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Abstract

The subjection to medical procedures and hospitalization is often a source of significant
stressful experiences for pediatric patients, resulting in feelings such as anxiety, social
isolation and uncertainty. In some cases, the hospital environment can rewrite children’s
daily lives, depriving them of the methods and approaches they normally employ to face
risks, fears and unwelcome events. These elements have an unfavorable impact on the
quality of the patients’ therapeutic experience and increase the likelihood of the onset of
further complications. Furthermore, they induce avoidance behaviors on the part of the
patient towards therapies and medical staff, with consequent possible delays in adhering
to established hospital procedures. Considering all this, the use of augmented reality
(AR) or virtual reality (VR) technologies could alleviate these states of anxiety and stress
in hospitalized children and facilitate their recovery. This thesis analyzes the implemen-

tation of an interactive augmented reality game for pre-surgery pediatric patients.

Keywords: hospitalized children, AR, hospitalization, augmented reality, stress relief,

pre-intervention, pre-surgery
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Abstract in lingua italiana

La sottoposizione a procedure mediche e ospedalizzazione € spesso fonte di significative
esperienze stressanti per i pazienti pediatrici, con conseguenti sentimenti quali ansia, iso-
lamento sociale e incertezza. In alcuni casi, I’ambiente ospedaliero puo riscrivere la vita
quotidiana dei bambini, privandoli dei metodi e degli approcci che normalmente impie-
gano per affrontare rischi, paure ed eventi sgraditi. Questi elementi hanno un impatto
sfavorevole sulla qualita dell’esperienza terapeutica dei pazienti e aumentano la probabilita
dell’insorgenza di ulteriori complicanze. Inoltre, inducono comportamenti di evitamento
da parte del paziente nei confronti delle terapie e del personale medico, con conseguenti
possibili ritardi nell’adesione alle procedure ospedaliere stabilite. Considerando tutto cio,
'uso delle tecnologie di realta aumentata (AR) o di realta virtuale (VR) potrebbe alleviare
questi stati di ansia e stress nei bambini ospedalizzati e facilitarne il recupero. Questa
tesi analizza I'implementazione di un gioco interattivo di realtda aumentata per pazienti

pediatrici pre-operatori.

Parole chiave: bambini ospedalizzati, AR, ricovero, realta aumentata, sollievo dallo

stress, pre-operazione, pre-intervento
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1 Introduction

Anxiety and discomfort are common features in the experience of children un-

dergoing hospitalization , a context already inherently imbued with signi cant stress.
These psychological disorders can lead to signi cant impacts on their overall well-being[13].
Current solutions aimed at addressing the conditions of anxiety and distress exhibited by
young hospitalized patients, though,present some limitations . For instance, some
resources su er from a lack of engaging entertainment options and are not adequately
tailored to meet children's speci c needs.

Furthermore, the current methodologies, which often rely on the use of medication or
traditional psychological therapies, do not always provide them with su cient relief.

This thesis endeavors to elucidate the conceptualization, design, amdplementation

of an augmented reality (AR) game experience aimed at mitigating anxiety

and discomfort in hospitalized children , immersing them in the enchanting realm
of oceans, where they can relax and revel in activities such as tag- nding, cartoon story-
telling, environment customization, and AR facial masks.

According to its encyclopedic de nition[1],AR is a system that enhances the real
world by superimposing computer-generated information on top of it . Virtual
reality (VR) technologies completely immerse a user inside a synthetic environment. While
immersed, the user can not see the real world around him/her. In contrast, AR allows
the user to see the real world, but with additional digital elements.

In the preliminary phases of conceiving this application, careful considerations are made
towards the integration of highly engaging musical compositions , comic-inspired
graphics , and user-friendliness . Such considerations are instrumental in rendering the
application inherently compatible with the interactive entertainment needs that children
typically yearn for, even within the con nes of a stress-laden environment.

Given that children must navigate such a taxing juncture in their lives, gaining access
to a fantastical realm o ers them a signi cant opportunity to alleviate the struggles and
loneliness that accompany their circumstances.

AR emerges as the quintessential technological medium for this purpose , for it
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a ords the capacity to transform the immediate environment by infusing it with endearing
cartoon characters and lush vegetation. This transformative potential serves apaw-
erful tool to normalize and infuse a sense of playfulness into an environment

as inherently challenging as a hospital ward

The introduced characters regale users with whimsical anecdotes and touching narratives,
swiftly establishing asense of company and friendship

The wholesale removal of the clinical environment, a path that immersive VR technologies
may tread, bears the risk of alienating children from the reality they inhabit an outcome
that stands in direct contrast to the project's objectives.

Furthermore, AR enjoys a distinct advantage over VR with regard to the ubig-

uity of required equipment for access to application®AR necessitates only a smart
device equipped with cameras , whereas VR relies on specialized head-mounted dis-
plays (HMDs).

AR presents partially immersive yet highly interactive experiences that are readily acces-
sible through commonly available devices. Thus, it can be surmised that AR represents
an economical and e cacious means of delivering entertainment to hospitalized children.
Subsequently, this thesis will delve into the topic of thenetaverse , evaluating the feasi-
bility of replicating a similar experience within this burgeoning contemporary

realm .
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2.1. Extended reality for assisting children

Augmented Reality (AR) games o er emerging potential to positively impact learning
experiences for digitally-native children[5]. However, systematic, empirically tested design
guidelines for AR serious games are largely unexplored yet. In the research by Li et al. [5]
some guidelines have been extracted by developing four AR games with distinct mechanics
based on self-determination theory, followed by four user studies:

" 1st study: Conceptualized AR game ideas via participatory design.

~ 2nd study: Explored children's reactions to varied interactions and feedback, in-
volving 32 participants.

~ 3rd study: Examined social interaction e ects in AR games with 24 participants.

" 4th study: Designed an AR game with four versions, immersing children in a fantasy
world, tested with 81 participants.

From the studies, it was found thatgame narratives motivate and contextualize
learning , enhancing motivation: in AR serious games, narratives drive interaction and
learning, in uencing experience quality; on the other hand, yet, fantasy environments
could hinder learning[5].

Earlier ndings emphasized a progress map an8@D elements to boost enjoyment

The game story version guided players to rebuild a destroyed village. In contrast, the
no-story version lacked narrative cues.

O ering task choice empowers participants and the games should respond dynam-
ically to individual task choices without overwhelming cognitive load and autonomy's
impact on engagement varies.

In the task choice version, children interacted with the AR world, answering some simple
math exercises. Correct answers restored buildings, while the no-tasks choice version fol-
lowed a system-directed order.

Furthermore, 3D feedback is favored over points and rewards . 3D feedback is
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about feedback provided in three-dimensional space within interactive technologies such
as virtual reality or augmented reality. Unlike traditional forms of feedback, which might
be limited to textual, audio, or visual signals on a at screen, 3D feedback involves ele-
ments that can be perceived as spatially present around the user. This can include tactile
sensations (physical touch or vibrations), visual cues that appear to be within the user's
environment, or auditory cues that provide a sense of directionality and depth.

The overall goal is to create a more engaging and realistic feedback experience

that aligns with the three-dimensional nature of the virtual or augmented environment.
From the research is also easy to determine that, regarding social interactions, collabo-
ration for motivation and real-time competition for learning e ciency, and interactions
with physical objects are suggested.

In another research by Mesa-Gresa et al. [7], VR has been studied as a treatment approach
in various health elds, with particular success itrmental health . Selected children with
Autistic Spectrum Disorder (ASD), high-functionality ASD, or Attention De cit Hyper-
activity Disorder (ADHD) took part in pilot VR-enhanced rehabilitation programs.
According to the publicly available papers, 31 studies have been selected in the research,
each with aspeci c diagnosis target and a particular focus on one or many therapeu-
tic aims such as social skills, daily living skill, emotional skills, communication ability,
attention, physical activity, and phobia or fear.

Not all the studies were conducted following the same rules, for instance some divided the
children in experimental (intervention) groups and control groups, while others didn't.
85.15% of the subjects were males and 14.8% were females, this doesn't re ect that about
a third of people with ASD are actually females. The youngest participant was 3 years
old, and the oldest was 20 years old. The low number of children involved in these studies
may mark research in this area as not statistically signi cant.

30 out of 31 studies stated thatvR can improve some of the aforementioned ob-

jectives . One study resulted in inconclusive results. Only 10 studies considered the
improvements signi cant.

The fact that VR is decisively bene cial to ASD patients still has to be con rmed by
further research, but according to the papers we have so fAfR is a really promising
technology in the treatment of children with ASD, HFASD, or ADHD

Another three-month study by Zhao et al. [16] in a children hospital in China revealed
that children with autistic spectrum disorder exposed to therapy tailored virtual reality
content during rehabilitation ended up obtainingmore bene cial e ects than the

ones that did not experience VR  [16].

Out of 44 children two groups have been created, the intervention group and the control
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group. Members of the rst group took part in VR sessions along with the standard
rehabilitation program, while the others didn't.

Common rehabilitation for children with ASD includes collective class training, sensory
integration training that involves simple equipment to use gross motor skills and ne mo-
tor training tailored for the speci ¢ child's needs.

Even though the conventional rehabilitation program is e ective, resulting in higher met-
rics in cognitive, language comprehension, gross motor, mimicry, social interaction, and
emotional expression than before intervention, children in the intervention group got even
higher scores.

For children with ASD, it's not an easy process to wear the headsets and im-

merse in virtual reality  as they often demonstrate social withdrawal, anxiety, and fear
in unfamiliar environments.

Considering that safety, controllability, and repeated operation are key advantages of VR,
the onboarding process may not result that dicult even for children with

ASD .

The VR experiences had been made keeping in mind the di culties of children with
ASD, each scenario had a di erent focus area such as cognitive training, emotional ex-
pression, social practice, gross motor training, imitation training, language understand-
ing. Picture communication, visual stimulation, and cartoon animation e ectively engage
children with ASD. Immersive scenarios enhance their receptivity to visual stimuli, fa-
cilitating cognitive learning, a type of learning that focuses on acquiring knowledge and
skills through mental processing, comprehension, re ection, and problem-solving. Cogni-
tive learning emphasizes the use of higher cognitive functions such as memory, attention,
critical thinking, and concept comprehension. It is based on the theory that students are
not mere 'sponges’ passively absorbing information but actively engage in the learning
process through the understanding and application of acquired knowledge.

Social communication is very di cult for children with ASD; thus, the scenarios had the
role of improving social interaction , too. Nonverbal communication skills and emo-
tional reactions learned in the virtual environment have been gradually brought to daily
life with the help of trained nurses.

Some limitations of this study include the fact that nurses where unable to virtually in-
teract with the children while they were in VR and that such a small sample size may not
correctly represent the impact of such a change in rehabilitation techniques.

A study by Goharinejad et al. [4] demonstrated thatthe use of VR, AR, and mixed
reality (MR) powered technologies in their treatment , speci cally to children with
ADHD. The age range of the participants was between 4 and 18 years old, 73% of them
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in studies where sex was speci ed were males.
Medication and cognitive-behavioral therapy (CBT) are usually the preferred
therapies , but they present various limitations. Psychopharmacological treatment is not
always e ective, while CBT requires several sessions with therapists specialized in ADHD.
It is possible to a rm that currently used therapies for children with ADHD, while being
expensive and time-consumingjo not always result in tangible improvements
Recent technological progress led to various trials in which VR, AR, and MR have been
implied in treatment for children with ADHD. Some aimed toimprove concentration
some to better educational success, while others had a focus on the diagnosis or the symp-
toms assessment of ADHDImmersive applications help patients learn daily life
skills and behaviors, enhancing concentration and memory abilities
The most used technology is VR through head-mounted displays (HMDs), com-
monly called VR headset, which also stands out as the most e ective non-traditional
mean to deliver the Continuous Performance Test (VR-CPT), a tool used to measure the
ability to maintain sustained attention. Several studies conclude tha¥R-CPT is more
e cient and precise than its traditional counterpart, CPT
VR-enhanced behavioral therapy, o ering safe and immersive experiences and
scenarios, might better ADHD behavioral symptoms , enhancing motivation and
treatment adherence. It is important to note that, due to the low cost and ease of use of
VR headsets,children with ADHD can also access their VR treatment without
having to leave their homes
With this much evidenceit is possible to arm that VR and other immersive
technologies represent an e ective and viable companion to ADHD standard
treatment .

Based on the work by Ficarra [3] nowadays patients are more aware of what's happening
to their health when they are undertaking medical treatments. This implies an evolution
in the relationship between nurse and patient. It is frequent that medications, care plans,
and daily activities are questioned by the ones that receive them to the medical sta .
Immersive technologies, being used as informative devices or as a distraction, may play
an important role in patient engagement and empowerment.

In the fourth chapter has been seen also that VR, AR, and MR are making their way
into pediatric emergency departments (PEDs), where they are employed to tackle anx-
lety, stress, and fear in children undertaking psychologically traumatizing procedures.
Situation anxiety in children is a serious problem, which must be taken into account by
healthcare professionals.

Trust and respect are fundamental values for establishing a healthy bond between the
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children and the medical team, being able to distract young patients from noxious stimuli
results in calming them and making them more accepting of the medical treatments.
Distracting children from their struggling is a task currently carried out by television,
books, video games, and similar common entertainment means. Evolving those into a
more modern and engaging solution like the one represented by highly engagmger-

sive technologies may completely change this process

Immersive technologies are usually perceived by children as familiar, as they've already
experienced traditional video games.

The process of onboarding, treatment and session closure of VR, AR, or MR experiences
for hospitalized children may be described and summarized as following:

1. Identify patients compatible with this kind of treatment;
Assess their health metrics;

Obtain the device;

Explain its functionalities;

Launch the experience;

o a0 k~ w DN

Monitor the experience;
7. Assess the patient's health metrics after the experience;
8. Return and clean the device.

In the book is also said thatimmersive experiences are also contraindicated for
patients with claustrophobia, dizziness, history of seizures, motion sickness,

and nausea.

It is described also that VR, AR, or MR technologies are being applied into higher ed-
ucation, too. Students now require more interactive and appealing means of learning.
Applying these immersive technologies to nursing classrooms means that future health-
care workers are able to experience in rst person what happens inside a hospital, and
inside the human body.

Lastly, being able to simulate emergency scenarios and medical operations through VR,
AR, and MR could be a revolutionary and cost-e ective solution for University courses
in the health eld.

Another article by Mott et al. [8] discusses the challenges of managing severe pain and
anxiety in pediatric burn patients during dressing changes and explores thmotential

use of augmented reality as an analgesic tool . In particular, the study is focused
on young patients between 3 and 14 years old.
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Traditional pain management techniques, such as opioids, often prove inadequate in alle-
viating pain during these procedures, which can lead to avoidance behavior and treatment
resistance in young patients.

Pain perception has a strong psychological component, and cognitive techniques have been
used alongside pharmacological approaches to manage it. These techniques include patient
distraction, breathing exercises, positive reinforcement, and the use of age-appropriate im-
agery. However, their e ectiveness tends to diminish with repeated treatments. Virtual
reality is introduced as a promising intervention for pediatric patients, with studies show-
ing up to a 50% reduction in pain scores in adult burn patients using VR systems.

Unlike VR, AR involves overlaying virtual images onto the physical world, o ering a less
immersive but still multi-sensory experience to distract patients from the painful proce-
dure.

The research involved 42 children undergoing 56 dressing changes, with participants ran-
domly assigned to either the AR group or the control group. Analgesic medications were
administered prior to dressing, and clinical measures, including pulse rates, oxygen satu-
rations, and pain scores, were recorded at regular intervals.

Results indicated that the AR group experienced signi cantly less pain during

dressing changes , especially in cases where the procedures took longer than 30 minutes.
Parental assessments of their children's pain levels also favored the AR group.

Moreover, respiratory rates in the AR group remained almost at over time compared to
the control group, indicating reduced negative emotions associated with dressing changes.
Some limitations are also discussed in the article, such as the need for improved device
support, in particular for young children, and the potential for age-speci ¢ software pro-
grams to enhance the AR experience tting their speci c needs.

Additionally, the AR device's e ectiveness in multiple treatments and its potential to
decrease analgesic e ects over time are subjects of ongoing research.

In the end, the study represents the largest randomized controlled trial of an AR-type
device in pediatric burn patients and demonstrates its e ectiveness in reducing pain and
anxiety during dressing changes. Also, AR is highlighted as a portable, cost-e ective,
and user-friendly tool that could nd applications in various pediatric patient groups,
including those undergoing multiple painful procedures. The authors also acknowledge
their involvement in patenting the AR device and itsfuture commercial potential

2.2. Augmented Reality for pediatric patients

The implementation of portable augmented reality games, particularly those
incorporating a sandbox mode, as a strategy to alleviate stress among pedi-
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atric patients and their families during the pre-operative preparation phase

has proven to be an e ective approach  [11].

These games provide an enjoyable and engaging experience for both the child and their
family, while simultaneously creating a safe and reassuring environment that empowers
the child, giving them a sense of mastery over the circumstances. Consequently, this
contributes to a reduction in stress levels

Additionally, the game serves as a distraction for the child , allowing them to
temporarily set aside thoughts of the impending surgical procedure and relax. Finally,
educational resources are made available to the child's family, assisting themciompre-
hending the process and preparing for the surgical intervention [11].

Furthermore, one of the principal limitations associated with previous research and the
application of therapeutic video games, particularly those incorporating virtual reality
and augmented reality, to alleviate stress among pediatric hospital patients prior to sur-
gical procedures is thenancial burden entailed by these technologies[12].

The expenses related to these technologies can be substantial, and procuring and operat-
ing the requisite equipment and software may pose challenges, particularly for hospitals
with budget constraints and there is also the possibility of children becoming excessively
immersed in virtual or augmented reality, potentially hampering their cooperation with
pre-surgery preparations. These things have to be taken into account when considering
the integration of therapeutic video games within pediatric hospital settings [12].

A possible solution related to the costs could be using smart devices like smartphones
or tablets instead of expensive devices like Microsoft HoloLens or other smart glasses.

In the article by O'Connor et al. [10] it is investigated if the use of Augmented Reality
(AR) could provide education on the technique of using asthma inhalers to children, their
caregivers and healthcare professionals.

Asthma is a very common condition, also among children, and correct inhaler technique
is crucial for e ective symptom management and for preventing long-term complications.
Traditional methods of inhaler technique education have shown poor adherence rates,
with many children not following the correct steps correctly. Therefore, there is growing
interest in technology-based solutions to improve asthma education, considering the in-
creased use of digital devices among children.

The research focuses on the use of augmented reality, making it an engaging and immer-
sive learning tool. The objective is to evaluate the acceptability of AR for asthma inhaler
technigue education using a theoretical framework of acceptability.

The study involved a group of participants, including healthcare professionals, asthmatic
children between 8 and 12 years old, and their caregivers. Qualitative data was collected
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through individual interviews and a thematic analysis was conducted using the theoretical
framework of acceptability.

The results indicate that AR is generally well received as a delivery mechanism

for education on the technique of using asthma inhalersParticipants reported pos-

itive perceptions of its e ectiveness and ease of use . They found AR engaging,
accessible and innovative.

However, some barriers have been identi ed, such as the need to maintain children's in-
terest during educational videos. Participants suggested including gami cation elements
and animations to improve engagement.

Additionally, concerns have been raised about the loss of face-to-face interaction with
healthcare professionals. In order to address this issue, future iterations of AR solutions
could include chat functions for communicating with the healthcare providers.

In the end, this study demonstrates that AR is an acceptable technology to address this is-
sue. The ndings highlight the potential for technology-based solutions to improve asthma
management and education. The study provides valuable insights for the development of
AR-based educational resources, highlighting the importance of addressing user involve-
ment, technical challenges and interaction with healthcare professionals. Future research
should focus on the feasibility, usability and broader implementation of AR solutions in
asthma management, potentially also bene ting other age groups, such as adolescents.
In conclusion, the article demonstrates thaaugmented reality is an acceptable tech-

nology for delivering asthma inhaler technique education to children , and to the
medical sta . The study provides valuable insights for the development of AR-enabled ed-
ucational resources, emphasizing the importance of addressing user engagement, technical
challenges, and interaction with healthcare professionals.

In an article by Logan et al. [6] it is said that digital health technologies have rapidly
integrated into acute and chronic pain treatment, with the goal of reducing pain while
enhancing patient engagement and breaking access barriers. Two standout technologies
in this evolution are virtual reality and augmented reality.

VR and AR have e ectively eased acute pain during medical procedures, providing distrac-
tion and entertainment to users.This technology holds great promise for pediatric

pain management due to its technological appeal and the creative engagement of young
patients.

However, the e ectiveness of virtual reality in reducing chronic pain intensity is evident,
but its long-term e ects remain uncertain. Few studies have delved into functional out-
comes in chronic pain, with some positive results observed in speci c patient groups.
Chronic pain studies often emphasize presence, embodiment, and interactivity, with im-
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mersion playing a lesser role. For instance, virtual reality-assisted muscle training for
spinal cord injury rehabilitation has shown improvements in physical function.

Additionally, virtual reality has the potential for exposure-based therapy in adults with
chronic pain, building on its e cacy in treating anxiety disorders.

In the realm of pediatric pain management, VR and AR show promise, although research
primarily consists of small-scale pilot studies.

Nevertheless, the adoption of virtual reality in pediatric healthcare faceshallenges, in-
cluding safety concerns, customization of headsets, infection control, and cost
considerations . Overcoming these obstacles necessitates adequate reimbursements and
safety protocols.

Customized products can prove e ective, but striking a balance between speci city and
broad applicability ensures validation through research experiments.

The selection of research design and measurement tools plays a crucial role in assessing
virtual reality interventions. Various types of studies may be suitable depending on re-
search objectives.

While standardized patient-reported outcomes are essential, it is also crucial to consider
speci ¢ virtual reality parameters to comprehensively evaluate the impact of these tech-
nologies.

Collaborative e orts between academia and the industry should be transparent and goal-
oriented, with results published in peer-reviewed journals to promote evidence-based VR
technology in the healthcare sector. To advance in the eld, the consortium aims to
create a resource repository, de ne standardized outcome measures, provide training and
connections, and continue developing and evaluating virtual reality interventions.

In conclusion, according to the article VR and AR represent promising tools for
alleviating pediatric chronic pain, although the eld is still in its early stages

Collaborative endeavors are essential to harness their potential, establish standardized
outcome measures, disseminate knowledge, and conduct rigorous research. This integra-
tion will enhance the quality of life for young patients grappling with chronic pain issues.
Comprehensive, large-scale studies are necessary to gain a deeper understanding of the
potential of the immersive technologies.

A systematic review by Urlings et al. [15] o ers an extensive overview of the current land-
scape surrounding the utilization of AR in the realm of patients education. The ndings

underscore the signi cant potential harbored by augmented reality as powerful tool

for the enrichment of their education.

Notably, the outcomes underscore the positive trajectory, revealingingible bene ts

in terms of knowledge acquisition , heightened patient satisfaction, and the augmen-
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tation of usability.

It is noteworthy that applications that predominantly pivot on AR as their core function-
ality exhibit superior performance in contrast to those where AR merely constitutes an
auxiliary component. However, the existing body of research is distinctly characterized
by its assortment of participant demographics, diminutive sample sizes, and the specter
of potential biases. These inherent limitations collectively serve as a deterrent to the at-
tainment of unequivocal conclusions when seeking to ascertain a meta-study perspective.
One crucial point to remember from this discussion is the importance of making things
the same and using clear ways to measure results in future research projects. This is es-
pecially important when trying to gure out exactly how much AR helps with patient
education . Additionally, it's important to investigate and nd the best devices for this
purpose.

Patients being actively involved in creating and designing augmented reality apps is a
very important step. This involvement is fundamental in ensuring that these
applications are not only e ective but also user-friendly and accessible

Moreover, an in-depth examination of the implementation dynamics of AR interventions
within clinical settings is an imperative avenue of inquiry, pivotal for the maximization

of their pragmatic utility.

In summary, AR unquestionably showcases promise as a transformative force in the realm
of patient education. Nevertheless, it is incumbent upon the research community to em-
bark on a trajectory characterized by high-quality investigations. Such endeavors must
navigate the extant limitations deftly, with a view to making sure the optimal role

that AR can assume in strengthening patient knowledge and engendering
heightened patient engagement

The review, by laying a robust foundation, serves as an indispensable precursor for fu-
ture studies ready to contribute substantively to the evolution of AR within the realm of
healthcare education.

2.3. Applications already in use in the hospital set-
ting

An instance of digital solutionaimed at mitigating anxiety and discomfort in pe-
diatric patients during medical therapy is TOMMI[2, 14]. This gami ed virtual reality
experience, developed by the startup Softcare Studios, has been purposefully designed to
assist young patients in e ectively managing stress during medical treatments. TOMMI
accomplishes this by fostering collaborative sessions involving the patients' parents and
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streamlining the work ow of medical personnel.

TOMMI serves a primary function in enhancing patient comfort and overall satisfaction,
particularly useful in the context of dental procedures. This is attributed to the unique
diversionary e ect created byimmersing children in a virtual reality environment ,
which signi cantly diminishes anxiety and pain levels, thereby ensuring a heightened sense
of ease and contentment among patients and their families. Notably, empirical evidence
supports the assertion that TOMMI has contributed to enhanced treatment e ciency.
This stems from the fact that patients exhibit greater cooperation, thus facilitating den-
tists in executing their routine tasks with increased ease and e ciency , ultimately
leading to time savings andmproved intervention quality

Moreover, the capacity of TOMMI to divert children from distressing emotions
associated with therapy and medical interventions also serves to reduce the necessity for
sedatives andpain relievers . In essence, the application a ords young patients a tempo-
rary respite from the con nes of the hospital environment, granting them access to virtual
spaces within the application.

As is common with other virtual reality experiences, TOMMI entails immersing oneself in

a virtual realm through the utilization of a headset , which is provided and con gured

by the medical sta .

The headset utilized is multi functional, featuring integrated audio capabilities through
small speakers and a jack connection for personal headphones. Additionally, the head-
bands are composed of removable fabric, facilitating ease of sanitization. The headset
adheres comfortably to the face, thanks to a soft plastic material membrane.

The ensuing interactions, and hence the navigation through the purpose-designed, im-
mersive virtual world, are facilitated via an ergonomiaemote control equipped with
touch input and a trigger; the interactions in the virtual world happened thanks to the
magic wand controlled by the controller.

A pivotal attribute of this application is its user-friendliness and immediacy, as it merely
requires a few seconds to power up and commence usage. This streamlined usability
greatly facilitates patient management both before and after treatments. Consequently,
TOMMI has been selected and implemented in humerous healthcare facilities, including
the SS. Annunziata Hospital in Taranto and the Pediatric Oncology Department at the
Polyclinic of Catania.

Furthermore, TOMMI o ers an intriguing feature by collecting diverse patient data

that can be subsequentlynonitored by the hospital  or clinic sta and physicians. This
data serves toenhance patient tracking and enables the customization of therapy to
align with individual patient needs.
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3 ‘ UNG model

3.1. De nitions

The UNG Model is a modeling language used to link all the people related with a
project with their needs and goals in a certain context.

The people involved in the project are calledtakeholders .
There are three di erent types of stakeholders:

" primary users : people who would have frequent hands-on the system
" secondary users : people who occasionally use the system

" tertiary users : people who are aected by the system introduction, or in uence
its adoption

The primary and secondary users are also calleshd users.

In the UNG model, a goal is what the user is expected to achieve by e ect

of using the system . Examples of goals are, for instance, improvement of a task or a
process or a human capability, whil@ need refers to a lack of something necessary ,
desirable or useful for the di erent users.

Needs are more general and abstract than goals; the former are properties of the users,
while the latter are properties of the system.

The context refers towhere, when, and how the technology is used , so there is the
need to de ne the temporal, organizational, social and physical context's parameters.

" The temporal context refers to when the app is used, for example during playtime
sessions;

" The organizational parameter refers to which step of a user process or activity
technology is going to be used, for instance during school;

" The social one refers to who and how much are the involved people during the use,
for example there can be two active users and a secondary user;
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" The physical context is obviously where the technology is used, for instance a
museum or a park.

Thinking of the realization of a project, is not so rarely to encounteconstraints , which
are additional conditions that must be considered during the realization.

A constraint is an element which cannot be changed for any reason . Examples
of constraints are time, technology, nancial and human resources, and important desires
or de cits of the user. All of them must be captured since the beginning to stay in the
right track.

3.2. Hospitalized children scenario

Assuming the development of amugmented reality game for children in a private

clinic , it is essential to de ne all the parameters mentioned earlier.

Drawing upon the previously elucidated de nitions, a potential UNG model pertaining
to this speci c case is presented in Figure 3.1, as showcased.

The stakeholders involved would be as follows:

A

The main stakeholder: thechildren around 5 and 7 years old
" Secondary stakeholders: thbospital sta

" Indirect stakeholders: thechildren's parents

~ Third stakeholders: theclinic owners .

The primary needs of the children would revolve around having fun and re-

laxing to alleviate anxiety and stress while ensuring that the clinic experience

is not traumatic . For the medical sta, their needs would center on supporting and
streamlining the doctors' work to make the process as smooth as possible. Parents would
be focused on minimizing their children's worry, and clinic owners would aim for techno-
logical development.

As for the goals,children would need to engage with visually stimulating content

on the screen and perceive the hospital environment in a more carefree and
enjoyable manner . Parents' main goal would be to ensure their children are as relaxed
as possible, while clinic owners aim to attract more patients.

In terms of the context, the scenario occurs before the child's surgery at the clinic, with
an expectedusage time of roughly twenty to forty minutes at most

The experience will be individual , meaning each child will have their tablet, and the
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play mode will be single-player.

Considering constraints, it's important to remember thatthe child is in a new and
potentially distressing environment , with limited familiarity and reference points.
The rooms may be small and possibly crowded. Finally, resources such as tablets are
available in a fairly limited number, and battery duration is a critical factor to consider.
These children may experience stress and anxiety in the dressing room and waiting room
due to limited activities and the anticipation of surgery.
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Figure 3.1: The gure above shows the UNG model of this case study.
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4 ‘ Implementation and
functionalities

As previously introduced, to address the current problems of children undergoing hospi-
talization, it was decided to develop an augmented reality application that can help them
in their pre-intervention process, relieving their anxiety and stress.

The UX design and implementation of this application are explained below.

4.1. UX Design

This AR experience consists of two strictly subsequential primary experiences designed
to be enjoyed at the Fondazione De Marchi clinic in Milan.

The children will be accompanied to the stretcher and will go through multiple oor levels,
and so two elevators need to be taken.

In order to develop the application, it was kept in mind that the child who uses it will
always be monitored by the hospital sta who will therefore refer the patient rsthand.

The theme of the application is based on the concept of ocean exploration. The children
will travel the seabed aboard a submarine, meeting and getting to know di erent marine
creatures, with which they can interact.

During the experience, the user will meet a range of sea animals, including a seagull, a
clown sh, a turtle, a killer whale, a squid, and a seahorse. These encounters are enabled by
the implementation of AR through the scanning of images depicting the aforementioned
animals.

Creating an augmented reality application for children implies crafting an essential inter-
face which is immediate and with a simple design. Therefore, the buttons for carrying
out the interactions are all very large and all the icons are colored to have a contrast that
makes use instant for the user, who is in any case digitally native.

To enable the interactions with this AR application, other tools are provided to the users
and the caregivers:
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" a pamphlet provided to the parents with detailed instructions to enjoy the game to
the fullest;

" a plasti ed booklet with pictures;

" decorative elements placed throughout the hospital corridors, in particular in the
path that goes from the hospital bedroom to the surgery room.

Taking into account that during the utilization of the AR game the children have to be
laying down for the transportation for safety reasons, the decorative elements, i.e. the
stickers, will be placed mainly on the high parts of the wall, in order to be able to be
clearly seen by the children when they are sitting on the hospital gurney, and also inside
two elevators of the hospital. It is important to note that those stickers match the images
on the laminated booklet.

4.1.1. First experience

In the rst part of the experience, the child will be put on the hospital bed, which is
decorated with submarine photos in order to try to simulate their access on board.

Once the children are ready, the hospital sta give them the tablet where the application
is installed.

A virtual assistant called Olly a little octopus will appear and guide the user through
simple input and introductory messages, saying to them to start scanning the images and
stickers they nd around the corridors and the elevators.

As further consideration, the octopus assistant will be always ready to help the children,
remaining always interactable in the foreground, so they can receive help simply tapping
on it. Olly, will also give out words of encouragement or tell jokes.

Figure 4.1: The gure above shows Olly, the virtual assistant.

After completing the initial introductory part, the screen will be devoid of content, except
for the assistant icon, and the tablet will display what the camera is pointing at. The
user is now ready to start scanning the various images.
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The user will start by scanning a photo of a submarine to simulate their entry. Once the
photo has been scanned, Olly will welcome the child on board.

The second image that the user needs to scan is the submarine porthole placed at the
feet of the gurney and only visible from the inside. By capturing it, the user interface is
transformed adding a porthole, giving the children the idea of being inside the submarine.
In fact, the submarine's window is used to show the surroundings via the camera. On the
left side will appear six un lled shapes as well, which will be colored once the user scans
the relative animal. An example is shown in Figure 4.2.

Figure 4.2: The gure above shows the main screen of the rst experience.

At this point, the user will encounter the animals and they will start to immerse in the
ocean, starting from the rst corridor.

Once the rst animal has been scanned, a 3D model of it will appear in the center of the
display, simulating that it is beyond the window glass. This procedure will be the same
for scanning other sea creatures as well.

When an animal appears, it will greet and say something about itself to the child, while
making some animations. The dialogue can be listened through the speakers of the tablet.
Subsequently, the animal will disappear and the user is now ready to scan the other photos.

After meeting the rst animal, the rst elevator is encountered and inside there will be
placed sticker of a shell house. By scanning it, the rst of two minigames will immediately
start.

The decision to include a mini-game during the elevator ride was made to prevent the
child from getting bored while waiting to reach the other corridor.

During the minigame, the user will see an image of a sh with some continuously-generated
wounds, who need to be touched in order to be healed. Tapping on them, the wound will
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