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The work presented in this paper is part of an innovative program including researchers from computer science,

psychology, and education science. The aim is to propose immersive virtual environments to develop
autonomy skills of young adults with autism having specific visual, psycho-sensorial, and cognitive
capabilities. Several skills towards a progressive autonomy are thus targeted: interactions and social skills,
verbal or alternative communication, perception-action coupling, and joint attention. In this context, a virtual
supermarket has been developed, allowing participants to be confronted with shopping activity.

1 INTRODUCTION

Since the dawn of the 21 century, in the hope of
alleviating cognitive dysfunction, researchers, and
therapists have been seizing the potential offered by
virtual reality (VR) (Fallet et al., 2022). Despite the
abundance of literature cross-referencing autism
spectrum disorder (ASD) and VR, there is a dearth of
work addressing this atypical triple comorbidity
profile. This raises the question of the potential
applications of VR in this ethical context: to what
extent this technology may reduce the attentional and
sensorimotor disorders of an autistic public with
specific psycho-sensory percepts (Bogdashina, 2020;
Mottron et al., 2006)? Our pioneering participatory
research aims to support socio-educational strategies
for a particularly vulnerable autistic population with
intellectual development disorders (IDD), language
development disorders (LDD) and sensory-motor
disorders (WHO, 2022).

In the next section, we provide a brief overview of
the use of VR techniques and recommendations for
non-verbal or dyscommunicative autistic individuals.
In Section 3, we describe our unique approach to the
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design of effective virtual environments (VEs) aimed
at developing autonomy skills in young adults with
autism who possess specific visual, psycho-sensorial,
and cognitive capabilities. Section 4 presents and
discuss some preliminary results. The paper
concludes with a summary and introduces some
future work.

2 PROPOSED APPROACH

2.1 User-Centred Design Methodology

VR technologies and 3D multimodal interaction
techniques have been studied and used in the field of
medicine and education for almost three decades
(Burdea & Coiffet, 1994; Burdea et al., 1996;
Popescu et al., 2002; Jankowski et al., 2013). In this
context, olfactory feedback was used to increase the
sense of presence in VEs and the memorization of
information (Richard et al., 2006; Tijou 2007
Andonova et al., 2023; Cowan et al., 2023).

In the field of autism, recommendations support
the importance of learning devices that are
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intrinsically centred on users, to enter affordance
(Gibson, 1977) with their cognitive percepts. In this
context, we propose an  epistemological,
anthropocentric approach (Fuchs, 2016) that is part of
innovative participatory research in which the
psycho-sensory specificities of users are integrated
into the process of designing VEs (Lacote-
Coquereau, 2023).

Appropriate to autism, the User-Centred Design
methodological approach (Guffroy et al., 2017) is part
of the subject-participant concept (Bourdon, 2021).
The participation of users, who become co-creators
during the innovation design and implementation
processes, is a key point of the proposed
methodology. We can then, via this systemic
approach, design, prototype, test and improve the VE
(Renaud & Cherruault-Anouge, 2018).

The design process took place directly in the
living environment (specialised medico-educational
home) and with the autistic people concerned (Figure
1). The process started in June 2021 with the
introduction of immersive VR to the participants,
researchers, and the socio-educational team members
engaged in the project. The initiation involved the
exploration of the Antarctic National Geographic VR
application. Throughout this initial phase, spanning
several months, we were able to discern the interests
of autistic users in VR, recognize their sensitivities,
assess their motor and cognitive limitations, and
gauge their potential. This evaluation was grounded
in the diagnostic assessments specifically designed
for autism spectrum disorder (ASD).

Following the initial phase of immersion and
acclimatization, the experiment commenced with
young adults diagnosed with autism spectrum
disorder (ASD). Adjustments and enhancements to
the virtual environment (VE) were carried out based
on feedback from participants, considering the
responses and reactions of both the autistic
individuals involved and the medical team that
supports them daily. The VE was also refined and
adapted according to the specific psycho-sensory
specificities of the participants, enriched by
brainstorming and design thinking sessions and
design thinking sessions with the entire socio-
educational team and the researchers (Renaud &
Cherruault-Anouge, 2018).

During the design process, the VE was adjusted
after each trial according to the difficulties observed
by the medical-educational team or the observations
of the participants. These modifications included a
reduction in light intensity (visual hypersensitivity),
an increase in olfactory stimuli, and the addition of
certain pictograms to make it easier to understand the
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interaction possibilities. The equipment was also
modified to facilitate observation of the VE, for
example by replacing a fixed chair with a swivel
chair.
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Figure 1: Illustration of the User-Centred Design process:
young adults with ASD, researchers, and socio-educational
team first immersion in the Antarctic application (a, b, c),
and experiment with the young adults with ASD (d).

(d)

2.2 Participants

The study involves a vulnerable population,
benefiting from a legal protection measures, due to
impaired cognitive, relational, or physical faculties.
The cohort is made up of 8 young adults with autism
spectrum disorder (ASD), language impairment and
Intellectual Development Disorder / IDD (WHO,
2022):

-4 men - 4 women

- Average age: 23

- 6 out of 8 subjects have no access to writing or
reading

- 8 out of 8 have impaired oral language skills

Clinical assessments were based on the international
diagnostic scale AMSE - Autism Mental Status Exam
(Grodberg et al., 2014). Seven significant ASD items
are rated from 0 to 2, depending on the severity of the
impairments: eye contact, interest in others, pointing
ability, language, language pragmatics, stereotypies,
intrusive preoccupations. The average score for the
group (1.6/2) indicates moderate to severe language
impairment. On the other hand, the evaluations show
arelatively preserved pointing ability (group average:
0.3/2). In this sense, the ray-casting metaphor, which
can support alternative communication, seems to us
to be a major support provided by the VE.

2.3 Task Description

A meta Quest 2 headset was used to immerse the
participants in the virtual supermarket. The task asked
of the participants was as follows. They had to collect
different products from the shelves in a basket,
according to their wishes, in order to enable self-
determination. Given their sensory-motor difficulties,
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the proposed navigation technique was teleportation.
A guide-experimenter pressed a key on the keyboard
to teleport the participants from point to point in the
shop: bakery, fishmonger, fruit, flowers, bookshop.
The participants had to point with their hands at the
objects to be collected. A ray (ray-casting), which did
not require verbalisation, was then used to select the
objects to be collected. The item was directly placed
into the basket, until the checkout.

A garden, designed as a sensory resting place was
proposed to give each user a cognitive break. An
avatar, designed to resemble the physiognomy of the
educational team co-ordinator, was also implemented
to enable users to ask for help, also using the hand-
free ray casting technique, if they felt the need during
the task. The participant's ability to social interaction
and self-determination of the subject-participant were
thus and enhanced.

3 VIRTUAL ENVIRONMENT

3.1 Visual/ Acoustic Affordance Design

Autism Spectrum Disorders (ASD) are characterized
by impaired communication and social interaction,
sensory atypia, stereotyped behaviours, and restricted
interests, sometimes making engagement in cognitive
activities complex (WHO, 2022). Thus, for people
with autism, digital tools can arouse a particular
interest, conducive to learning (Mercier et al., 2022).
In this context, VR seems very appropriate as it is part
of an environment designed in affordance, in line with
users' emerging abilities (Gibson, 1977). Affordance
is that space-time of possibilities, the result of a
relationship between two entities. In VR, this induces
the anthropocentric conception of a secure, iterative,
and gradual space, qualitatively and quantitatively
controlling the information delivered by the system
(Klinger, 2014). In this sense, VR facilitates
individualized consideration of the autistic person's
specific sensory perceptions, prevailing over
exogenous stimuli (Zhao et al., 2022).

In our everyday world, the perceptual-motor and
perceptual-cognitive systems of people with ASD are
overwhelmed by a noisy, overly rapid flow of
information (Chokron et al., 2020; Swart, 2006). In
contrast, VR can offer a stable, reproducible learning
context, free from exogenous distractors (noise,
comings and goings, unexpected intrusions, etc.), all
of which are deleterious to concentration and
attention. By minimizing the intensity of acoustic and
visual flows (Mottron et al., 2007), slowing down
images and speech flow, immersive technologies
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promote a reduction in behavioral disorders,
subjective well-being (Lacote-Coquereau, Vigier, et
al., 2023) and, subsequently, an availability
conducive to learning (Tardif et al., 2017).

3.2 Ray-Casting: Supporting Executive
and Language Functions

Cognitively, ASD impacts executive functions:
planning, memorization, inhibition, attention
(Klinger, 2014). Often targeted in the field of autism,
joint attention deficit profoundly affects social
cognition (Baron-Cohen et al., 1997). In VR, this
essential skill can receive special support. In
dyscommunicative subjects, the design of interaction
metaphors based on the pointing gesture, such as ray-
casting (Baloup et al., 2019), appears to be able to
support attentional skills (Jordan, 2004).
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Figure 2: Evolution of the success rate of pointing gestures
over the first 13 months.

A precursor to pointing and intentionality, joint
attention can be defined as preverbal communication
(Aubineau et al., 2015). It is the key interaction for
social development (Mundy & Newell, 2007). Its
mastery is therefore essential to the psycho-cognitive
development of dyscommunicative subjects. The
implementation of this pointing (ray-casting)
technique proved to be relevant in three ways:
reinforcing intersubjective attention, substituting for
absent or defective verbalization, and supporting
impaired motor functions (Figure 2).

3.3 Hands-Free Ray-Casting

Motor stereotypies are frequent hyperkinetic
disorders (Goldman et al., 2009), whose main
characteristics are that they are involuntary,
predictable, rhythmic, and repetitive. In the case of
motor stereotypies typical of ASD (flapping or
elevated hand tremors), it is now possible to filter data
from localization sensors to stabilize these actions by
motor-behavioral software aids (Fuchs, 2016) and
improve interaction (Sakkalis et al., 2022). Immersive
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ray-casting techniques can also be used with the
hand-tracking approach. In this way, the technique
efficiently replaces the use of 3D controllers,
joysticks or buttons that are too complex for people
with intellectual development and motor coordination
difficulties.

(b)

Figure 3: Self-determined avatars in the virtual shop: virtual
educator (a), and the cashier (b).

3.4 Social Presence

On a societal scale, social interactions "enable us to
construct representations that are indispensable to our
understanding of others and the world" (Aubineau et
al., 2015). However, these fundamental skills in
society give rise to real difficulties for subjects with
autism. Yet "the experience of self can be enhanced if
other beings exist in the virtual world" (Biocca et al.,
2003). Showing "appearances of human faces or
forms plays an essential role in the symbolism of a
representative scene" (Willumeit et al., 2022). Thus,
envisaged as scaffolding for social interactions
hampered by ASD, "avatars and virtual elements
contribute to training in the recognition of facial
expressions and bodily gestures" (Mesa-Gresa et al.,
2018). Several avatars, chosen by the autistic users
themselves in self-determination, were thus added to
the VE. The aim here is to reinforce the feeling of
"social presence" (Biocca et al., 2003), in a reassuring
context conducive to learning (Figures 3a and 3b).
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4 RESULTS AND DISCUSSION

The results of the study confirm that VR techniques
with an anthropocentric focus can promote activity
engagement and learning in dyscommunicative
autistic people (Lacote-Coquereau et al., 2023). The
results also underline the importance of a VE
designed in affordance with the psycho-sensory needs
of learners to increase their cognitive availability and,
subsequently, their learning. A major question
remains, however, as to the generalizability of this
immersive protocol: how can we involve autistic
users who have little or no willingness to experiment
with the VR headset? Faced with this motivational
fragility, we felt it was essential to heuristically
investigate the restricted interests and particular
sensorialities of each subject, in an ethic respectful of
human diversity.

4.1 Sensory Feedback: A Memetic and
Cognitive Vector?

Among the sensory modalities offered by VR, one of
the avenues currently under study applies to the
olfactory domain, a sensory-cognitive channel now
integrated into the headset during immersive trials.
Retro-olfaction, evident from the moment a child is
born (Candau, 2000), is a physiological mechanism
that enables the olfactory system to perceive aromatic
characteristics. Research into the neurophysiology of
olfaction suggests that depriving ourselves of the
powerful emotional tone of odors would mean
"cutting ourselves off from an essential link with the
world" (Holley, 1999).

At the memetic and cognitive levels, olfactory
impressions, "individual symbols par excellence",
convey "the capacity to evoke memories and feelings
removed from social communication" (Sperber,
1974, p. 130). According to the work of André
Holley, the olfactory channel may have two
dimensions: a "cognitive dimension" driven by
olfactory signals, and a "motivational dimension of
sensory stimuli" (Holley, 1999; Washburn, et al.,
2003; Richard et al. 2006; Tijou, 2007).

4.2 Sensory Feedback: A Personalized
Motivational Vector?

During the VR trials, the orthonasal route was
implemented, inspiring the scent directly from
cartridges integrated into the VR headset. Following
the anthropocentric participatory approach, several
cartridges were selected in accordance with users'
wishes. As users stroll through the virtual
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supermarket, they synchronously diffuse a fragrance
corresponding to the food on the shelves, encouraging
visual identification and olfactory stimulation: coffee,
chocolate, apple, orange.

Diagnostic assessments carried out beforehand
with autistic people highlight an olfactory hypo-
hyper-sensitivity (Bogdashina, 2020; Degenne-
Richard, 2014): "R 7 agrees to smell the scented cups.
Her inspiration is deep and fresh. On two occasions
she was able to differentiate between sweet and salty
smells. ... was able to say that she doesn't like the
smell of fire" "R4 looks for strong smells". In keeping
with these sensory specificities, the choice of scents
was closely linked to the interests and tastes of the
autistic people: a major appetite for apples for one,
chocolate for another. On the other hand, an olfactory
surplus could prove repellent to a subject with
olfactory hypersensitivity or who rejects one of the
scents inhaled. A detailed knowledge of the user's
sensory specificities is therefore essential in this field
of experimentation.

Professionals and scientists attest that, in the field
of autism, "personalization according to centers of
interest is a prerequisite for arousing interest" and
enhancing an often-random engagement in learning
activities (Renaud & Cherruault-Anouge, 2018, p.
140). Thus, it seems relevant to us to mobilize
"different sensory modalities" (Vandromme, 2018, p.
18) to elicit greater immersive interaction.
Philosophers and anthropologists have stressed the
importance for perceptual awareness of combining
signals transmitted by different sensory pathways
(Cassirer, 1972; Lévi-Strauss, 1964). At the end of
the first experiments, users' verbatims, facial
expressions and gestures revealed sensations of
pleasure when scent was diffused (Figure 4).

4.2.1 Olfactory Test R1

R1 - "I smelled...it smells like coffee, it's nice...it
makes me want to... Apple, yeah, it's good" (smile and
thumbs up).. " Orange, it smells good... it's good, it
makes me want to go shopping.

GP - Do you remember the smells of the helmet?

R1 - Yes, chocolate and coffee

GP - And the fruit?

R1 - Apple, orange
Olfactory feedback supports the correlation towards
the subject's ability to memorize, evoking pleasure,
and thus developing motives for activity (Leontiev,
1975).
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Figure 4: User's deictic gesture of assent to olfactory
diffusion during a trial.

4.2.2 Scent Test R2 (Non-Verbal)

During another trial in the virtual supermarket, the
professional guide offers R2 (non-verbalizing
subject) an olfactory diffusion of chocolate (a scent
that R2 particularly likes):

GP - "Would you like some chocolate now?
R2 - Mmm (nodding, agreeing)

GP - It's going to smell like chocolate now.
(new diffusion of chocolate scent)
R2 - (pause for scent diffusion) R2 concentrated.

No rictus, no postural retreat during retro-
olfaction). With a pointing gesture via ray-casting, R2
selects the chocolate box of her choice from the shelf.
She laughs and applauds loudly" (Figure. 5). For
participant R2, a non-verbalizer, olfactory diffusion
induced increased thinking time, concentration, and
visual attention, culminating in an autonomous choice
of the chosen food product (chocolate), by ray-
casting. "All sensory stimuli are tangled and
interchangeable dialects of the universal language of
perception" (Steiner, 1967). Ultimately, while the
current results are promising and encouraging, it will
now be a matter of replicating and refining the
innovative immersive approach using olfactory
modality, with a broader corpus. The anthropological
evidence (Passeron & Revel, 2005) from this
participatory research is based on a quantitatively
small cohort (8 adults with ASD), which does not
allow for convincing generalization. However, for
Passeron and Revel (2005), "even in a single
individual, we can solidify hypotheses on the basis of
recurring clues". Although this case is singular, it
reveals a new reflexive space. As such, it is highly
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relevant, and can be tested in other scientific,
therapeutic, or educational contexts.
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Figure 5: Ray-casting of chocolate by R2 after retro-
olfaction.

S CONCLUSION AND FUTURE
WORK

The work presented in this paper aims to design
immersive VEs to develop autonomy skills of young
adults with autism having specific visual, psycho-
sensorial, and cognitive capabilities. Several skills
towards a progressive autonomy are targeted:
interactions and social skills, verbal or alternative
communication, perception-action coupling, and joint
attention. In this context, a specific user-cent red
design methodology is proposed. A virtual
supermarket, with the integration of olfactory
feedback, has been developed allowing participants to
be confronted with shopping activity and the
development of this skill. Results showed that VR
with an anthropocentric focus can promote activity
engagement and learning in dyscommunicative
autistic people. The results also highlight the need to
design and offer immersive environments specifically
tailored to the psycho-sensory needs of the end users,
in this case young adults with autism. To extend and
validate our approach, we plan to design other virtual
environments such as a city and a flat. We will also
be proposing and comparing other navigation
techniques, such as free teleportation and step-in-
place, to favor users’ autonomy.

REFERENCES

Andonova, Veneta & Reinoso Carvalho, Felipe & Jiménez
Ramirez, Manuel & Carrasquilla, David. (2023). Does
multisensory stimulation with Virtual Reality (VR) and

Epistemological Approach

smell improve learning? An educational experience in
recall and creativity. Frontiers in Psychology. 14.

Aubineau, L.-H., Vandromme, L., & Le Driant, B. (2015).
L’attention conjointe, quarante ans d’évaluations et de
recherches de modélisations. L’Année psychologique,
115(1), P.141-174.

Baloup, M., Pietrzak, T., & Casiez, G. (2019). Amélioration
du Raycasting par utilisation de la sélection par
proximité et du filtrage. Journal d’Interaction Personne-
Systeme, 8(1), 61-83.

Baron-Cohen, S., Baldwin, D. A., & Crowson, M. (1997).
Do Children with Autism Use the Speaker’s Direction
of Gaze Strategy to Crack the Code of Language ? Child
Development, 68(1), 48-57.

Biocca, F., Harms, C., & Burgoon, J. K. (2003). Toward a
More Robust Theory and Measure of Social Presence:
Review and  Suggested Criteria.  Presence:
Teleoperators and Virtual Environments, 12(5),
456-480.

Bogdashina, O. (2020). Questions de perception sensorielle
dans D’autisme et le syndrome d’Asperger: Des
expériences sensorielles différentes, des mondes
perceptifs différents (Seconde éd). Autisme diffusion,
AFD.

Bourdon, P. (2021). Education inclusive et participation des
acteurs. Activité et Subjectivation : Le sujet-participant
[Habilitation a Diriger des Recherches, université de
Lorraine].

Burdea, G. & Richard, P. & Coiffet, P. (1996). Multimodal
Virtual Reality: Input-Output Devices, System
Integration, and Human Factors. International Journal
of Human-Computer Interaction. (8). 5-10.

Burdea, G. & Coiffet, P. (1994). Virtual Reality
Technology, John Wiley & Sons Inc, p. 416.

Candau, J. (2000). Chapitre 1—Un sens méconnu. In
M¢émoire et expériences olfactives (p. 9-32). Presses
Universitaires de France.

Cassirer, E. (1972). La Phénoménologie de la connaissance.
La Philosophie des formes symboliques : Vol. III (C.
Fronty, Trad.). Les éditions de Minuit.

Chokron, S., Kovarski, K., Zalla, T., & Dutton, G. N.
(2020). The inter-relationships between cerebral visual
impairment, autism, and intellectual disability.
Neuroscience & Biobehavioral Reviews, 114, 201-210.

Cowan, K., Ketron, S., Kostyk, A., Kristofferson, K.
(2023). Can you smell the (virtual) roses ? The
influence of olfactory cues in virtual reality on
immersion and positive brand responses, Journal of
Retailing,Vol. 99, Issue 3, Pages 385-399,

Degenne-Richard, C. (2014). Evaluation de la
symptomatologie sensorielle des personnes adultes
avec autisme et incidence des particularités sensorielles
sur 1’émergence des troubles du comportement, These
de doctorat, Paris 5.

Fallet, V., Mehlman, C., Canellas, A., & Cadranel, J.
(2022). Réalité virtuelle pour la relaxation avant les
soins. Revue des Maladies Respiratoires Actualités,
14(2).

Fuchs, P. (2016). Les casques de réalité virtuelle et de jeux
vidéo. Presses des Mines, France.

489



HUCAPP 2024 - 8th International Conference on Human Computer Interaction Theory and Applications

Gibson, J. J. (1977). The theory of affordances. In J. B.
Robert E Shaw (Ed.), Perceiving, acting, and knowing:
Toward an ecological psychology (p. pp.67-82).
Hillsdale, N.J.: Lawrence Erlbaum Associates.

Goldman, S., Wang, C., Salgado, M. W., Greene, P. E.,
Kim, M., & Rapin, I. (2009). Motor stereotypies in
children with autism and other developmental
disorders. Developmental Medicine &  Child
Neurology, 51(1), 30-38.

Guffroy, M., Nadine, V., Kolski, C., Vella, F., & Teutsch,
P. (2017). From Human-Centered Design to Disabled
User & Ecosystem Centered Design in Case of
Assistive Interactive Systems: International Journal of
Sociotechnology and Knowledge Development, 9(4),
28-42.

Holley, A. (1999). Eloge de I’odorat. Odile Jacob.

Jankowski, Jacek & Hachet, Martin. (2013). A Survey of
Interaction =~ Techniques  for  Interactive 3D
Environments.

Jordan, R. (2004). Social Play and Autistic Spectrum
Disorders. Autism: the international journal of research
and practice, 7, 347-360.

Klinger, E. (2014). Les apports de la réalité virtuelle a la
prise en charge des déficiences cognitives. Annales des
Mines - Réalités industrielles, 4, 57-62.

Lacote-Coquereau, C. (2023). Dispositif
d’accompagnement d’adultes autistes
dyscommunicants en transition sociétale vers un habitat
inclusif partagé [In Press]. Recherches En Education.
https://cidef2022.sciencesconf.org/

Lacote-Coquereau, C., Vigier, T., & Perreira da Silva, M.
(2023). Experimenting in virtual reality with an autistic
public having language and intellectual development
disorders: Lessons learned and recommendations.
International Conference on Interactive Media
Experiences (Care IMX 2023): Future immersive
healthcare experience in medical and home setting,
Nantes, june 12, France.

Lacote-Coquereau, C., & Bourdon, P. (2023). Protocole de
simulation en Réalité Virtuelle pour adultes autistes
dyscommunicants vers un habitat inclusif partagé.
Bulletin scientifique Arapi Association pour la
Recherche sur I’Autisme et la Prévention des
Inadaptations, 16. https://ua2022.arapi-autisme.fr/

Leontiev, A. (1975). Activité, conscience, personnalité,
Editions DELGA.

Lévi-Strauss, C. (1964). Mythologiques. 1: Le cru et le
cuit. Plon.

Mercier, C., Lefer Sauvage, G., Cadiot, N., Vannier, M.-P.,
& Lopez-Cazaux, S. (2022). Chap. 9-Etude
exploratoire de 1’étayage instrumenté dans le domaine
de I’éducation a la santé pour des adolescents avec
autisme. In P. Bourdon, Autisme et usages du
numérique en éducation. Champ social-INSHEA.

Mesa-Gresa, P., Gil-Gomez, H., Lozano-Quilis, J.-A., &
Gil-Gémez, J.-A. (2018). Effectiveness of Virtual
Reality for Children and Adolescents with Autism
Spectrum Disorder: An Evidence-Based Systematic
Review. Sensors, 18(8), 2486.

490

Mottron, L., Dawson, M., Souliéres, 1., Hubert, B., &
Burack, J. (2006). Enhanced Perceptual Functioning in
Autism: An Update, and Eight Principles of Autistic
Perception. Journal of Autism and Developmental
Disorders, 36(1), 27-43.

Mottron, L., Mineau, S., Martel, G., Bernier, C. S.-C.,
Berthiaume, C., Dawson, M., Lemay, M., Palardy, S.,
Charman, T., & Faubert, J. (2007). Lateral glances
toward moving stimuli among young children with
autism: Early regulation of locally oriented perception?
Development and Psychopathology, 19(01).

Mundy, P., & Newell, L. (2007). Attention, Joint Attention,
and Social Cognition. Current Directions in
Psychological Science, 16(5), 269-274.

Passeron, J.-C., & Revel, I. (Eds.). (2005). Penser par cas.
Editions de I’Ecole des hautes études en sciences
sociales.

Popescu, G. V., Burdea, G. C., & Trefftz, H. (2002).
Multimodal interaction modeling. In K. M. Stanney
(Ed.), Handbook of virtual environments: Design,
implementation, and applications (pp. 435-454).
Lawrence Erlbaum Associates Publishers.

Renaud, J., & Cherruault-Anouge, S. (2018). Applications
numériques pour l’autonomie des personnes avec
trouble du spectre de I’autisme. Enfance, 1.

Richard, E., Tijou, A., Richard, P., Ferrier, J.-L. (2006).
Multi-modal virtual environments for education with
haptic and olfactory feedback. Virtual Reality.
Springer, (10). 207-225.

Sakkalis, V., Krana, M., Farmaki, C., Bourazanis, C.,
Gaitatzis, D., & Pediaditis, M. (2022). Augmented
Reality Driven Steady-State Visual Evoked Potentials
for Wheelchair Navigation. IEEE Transactions on
Neural Systems and Rehabilitation Engineering, 30,
2960-2969.

Sperber, D. (1974). Le symbolisme en général. Hermann.

Steiner, G. (1967). Langage et silence (P.-E. Dauzat, Trad.).
Les Belles Lettres.

Swart, G. (2006). Sensory Perceptual Issues in Autism and
Asperger Syndrome Different Sensory Experiences
Different Perceptual Worlds. Journal of the Canadian
Academy of Child and Adolescent Psychiatry, 15(3),
152-153.

Tardif, C., Latzko, L., Arciszewski, T., & Gepner, B.
(2017). Reducing Information’s Speed Improves
Verbal Cognition and Behavior in Autism: A 2-Cases
Report. Pediatrics, 139(6),

Tijou, A. (2007). Contribution a l'intégration et a
I'évaluation du retour olfactif en environnement virtuel.
These de Doctorat. Université d'Angers.

Vandromme, L. (2018). Introduction. Regards et
perspectives sur les nouvelles technologies et I’autisme.
Enfance, 1(1), 5-12

Washburn, D.A. & Jones Moore, Lauriann & Satya, R.V.
& Bowers, C.A. & Cortes, A.. (2003). Olfactory use in
virtual environment training. 2. 19-25.

WHO. (2022). CIM-11 Classification Internationale des
Maladies. Organisation Mondiale de la Santé.
https://www.who.int/standards/classifications/classific
ation-of-diseases



Virtual Reality and Autism Spectrum Disorder: Emergence of Sensory-Motor and Olfactory Potentialities in an Anthropocentric
Epistemological Approach

Willumeit, L., Martin, P., & Noyer, F. (2022). L’acte
d’image. Photo Elysée collections, 6-10.

Zhao, S., Liu, Y., & Wei, K. (2022). Pupil-Linked Arousal
Response Reveals Aberrant Attention Regulation
among Children with Autism Spectrum Disorder. The
Journal of Neuroscience, 42(27), 5427-5437.

491



