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The virtual environment used in the interventions with autistic children.

Abstract

Autism spectrum condition (ASC) comes with persistent challenges in social and communication skills, that lead to
social withdrawal and anxiety, reducing the possibilities of the individual becoming a productive member of society.
To train social skills, an immersive virtual reality (IVR) therapeutic tool was designed in cooperation with autism
experts. The IVR tool is based on the basic principles of improvisational music therapy than facilitates social
and communication skills. The tool further exploits the capability of IVR technology of prompting valid reactions,
which increases ecological validity. Sessions with the IVR tool were conducted with autistic children to observe
their social interaction abilities. To assess said abilities, a questionnaire was formulated from established music
therapeutic assessment methods. Comparing the IVR sessions to standard mediation sessions, the participants
showcased significantly higher levels of social interaction in the IVR sessions. Hence, the IVR tool was deemed
effective in facilitating social interaction.

1 INTRODUCTION autistic peers [1, 8]. Because of the challenges autistic in-
dividuals experience, the majority remain dependent on
their parents and social agencies for support into adult-
hood [1]. Therefore, to increase the likelihood of social

involvement for improving the level of functioning and

Autism spectrum condition (ASC) is a neurodevelop-
mental condition that affects one in 100 individuals [3].
The diagnosis comes with challenges, especially in the

social-emotional domain and difficulties with creating
and maintaining meaningful relationships [8, 23]. A sig-
nificantly higher rate of autistic adolescents reports so-
cial anxiety, depression, suicidal thought patterns, and
other forms of psychopathology compared to their non-

independence, and thus overall life quality, interventions
for training social and communication skills are impera-
tive [8, 23, 30, 36]. Several methods have been studied
aiming to improve the recipient’s social skills, including
the use of social stories [27], social robots [2, (7], and
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video modelling [60]. Another method is music therapy
(MT) - a method that can bypass linguistic impairments
and facilitate pre-verbal and social communication skills
[31, 33]. This is possible due to the innate ’commu-
nicative musicality’, which originates far back in human
history and thus the evolution of the brain. Commu-
nicative musicality is seen in early interactions between
child and parents and is based on rhythm, pulse, timing,
etc., to where the infant develops the ability to partici-
pate in non-verbal communication [31]. For supporting
individuals who are challenged in developing this ability,
MT can provide an intensified version of such interac-
tions to prompt pre-verbal skills, i.e., imitation, taking
initiative, and joint attention [31, 33]. Joint attention
is the skill of sharing experiences with other people by
making gestures and facial expressions pertinent to the
situation [31, 57]. Developing joint attention is highly
dependent on the individual’s ability to imitate other
people, which also is necessary for developing language
skills [31]. Especially, early MT interventions are seen to
facilitate social communication skills [30, 31].

A limitation within the teaching strategies for social
skills training is achieving a generalisation and applica-
tion of the learned skills in natural situations outside the
therapeutic environment [35]. Here, immersive virtual
reality (IVR) has shown great potential, as the technol-
ogy can simulate convincing environments and enable
activities that resemble the recipient’s daily life tasks
[23, 34, 48, 50]. Furthermore, IVR allows the thera-
pist to assess the recipient in real-time and thus inter-
vene appropriately to the valid reactions prompted by
the multimodal stimuli provided by the IVR technology.
Multimodal stimuli are important because social interac-
tions involve the convergence of multiple sensory systems
for perceiving social cues [50]. These include visual in-
puts such as gestures and poses, and auditory inputs,
such as verbal utterances and prosody (increasing or de-
creasing intonation, weaker volume, slower tempo) [31,

]. Therefore, providing multimodal stimuli is impor-
tant for ecological validity, hence generalising the learned
skills to other situations [34, 50].

This article continues my previous study: Fxplor-
ing the Possibilities of Music Therapy in Virtual Real-
ity: Social Skills Training for Adolescents with Autism
Spectrum Disorder [52] (attached as Appendix A). The
previous study aimed to develop an IVR tool with music
therapists (MTs), which they could utilise to train so-
cial and communication skills in autistic children. The
resulting IVR is evaluated in this article by two psychol-
ogists based on IVR interventions with autistic children.
The primary focus is on the system’s capability of facil-
itating social skills for autistic children and secondarily
on the design’s suitability for autistic perception.

2 BACKGROUND

This section investigates ASC and associated theories
about the characteristic of the condition. With this, the
autism perception is examined, as it can provide vital in-
formation about the perceptual challenges that autistic
individuals have and thus aid in preparing the IVR tool
for autism interventions. From here, the section contin-

ues into a study about MT and its impact on autistic
individuals. The final segment of the section is about
IVR technology, its strengths, and its limitations.

2.1 Autism Spectrum Condition

ASC is a heterogeneous neurodevelopmental condition
that is described in the Diagnostic and Statistical Man-
ual of Mental Disorders (DMS-5) [3] as ”persistent
deficits in social communication and social interaction
across multiple contexrts”, including social-emotional
reciprocity and nonverbal communicative behaviours,
which are sufficient to hamper independence in social,
occupational, and other important areas of functioning
[3, 38]. Diagnosis of ASC is made based on current
behaviour and history following interviews with care-
givers, observations made by several clinicians, and self-
assessment questionnaires, if possible. Usually, it is
made when the child is 12 to 24 months but can be
made earlier if the child has severe symptoms [3]. Di-
agnosis can also be made later in life as symptoms can
change with development or hide due to co-occurring
conditions. Comorbidities are, amongst others, hyper-
activity disorder, depressive and bipolar disorder, and
anxiety disorder.

The ratio of males to females who are diagnosed
with ASC is quoted as 4:1. It is hypothesised that be-
cause females tend to have less salient symptoms, it is
not as often discovered [3]. Yet, when researching the
socio-communicative differences between males and fe-
males on the autism spectrum, no significant difference
is found [59].

Manifestations of ASC are associated with stim-
ming, hyper-/hyporeactivity to sensory stimuli, and an
intense interest in the environment’s colours, odour, tex-
tures, etc. [3]. Based on the severity of the symptoms,
which are placed on a continuum ranging from mild to
severe, the severity level of the diagnosis is specified and
is usually the determinant for what level of support the
individual needs [3].

2.1.1 Theories on Autism

The three most influential theories that seek to explain
autism or aspects of autism are executive dysfunction,
weak central coherence theory, and Theory of Mind
deficit [12]. Executive dysfunction suggests that in-
dividuals on the autism spectrum have difficulties with
controlling their attention and with actions that are as-
sociated with activity in the frontal lobes. This would
explain the strong need for repetition, specific interests,
and the difficulties autistic people experience with plan-
ning, as well as inhibiting cognitive interference (i.e. the
Stroop effect) [19]. Weak central coherence proposes
that autistic people have a limited understanding of con-
text and instead focus on piecemeal and detailed in-
formation [19]. This manifests in autistic people hav-
ing ’islets of ability’ in for example mathematics, mu-
sic, or remembering, i.e., railway timetable information
[6]. The lack of Theory of Mind was formulated in
the 1980s by Simon Baron-Cohen. It builds upon the
dated idea that autistic individuals cannot impute men-
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tal states to themselves and others such as purpose, in-
tention, liking, etc. [56].

The presented theories have been criticised for the
lack of specificity for autism, the narrow perspective
they put on the autistic community, and for setting non-
autistic individuals (N-Als) in a superior perception - a
perception that leads to stigmatisation and a greater risk
of causing autistic individuals to socially isolate [10, 14,

, 38, 12]. For those reasons, Chown [14, 15] advocates
for less acknowledged, yet modern theories such as Gal-
lagher’s interaction theory [24] and Klin and colleagues’
hypothesis on the enactive mind [35]. The interaction
theory is based on phenomenological and developmen-
tal studies and focuses on how people understand each
other through embodied practice and interpersonal inter-
action. Thus, a greater emphasis is placed on the percep-
tion of the other person’s bodily movements rather than
reading the other person’s mind, as in Theory of Mind.
Because autistic individuals have a unique perception of
the world, the meaning they deduce from the interac-
tions is not the same as when deduced by N-Als [29].
The theory of the enactive mind proposes a frame-
work in which the assumption of a pre-given set of cog-
nitive abilities to handle social interactions is discarded.
It is not a matter of knowing about but knowing how
to navigate social situations, which is acquired through
interactions within social environments [35]. For N-Als
it seems natural to gravitate towards social engagement
but for the autistic individual, the social stimuli seem
less salient and less relevant. Thus the tools required for
flexibly adapting to social activities are not available,
which results in slow and truncated interactions [35].

It is worth mentioning that these two theories seem
coherent with the philosophical view of ’embodiment’,
where the individual becomes skilful through bodily in-
teractions with the environment [20]. Exactly this is
relevant when designing for training skills in IVR, that
allows for interactions that resemble everyday interac-
tion.

To further address the ’neurotypical syndrome’,
where the non-autistic practices are prioritised and made
superior, the '’double empathy problem’ was formulated.
It describes the miscommunication that occurs when two
people of different conceptual understandings attempt to
communicate a meaning [14, 12, 19]. More on this in the
next segment.

2.1.2 Social Interactions

The double empathy problem explicates how it is not
only the autistic perception that causes a social disjunc-
tion but that N-Als are as estranged from expressions
made by autistic individuals. In a study by Sheppard
et al. [68], they suggest that the double empathy prob-
lem is caused by N-Als perceiving autistic individuals as
less expressive. To evaluate this hypothesis, non-autistic
participants were asked to watch short video clips of
other people’s (targets’) reactions and categorise them
into given scenarios: being told a story, being told a joke,
waiting, and being given a compliment. The group with
targets consisted of an equal amount of autistic and N-
Als. The participants could not as accurately categorise

the reactions made by the autistic targets as they could
with the non-autistic targets. Yet, the autistic targets
were not rated less expressive but more ambiguous. The
exact cause of the misinterpretations is yet to be discov-
ered. Nonetheless, it is proposed that autistic individuals
teach themselves to react in certain ways to present a so-
cially acceptable facade - hence, the reported ambiguity
[68]. Keeping up such a facade is a common compensa-
tion strategy for autistic individuals, and can be stressful
for the person [3, 13].

In another study, it was noticeable how different the
gaze patterns of autistic and N-Als were during a con-
versation. Where N-Als usually gaze at the conversion
partner while listening, and have a deviant gaze pattern
while speaking, autistic individuals did the opposite [30].

These findings add to explaining the occurrence
of the negative social interactions that autistic people
can experience [68]. Typically, autistic individuals have
heightened physiological responses to novel and social
situations, which make the individual vulnerable to de-
veloping social anxiety. This impact is amplified by neg-
ative social interactions. Therefore, it is suggested that
training in social skills should focus on arousal regulation
and relaxation skills [8].

2.1.3 The Autistic Perception

Hyper- and hyposensitivities in multiple modalities are
reported by more than 96% of individuals on the autism
spectrum [39]. The distress caused by sensory stimuli
can cause self-injurious and aggressive behaviour, espe-
cially in cases where the individual is unable to com-
municate their duress. The sensitivity can be explained
by the differences between the sensory systems of autis-
tic and N-Als, including a measurable difference in the
early auditory cortex, which causes complex stimuli to
be overwhelming for the autistic individual. Hypersensi-
tivity towards tactile information causes an aversion to
light touches, as well as some thermal stimuli [38, 39].
Regarding the visual system, autistic individuals are seen
to have more robust responses to high spatial frequency
information (SFI) and less robust to low SFI. High SFI
is related to the detailed perception of, i.e., sharp edges,
whereas low SFI is about the general shape and propor-
tions of objects. The latter is crucial for processing facial
information, which is a common difficulty for autistic in-
dividuals [39, 76].

By examining the threshold for the ’flash-beep’ il-
lusion - an illusion where audio induces the perception
of multiple blinks, albeit just one visual stimulus given,
results showed that the autistic participants needed a
greater threshold between the auditory and visual stimuli
to uncouple the two, compared to the non-autistic partic-
ipants [39]. This indicates inefficiency in filtering inputs
accurately and processing multiple channels simultane-
ously. The same tendencies are seen with higher-order
multisensory integration tasks, i.e., the McGurk effect,
where audio is timed properly to a video of a person
moving their lips in different ways, which changes the
perception of the auditory input. At the first showcase
of the illusion, there was no difference between the autis-
tic and N-Als. However, with practice, the non-autistic
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participants learned how to lip-read the correct sound.
This was not the case for the autistic participants who
were still reliant on auditory information. Marco et al.
[39] propose that these perceptual differences are why
autistic people often struggle with focusing their atten-
tion. In a complex environment, the many inputs can-
not be processed by the autistic brain, thus resulting
in ”the indwidual’s inability to attend to their environ-
ment in a flexible, productive, and meaningful way” [39)].
The regions of the brain that processes multimodal sen-
sory inputs have significant changes in terms of neuronal
density. It is hypothesised to be the reason behind the
challenges that autistic individuals have with sensory in-
tegration. These are the same regions that consist of
the 'mirror neuron’ network, which can explain the dif-
ficulty in imitating other people, which is fundamental
for developing social skills [31, 38, 39].

Knowing about autistic perception, it is under-
standable why MT is used for autism interventions, as
autistic individuals seem more reliant on auditory stimuli
than visual. Furthermore, a connection can be made be-
tween the double empathy problem and especially impro-
visational MT, where the therapist and recipient make
music together, as the therapist seeks to understand
how the recipient communicates. Improvisational MT
is studied in the following section.

2.2 Improvisational Music Therapy

Already in the 1950s-1960s, autistic children’s affinity to-
wards music was noticed [61]. Nordoff and Robbins pio-
neered creative MT, which later became improvisational
MT [46, 61]. They proposed that music was perceived
as a non-threatening medium by autistic children, whom
Nordoff and Robbins had observed engaged in musical
activities. Through several international cases with be-
haviourally challenged children, they established the the-
oretical foundation for improvisational MT for, amongst
others, autistic children [61].

When MT is utilised in autism interventions, mu-
sic can provide the needed level of predictability that is
attractive for autistic individuals, yet still challenge this
facet, and build musical and interactive expectations [30,

]. These are made by contributing with variations in
rhythm, harmony, creating sudden pauses, etc. Often-
times the rhythm is created based on an activity that the
child finds soothing (i.e., bouncing on a gym ball) [30].
This creates the possibility of the child recognising a con-
nection between their actions and the music. When the
connection has been established the therapist can begin
to make slight changes to the allotted sound to challenge
the child to gradually become flexible in the interaction
as well as 'teasing’ the child in a musical humorous way
[31]. The MTs also imitate the child’s rhythm to turn-
organise their interaction. Turn-taking practice includes
eye contact, nodding, facial expressions, and prosody.
There are signs of turn-yielding and turn-taking cues, as
well as turn-maintaining and turn-denying cues which
the MTs can train with the help of using the rhythm
created between themselves and the child. A sudden
pause can be utilised to see how the child reacts and if
the child perceives the turn-taking cue to initiate mak-

ing a sound [31, 57]. Especially in the beginning of a
music therapeutic process and the individual sessions,
it is important to follow the child’s initiatives and view
them as intentional communication. Noticeable is that
child-led interventions have indicated more frequent and
longer events of joy and spontaneous participation from
the child [25, 31]. Thus, when training communication
and social skills, this should not be to ’appropriating’
the autistic child’s behaviour but allow for the child to
express themselves and let the intervention participants
learn how to communicate together [49]. In that way,
the child’s ability for emotional engagement and attune-
ment can be disclosed, as well as new details about the
challenges the child may experience, which otherwise can
be hidden in cognitive tests and verbal interaction [25,
|. Having attracted the child’s attention - a prerequi-
site for interaction, it can be directed towards the social
interplay which is entangled in the musical activities.
Supporting the child’s desire for social participation
is important, as it creates the foundation for later lan-
guage development. With parental involvement, MT can
be practised in the home to reinforce the learned skills
in the child’s daily life [31].

2.2.1 The Impact of Music Therapy

MT research primarily comprises case studies or, if quan-
titatively comparative, with small sample sizes. There-
fore, is the validity of the research done within the field,
as well as the therapeutical value of MT, questioned [10,

]

In the systematic review by Reschke-Hernandez
[61], she deduced that throughout the about 80 years of
using MT for children on the autism spectrum, MT as-
sessment methods have not progressed much and the de-
velopment of MT techniques has primarily relied on trial
and error. Together with sparse coherent research avail-
able, the validity of MT research is limited. Reschke-
Hernandez hypothesises that the literature does not rep-
resent the music-therapeutic practice, as the MTs may
not have engaged in clinical research or published their
work. This is supported by the findings from an inter-
national survey of MTs, revealing an incongruence be-
tween the published literature and practice [4, 61]. Al-
beit, throughout the reviewed articles originating from
the 1940s, MTs tend to include the same or similar
techniques in their interventions, indicating converging
and consistent methods within the discipline [61], thus
adding to the combined validity of MT’s impact. Yet,
it is suggested to support the findings with quantitative
measures, i.e., neuroimaging [11, 10].

In the literature review by Holck [31], she found
that MT has a significant effective impact on autistic
children compared to autistic controls that participated
in play or storytelling activities. The children receiving
MT, improved significantly their nonverbal communica-
tion (i.e., gestural imitation) and verbal communication,
albeit less notable [31].

These findings are supported by the study of Bie-
leninik and colleagues [9], who utilised established meth-
ods for measuring autism severity, to compare improvi-
sational MT and enhanced standard care (routine care
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available on-site). They followed 364 children on the
autism spectrum over five months. The children receiv-
ing MT were either in a group of high intensity (three
sessions per week) or low intensity (once per week). Mea-
sures were taken with the Autism Diagnostic Observa-
tion Schedule (ADOS) and the Social Responsiveness
Scale (SRS). The first measures autism symptom sever-
ity and needs to be administered by a trained profes-
sional. The latter measures social competencies and is a
parent-rated measure. According to the ADOS measure,
there was no significant difference in symptom severity
over the five months. Bieleninik et al. suggest that this
was caused by missed sessions or that they should have
extended the intervention process, as it is common to
continue MT for years before it has a noticeable impact.
However, a small but nominally significant difference
was seen when looking at the social motivation, autistic
mannerisms, and social awareness subscales in the SRS,
where MT was prevailing over standard care. In addi-
tion, parents reported positive growth in their children’s
enjoyment and benefit of MT, and also experienced the
effect of their involvement in the process. As delayed
effects are not uncommon in interventions for autism, a
post-hoc responder analysis was conducted five months
after the first evaluation. Here, the participants who re-
ceived high-intensity MT had significantly improved life
quality, compared to the standard care group. Bieleninik
et al. conclude that their findings do not support the use
of improvisational MT for symptom reduction. However,
they propose that symptom reduction is insignificant to
autistic individuals, compared to well-being, engagement
in learning, the ability to flexibly adapt to different situ-
ations and to build meaningful relationships, which im-
proved during and after their study [9].

This section established techniques within MT, that
prompt social and communication skills, as well as the
impact that MT have on the lives of autistic individuals.
For facilitating skill generalisation, IVR is suggested as
an aiding tool for MT. The following section examines
this technology.

2.3

When developing IVR solutions for autism interventions,
it is essential to know what possibilities, strengths, and
limitations the technology has. In IVR research, the
terms 'immersion’ and 'presence’ are inevitable, as well
as the often-discussed issue with IVR experiences, cy-
bersickness. These three subjects are investigated in this
section.

Immersive Virtual Reality

23.1

The term ’immersion’ originates from the physical feel-
ing of being submerged in a medium [15]. An ongoing
discussion in the IVR research community is whether im-
mersion is prompted by technological properties or sub-
jective experience. As a result, Nilsson et al. [45] propose
a three-axis taxonomy of immersion including narrative
immersion, challenge immersion, and system immersion.
The first two involve the user’s attentional surrender as a
perceptual response to the mediated content, and the lat-
ter is viewed as an objectively measurable property of the

Immersion

system [15]. Following Slater’s definition [70], immersion
depends on what sensorimotor contingencies the system
supports. This means that the more actions, which are
utilised to perceive, that the system supports, the more
immersive it is. Immersion is, therefore, prompted by
high fidelity tracking and the quality of the displays that
simulate the sensory modalities [45, (9].

2.3.2 Presence

With a system that supports sensorimotor contingencies
approximated the physical reality, the user can experi-
ence the illusion of being located in the mediated world
[70]. Slater termed this illusion the ’place illusion’ or PI.
PI covers the physics of the situation in the virtual envi-
ronment (VE) and the quality of the actions that can be
applied to perception. This means that a head-mounted
display (HMD) that supports a 180° horizontal field of
view supports higher quality actions than one support-
ing 10°. Another aspect of presence is the believability
of the events occurring in the VE, which Slater calls the
plausibility illusion or Psl. It relates to both the exte-
roceptive and interoceptive sensations, and to the often
valid psychophysiological reactions that the VE can in-
duce in the user. Psl can be elicited when, for example,
non-player characters react and initiate contact with the
player, without the player being the cause of the event
[70].

PI and Psl merge in the representation of the body.
Here, tracking enables a correlation between informa-
tion from the proprioceptive and the exteroceptive vi-
sual system whenever the user moves within the VE.
This can lead to a sense of body ownership of the virtual
body. The theory of body ownership originates from the
‘rubber hand illusion’ paradigm, where a person is un-
der the illusion of a rubber hand is theirs, while hiding
their true hand under a table. When the rubber hand
is touched, the person can ’feel’ it. Body ownership is
found to be elicited with the whole body in immersive
VEs [70]. Presence and body ownership can lead to re-
alistic responses in the VE [45, 70], which can further
provide higher ecological validity [50].

It is important to acknowledge that both PI and Psi
are perceptual illusions - not cognitive. Thus, while the
user is experiencing Psi and PI, they also know that it
is not real [70].

2.3.3 Cybersickness

One issue that remains with IVR is the risk of cyber-
sickness. Here, the user can experience symptoms such
as eye strain, headache, and nausea [18, 66]. The most
prominent theory explaining the aetiology of cybersick-
ness is the sensory conflict theory. It suggests that it
is caused by a conflict between the visual system, the
vestibular system, and nonvestibular proprioception [17].
The discrepancy occurs because the brain receives vi-
sual stimuli from the optical flow illusion perceived in
the HMD but does not receive corresponding stimuli
of movement from the vestibular system [37] Therefore,
when implementing locomotion techniques for traversing
the VE, it is recommended to use methods that instantly
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moves the user to the goal location, such as teleporta-
tion. If using continuous movement, developers should
diminish the acceleration duration which is a known con-
tributing factor to inducing cybersickness [54]. The risk
of cybersickness can also be decreased by reducing lag
and making sure that the HMD is calibrated suitably to
the user [18, G6]. The ergonomics of the HMD are also
a contributing factor, such as its size and weight [17].

The investigation of the limitations and possibili-
ties for MT and IVR showed that the two components
contribute differently to important aspects of social in-
teraction; MT challenges the social flexibility and focuses
on the interpersonal interactions, whereas IVR provides
a space of focused multimodal stimuli, where the recip-
ient can attend to relevant stimuli in the VE, without
disturbances from the outside world.

3 RELATED WORK

With the precautions that should be taken when devel-
oping IVR solutions (as mentioned in segment 2.3.3), it
is also important to examine how to design for MTs, how
to bring MT into IVR, as well as how autistic individ-
uals can become engaged in IVR. These considerations
are investigated by studying previous literature in this
section.

3.1 Design Considerations for Technical Solutions in
Music Therapy

In the study by Baltaxe-Admony et al. [5], six MTs
from different countries were interviewed about their ex-
periences and thoughts about incorporating technolog-
ical devices into their practice. From the transcribed
interviews, five themes emerged:

1. the device should be versatile as MTs often work
with a diverse group of people,

2. the device should be easy to travel with, as many
therapists conduct their sessions in the recipient’s
home, thus form factor was important,

3. the device should be easy to set up and easy to use
for the therapist, which leads to,

4. the device should be standalone, as additional
equipment is not always available (such as personal
computers and monitors),

5. and the MTs should be able to collect data from
the sessions.

The fifth theme was not agreed upon by all therapists, as
one mentioned that data and evaluations could remove
focus from providing a musical experience. Baltaxe-
Admony et al. included it as it can be necessary for
situations where the recipient’s family needs the data
for receiving financial support from their insurance com-
panies.

Based on the design considerations, Baltaxe-
Admony et al. developed a physical prototype. However,
as the prototype was described as ” fairly bare-boned” [5]
(barely finished), it is not relevant for this project. Yet,
the design considerations deduced from the interviews

are of high importance for developing a suitable tool for
MTs to use and accept.

3.2 Virtual Reality Musical Instruments

Serafin et al. [66] present a field overview for design-
ing virtual reality musical instruments (VRMIs). They
deduced nine design principles to follow. Some are con-
sistent with the strengths and limitations that come with
IVR technology, presented in section 2.3; a VRMI should
elicit presence, represent the user’s body suitably for the
situation and instrument, and there should be a focus
on avoiding cybersickness, reducing latency, and display
ergonomics. In addition, Serafin et al. advocate for four
more design principles:

e with IVR’s ability to display multiple modalities,
the design of feedback and mapping is especially
relevant, as the motion and location of the visual
virtual objects must match its audial equal. Also,
appropriate tactile feedback is found to enhance the
playability of VRMIs and can aid in learning to
manage the instrument;

e using existing skills and extending the possibil-
ities from existing instruments makes the VRMI
more familiar and thus facilitates learning in the
beginning;

e the VRMI should consider both natural and
’magical’ interactions. Natural interactions com-
prise actions which are limited by physical con-
straints while magical interactions are not (e.g., the
Go-Go interaction technique). Natural interaction
has the advantage of familiarity and may increase
usability,

e the last design principle is to make the experi-
ence social. Due to the HMD occluding visual
communication from the physical world, the expe-
rience cannot be created with the usual gestures,
i.e., pointing towards objects. Therefore, alterna-
tive methods should be used to facilitate social in-
teraction. By providing a virtual social experience,
social presence/co-presence can be elicited [66].

Some of the design principles tend to the novel user,
which is relevant for this study. This includes exploit-
ing the user’s existing skills and providing tactile feed-
back. Further, the last principle of making the experi-
ence social is highly applicable for this study, where a
multiplayer IVR tool is evaluated, exactly to prompt,
i.e., joint attention gestures (pointing towards objects).

3.3 Engagement in Immersive Virtual Reality

Tarantino et al. [72] assessed the level of engagement
that can be elicited in individuals on the autism spec-
trum by the extended reality (XR) technologies; IVR and
augmented reality (AR). IVR was experienced with the
Oculus Rift and AR with the Microsoft HoloLens. Be-
cause assessment methods for measuring engagement in
IVR are based on research on N-Als, Tarantino and col-
leagues resorted to observing the behaviour ”to prevent



Linnea B. Pedersen

Aalborg University Copenhagen, May 2022 7

Contributor Year: 2021 Process focus
Music THERAPISTS February Preliminary interview: establishing the require-
ments for the VE.
March-May Development of the first iteration.
May Evaluation by one of the MTs.
PSYCHOLOGISTS September- Development of the second iteration.
December
October- Four meetings providing feedback on the design.
December
NON-AUTISTIC December A test focused on usability and initial attitude
CHILDREN towards the application.
Year: 2022
PSYCHOLOGISTS February-April Testing with the psychologists in IVR and

preparing for IVR sessions.

April-May

AUTISTIC CHILDREN May-July

IVR sessions with the target group.
Continuation of the IVR sessions.

Table 1: Timeline of the design process of the IVR tool.

To the left is who was contributing to the

project and to the right, is a recapitulation of where the focus was at the given time.

potential errors and bias due to the difficulty that [autis-
tic, ed.] people have in reflecting and reporting on their
own behavior and emotions” [72]. The method for mea-
suring engagement is interesting to investigate because of
the different phenomenological perceptions autistic and
N-AIs have.

The study was designed with the participation of
three computer scientists, four psychologists, a medical
doctor, and nine individuals on the autism spectrum (age
15-23). The study itself included six autistic males (age
21-23) who all were attending either high school or uni-
versity courses, and with 1Q scores ranging from 73-98.
Each participant experienced four different scenarios, in-
cluding photorealistic images and low-poly VEs, that at
times invited interaction [72].

To measure the engagement of the participants,
three observers were instructed to answer a Likert scale
(1 to 5) that asked about different engagement factors.
These were derived from studies about IVR and N-Als
and references from autism research. The factors were:

e Emotional participation in watching photoreal-
istic and non-photorealistic scenarios. This is inter-
esting as photorealistic environments are found to
elicit a greater level of presence in N-Als.

e Suspension of belief, where the virtual world is
temporarily accepted as reality, which is desirable
for IVR due to the place illusion, PI.

e Body participation: were there coherent body re-
actions to the mediated content? This is namely
statistically significant correlating with the level of
engagement.

e Exploration of the VE and ...

e ... exploration of actions, that both include vol-
untary participation which was not mandatorily re-
quired from the activity [72].

The observers were asked to describe the participants’ re-
actions before, during, and after the experiences - specif-
ically, their facial expressions, level of attention, emo-
tional participation, and verbal reaction.

The responses from the Likert scale indicated a
medium level of engagement, whereas the observational
descriptions indicated high levels of engagement. Notice-
ably was the contrast to the usual findings of photore-
alistic scenes performing better in terms of engagement;
here, the photorealistic scenario did not perform better
than its low-poly alternative. Tarantino et al. propose
that this complies with, that autistic individuals often
get distracted by details of complex environments and
thus have felt more relaxed in the simplified VEs. It
should be mentioned that the cable on the Oculus Rift
may have impacted the results regarding body partici-
pation and action [72].

Tarantino et al. thought that some of the VEs
would be unpleasant to experience. However, when in-
quiring about them, the participants said that they could
not be scared by a fictional world. That the VEs were
perceived safe by the participants, is promising for util-
ising XR technologies in interventions and training. It
was also found that familiarity influenced the level of en-
gagement, hence personalisation of the IVR application
should be incorporated [72]. Tarantino et al. further sug-
gest that because IVR completely excludes visual inputs
from the physical world, this could be used for beginners.
With practice, the recipient may become desensitised to
sensory inputs and outside disturbances and can move
to AR technology that incorporates more of the physical
world.

The findings from this section were highly impor-
tant during the development of the IVR tool in the pre-
vious study [52], as well as when preparing the tool for
the autistic children. The process of developing the tool
is described in the following section.
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4 THE INTERACTION DESIGN PROCESS

As mentioned, this project is a continuation of a twelve-
month design process. This section outlines the process
and essential findings from the previous study [52]. Ta-
ble 1 provides an overview of the process. The purpose
of the previous study was to design a multiplayer IVR
application for MT interventions for autism. The VE
was initially designed in cooperation with two MTs and
later with two psychologists. The cooperation changed
due to the opportunity of evaluating the application’s
impact on the target group at the day hospital where
the psychologists work.

The design process of the application followed a
combination of the four approaches within interaction
design: user-centred, activity-centred, systems, and ge-
nius design [62]. Summarily, in user-centred design,
the designer focus on the user’s needs and especially the
user’s goals, who are also often involved in the design
process [55, 62]. Activity-centred design focus on
the user’s behaviour and the activities the users perform.
Systems design is centred around the functionality of
the system, such as the I/O-systems, controls, feedback,
as well as the interaction with the device, other users,
and the user self. Lastly, genius design is based on
research and the designer’s experience. Therefore, the
genius design approach has little - if any - user testing
[62]. At times, some techniques were more prominent
than others during development, which is described in
the following segments.

4.1 Designing a VE with Music Therapists

To establish the requirements of the MTs, a user-centred
design approach was taken, commencing the design of
the first iteration in February 2021. Based on the de-
sign considerations for developing digital solutions for
MT (established in segment 3.1), it was decided to use
the wireless HMD, Oculus Quest 2 [41]. This covered the
considerations of form factor, being a standalone tech-
nology, and was relatively easy to use and set up.

The design of the first VRMI was based on the de-
sign principles established in segment 3.2, thus genius
design approach was used. The mapping of audio and
visual feedback was considered to create a suitable con-
nection between the two and interaction was kept rela-
tively simple and natural, meaning that the VRMI could
be played by grabbing and placing objects on the VRMI,
thus utilising existing skills. The social aspect of the
VRMI was established through the online multiplayer
feature. Because the tool needed an internet connection,
the amount of data shared between the users was limited,
for the sake of reducing latency.

With familiarity as an influencing factor for engage-
ment (mentioned in segment 3.3), the VRMI was set in
a familiar environment: a typical classroom, as seen in
Figure 2. Because objects with reduced complexity are
seen to induce relaxation without decreasing engagement
[72], low-poly models were used to create the VE. Fur-
thermore, with the tendency of looking at the piecemeal
information instead of a context, it is proposed that the
fidelity of the visual aspects in a VE is less important for

autistic individuals, hence less important for generalising
the skill in focus [48].

The avatar was also given a simple design. With one
of the MTs expressing their worry about the avatar be-
ing intimidating if approaching a realistic design, and be-
cause autistic individuals are challenged with processing
facial information (mentioned in 2.1.3), an iconic-looking
avatar was designed. With the design of the avatar im-
pacting the user’s behaviour [6(], a non-realistic avatar
may invite less serious and more playful interaction,
which is encouraged [7]. The avatar was later iterated,
which is described in section 5.

After the evaluation by one of the MTs in May 2021,
it was decided to re-design the VE and the VRMI, based
on the provided feedback. In short, the VRMI was too
complex for allowing versatility and did not show what
contributions each user had made, which is important for
prompting social interactions, i.e., joint attention [52].
This feature was later implemented, as will be presented
in section 5. Also, since the majority of the objects in the
classroom VE did not have a function other than being
decor, it was mentioned that these could be distracting
the recipient during the intervention and were removed.
As it was no longer a classroom, the VE lacked famil-
iarity. Therefore, to make the VRMI recognisable, it
was re-designed as a model railway scenery, based on the
knowledge about (autistic) children’s affinity for trains
[2, 64, 81], thus using the genius design approach. From
here, the cooperation changed to working with the psy-
chologists.

4.2 Iterating the Virtual Environment with

Psychologists

Initiating the cooperation with the psychologists in
September 2021 and developing the second iteration (see
Figure 1), a mixture of user-centred design and systems
design was used. During this cooperation, especially
the interaction between the user and the VE and re-
lated feedback were prioritised, considering the percep-
tual ability and mobility skills of the target group, con-
sisting of autistic children. Concerning autistic percep-
tion, the implemented sound effects (SFX) were chosen
based on studies [7, 16] that found a preference for low-
pitched flat SFX together with melody sounds. Natural
SFX (i.e., wind, water, birds) induced negative emotions
in autistic children [16].

When non-autistic children tested the IVR applica-
tion in December 2021, it was possible to observe their
actions and reactions within the VE. Thus action-centred
design approach was employed and led to the addition
of a ’tidy-up button’ to reset the interactive objects’ po-
sitions, as well as resolving technical issues such as the
player being able to move outside the VE and climb the
walls.

The process up to this point has been thoroughly
described in [52]. From here, this study continues the
process.

4.3 Preparing the VE for the Autistic Perception

In preparation for the evaluation of the IVR tool with
autistic children, a combination of user-centred and



Linnea B. Pedersen

Aalborg University Copenhagen, May 2022 9

Fig. 1: The second iteration of the IVR application. In the front: the VRMI as a model railway scenery. In the
background: to the left, the gates that could be placed on the railway and emit audiovisual feedback; in the middle,
the avatar; to the right, colour buttons, where the user could change the colour of their avatar.

Fig. 2: The first iteration of the IVR application. In
the middle, is the VRMI in a VE designed as a typical
classroom. Salient colours were given to the instrument
to attract attention. To the right, is a xzylophone which
was omitted in the process.

action-centred design approaches was used. Two infor-
mal meetings were conducted online within the devel-
oped VE with one of the psychologists and a colleague
from the previous study (and the first author of [7],
a study about the acceptability of XR technologies in
autism interventions). The psychologist and colleague
gave feedback while interacting in the VE. Based on the
feedback, the VE was reduced to a relatively small size
(about 3x4 meters). This was done to 1) fit the VE to
the physical room wherein the interventions would take
place, and 2) reduce the amount of movement the chil-
dren needed to do, considering that some children have
mobility issues. The IVR system allowed for real-walking
(physical walking) and as an alternative, continuous lo-
comotion, which was initiated with the right thumbstick,

Fig. 3: The version of the VE used for the evaluation.
Different to the second iteration are the two buttons on
the wall in the back: to the left, an exit button, and in

the top middle, a tidy-up button. The railway scenery
was also re-designed from a winter to a summer version.

and snap rotations (45°) with the left. Here, the psychol-
ogist wanted teleportation instead of continuous locomo-
tion, as this could be performed with just one controller,
which is what come children can handle. He further sug-
gested that teleportation would be easier for the children
to use, as well as reduce the risk of cybersickness, stating
that the children would most likely not voice if nause-
ated, and could get sick without notice. The psycholo-
gists further asked for implementing haptic feedback as
the children have a liking for vibrations. Also, haptic
feedback was advised for aiding the user to learn how to
play the VRMI (mentioned in segment 3.2).

With the final revisions, the psychologists could be-
gin the IVR interventions. The design and implementa-
tion of the VE used for the evaluation are presented in
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Fig. 4: The control panel where the user controls the
sound. From left: the tempo lever, the volume buttons,
the pitch rotator, and the whistle.

(b) The flags change colour to the interacting user’s
avatar colour.

Fig. 5: The gates that are used for creating music with
the VRMI.

the following section.

5 THE VIRTUAL ENVIRONMENT

Figure 3 shows the version of the VE which was used for
the evaluation. The design and implementation of the
VE are described in the following segments.

5.1 Design

As mentioned in segment 4.1, the VRMI is designed as
a model railway environment, placed on a table in the
middle of the VE. The VRMI comprises a locomotive
circulating the environment, a lake, trees, flowers, and a
sun slowly rotating in the air. On another table, twelve
gate models are placed, which are used to create the
musical sound. This is done by placing a gate across the
railway, and when the locomotive drives through it, the
gate emits audiovisual feedback.

The user controls the properties of the gates’ SFX
by interacting with a control panel placed on the side of
the railway environment (see Figure 4). This includes
1) a lever to control the tempo of the locomotive, 2) two
buttons to increase and decrease the volume, and 3) a ro-
tator knob that increased and decreased the pitch. Four
SFX are included; a marimba (G5 note), a xylophone
(C6 note), a bass drum, and a 'magic plings’ effect, that
are visualised with an icon on the flags of the gates, as
shown in Figure ba.

Exit

(a) To the left is the red exit button and to the
right is the green tidy-up button.

vV ¢

(b) The colour buttons used to change the colour
of the user’s avatar.

Fig. 6: The buttons on the walls of the VE.

Next to the control panel, the user finds a whis-
tle, which when taken near the user’s head (for mimick-
ing blowing in a real whistle), the whistle makes whistle
SEX. As a response, the locomotive emits a horn sound
and changes the colour of the smoke from its chimney
(see Figure 8). The smoke is further used to visualise
the current state of the settings of the control panel.
This is outlined in Table 2.

On the walls of the VE, a button row with different
coloured buttons (see Figure 6b). These can be pressed
to change the colour of the user’s avatar and when the
user grabs a gate, the colour of the gate’s flag and visual
feedback will change to the current colour of the avatar,
as seen in Figure bb. This is done to visualise the users’
contributions. The gate’s visual feedback is a particle
system that bursts silhouettes of musical notes, which is
activated when the locomotive drives through it.

On another wall in the VE, is a red exit button to
quit the application, and a green tidy-up button to reset
the location of the gates and the whistle for all users (see
Figure 6a).

Interactions with objects are direct (natural) and
are initiated by the user pressing one of the grip buttons
on the controllers. Haptic feedback (vibrations) is pro-
vided by the controllers when the user interacts with the
control panel, and when pressing any button in the VE
(buttons in Figure 6). The user will also feel vibrations
when hovering their virtual hands over objects such as
the locomotive, the sun above the railway environment,
and other users’ avatar components.

The avatar comprises two hands, a torso, and a
spherical face with a 2D drawing as a face (see Figure 7).
The mouth changes height depending on the microphone
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Controller Purpose Other feedback

Lever Locomotive drives —
faster/slower.

+/— buttons  Volume of the gate sounds Transparency of the smoke is
is decreased/increased. decreased/increased.

Rotator Pitch of the gate sounds is  Size of the smoke is
decreased/increased. increased /decreased.

Whistle Whistles and the locomo- Smoke colour changes to one

tive makes a horn sound.

of the avatar colours.

Table 2: The controllers on the panel, their functions and related feedback [52].

Fig. 7: The default avatar. When changing avatar
colour, both hands, torso, and the spherical head change
colour. The mouth changes height depending on micro-
phone input.

input volume from the user.

Besides real-walk locomotion, the user can teleport
in the VE. This is initiated by pressing the "X’ or ’A’
buttons, or by tilting either of the two thumbsticks on
the controllers. The different possibilities were provided
for the sake of versatility.

5.2

The application is built for the Oculus Quest 2 [41]. For
implementation, Unity version 2020.3.18f1 [74] is utilised
with XR Interaction Toolkit v1.0.0-pre.8 for enabling XR,
interactions [75], and Normcore v2.1.10 as the network-
ing framework [47].

Implementation

6 METHODOLOGY

The aim of this study is to evaluate if the developed
IVR application, designed with MTs and psychologists,
can facilitate social skills training and subsequently be
deemed appropriate for autistic perception and useful
for autism interventions. The evaluation is based on
IVR sessions with autistic children, conducted at the day
hospital where the two participating psychologists work.
In the evaluation, the IVR session is compared to other
non-IVR sessions, that are offered on-site. A question-
naire was formulated to inquire about the psychologists’
opinions about the child’s behaviour. This was done,
as self-assessment questionnaires are not recommended
(mentioned in segment 3.3) and further were not possi-
ble due to many of the children being nonverbal. The
formulation of the questionnaire is outlined in segment

Fig. 8: The particle system used for the smoke from
the locomotive’s chimney. The colours of the smoke can
change between the avatar colours (more about this in
the text).

6.1.

A mixed-methods approach was utilised to avoid
the bias of subjectivity, as recommended in [11]. Here,
data about what object the participant was gazing at was
print to a file. It should be mentioned, that the utilised
HMD does not support eye-tracking, thus the forward
direction of the gaze was used as a representation. The
gaze direction can indicate if the child directed their
attention towards the other person (the other avatar),
which may signify that the child can identify relevant
aspects of the social situation [35, 53], which otherwise
is difficult for autistic individuals, following the enactive
mind theory (presented in segment 2.1.1). This infor-
mation may prove beneficial when correlated with the
aforementioned questionnaire.

After the non-IVR and IVR sessions were done, a
semi-structured interview was conducted with the psy-
chologists to follow up on the sessions and inquire into
responses in the questionnaire that may be difficult to
interpret. In addition, this interview was also to ask
about their general opinion about the IVR tool, whether
the design was appropriate to the autistic perception,
and about using the IVR tool to train social skills with
the children. The points that framed the interview is
attached in Appendix B.

6.1 Formulating the Questionnaire

Because the VE is developed with MT in mind, assess-
ment methods within the field of MT were investigated
for evaluating the impact of the developed IVR tool.
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Index Question Reference
A(-) The child displayed stereotyped movements. Psychologists
B The child displayed body awareness. Psychologists
C The child could maintain focus on the activity. [13]

D The child was engaged in the activities. [13, 72

E The child displayed an understanding of the cause-and-effect relationship in the ac- [13]

tivity.
F(-) The child appeared overstimulated. [13]
G(-) The child displayed stress or anxiety during the session. [13] and
Psychologists

H The child had the ability to react with nonverbal communication. [13, 72]

I The child was verbalising pertinent (fitting) to the interaction. [58, 72

Table 3: The questions about the child’s behaviour and participation during a session. To the right, is the refer-
ences of the MT assessment method that inspired the formulation. Some questions were added and revised by the
psychologists. Question A, F, and G, are 'negatively loaded’ (more about this in the text).

ID Age Sex (ICD-10) CARS KABC Autistic Behaviour Knowledge of
Condition Digital Tools

2 12 M  (F84.0) Child- 47 NVI:49 Hand flapping, tiptoeing, Little
hood autism echolalia, hyperventilating

3 1 M (F84.0) Child- 42.5 MPI:53-68 None Little
hood autism

4 12 F (F84.3)  Other 39 NVI:35-49  Looking at herself, very tac- Medium
childhood  dis- tile
integrative
disorder

10 10 M (F84.0) Child- 415 MPI:35-47  Echolalia Strong
hood autism

12 10 M  (F84.3) Other 41.5 NVI:47-61  Echolalia, sorting things Little
childhood  dis-
integrative
disorder

13 10 M  (F84.1) Atypical 32 NVI:72-86  Echolalia in some contexts Strong
autism (i.e., many children around)

19 10 M (F84.0) Child- - - Echolalia, clastic crisis (ag- Little
hood autism gressive and destructive be-

haviours)

20 7 M (F84.1) Atypical - MPI:43 None Little
autism

21 10 M  (F84.1) Atypical - - None Little

autism

Table 4: ICD-10 is the exact diagnosis [S0] given to the children. CARS (Childhood Autism Rating Scale) is a
scale indicating the severity of the symptoms [73]. KABC (Kaufman Assessment Battery for Children) is a cognitive
profiling for the children’s intellectual abilities [51].

There are several established MT assessment methods
[13, 46, 58, 65, 78, 79], however many of these focus
on diagnosing, which is not the purpose of this study
- or require that the assessment conductor is educated

in using the methods. With the change in cooperation
from MTs to psychologists (mentioned in segment 4),
the MT assessment methods could not be directly used.
Instead, a questionnaire was formulated, taking inspi-



Linnea B. Pedersen

Aalborg University Copenhagen, May 2022 13

ration from the sections of the examined MT assess-
ments dealing with social interaction. Table 3 shows
the questions included in the evaluation. The questions
were rated 0="not at all’, 1="rarely’, 2=’occasionally’,
3="about half of the session’, 4=’often, but not always’,
and 5=’consistently’. Questions A, F, and G were 'nega-
tively loaded’ questions, thus when calculating the total
session score for the children, these questions were sub-
tracted from the highest value, 5.

From the assessment profile developed by Carpente
[13], additional focus was given to the support that the
child needed during interventions. The level of support
can create a framework for understanding the recipient’s
level of independence and how well they understand in-
terpersonal cues, that are provided during an interven-
tion. Support should be given, beginning with the lowest
level and be increased when the therapist finds it nec-
essary. The following questions were inspired by Car-
pente’s method; they inquired about the child’s need for
support to move around in the environment, maintain
focus on the activity, and interact with the instrument.
These were rated on a scale from 0 to 4, where 0 ='no
support’, 1="verbal support’, 2=’visual support’ (such
as pointing or showcasing how to interact), 3="partial
physical support’, and 4=’full physical support’, as in
the original method [13].

Specifically for the IVR sessions, an additional sec-
tion in the questionnaire asked about the child’s ac-
ceptance of wearing the HMD, if they were annoyed
when removing the HMD (negatively loaded question),
and whether the system seemed easy to use for them.
The questions were inspired by the work done by the
colleague in [7] and the System Usability Scale (SUS)
[12], and were rated 0="strongly disagree’, 1="disagree’,
2="neutral’, 3="agree’, 4="strongly agree’, as in the SUS.

Before initiating the IVR interventions, the ques-
tionnaire was revised with the psychologists and the col-
league (author of [7]). Here, questions were added about
the child’s mood before and after the intervention, as
this could have an impact on their behaviour during the
sessions. They asked whether the child was tired, anx-
ious (both negatively loaded questions), and happy, and
were rated from 0="not at all’ to 3="very’. Because the
questionnaire took more than ten minutes to complete, it
was shortened to avoid fatigue and to accommodate the
daily schedule of the psychologists. This resulted in two
times three mood questions, the nine session questions,
three support questions, and for IVR sessions, three ac-
ceptance questions. It was a total of 18 questions (21 for
the IVR sessions) and took about six minutes to com-
plete. The questionnaire is attached in Appendix E.

It was hypothesised that the session scores were
higher for the IVR sessions than the non-IVR sessions
and data assumed parametric for statistical testing for
paired sample t-test.

6.2 Participants

With the aim of the study being primarily about the
autistic child’s possibility of developing social skills fa-
cilitated by the IVR tool, there is a second target group:
the therapists, as they also are primary users of the IVR,

door

/ view
direction

view
direction
O~ (ol
laptop recording
(video-call) camera

Fig. 9: Simplified diagram of the room setup, seen from
above. Dimensions are not true to the physical room.

tool. The target groups are outlined here.

6.2.1 The Therapists

The two psychologists who participated in designing the
VE and conducted the IVR sessions are autism experts.
They use digital tools in their interventions daily, i.e.,
video games, tablets, and robot mediation. They have
previously participated in a study about the use of XR
technologies for autism interventions together with the
aforementioned colleague [7]. Thus, the connection with
the psychologists was established through my profes-
sional network.

6.2.2 The Children

The nine participating children were between 7 and 13
years old and were all on the autism spectrum. All chil-
dren had an IQ under 70, meaning that they have an
intellectual disability. Table 4 provides an overview of
each child. Child 3, 4, and 13 have little to no spoken
language. It should be mentioned that the children, ex-
cept child 19, 20, and 21, participated in the colleague’s
study about AR technology in autism interventions [7]
and, therefore, have experience with XR technologies.

6.3 Procedure

The non-IVR sessions included theatre mediation, video
games therapy, and robot therapy. These were con-
ducted as usual and only observed by the psychologists.

For the IVR sessions, the psychologists were in-
structed to make the sessions as natural as possible,
meaning that if the child did not want to wear the HMD,
they should not be forced to do so. However, data from
such sessions were not used in the evaluation.

The IVR sessions were performed in a room about
5x4 meters. Each session lasted 15 minutes, and 10 of
those were in IVR. For the IVR session, the psycholo-
gists, the colleague, and I were observers. I participated
in an online video call (from Denmark) with the thera-
pists and viewed the session from the view of the psy-
chologist’s laptop, placed in the corner of the room, as
seen in Figure 9. The psychologists and the colleague
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Averaged Session Scores
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Fig. 10: The average scores for each question asking about the observations of the children’s abilities during the

5essions.

were on-site (in France). In addition, a camera was set
in the corner of the room to record the physical view of
the sessions. The list with instructions to guide the psy-
chologists through the technical aspects of the session is
attached as Appendix C.

The view from the HMD was cast to the laptop so
that the child could see the view of the VE before enter-
ing IVR. This was done to make the HMD less intimi-
dating and to ease anxious children. The psychologists
also recorded the view from the child’s HMD.

When the child entered the room, a usual IVR ses-
sion was as follows:

1. The child was presented to all in the room by the
psychologists.

2. One psychologist would prepare the two HMDs for
the session, including casting the HMD view to the
laptop.

3. The child was shown the VE on the monitor,
whereto the other psychologist explained the plan
for the session.

4. The child was presented to the HMD and, if ac-
cepted to wear it, the HMD was adjusted to fit the
child, and the session would begin.

After a day of IVR sessions, a de-brief meeting was held.
This was to discuss noticeable behaviours of the children
and thoughts about the VE. The findings from the ses-
sions are presented in following section.

7 RESULTS

This section begins by presenting the analysed data from
the questionnaire. Hereafter, a presentation of the de-
briefing interviews focusing on the children’s behaviours
and the performance of the IVR tool. The section
ends by outlining findings from the concluding interview,
where one of the psychologists was asked to elaborate on
some of the answers from the questionnaire, as well as
noticeable behaviours observed during the sessions and
in the recordings.

Four of the children were omitted from the data, as
they were prevented from participating in some of the

ID IVR

Session

27 Apr 19

Non-IVR
Session

3 08 Apr
(Theatre
mediation)

4 08 Apr
(Theatre
mediation)

10 06 Apr
(Video game
therapy)

12 07 Apr
(Robot
therapy)

13 06 Apr
(Video game
therapy)

Days in-
between

18 May 40

11 May* 35

18 May* 41

11 May 35

Table 5: The dates of the non-VR session that the psy-
chologists observed, the date of the IVR session, as well
as the number of days in-between. All dates are in 2022.
(*)An educator was with the child in IVR.

sessions. One child did not accept to wear the HMD and
was also excluded. Therefore, data from five children
could be used for the statistical analysis (child 3, 4, 10,
12, and 13). The sessions were conducted on different
days, which is outlined in Table 5. The colleague at-
tended the sessions on the 27th of April and the 11th of
May, and I attended by video call on the 11th and 18th
of May.

The data concerning the gaze direction was omitted
because the HMD was frequently taken on and off during
a session. This was either because the child wanted to
see if people were still in the room or because of internet
connection issues. With disconnection, the application
needed to be restarted to again connect to the online VE.
Therefore, the data would not have provided valid infor-
mation about the direction of the gaze. Furthermore, it
had not been made clear to the psychologists that one of
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Averaged Session Scores per Child

M Non-IVR session M IVR session

: 48
4 3.9
. 3.8 3.8 36 -
- 3.1
3 2.6
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3 4 10 12 13

Fig. 11: The average session score per child.

Averaged Mood Scores per Child

m Non-IVR session (post;
3

Non-IVR session (pre) IVR session (pre) m IVR session (post)
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Fig. 12: The average mood score per child before and
after non-IVR and IVR sessions.

[N]

[

the two HMDs should have been dedicated to the child,
for finding tendencies of the child’s gaze direction. The
recordings from the children’s view in IVR are attached
in Appendix D.

7.1 Data from the Questionnaire

The results are presented in the categories; session
scores, support level, usability and acceptance, and
mood scores. The histograms show the contributions
of each score, meaning that negatively loaded questions
have been subtracted to the highest score possible in its
related scale. Negatively loaded questions are visualised
as striped columns in the histograms in Figures 10 and
15. The data from the questionnaire is attached in Ap-
pendix F.

7.1.1 Session Scores

The averaged scores for the individual session questions
are showcased in Figure 10 and each child’s score can
be seen in Figure 11. The difference between the two
data sets (non-IVR and IVR) was evaluated to be sig-
nificantly non-normal with the Kolmogorov-Smirnov test
(D(10) = 0.35, p < .05), hence parametric testing cannot
be performed. Instead, a post-hoc Wilcoxon signed-rank
test was utilised two compare the two conditions [22].
It was found that the session scores were significantly
higher for the IVR session (Mdn = 5) than the non-IVR
sessions (Mdn =4), z = —2.98, p < 0.05, r = —.94.

7.1.2 The Mood of the Child

Looking at the change in the child’s mood before and
after a session, no noticeable difference was seen but
a difference in the non-IVR session, which decreased

Averaged Support Level

B Non-IVR session M IVR session

4
3.2
2.8
2.6 24 2.6
2 1.6
1 I
0

... interact with the
instrument?

... maintain focus on
the activity?

.. move around in the
environment?

Fig. 13: The average score for the level of support, the
children needed during the session. The higher the score,
the higher level of support the child needed.

Averaged Support Level per Child

B Non-IVR session
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33
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3
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3
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w

Fig. 14: The average support level score per child.

by 0.1 (meany,. = 2.2; meanposs = 2.1). When ex-
amining the individual child, there was a trend of the
child scoring lower before a non-IVR session than in an
IVR session, as seen in Figure 12. Therefore, it was
decided to make a post-hoc Spearman’s correlation be-
tween pre-mood scores and session scores. However, the
test showed no significant correlation between the scores
(p > 0.05).

For child 3 and 10, there were additional comments
about the children asking to come to the session, when
hearing that they were doing an IVR session.

7.1.3 Level of Support

All but one child needed a higher level of support for
the IVR session compared to the non-IVR session. The
greatest difference between the support scores for non-
IVR and IVR sessions was the score for moving around
the environment (diff.= 1.6), as seen in Figure 13. The
level of support that the children needed in the sessions
varied a great deal, looking at the individual scores.
Here, the smallest difference between non-IVR and IVR
sessions was 0.3 for child 4, and the biggest difference was
2.7 for child 3, who was the child needing less support
during the IVR session, as depicted in Figure 14.
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Averaged Acceptance/Usability Scores
4

4 34

The child was
annoyed when
removing the HMD

The child accepted
wearing the HMD

The system was
easy to use for the
child

(a) Data from the five children that was a part of the
comparison between non-IVR and IVR sessions.

Averaged Acceptance/Usability Scores (All)

4 36 3.4
3
3
2
1
0
The child accepted The child was The system was

wearing the HMD annoyed when

removing the HMD
(b) Data from all children trying the IVR tool.

easy to use for the
child

Fig. 15: The average acceptance and usability scores.

Averaged Acceptance/Usability Scores per Child (All)
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Fig. 16: The averaged acceptance and usability score for
all the children trying the IVR tool.

7.1.4 Acceptance and Usability

Data from some children were omitted because of a miss-
ing non-IVR session, yet did test the IVR tool and, there-
fore, have data about acceptance and usability. The data
from the five children included in the comparative test
is visualised in Figure 15a, and for all the children who
tested the IVR, data is visualised in Figures 15b and 16.
This included all but child 2, who was prevented from
participating in an IVR session.

The question of accepting to wear the HMD scored
the highest possible (score of 4) for the five children in-
cluded in the statistical analysis. When including all
children who tried the IVR tool, the average scores de-
creased to 3.6 due to one child (19) who did not accept

the HMD and instead participated in the session by look-
ing at the view of the VE, displayed on the laptop.

7.1.5 Observations from the Sessions

This segment will sum up the comments that were writ-
ten by the psychologists, and the observations made dur-
ing the sessions. Some comments were written in French
and thus were translated to English. The comments are
also found in Appendix E together with the data from
the questionnaire. Because some of the children partic-
ipated in the AR study by the colleague [7], there are
made some comparisons between the two technologies.

Child 3 seemed curious when told that he was go-
ing to try IVR. During the session, he was very active
while wearing the HMD. The support he needed (scoring
0.3) was to prevent him from running into a wall. ” He
was still very much ’in his bubble’ but with quite a bit
of sharing”, whereto he mostly used echolalia to express
himself.

Child 4 has no spoken language. While wearing
the HMD, she did not move more than a meter. She
waved ’hello’ to the other avatar in the VE and after
a lot of trials, she managed to interact with the gates,
and catch the whistle, that the psychologist threw to her.
" [She, ed.] makes throat noises, which is usually a sign of
investment, relationship, and pleasure”. Typically, when
she does not want to participate in an activity, she walks
away. Here, she kept the HMD for a longer time before
taking it off by herself, compared to the AR study. In
terms of support (scored 3.3 of 4), it is suggested that
she needs someone beside her during the session to help
her interact.

Child 10 had his educator with him. He is usually
lonely the first few sessions of a new activity, yet here, he
interacted a lot with both the avatar in the VE and the
people in the room. He also seemed to understand that
people in the room could see on the laptop, what he was
doing in the VE. He used the whistle a lot and also blew
as if he was using a real whistle. The psychologists wrote
that he ”seems to love this activity” and that ” he is very
interested in auditory stimuli”. He also participated in
the AR study, which he also enjoyed. At the end of
the session, he took off the HMD and ” he showed great
surprise when he noticed that [his educator’s, ed.] avatar
was far away from him but that his [educator, ed.] was
near him and that he could [physically, ed.] touch her.
He [...] showed a little concern, and was reassured to
see her and to understand the difference between the real
distance and the virtual distance”.

Child 12 can usually get anxious, and had his ed-
ucator with him. For the AR study, he ”refused to wear
the headset. This time, he easily agrees to wear it”. As
he does in real life, he tidied up the room after the ac-
tivities he had participated in.

Child 13 does not like to be in groups. In IVR,
the child interacted a lot with the psychologist. The
first time he got the whistle to make a sound, he seemed
surprised, but then to understand how to interact with
the virtual objects. ” [He was, ed.] so enthusiastic and
had to test everything. [He was, ed.] not overstimulated
but it lead to a rush”, and was ” laughing a lot during the
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session”. He did not interact with the VRMI as intended
but instead tried to test the system’s limitations (he tried
to ’break’ the system) by running through the walls in
the VE. It was notable, that the child tried to hit the
psychologist’s avatar during the session by swinging his
arms and doing boxing movements. He also did the AR
study and liked it very much.

These five children were included in the statistical
analyses. From here, the children did not have data from
a non-IVR session and thus were excluded from the com-
parison.

Child 19 is usually anxious when introduced to
new activities; ” he always needs a little time to discover
a new medium”. Here, he did not accept to wear the
HMD, yet did look inside of it. Instead, the psychologist
entered IVR, which the child then could follow by look-
ing at the laptop. As he was looking back and forth be-
tween the psychologist in IVR and the laptop, it seemed
he made a connection between the two. The psycholo-
gists wrote that he has ”very little verbal language, [and
uses, ed.] echolalia that are not necessarily adapted to
the situation”.

Child 20 was as usually ”very cheerful”. In the
VE, he was ”very present in his body, but moves very
little, and observes a lot around him”. He seemed to
understand what the psychologist showed him in the VE.
The psychologists wrote that he was ” not too stimulated.
Properly”. After the session, he was ”very happy and
said so”.

Lastly, child 21 was ”rarely happy currently” and
had his educator attending the session. For this session,
there was an issue with the height of the avatar, which
made the child and psychologist perceive that they were
much taller than their physical height. The child was
challenged in using teleportation and needed support to
move in the space (had an average support score of 3).
During the session, the child ”said a few times ’it’s like
real life’”, and after the session, the child verbalised that
77I did video games!!” to his educator”, and said that he
"really liked it”.

7.1.6 Debriefing Interviews

After the sessions, the debriefing interviews were held.
Here, the psychologists gave additional feedback about
conducting the IVR sessions and from some of the edu-
cators of the day hospital.

It was observed that haptic feedback had helped
some children understand what should be perceived as
salient in the VE, such as the VRMI and the components
of the other user’s avatar. Furthermore, the children had
a general interest for the whistle, where they could make
a sound from their ’own’ body.

The psychologists mentioned that IVR sessions are
more difficult to handle than AR sessions because they
cannot see what the child sees. Therefore, they recom-
mend that two therapists are needed for the sessions, and
during these evaluations where there is more equipment
to handle (casting to a computer, recording with a cam-
era, video-call, writing observations, etc.), at least three
people are needed.

From speaking with the educators, the psycholo-
gists mentioned that the children had talked about their
experiences on the playground. This resulted in multiple
educators wanting to include other children in the IVR
sessions, which they did not after the AR sessions.

7.2 Concluding Interview with a Psychologist

After examining the video recordings and data from
the questionnaire, a concluding interview was conducted
with one of the psychologists. He was inquired about
some of the written responses and prominent behaviours
of the children. The interview lasted 15-minutes via
video call.

First, the question about one of the children, who
had been boxing the psychologist’s avatar. This be-
haviour was explained as being a positive behaviour, as
this is the child’s way of initiating interaction. However,
as this behaviour is not condoned by society, it is also
not accepted at the day hospital. The psychologist men-
tioned that it was, therefore, good that the child can
express themselves freely in the VE without the con-
sequences of real life. In this way, they can work on
the behaviour instead of immediately shutting it down,
which can be frustrating for the child, as they then find
it difficult to make contact.

Generally, the psychologist had noticed that the
children would interact more with them (the psychol-
ogists) and other people in the room, compared to non-
IVR sessions. Also, compared to AR, the children in-
teracted more with others. He suggested that because
the child was wearing an HMD, visual and partly audi-
tory stimuli from the outside were limited, resulting in
fewer disturbances and that the child could focus more
on the social interaction. He adds that it was important
to see, that many children either took off the HMD or
called the psychologists, to check if they were still in the
room. With more practice, he would like to see the chil-
dren reach a level of comfort where they do not feel the
need to do so. He mentions that for future iterations,
it would be interesting if the application could change
between IVR and AR to progressively expose the child
to more complex stimuli. The most important was that
it seemed as if the children could do this kind of session
for multiple weeks.

In terms of the stimuli that the VE provided, there
was an appropriate amount of stimulation. This was
specifically seen for child 13, where the psychologists had
written about a ’stimulation rush’, which was positive
feedback. He mentioned that the auditory stimuli were
an important aspect of the IVR tool. He asked for an
additional feature, where a sound would mark the end of
the sessions, which would help the children understand
this better. Now, many of the children did not want to
leave the session.

Concerning the features of the IVR tool, the psy-
chologist had noticed that no child interacted with the
pitch rotator and that all children wanted to grab the
locomotive (which was not possible). He proposed tuto-
rials to introducing the children to the different concepts
of the IVR tool. He expressed his vexation about the
internet connection issues and that the objects were dif-
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ficult to grab, if multiple users interacted with the same
object.

The psychologist emphasised that it is important to
acknowledge that the VE is a tool for the therapist and
that the therapist, therefore, should know how to utilise
the tool properly. The interview concluded with him
mentioning that the IVR sessions will continue at the
day hospital to see how the children develop the following
month.

7.3 Key Findings

The key findings from this section are outlined here:

e Five autistic children were included in the statistical
analyses.

e A significant difference was found between the ses-
sion scores for the non-IVR sessions and the IVR
session.

e The mood score did not significantly correlate with
the session scores.

e The children needed higher levels of support, espe-
cially to move around in the environment.

e All children but one accepted to wear the HMD.
e The psychologists observed that the children

— children were excited to try IVR,
— interacted with others more than usual,

— and could distinguish between the real and vir-
tual world.

e The VE had included an appropriate amount of
stimuli.

The following section will discuss the findings as well as
the IVR tool’s ability to facilitate social skills.

8 Discussion

This section includes a discussion of the results presented
in section 7, as well as a general discussion about the de-
sign of the VE and the impact, that the IVR tool may
have on the children’s social skills. Lastly, a discussion
about the implementation of the IVR tool in the thera-
peutic practice.

8.1 Discussion of Results

As it was hypothesised, the children scored significantly
higher for the IVR sessions compared to the non-IVR
sessions. With a small sample size, it can be a coin-
cidence that the participating children did particularly
well, compared to how the target population would actu-
ally perform. However, with the general findings of the
acceptance and impact of IVR tools within the field of
autism research [72], this is implausible.

The children displayed notably higher levels in, es-
pecially, body awareness, understanding of the cause-
and-effect relationship, and lower levels of stress and anx-
iety. Body awareness is essential for self-regulation and

relates to both external sensory stimuli and interocep-
tion, which pertains to emotions [32]. Therefore, the no-
ticeable higher level of body awareness can be a result of
the focused stimuli that IVR technology provides, hence
fewer disturbances, which then leads to lower levels of
stress and anxiety. This is in compliance with the chil-
dren scoring higher in the question about their ability to
focus on the activity, compared to the non-IVR session.
Additionally, understanding a cause-and-effect relation-
ship and reacting pertinent to a situation means that the
children had high levels of engagement (as mentioned in
3.3), which is important in the context of learning [63].

The two questions, where the IVR session scored
lower than the non-IVR session, were about pertinent
verbal communication and about the child appearing
overstimulated. A connection between the two can be
made, as echolalia is usually associated with sensory
overload [24]. Albeit, child 13, who had a score than
indicated a considerably level of overstimulation during
the IVR session, was also the child who had experienced
a ’stimulation rush’. The psychologists later explained
this as positive and that the level of stimuli had been
appropriate to challenge the child, thus suggesting that
a low score did not necessarily mean that the children
had reacted negatively. This was further supported by
the repeated feedback about the appropriate levels of
stimulation in the VE.

It was suggested that the mood of the child pre-
vious to the session could be an influencing factor for
the outcome (segment 6.1). Yet, no significant corre-
lation was found between the mood score and session
score. It is suggested that the mood scores were lower
before non-IVR sessions, because these were conducted
in groups, and that the children prefer individual ses-
sions with the psychologists. It was experienced that a
child was stressed or anxious due to a negative interac-
tion with another child from the day hospital.

The level of support is said to indicate the level of
independence and how well the child understands the
interpersonal cues (mentioned in 6.1). However, as the
IVR tool was a new medium for the children, and with
the removed visual contact with the psychologists, it is
not surprising to see a higher score in support. Thus, it
is not seen as a decreased level of independence, when
looking at how well the children did in terms of social
interaction. This idea is supported by data, where the
child who needed the most support (scoring 2.7) and the
child needing the least support (scoring 0.3), both scored
3.8 of 5 in the session scores.

Concerning the acceptance and usability scores
from the questionnaire, the psychologists did rate the
children to be annoyed when removing the HMD at the
end of a session (the average score was 3.4 out of 4). In
segment 7.2, the psychologist mentioned that adding a
sound to mark the end of the session, would lead to min-
imal annoyance by the children, as they would recognise
its meaning. He suggested a 'gong’ sound, which the chil-
dren were familiar with from the colleague’s work [7]).

The one child, who did not test the IVR tool was
mentioned to always be cautious about new kinds of
mediums. The child displayed curiosity by looking in-
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side the HMD and participating by looking at the IVR
view that was cast onto the laptop. The child did have
little experience with digital tools, which can explain the
anxiety. Albeit, not every child with the same level of
experience had the same precautions. Hence, this is seen
as an exception.

From the video recordings, it was observed that the
whistle was a preferred object to interact with. Looking
at the differences between the whistle and the VRMI,
these can be categorised as 'active’ and 'passive’ VRMIs,
respectively. The railway VRMI is passive because it
does not require constant and repeated interaction for
making sound, whereas, with the whistle, the user must
make the act of moving the whistle near their head. It is,
therefore, suggested that additional 'active’ instruments
should be included in the VE. This is in compliance with
the findings from the previous study [52], where one of
the MTs acknowledged the importance of including an
instrument that a child could immediately recognise -
such as the xylophone in Figure 2.

It should be mentioned, that with the frequent in-
ternet connection issues, the IVR tool’s full potential
may not have been exploited. The connectivity issues re-
sulted in undesired disturbances and positions of objects
not updating for all users, who then could not interacted
with said objects. Therefore, for this multiplayer appli-
cation, a stable internet connection is a requirement.

The next segment will discuss the methodology
from which these outcomes emerged.

8.2 Discussion of Methodology

With the obstructed plan of utilising mixed methods,
this evaluation relies on the subjective answers from the
two psychologists. Whether a bias of novelty or a con-
flict of interest was present cannot be assured. Future
studies are advised to incorporate eye-tracking for data
triangulation, as well as acquiring more precise data.
Eye-tracking was not supported by the HMD used for
this study.

With eye-tracking, it would be interesting to in-
vestigate where the autistic children would direct their
attention. This could be compared to non-autistic chil-
dren, to see if they could equally skilful recognise social
cues made by the therapist during a session. A study
about attention capture is conducted by Scheerer et al.
[64], where they found that trains captured the children’s
attention more strongly than face stimuli for both non-
autistic and autistic children. Because the participants
were 7-10 years, they suggested that the children may
not yet have been conditioned to recognise faces. There-
fore, to investigate a difference, the study by Scheerer et
al. should be replicated with an age group similar to the
participants in this article (generally, 10-12 years).

When examining assessment methods for this study,
the AQR (Analysis system to evaluate the Quality of Re-
lationship) was considered. This method inquire about
the quality of the relationship between the therapist and
recipient, which is important for the development of so-
cial skills [10, 44, 71]. As with other excluded assessment
methods, this required the conductor to be trained in
utilisation. Thus, for a longitudinal study, this evalua-

tion method should be considered. As MT is recognised
as a time-consuming process [26], studies are suggested
to follow the development of recipients of MT for more
than five months, if not years for seeing a significant dif-
ference in development (mentioned in segment 2.2.1). It
should be made clear that assessment methods, that are
deduced from studies about N-Als, are not applicable in
autism research due to the notable different comprehen-
sions of social interaction. This was also discovered in
segment 3.3.

Child-led sessions (recommended in section 2.2)
provided the possibility to discover how the child ex-
presses themselves without being limited by the conse-
quences that there usually are in the real world. In mul-
tiple cases, the psychologists expressed their surprise at
the children’s abilities to interact with others, as well as
distinguish what was the real world and what was medi-
ated. Therefore, the IVR session can be a safe space for
the child to initiate interaction in their own way - such as
boxing the therapist or hugging others very frequently.
Typically, are these behaviours immediately ’appropri-
ated’ and, as a result, the child may feel frustrated. With
the IVR tool, the undesired behaviour can instead be ad-
dressed differently without suppressing the child’s way of
self-expression.

8.3 Consideration for Developing IVR Tools for
Autism Interventions

When designing for people on the autism spectrum, it
is important to recognise the importance of including
autistic individuals and stakeholders to acquire a proper
understanding of the autistic lifeworld.

For this project, the IVR tool was designed in co-
operation with MTs and psychologists, taking an inter-
action design approach. As an alternative, participatory
design could have been used, as it is deemed particu-
larly effective when designing technological solutions for
autistic individuals as it incorporates the ideas behind
the double empathy problem [77]. However, this method
has also been criticised as it can create a false image of
autistic participation. It is rare, that autistic individu-
als are actual contributors in the process, that instead is
dominated by the coordinators of the project [19].

The design process resulted in three iterations of the
IVR tool for autism intervention. Different from other
studies [1, 23, 27], this study incorporated music thera-
peutic elements and developed a multiplayer tool, where
also the therapist is present in the VE. Besides the design
considerations outlined in section 3, from this process,
the most prominent design considerations are:

1. Expectations for the level of stimuli complexity
should be aligned with stakeholders and, if possi-
ble, autistic participants.

2. The IVR tool should introduce the child progres-
sively to the concepts incorporated in the VE.

3. As a starting point, the VE should only contain ob-
jects with a function.
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4. Haptic feedback can be utilised to enhance inter-
action and emphasise important aspects of the VE
(such as the other user’s avatar).

5. The IVR tool should allow the therapist to mark the
end of a session (e.g., a button that emits a 'gong’
sound).

6. There should be both passive and active instru-
ments.

Some studies further propose that individualised techno-
logical solutions are necessary to be effective in autism
interventions [72]. Albeit, a tailored tool can be very ex-
pensive and thus be prohibitive for many in the autistic
community - both for the therapists, other stakeholders,
and autistic individuals [49]. Therefore, designing for
versatility should be in focus.

In the concluding interview (segment 7.2), the psy-
chologist emphasised that the therapist should know how
to properly exploit the possibilities of the IVR tool. This
standpoint is in coherence with Parsons et al., stating
that for therapists and parents, ”training to use tech-
nologies can also be a crucial determinant of success-
ful uptake of the technology” [19] and that such a tool
should not be classified as a toy. Therefore, coopera-
tion between developers and therapists, similar to the
previous study [52], is advised for the sake of creating a
useful tool - both for the therapist and recipient. The
function of the developer is to present the technology’s
capabilities properly to exploit its full potential. With
this, also comes the knowledge about the tool’s limita-
tions. It was advised in segment 2.1.2 that training social
skills should focus on arousal regulation and relaxation
skills. Nonetheless, the children were not observed to be
relaxed with the developed IVR tool. Albeit, there ex-
ist other therapy methods for inducing relaxation, such
as Snoezelen [7]. Instead, IVR therapy can engage the
child in the session and progressively expose the child to
more complex stimuli, potentially facilitating the ability
of self-regulation in more busy environments.

8.4 Representation of Players’ Bodies

It was interesting that the test participants scored high
in body awareness even with the simple avatar. This re-
lates to the findings about simple VEs eliciting engage-
ment (in segment 3.3. Also, Serafin et al. [66] mention
that less realistic avatar hands provide a higher level
of agency in the user. Thus, a simple avatar design is
adequate for social skills training. Yet, future research
should examine this concept in isolated studies, as signif-
icant improvements in social skills are found when using
highly-realistic VEs and avatars [28]. To this, Feng et
al. [21] already concluded that the uncanny valley effect
is not exhibited in autistic children.

One issue with a simple avatar, is the lack of facial
expressions and precise body language, that the ther-
apist usually relies on for practising, i.e., turn-taking
(mentioned in segment 2.2). Facial expressions are yet
a challenge for IVR technology, however, eye-tracking
technology exists [53], just not in standalone devices. It
can be argued that facial expressions may also be more

important for the therapist than the children, due to the
challenges autistic individuals have with processing facial
information, as mentioned in segment 2.1.3. Again, the
level of realism of the avatar can be investigated, focusing
on different possibilities of generating facial expressions
and their impact on the child’s social abilities as well as
the therapist’s abilities to correctly read the child’s ex-
pressions. For more precise body language, inverse kine-
matics could be implemented for added expressiveness
in the body language of the avatars. Here, additional
gear is used to track the position of the child’s feet and
hip, however, this moves away from the initial require-
ment in segment 3.1, of the technological solution being
standalone.

8.5 Generalisation of Learned Skills

With an IVR tool, it can be discussed, whether learned
skills can be generalised in other situations. Because
outside disturbances, the child can focus on the session
and the therapist can receive more attention to train so-
cial skills with them. However, when placing the child in
a different situation, there is not the same exclusion of
disturbing stimuli, hence the child with have more diffi-
culties in focusing in applying learned skills. Therefore,
increasing complexity of stimuli is imperative for ecolog-
ical validity.

As the cost of IVR displays decreases, it becomes
more available for the general public, and the possibility
to reinforce learned skills at home increases. In that way,
parents can support their child’s desire for social partici-
pation (as mentioned in segment 2.2). — PsI relates both
to the exteroceptive and interoceptive sensations, which
was found different for autistic individuals compared to
N-AIs (segments 2.3.2 and 2.1.3). Yet, a child did ex-
press suspension of belief, meaning that the IVR may
have a similar effect on autistic individuals as N-Als in
terms of being under the place illusion, PI.

A slow introduction of the different aspects within
the VE, is suggested to better prepare the child for more
social activities in a busy environment [16]. As the psy-
chologists suggested, this could further lead to introduc-
ing more complex stimuli, which is in accordance with
[7] and [72]. From here, the social training can move
to simply being in the physical world, when the child is
ready. Also, utilising VR for training - and then AR,
which has shown promising results for partly incorpo-
rating the physical world [7, 72]. The success of VR
compared to AR, may be caused by the challenges of in-
hibiting cognitive interference, as mentioned in segment
2.1.1. And then finally; moving to practise in the phys-
ical world. this is in accordance with the statements
made by Tarantino et al. in segment 3.3.

8.5.1 Worries about the Digitisation of Therapy

A general concern is expressed by parents and some pro-
fessionals about the digitisation of therapy, as they fear
an increase of social withdrawal of their autistic rela-
tion [23]. To this, Parsons [19] advocate that the autis-
tic movement has since the 1990s, where the personal
computers became more mainstream, developed through
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online communities. Technology is seen as a gather-
ing point for autistic people and a way to participate
in societal discussions. With the increased popularity
of social media, it became a powerful tool for enabling
communication. Parsons continues the discussion about
that academia focusing on validating technologies and
methodology without involving the target group; autis-
tic individuals [49].

9 CONCLUSION AND FUTURE WORK

This study aimed to develop a tool, that facilitates so-
cial skills training for autistic children, and thus increase
the likelihood of independence and improved life quality.
Here, IVR technology’s capability of simulating realistic
stimuli was exploited to prompt valid responses in the
user, as this provides high ecological validity. The ba-
sic principles of MT constituted the foundation for the
developed IVR tool, as MT can facilitate social commu-
nication skills and interaction. The tool was developed
in cooperation with autism experts, including MTs and
psychologists working daily with autistic children.

The IVR tool was successful in facilitating social in-
teraction and was further deemed appropriate for autis-
tic perception. Future evaluation will focus on assessing
the development of the participants’ social abilities. The
generalisation of the learned skills may be noticeable af-
ter several IVR sessions.
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