with government
bodies, universities and industry to contribute the development of scienti ¢
research, the exchange of information in the eld of nutrition and the pro-
motion of interdisciplinary research in this eld.", [55], for this reason we
have drawn great inspiration from it during the development of our applica-
tion. Other projects in this eld are continually promoted by the FEI, Food
Education Italy, a foundation of accredited participation at the Ministry of
Education, University Research, which lives on voluntary contributions and
is involved in helping schools and teachers to develop their role of food ed-
ucators, [56].

On the website of healthy eating [57] we can nd other kind of games related
to food education developed for personal computer. One of them "My plate
match game" (Figure 2.13) teaches the user to characterize the dierent
kinds of food in a correct diet and how much of every food is needed daily.
The objective of this game can be divided into three mini goals:

1. Fill the plate with di erent colored shapes related to di erent kinds of
food, this is quite trivial, because it is easy to understand where to put
the shapes. At the end, the user could read some explanations about
a speci ¢ food by putting the cursor on the shapes.

2. This second mini goal is more related to the association food-group.
There are various foods and the user must put them in their correct
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food group.

3. The last goal requires to insert a lot of physical activities in a clock
until it reaches a total of one hour.

Figure 2.13: My plate match game

The main disadvantage of this game is that it has not a proper feedback,
because it will continue until all the goals are reached correctly (there's not
error counting).

On the same website there is also another game speci cally designed for
healthy breakfast, "Power up your breakfast": this game is similar to the
previous one, at the beginning the user must answer to some question re-
garding the importance of breakfast. The last game we have found is "My
very own pizza" that allow the user to build a customized pizza without a
true objective (the user could insert all the ingredients he wants). However,
sur ng on the internet we have seen that games related to food education
in general are quite common, another example we have found is Nourish
interactive website [58] that contains a huge amount of games with the food
theme.

Contrary to what we have seen for food education in general, it is not easy
to nd previous digital works about the speci c eld of food allergies. It is
possible to nd, as applications, on the App Store and Play Store, only two
games in this eld and both of them are in English: they are "Wizdy Diner"
[59] and "Allergy Reality" [60] developed with touch screen technology and
for PC.

Most of the works, in fact, are paper games based on previous explanations
or in-game explanations. The only digital games we have found are on "My

22



2.5. Projects about food education

kids food allergies" website [61] in the arcade section, however most of the
games we have tried does not work, only 3 out of 8 titles can be played.
"Supermarket search" (Figure 2.14) is the rst game we have played with:
when the game starts, three characters are presented, the user must choose
one of them and each one has two kinds of food allergies. The chosen char-
acter asks the player to help him/her to buy some things at the supermarket
related to the preparation of a speci c recipe. The player must choose among
two di erent choices (the foods alternative could be allergens or things that
are not related to the recipe) and the game is completed after ve steps.

Figure 2.14: Supermarket search

Again, also in this game there's no a proper error feedback, because the
user could make a mistake a lot of times and the game only incite him
to change the answer. The second game we have tried is "Food allergy
bubble games" (Figure 2.15) in which the user must choose one allergen
among seven choices and when the game has started, the user must break
the bubbles that contains that speci c allergen, by moving a nose that has
a needle. It is di cult to choose only the allergens because the bubbles are
too much near each other and it's possible to make only three errors.
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Figure 2.15: Food allergy bubble games

The last working game is based on a memory in which the user must
associate the correct image to the word that represents its name, this can
be useful to associate a speci c allergen to its iconic representation on food
boxes.

All the other paper games are more related to symptoms of allergies, to their
spelling and their consequences.

2.6 VR projects experimentation

Virtual reality technology has had a great evolution in the last 50 years
from the Sensorama device, created in 1962 to give an immersive experience
watching a Im, until the actual devices that still do not create a complete
sensory immersion yet [18].

However, a lot of applications of this technology has been done in the years
and to verify their e cacy and e ciency there have been made a lot of ex-
periments in this eld. [62] [63] [64]

In the rst study, the experimentation conducted by the researcher Chien-
Yu Lin [62], 21 students a ected by di erent disabilities have tried an ap-
plication composed of 6 games with the aim of developing their geometry
understanding. The results are quite good, in fact it has been demonstrated
how the repeated use of the application improve their learning because the
success rate increased. (Experiment number 1 in Table 2.1)

In the second experimentation, conducted by the lecturer Meir Lotan [63],
a group of 44 adults (divided into two groups) a ected by di erent kinds
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of IDD have tried a virtual reality application with the aim of supporting

their physical tness, however, the results were not statistically signi cant.
(Experiment number 2 in Table 2.1)
In the last example, the therapists leaded by Shira Yalon-Chamovitz [64], 32
participants (again, divided into two groups) a ected by di erent ID and se-
vere cerebral palsy, tested a virtual reality application that simulates leisure

experiences and answered to a questionnaire to measure success and enjoy-
ment. (Experiment number 3 in Table 2.1)
The Table 2.1 summaries the parameters that were measured during the

tests.
Num. Ex- Num. Num. P ¢
periment Patients Groups arameters
~Success rate
1 21 1 Questionnaire application's
liking
Changes in physical tness
2 44 2 were monitored by changes
in heart rate
Enjoyment during the game
3 32 2 Success at playing it

Pro and cons feelings

Table 2.1: Validation's parameters recap
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Chapter 3
First prototype: design

We decided to give the name GEA to our application mainly for two
reasons. The rst one is that Gea, in the Greek mythology, was the per-
soni cation of the Earth, the mother of all life so she is also the symbol of
the nature and that recalls the nutrition's topic. The second reason is that
GEA, in lItalian, is the acronym of "Gioco Educazione Alimentare", which
translated is "Food Education Game", in this way in the title contains di-
rectly the objective's explanation.

We have also designed a mascotte representing a cook as a symbol par ex-
cellence of the food eld and to make easily understandable for users what
is the subject to which the game refers (Figure 3.1).

Figure 3.1: GEA logo and mascotte
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3.1 Why Co-Design?

The importance of our target (persons with NDD) and the great impact
of the application's subject led us to decide to go through a co-design process
which have involved both the nal users and the therapists.

The starting point of our research were the kind of activities done in food
education laboratory: in the rst meeting we have observed how these ac-
tivities are performed and then we have discussed with patients about these
activities to hear their opinion and their engagement on them.

Then we have proposed our idea to create a virtual reality game based on
the learning process provided by those activities that would have been used
as a test to verify how much the patients have understood and assimilated
the concepts.

These concepts have an important role in everyday life because they are
related to self-awareness and autonomy in preparing and eating foods that
some patients did not have initially and they have to improve their skills on
them.

The patients have collaborated actively and with a lot of enthusiasm so we
have decided to create a rst abstract prototype of the application (with
mock-ups and conceptual functioning).

In the second meeting we have rst exposed our ideas about the three ini-
tial mini-games our system was composed of to the therapist that evaluated
their coherence with the food laboratory and their adequacy to the target
end user it was thought for.

We understood the kind of di culty required for the game also regarding
the kind of interaction the game might have had, so we made arrangements
coherently in our rst idea, for example we have been informed that not all
the users could read and that the presence of a lot of explanation was not
useful for the game purpose, so we have thought how to improve the nal
usefulness of the game.

3.2 Co-Design context

GEA's context of use is predominantly a room in a specialized center
during food education activities with the presence of a therapist. It can
also be used at home, preferably with the presence of someone who can ex-
plain the mistakes made. Finally it could be used in schools for post-lesson

28



3.3. Requirements elicitation process

learning exercises and tests. During the co-design sessions of our project we
collaborated with Fraternitd & Amicizia .

Fraternitd & Amicizia (F&A) is a no-pro t association in Milan that works
with disabled people of di erent ages. They often work with persons with
light cognitive de cit, people that apparently do not have serious problems,
but that su er discomfort to be disabled and tend to isolate themselves
avoiding contacts and discussions with peers. They have many di culties
to nd a job, to integrate in the society and to build their future but it is
important to help them in reaching these goals, giving them the dignity they
deserve. F&A supports disabled people, with the aim to empower, main-
tain, rehabilitate or qualify psycho-operative competences or motor, manual
and cognitive functions, without neglecting each person's past and the indi-
vidual, relational and social aspects of every patient. Therefore, in parallel
with traditional learning, the association promotes activities able to stim-
ulate each individual's emotional world through verbal, painting, graphical
and musical channels to help these people build their own personalities [65].
We had some meetings with psychologists, therapists and experts that col-
laborate with the center Fraternita & Amicizia in helping people with NDD.
WIVR was already a well-known technology, thanks to a past cooperation
between F&A and Politecnico di Milano. WIVR games were powerful ex-
periences for patients with NDD, challenging their cognitive abilities in a
positive way. Through a continuous exercise in the virtual environment
with everyday life activities and situations, the subjects can learn to exe-
cute in autonomy tasks that are considered "normal” for most of us, such as
taking a bus or tying their shoes, but that can be di cult for the speci ed
target. Moreover, the acquired knowledge can improve also related capabil-
ities, like social capabilities. In a context where integration with peers is
complex, being able to carry out everyday life activities can generate more
self-awareness and encourage the individual to establish social interactions
with other people.

3.3 Requirements elicitation process

The requirements, needs and goals for GEA were collected through meet-
ings with psychologists and experts in the eld of NDD of the centeFrater-
nitd & Amicizia Onlus in Milan whom we collaborated with starting from
the general idea up to the actual development. We took part in some food
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laboratory activities organized in the aforementioned therapeutic center with
patients with high functioning NDD to better contextualize and de ne the
themes of the educational game. All the questions, answers and related data
about these meetings are reported in details in Appendix A.

In Figure 3.2 there are some photos taken during the last meeting kindly
granted by the center Fraternitd & Amicizia.

Figure 3.2: Photos taken during the tests

3.4 Main target groups

Our system is designed to be easily used by di erent kinds of users that
must have a little bit of knowledge about nutrition, like for example the
food pyramid. There are three main categories of stakeholders involved in
our application:

The rst group is composed by patients with NDD because they can
have great bene ts in using it. The application doesn't have a target
age for this group, but it is important to note that during our conver-
sations with therapists, it emerged that WIVR experiences and social
experiences are usually proposed to people with mild to low NDDs. It
can also be used by people not a ected by this syndrome but it can
result "simple".

In the second group there are therapists, in hospitals or organizations,
educators and all the other people that have to teach food education
to NDD people. They can integrate their lessons with a game session
using GEA to improve understanding and have a feedback on people's
knowledge so it can be used in specialized centers or schools but also
at home because only few technological instruments and not very high
capabilities in computer science are needed.

The third group encloses developers, managers, researchers, designers,
VR companies and all the people that can be a ected by GEA di usion
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and results.

We took part in some food laboratory activities organized in the aforemen-
tioned therapeutic center with patients with high functioning NDD to better
contextualize and de ne the themes of the educational game.

3.5 Needs, constraints, goals and requirements

The need our application tries to satisfy, is a necessary development of
personal and domestic autonomy in the eld of nutrition: therefore to in-
crease the ability to establish independently which foods are correct to eat,
in how many doses and at which meals of the day.

The proposed application should be able to execute on simple and for ev-
eryone WIVR devices, such as smartphones. This constraint is necessary
since the application is meant to be used not only in therapeutic centers but
also in di erent contexts, such as at home where there could be economic
di culties or not very high interest in sophisticated technologies. So, if we
want a large di usion of GEA we must develop it for the most common and
popular device. We asked also which type of di culty they reaches because
we didn't want to make a game too easy or too di cult for their capabilities
and knowledge, and which are the most di cult issues they found during
the laboratory to focus more on them than to something else on which they
seem to be familiar.

It is important that the application should be usable and customizable by
people with a poor, or maybe absent, knowledge about Virtual Reality appli-
cations so great ease of use is another constraint. After that it is important
the presence of internet connection due to the fact that the application must
load from a database the dynamic contents like foods and di culties. Fi-
nally we try to have as low power consumption as possible because we want
the user to be able to do a lot of games without stop due to the battery level.

The main goal of GEA project is to create an application that can teach
to people with NDD food education through an experience of interactive
game.

Others goals :

Goal 1: The system must be able to customize the contents of the
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application by allowing to have dierent levels of diculty for each
mini-game based on the type of food shown.

Goal 2: The system must be able to reproduce the contents of the
food laboratory without exiting from the context or having di erent
objectives.

Goal 3. The system must be simple, avoiding elements that can dis-
tract the user, and understandable by all the players.

Goal 4: The system must be able to give a feedback about the answer
given each time, saying if it is correct or not.

Goal 5: The system must be able to reproduce what the user is doing
on another surface in such a way that the therapist can monitor all
the session.

After the meetings with therapists and patients and after analyzing what
they reported to be the key issues and the peculiarities in working with NDD
patients, we elicited several requirements for our application that must be
satis ed in its design and implementation. From an high-level point of view,
the requirements for GEA can be summarized as follows:
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Requirement 1: Customization

The therapist must be able to set a level of diculty in the game
based on the child's skills so as to adapt the game to his/her level of
knowledge and then gradually increase the di culty.

Requirement 2: Inherent contents

The contents of the game must be inherent and re ect those used
during the food laboratory work-shops. For this reason, the developed
games should be based on the food pyramid, on the recognition of
healthy foods and on the ability to associate dishes and meals.

Requirement 3: Simple virtual environment

Because of the various disabilities a ecting the users, particular atten-
tion to the visualized graphics should be kept: the environment should
contain only elements essential for the specic task and cold colors
should be avoided, as well as unexpected or ashing animations, as
they could trigger negative reactions in the users.
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Requirement 4: Visual explanations

The possible users of the game di er in age and severity of disability,
so there is the possibility that not everyone can read. For this reason,
each task must include visual explanations about the goal of the game
and how to complete it.

Requirement 5: Importance of Feedback

Every user's action during the game must receive the right feedback.
Giving a positive feedback when the right action is accomplished and
a negative one when a mistake is made helps to maintain the patients’
attention span and their engagement in the game. This is done by
showing the mascotte's happy face in case of correct answer or a sad
one in case of bad answer.

Requirement 6: Session monitoring

The therapist must always keep under control what the patient is doing

during the game experience, in order to follow his/her improvements
and di culties and to be able to provide the necessary explanations.

This is done by using an external hardware, like for example Google
Chromecast, or by transmitting the display using a speci c app.

In Table 3.1 is reported the relationship between each requirement and its
speci ¢ goal.

REQUIREMENT ! GOAL
Requirement 1! Goal 1
Requirement 2! Goal 2
Requirement 3! Goal 3
Requirement 4! Goal 3
Requirement 5! Goal 4
Requirement 6! Goal 5

Table 3.1: Requirements and goals relationship

3.6 UX Design

Starting from the above requirements, we designed GEA as an easy-
to-use smartphone application including an initial menu, from which the
therapist can select which game to launch and its level of diculty, and
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three VR games, based on the real activities of the previously cited food
laboratory.

3.6.1 Home page

When the application starts, the home page containing the three avail-
able games is shown, as in Figure 3.4, "Learn with the pyramid!", "Healthy
or not?" and "Let's eat!". In Figure 3.3 we can see the home page if we open
the application on a smartphone in landscape mode.

Figure 3.3: Home page
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Figure 3.4. Home page

We have also designed a mascotte (Figure 3.5) depicting a fairy of fruit
and vegetables that wants to be a visual and clear message on what are the
healthy foods; it is in fact dressed with elements such as strawberries like

pigtails, pumpkin like a skirt, salad like top and cherries like little bows of
shoes.

Figure 3.5: GEA Mascotte

The mascotte is also used to give a feedback to the user during the
game. Every time an answer is given the feedback is shown, represented by
our mascotte with an happy face if the answer is correct or with a sad face
if the answer is wrong (Figure 3.6).
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Figure 3.6: Feedbacks

After that, the therapist chooses the level of diculty of the selected
game in the page shown in Figure 3.7. The di culty does not lie in the way
the game is played or in its objective but in the type of food shown: for
example, in the easy level users can nd common foods such as pasta, pizza
or cake while in the di cult level there are foods such as barley, chickpeas
and papaya, that are less known to patients. The choice of the game and
the di culty is made via touch screen on the smartphone, before inserting it
in the VR viewer: in this way, the therapist can easily setup the experience
before putting the patient in the virtual environment.

Figure 3.7: Level page

Figure 3.8 shows the ow diagram of the application. As described above,
the app starts, then there are game's choice and relative selection of di -
culty, nally the mini-game is launched. At the end of the session it comes
back to the home page.
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Figure 3.8: Home page ow diagram

When the game starts, the patient is immersed in the virtual space,
which is the same for all the games and reproduces the real setting of the
therapy: there is a room with a table, a fridge, a window, a door, a sofa and
a kitchen, in order to keep the space as simple as possible but also inherent
with nutrition. In front of the user, a short explanation for each game and
a play button appear. The explanation is represented by graphical clues,
to be understandable also by users who cannot read. Moreover, a fantasy
character serving as mascot of the game was created, with the goal of mak-
ing the application more fun and serving as visual feedback after each user's
action. At the end of each session with each game the number of correct
and wrong answers is shown to the user, with the total scored points.

In Figure 3.9 is shown the ow diagram of each mini-game, they are all
structured with the start and appearing of the choices. After that the user
has to select what he/she thinks is correct and a feedback con rms or not
the answer with a respective increment or not of the points. At the end of
three or ve session (depending on the game) the total score is displayed
and after some seconds the app comes back to the home page.
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Figure 3.9: Games ow diagram

3.6.2 "Learn with the pyramid!"

This game aims to teach how to complete the food pyramid, by selecting
which food goes in each level. In the virtual environment a pyramid appears
and it's divided into ve levels, with a pointer indicating which level the user
is currently completing and the table with three options (Figure 3.10). The
red circle in the image is the pointer representing the current user's focus
point. The user has to focus on the correct choice for a certain time interval
to give the answer, avoiding possible unwanted answers while the user is
looking around in the environment. After an answer is given, a feedback
is provided: the game mascot appears with a sad expression if the answer
is wrong and the active level of the pyramid becomes red, if the answer is
correct a happy mascot is shown and the level becomes green.
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Figure 3.10: "Learn with the pyramid!" page

This is the main game that is based on the food laboratory session held
into the center, in fact we have built it following the asset given by the
therapists during the activity: the pyramid is composed of ve levels and
the foods importance for each level is based on the Mediterranean diet, so
we have used typical known foods (not only Italian but also belonging to
other countries). At the low level (the biggest one) there are the foods that
we need to eat every day like fruits, vegetables or water, in the second level
there are carbohydrates and cereals, in the third one we put meat and sh,
in the penultimate level dairy product like cheese or yogurt and then on the
last level (the smallest one) there are the foods that we must eat or drink
less than possible like cakes, chocolate or wine.

3.6.3 "Healthy or not?"

This game is proposed to train patients in recognizing if a dish is healthy
or not. When the game starts, two dishes appear on the table of the virtual
room, with a bin and the visual explanation of how the game works (Fig-
ure 3.11): the user must select the "junk food" with the eyes and move it,
by keeping the gaze focused on it, until it is thrown in the bin. There are
three repetitions of this game, with di erent choices, and after each answer
a feedback is shown, like the one described before.
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Figure 3.11: "Healthy or not?" page

This idea at the beginning seemed to be not good because of the concept
of "throwing" away a food, but then it has been accepted and it has been
interpreted as something that represents the strong correspondence between
the junk foods and the bin, in such a way that the user could understand
that these foods are quite unhealthy.

3.6.4 '"Let's eat!"

This game aims to teach how to associate meals of the day to specic
dishes. It was created in particular for those patients who have di culties in
understanding when they can eat something or they cannot. In this case, the
virtual environment presents four images representing the four main meals
(breakfast, lunch, afternoon snack and dinner) and a dish (Figure 3.12): the
goal is to select the correct meal/s in which the dish can be eaten. Like in
the second game, there are three repetitions and after each answer a feed-
back is given.
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