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TEXTE

The au thor grate fully ac know ledges the input of B. A. Engel in the pre par a tion
of this art icle - firstly as trans lator, and secondly for shar ing his ex per i ences as
an anos mic Aut ist.

1. In tro duc tion
Since the late 20th cen tury, edu cat ors, re search ers, and ther ap ists
have been ex plor ing the po ten tial of Vir tual Real ity (VR) to im prove
the daily lives of people af fected by cog nit ive and sens ory impair‐ 
ments (Burdea & Coif fet, 1993; Klinger, 2014; Fallet et al., 2022). VR di‐ 
git ally gen er ates and sim u lates a safe en vir on ment in which the user,
wear ing a head set, is fully im mersed to en gage in sen sor imo tor ex‐ 
plor a tion within a world that can sim u late real ity (Duris et al., 2023, p.
155). Among these pos sib il it ies, an in nov at ive ap proach fo cuses on
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the sense of smell in a vir tual en vir on ment. Within this field of in vest‐ 
ig a tion, the Par ti cipe 3.0 (https://habitat-inclusif-participe.univ-nantes.fr/) 1

sci entific pro gramme, using im mers ive tech no lo gies, sup ports the
autonomy of a vul ner able pop u la tion with Aut ism Spec trum Dis order
(ASD), In tel lec tual De vel op mental Dis orders (IDD), and lan guage dis‐ 
orders. In France, aut ism af fects 700,000 in di vidu als, or ap prox im‐ 
ately 1% of the pop u la tion, a third of whom – in clud ing the par ti‐ 
cipants in our study – do not have ac cess to func tional verbal lan‐ 
guage (Bagh dadli et al., 2012; Pat ten et al., 2013). ASD is char ac ter ised
by impair ments in com mu nic a tion and so cial in ter ac tion, ste reo typ‐ 
ical be ha viours, a re l at ively nar row set of in terests, and sens ory
atypias (WHO, 2022): visual, tact ile, aud it ory, proprio cept ive, ves ti bu‐ 
lar, gust at ory, and ol fact ory per cep tions are altered in di verse ways,
sig ni fic antly im pact ing the in di vidual’s re la tion ship with the world
(Bel lusso et al., 2017; Pieron, 2022). To ad dress these vul ner ab il it ies,
we felt it was es sen tial to in vest ig ate the atyp ical sens ory ex per i‐ 
ences of aut istic learners in vir tual real ity, both to en sure their well‐ 
being from an eth ical stand point 2 – a state of calm with a sens ory af‐ 
ford ance (Si mo nian, 2014) – and to stim u late their cog nit ive pro‐ 
cesses: could per son al isa tion based on areas of in terest, in clud ing ol‐ 
fact ory ones, en hance learn ing and the as so ci ated memory path‐
ways?

Des pite the abund ance of lit er at ure on ASD and VR, to our know‐ 
ledge, very few stud ies have ad dressed this in ter sect ing per spect ive
(Lacôte- Coquereau & Richard, 2024). Our art icle there fore raises
major ques tions:

2

- To what ex tent can an im mers ive VR en vir on ment sup port the
learn ing pro cesses of aut istic par ti cipants with com mu nic a tion dif fi‐ 
culties and atyp ical psycho sensory per cep tions? (Alin, 2019; Bog dash‐ 
ina, 2020).

3

- Among the sens ory re cept ors in volved, could the ol fact ory chan nel
serve as a heur istic vec tor, high light ing the rel ev ance of em bod ied
cog ni tion?

4

To ad dress these ques tions, our dis cus sion will be struc tured around
the fol low ing themes:

5
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- A the or et ical frame work ded ic ated to ol fac tion and aut ism, viewed
through the lens of vir tual real ity;

6

- Com pre hens ive meth od o logy and epi stem o logy;7

- Res ults of the ex plor at ory re search;8

- Con clud ing per spect ives.9

2. The or et ical Frame work: Ol fac ‐
tion, Aut ism, and Vir tual Real ity

2.1. Aut ism and Ol fac tion: An Atyp ical
Sens ory Ex per i ence
His tor ic ally, the sense of smell has re mained a neg lected sense
among hu mans – no tori ously un loved, blamed, and un der es tim ated
by elites and philo soph ers alike. In the 18th cen tury, Im manuel Kant
railed against scent: ‘Which or ganic sense is the most un grate ful and
also seems to be the most dis pens able? The sense of smell. […] Smell
is taste at a dis tance, so to speak, and oth ers are forced to share the
pleas ure of it, whether they want to or not. And thus smell is con trary
to free dom’ (Kant, 1798, pp. 63–64). In the 19th cen tury, the bour‐ 
geoisie re coiled from urban mi as mas tain ted with the stench of sin,
going so far as to seek out the ‘ol fact ory si lence’, so to speak, of pur i‐
fied at mo spheres (Corbin, 1982). Yet the sense of smell holds an in fin‐ 
ite array of vir tues whose al lure is well known to chem ists, par fumi‐ 
ers, oen o lo gists, his tor i ans, and dis til lers through out the ages (Lar‐ 
del lier, 2003).

10

In aut ism, which is our focus, the ol fact ory sys tem plays a par tic u larly
sig ni fic ant role. Due to aut istic dis orders, the sense of smell is
altered, and smells are per ceived in spe cific ways – some times greatly
di min ished (anos mic hy po sensit iv ity) or, con versely, very in tense (hy‐ 
per sens it iv ity). Hy per sens it iv ity in dic ates an in creased sens it iv ity to
odours, lead ing the body to re spond ex cess ively to ol fact ory stim uli
(Bog dash ina, 2020). It oc curs when ol fact ory in form a tion is per ceived
as over whelm ing or too in tense. This leads to a marked aver sion to
cer tain pub lic places, pub lic trans port a tion, per fumes, or foods
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(Schovanec, 2012). While some Aut ist ics 3 may per ceive no ol fact ory
sen sa tions 4 at all, oth ers may feel over whelmed to the point of
nausea, dizzi ness, or dis com fort. Donna Wil li ams’ hyper os mic re ac‐ 
tion to cer tain per fumes made ‘the in side of [her] nose feel like it had
been walled up with clay up to [her] eye brows’ or ‘burned [her] lungs’
(Wil li ams, 1996).

Con versely, the hy po sensit iv ity as so ci ated with ASD cre ates a power‐ 
ful urge to in hale cer tain smells in order to com pensate for re duced
ol fact ory per cep tion, lead ing to a sur pris ing re la tion ship with the en‐ 
vir on ment. It is not un com mon for some chil dren with ASD to sniff
people and ob jects in order to identify them. ‘Sens ory pro cessing sys‐ 
tems are some times so dis tor ted that touch and smell are the only
two senses that provide re li able and ac cur ate in form a tion to the
brain’ (Grandin, 2008, p. 103). Many con sider the senses of touch and
smell to be more re li able, cap able of com pens at ing for their ‘tem por‐ 
ary blind ness.’ Some people seek to re peatedly in hale fra grances that
evoke pleas ant memor ies. This crav ing for scents can offer a source
of com fort and, fur ther more, a way to over ride other pain ful sens ory
stim uli in the daily en vir on ment (e.g. lights, sounds, touch…). ‘Cer tain
noises per ceived as far too loud trig ger in tense anxi ety, to the point
of para lys ing in ternal func tion ing. This causes a sort of neural black‐ 
out that makes it very dif fi cult to think or func tion’ (Schovanec, 2012,
pp. 111–112). ‘Loud noises and, at the same time, bright lights—that was
more than enough to over whelm my senses. My head felt tight, my
stom ach knot ted up, and my pulse raced until I found a safe space’
(Wil ley, 1999, p. 28).

12

Shed ding light on these ac counts, Olga Bog dash ina’s work on ASD has
high lighted a sens ory in teg ra tion dys func tion (SID), defined as ‘a dis‐ 
rup tion in the pro cess of input, or gan isa tion, and out put of sens ory
in form a tion’ (Bog dash ina, 2020, p. 213). The brain’s abil ity to prop erly
pro cess and fil ter sens ory input is im paired, leav ing the in di vidual
drown ing in an un stop pable sens ory and cog nit ive tsunami. ‘Over load
had set in […] My ship was sink ing and no one knew’ (Wil li ams, 1998,
p. 95).

13

To ad dress these sig ni fic ant chal lenges, be ha vi oural ther apies de‐ 
signed to help in di vidu als cope with anxiety- provoking situ ations
have been de veloped using ol fact ory men tal im ages, com bined with
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re pet it ive sounds or ‘cue’ words. It has been demon strated that
multi s ens ory neur ons in teg rate mul timodal in form a tion, thereby cre‐ 
at ing mul tiple syn apses in brain cir cuits (Yu et al., 2010). Aro ma ther‐ 
apy – an other thera peutic ap proach – aims to provide both men tal
and phys ical re lax a tion by stim u lat ing the senses of smell, touch, and
proprio cep tion (Bog dash ina, 2020, p. 252). Sev eral stud ies high light
the sense of well being ex per i enced by aut istic pa tients fol low ing ses‐ 
sions com bin ing tact ile pres sure zones and per son al ised scents
(Long horn, 2010). Al though ex per i mental, these prac tices offer av en‐ 
ues for help ing in di vidu als with ASD live hap pier lives, and bet ter un‐ 
der stand their sens ory atyp ic al ity.

2.2. Aut ism and VR: A Sens ory En vir on ‐
ment with Af ford ances
Re gard less of the edu ca tional ap proach, sens ory in ter ven tions are
es sen tial for the well being of in di vidu als with aut ism, and ne ces sary
for their edu ca tion (Bog dash ina, 2020, p. 276). The lit er at ure shows
that in di vidu als with ASD ex hibit a par tic u larly keen in terest in di gital
tech no lo gies, which are our focus here (Nadel, 2021; Bour don, 2022).
Ac cord ing to Phil ippe Fuchs, a pi on eer of im mers ive en vir on ments in
France, the pur pose of vir tual real ity is to en able sen sor imo tor and
cog nit ive activ ity in an ar ti fi cial, ima gin ary, or sym bolic three- 
dimensional world that sim u lates cer tain as pects of the real world
(Fuchs, 2018). Des pite the fas cin at ing ap peal of the tech no lo gies in‐ 
volved, it is fun da ment ally im port ant, in Fuchs’ view, to ad voc ate an
an thro po centric eth ical ap proach: ‘Hu mans are at the centre of the
sys tem be cause they are the tar get audi ence of the vir tual ap plic a‐
tion. Based on this ob ser va tion, it is de sir able to adopt an an thro po‐ 
centric (human- centred) ap proach rather than a tech no cen tric
(computer- centred) one’ (Fuchs, 2016, p. 23). In this the or et ical
frame work, em phasis is placed on the act ive user, driven by the po‐ 
ten tial of a vir tu al ised en vir on ment tailored to their needs, in terms
of psycho- sensory af ford ance. Af ford ance is ‘that space- time of pos‐ 
sib il ity, the res ult of a re la tion ship between two en tit ies’ (Si mo nian,
2014, p. 104; Gib son, 1977). From this per spect ive, di gital tech no lo gies
gen er ally prove be ne fi cial in edu ca tional and thera peutic con texts
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(Neely et al., 2013; Shane & Al bert, 2008). With re gard to aut ism, it is a
learning- support tool that war rants fur ther in vest ig a tion.

As we have seen, aut istic learners often struggle to pro cess sim ul tan‐ 
eous streams of in form a tion. To mit ig ate these sens ory dis rup tions,
VR of fers the op por tun ity for a stable, re pro du cible learn ing en vir on‐ 
ment free of ex ternal dis trac tions (noises, people com ing and going,
un ex pec ted in tru sions, bright lights), all of which are factors that
hamper at ten tion. In this stream lined en vir on ment, aut istic users can
find a unique space in which to relax while tak ing an act ive role in
their own ex plor a tion (Duris et al., 2023, p. 157). In ad di tion to being
ap peal ing to this audi ence, VR of fers ‘new spaces for in ter ac tion and
ex pres sion in which they can be im mersed’ in com plete safety
(Klinger, 2014, p. 57); akin to a spatio- temporal het ero to pia. Within
the re search setup, audio and visual cues were re duced to ac com‐ 
mod ate users’ needs. Five levels of sens ory stim u la tion (bright ness,
sounds, move ments and scents) were offered dur ing the VR scen‐ 
arios. Each level was gradu ally in creased or de creased by the re‐ 
search team based on the re ac tions of the aut istic par ti cipants. It
should be noted, how ever, that the ol fact ory mod al ity, which was not
pre vi ously ac cess ible to the sci entific con sor tium, was only in tro‐ 
duced at the end of the pro gramme. In VR, ol fac tion rep res ents one
of the vir tu ally un ex plored av en ues cur rently under study world wide
(Lacôte- Coquereau & Richard, 2024). With a mod ule built into the VR
head set, it is now pos sible to re lease scent mo lecules in sync with
im mers ive scen arios 5 (Fig ure 1).

16

Fig ure 1� Scent dif fuser mod ule for the vir tual real ity head set17
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Source: ©Par ti cipe 3.0.18

The unit, which con tains sev eral spray bottles, is at tached to the vir‐ 
tual real ity head set, close to the user’s face. To avoid caus ing dis com‐ 
fort, the spray – which is ac tiv ated by means of the con nec ted com‐ 
puter – is ex tremely fine. It is re leased on de mand or with the user’s
con sent. From an eth ical and epi stem o lo gical stand point, this pre‐ 
cau tion seemed es sen tial, en sur ing the ef fect ive ness of the par ti cip‐ 
at ory re search.

19

‘But, when noth ing re mains from an an cient past […] smell and fla‐ 
vour, alone, frailer but more vi va cious, more im ma ter ial, more per‐ 
sist ent, more loyal, stay for a long time, like souls’ (Proust, 1919, p. 48).
What in flu ence might smells have on the memory- based learn ing of
young people with aut ism sup por ted by the re search pro gramme?

20

2.3. Ol fac tion: A Uni ver sal Lan guage
from Birth

Retronasal- olfaction, evid ent from birth (Candau, 2000), is a
physiolo gical mech an ism that al lows the ol fact ory sys tem to per ceive
aro matic char ac ter ist ics. For every child, whether aut istic or not, ol‐ 
fact ory ex change and stim u la tion begin as early as the foetal stage,
via the am ni otic fluid, where ol fact ory re cept ors are ac tiv ated
(Schaal, 1997). Much of this learn ing oc curs through self- directed ex‐ 
plor a tion start ing in the sixth month of foetal de vel op ment through
ex pos ure to the mother’s smelly sub stances ‘that chal lenge our brains
and make their mark upon them’ (Jaubert, 2024, p. 22). At a rate of 32
in hal a tions and ex hal a tions of smelly mix tures per minute, we con‐ 
tinu ously ac cu mu late ol fact ory sig nals through out our lives – some
1.5 bil lion over an 80-year span (Jaubert, 2024, p. 15)!Re search into the
neuro physiology of ol fac tion sug gests that de priving one self of the
power ful emo tional res on ance of scents would amount, for hu mans,
to ‘cut ting one self off from an es sen tial con nec tion to the world’
(Hol ley, 1999, p. 251). Ac cord ing to that au thor, two di men sions cor‐ 
res pond to the ol fact ory chan nel: a ‘cog nit ive di men sion’ driven by
ol fact ory sig nals and a ‘mo tiv a tional di men sion of sens ory stim uli’
(Hol ley, 1999, pp. 247–248).

21
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Given how cru cial mo tiv a tion is for learners with ASD to en gage in
edu ca tional activ it ies, this dual ol fact ory di men sion de serves full
con sid er a tion.

22

Ol fact ory im pres sions, which are ‘in di vidual sym bols par ex cel lence,’
carry ‘the abil ity to evoke memor ies and feel ings re moved from so cial
com mu nic a tion’ (Sper ber, 1974, p. 130); for a non- verbal audi ence, less
in clined to ward so cial in ter ac tions, this chan nel could serve as a par‐ 
tic u larly ef fect ive mne monic vehicle. Using neuroima ging tech niques
(func tional mag netic res on ance ima ging, fMRI), for the first time, a
study ex amined the ab stract link between lin guistic and ol fact ory in‐ 
form a tion. Con trol sub jects pass ively read words as so ci ated with cer‐ 
tain smells (‘gar lic,’ ‘cin na mon,’ ‘jas mine’) fol lowed by neut ral lan guage
items. The res ults show that read ing smell- related terms trig gers ac‐ 
tiv a tion in the primary ol fact ory cor tex, in clud ing the piri form cor tex
and the amy g dala. Words for smelly things ac tiv ate the primary ol‐ 
fact ory area without the need for verb al isa tion (Gonza lez et al., 2006).

23

Nev er the less, it is ob served that many people with aut ism are un able
to re call their memor ies un less they are (re)triggered. Vol un tary ac‐ 
cess to en cod ing areas ap pears to be im paired and re quires ‘trig gers.’
Thus, their memory re trieval dif fers from typ ical (lin ear verbal)
memory in its as so ci at ive, mul ti di men sional nature, triggered by
stim uli such as col ours, pat terns, sounds, or smells (Bog dash ina,
2020, pp. 167–168). Nu mer ous ac counts from aut istic in di vidu als con‐ 
firm this as so ci at ive or serial memory (Wil li ams, 1996, 1998a). Neuro‐ 
bi o lo gist Oliver Sacks de scribes an un break able link between the
scene, tem por al ity, and the ini tial con text (Sacks, 1995). This phe‐ 
nomenon is bril liantly de scribed by Donna Wil li ams: ‘I would learn
how to tackle a given situ ation in one con text [such as stand ing with
a woman in a kit chen] but be lost when con fron ted by the same situ‐ 
ation in an other con text.’ (Wil li ams, 1998b, p. 58).

24

Many people with aut ism do not re call de tails verbally but ex press
the act of see ing, hear ing, tast ing, or smelling ob jects (in their minds).
They store their memor ies in an atyp ical yet highly per cept ive way
(Bog dash ina, 2020, p. 165). Al though there is nat ur ally an ex treme
vari ety of aut istic pro files, there are re ports of ex cel lent pho to‐ 
graphic, aud it ory, or ol fact ory memor ies (Grandin, 1995; O’Neill,
1999).
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Wendy Lawson de scribes an ex per i ence of scents so vivid that she
could phys ic ally smell them over and over again: ‘It was so in tox ic at‐ 
ing, and I felt so alive’ (Lawson, 1998, p. 2).

26

What meth od o logy can be used, then, while tak ing ac count of this
unique sens ory ex per i ence, to ex plore ol fact ory po ten tial within an
im mers ive en vir on ment con du cive to learn ing?

27

3. Com pre hens ive Meth od o logy
and Epi stem o logy

3.1. The Com pre hens ive Epi stem o lo gical
Paradigm

In any re search en deav our, human vul ner ab il it ies must be taken into
ac count. Yet the vul ner able in di vidual – as a mean ing ful sub ject pos‐ 
sess ing know ledge, power, and re si li ence – is too often un der val ued,
dis missed, or de lib er ately denied under the pre text of hier arch ical le‐ 
git im acy and/or sci entific ob jectiv ity (Alin, 2018, p. 34). Owing to
their socio- linguistic chal lenges, aut istic in di vidu als with com mu nic‐ 
a tion dif fi culties some times dis con cert practitioner- researchers, who
im pli citly turn to less un set tling pop u la tions. Seek ing to over come
this ‘si len cing’ – the so cial in val id a tion of atyp ical speech (Dot son,
2011) – re quires pro found epi stem o lo gical re flec tion cap able of tran‐ 
scend ing identity- based pre ju dices and view ing oth ers as in di vidu als
on the cusp of emer ging cap ab il it ies (Lacôte- Coquereau, 2024a).

28

In this sense, the Par ti cipe 3.0 pro gramme is part of the tra di tion of
par ti cip at ory re search, work ing closely with the stake hold ers in‐ 
volved, re gard less of their so cial in vis ib il ity (Bour don, 2021). Par ti cip‐ 
at ory re search rep res ents forms of sci entific know ledge pro duc tion
in which civil so ci ety act ors par ti cip ate act ively and de lib er ately
(French Min istry of Na tional Edu ca tion, Higher Edu ca tion, and Re‐ 
search, 2017). It em bod ies the de sire for ‘col lect ive ac tion’ to counter
ex clu sion linked to dis ab il ity. It places the par ti cipant at the heart of
the re search pro cess. This an thro po centric ap proach, in both real
and vir tual en vir on ments (Fuchs, 2018), elim in ates any in clin a tion to
view human be ings as stand ard ised, inert atoms.

29
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In the so cial sci ences, the epi stem o lo gical land scape is char ac ter ised
by two main paradigms: the ex plan at ory paradigm, which is a con‐ 
ven tional norm at ive frame work ad opt ing a so- called ob jec ti fy ing
stance, and the com pre hens ive paradigm, ad opt ing a so- called par ti‐ 
cip at ory stance (Char mil lot, 2017). The com pre hens ive paradigm aims
to ana lyse ex per i ences situ ated within an eco lo gical con text through
a logic of dis cov ery. It com bines ‘eth ical im per at ives with the con‐
struc tion of open know ledge’ (Char mil lot, 2017). As a hol istic sys tem,
this paradigm ap peared best suited to meet the needs of a unique
aut istic pop u la tion with tan gible vul ner ab il it ies. Un der stand ing oth‐ 
ers means re lat ing an act not to the en tirety of a sci entific ex plan a‐ 
tion of the world, but to the sin gu lar ity of a learner- subject: ‘re lat ing
it to the mean ing that I, per son ally, give to this act’ (Worms, 2023).
From an aut istic per spect ive, it is im port ant to take ac count of the
need for ha bitu ation (Lewis, 2009). The re searcher’s im mer sion – two
days and two nights a week for nearly three years 6 – al lowed for an
in- depth ex plor a tion of the par ti cipants’ lived ex per i ences, their in‐ 
terests, their dif fi culties, and their un tapped po ten tial. This long- 
term im mer sion – an epi stem o lo gical ap proach fully em braced by the
re searcher – al lowed her to ob serve ex changes among med ical and
so cial pro fes sion als, at tend weekly meet ings and in ter dis cip lin ary
sem inars, and par ti cip ate in meet ings with fam il ies, all of which fa cil‐ 
it ated a situ ated ana lysis and col lab or at ive en gage ment. In qual it at ive
re search, the meth od o logy of data tri an gu la tion al lows for the seam‐ 
less com bin a tion of a com pre hens ive ap proach to in di vidual sub jects
in situ and sci entific rigor (Den zin, 1989; Paillé & Muc chi elli, 2016).
Mixed meth ods, com bin ing qual it at ive data (in ter views, par ti cipant
ob ser va tion, in ter ac tional ana lysis) with quant it at ive stat ist ical data
col lec ted via on line sur veys, have al lowed un ex pec ted in sights to
emerge (Lacôte- Coquereau, 2024b). How ever, we will present only a
few as pects here, fo cus ing on the ex plor at ory ol fact ory di men sion.

30

3.2. Re search Co hort
The qual it at ive study within this re search pro gramme fo cuses on a
vul ner able pop u la tion that is under legal guard i an ship due to impair‐ 
ments in cog nit ive, so cial, or sens ory func tion ing. The co hort con‐ 
sists of 8 young adults with Aut ism Spec trum Dis order, lan guage dis‐ 
orders, and in tel lec tual de vel op mental dis orders (WHO, 2022):
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- 4 men, 4 women32

- Av er age age: 23 years33

- 6 out of the 8 par ti cipants can not read or write34

Cur rent re com mend a tions for sup port ing in di vidu als with ASD are
based on be ha vi oural cri teria, among which the as sess ment of sens‐ 
ory pro cessing plays a sig ni fic ant role. Three in ter na tion ally val id ated
func tional as sess ments were con duc ted here: the Aut ism Men tal
Status Exam (Grod berg et al., 2014), the Vineland- II (Spar row et al.,
2015), and the CPS-R sens ory pro file (Bog dash ina, 2020; Degenne- 
Richard, 2014). All were con duc ted within the res id en tial care fa cil ity.
While sev eral stand ard ised tests exist to as sess sens ory in teg ra tion
dys func tion, most are ad min istered in set tings which are un fa mil iar
to the pa tients in their day- to-day lives, such as in the spe cial ist’s of‐ 
fice rather than in their own homes. ‘They do not as sess the child in
nat ural set tings and are aimed only at identi fy ing de fi cits’, though
cer tain sens ory ex per i ences may prove to be ex cep tional strengths or
su per ab il it ies (Bog dash ina, 2020, pp. 257–258). In the realm of di gital
me di ation, many stud ies on chil dren with aut ism have been con duc‐ 
ted in labor at or ies, neg lect ing eco lo gical field ex per i ences which
would bet ter re flect the real ity of daily clin ical prac tice (Duris, 2023,
p. 151). There fore, the re search team, in col lab or a tion with psy cho lo‐ 
gists and the Centre de Res sources Aut isme (CRA (https://cra-paysdelaloire.

fr/), Aut ism Re source Centre), opted for in- situ as sess ments in the
par ti cipants’ daily liv ing en vir on ments to gain the most ac cur ate un‐ 
der stand ing of their pro files and po ten tial.

35

Dia gnoses high light major com mu nic at ive and sens ory impair ments
that hinder so cial in ter ac tions. They also high light ol fact ory vari ab il‐ 
ity (hypo- or hy per sens it iv ity) de pend ing on the par ti cipant (P). The
re ports from the vari ous sens ory tests con duc ted by the CRA, in ad‐ 
di tion to the ob ser va tions made by the medical- educational team,
note that: ‘P7 agreed to smell the scent cups. Her in hal a tion is deep
and fresh. She was able to dis tin guish between sweet and sa voury
smells… P8 was able to say that she does not like the smell of fire’; ‘P4
sniffs her fin gers, ob jects, and seeks out strong smells’; ‘P1 likes cof‐ 
fee; P1 picks and sniffs flowers’; ‘P3 en joys the smell of cof fee’; ‘P2 en‐ 
joys chocol ate but grim aces and gags at the smell of meat’.

36
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3.3. An thro po centric Ol fact ory Pro tocol
The re search is part of a long- term study span ning a three- year
period (2021–2024). Fol low ing the re searcher’s sur vey of the med ical
and edu ca tional teams (ques tion naire, in ter views, and focus groups),
two VR scen arios were se lec ted to en hance the aut istic par ti cipants’
in de pend ence in their fu ture apart ments: shop ping for and pre par ing
a meal in a vir tual su per mar ket and kit chen. To en cour age en gage‐ 
ment in the activ ity and en hance memory re ten tion, five scents were
se lec ted based on the users’ pref er ences: apple, or ange, cof fee,
chocol ate, and mint. The edu cat ors – most of whom have been sup‐ 
port ing the par ti cipants for sev eral years – helped choose these five
scents from the avail able range. In deed, while en ga ging dif fer ent
sens ory chan nels fosters greater im mers ive in ter ac tion (Vandromme,
2018), it is es sen tial to take in di vidual pref er ences into ac count: e.g.
P8’s pref er ence for apple at snack time, P2’s for chocol ate, or P1 and
P3’s for cof fee after lunch.

37

To in ter act with par ti cipants with com mu nic a tion dif fi culties, the
sup port of a third party is re com men ded (Bedoin et al., 2015). While
wear ing a VR head set, how can they ex press them selves when words
fail? In the es tab lished pro tocol, a third- party edu cator – chosen by
the aut istic par ti cipant to en sure their trust – par ti cip ates in the tri‐ 
als and as sists them in their in ter ac tions with the vir tual in ter face.
The edu cator en sures the par ti cipant’s well- being and of fers them
the dif fu sion of the scent. The or thonasal route is used, where par ti‐ 
cipants dir ectly in hale the dif fused scent. The se lec ted fra grances
help en gage the pa tient in tasks re lated to their in terests and life
goals (in this case, the pro spect of a new home). In the vir tual su per‐ 
mar ket, where every one learns to nav ig ate and shop in de pend ently,
syn thetic mo lecules cor res pond ing to the se lec ted foods are dif fused
(for ex ample, or ange and apple in the fruit and ve get ables sec tion), to
help identify and mem or ise the cor res pond ing aisles.

38

At any time, the par ti cipant can de cide to stop or con tinue the trial
either by speak ing, by sign ing (Makaton), or by point ing to two self- 
determination pic to grams, ‘stop’ or ‘con tinue,’ im ple men ted for this
pur pose in the VR head set (Fig ure 2).

39

Fig ure 2� Vir tual Real ity Pic to grams for Self- Determination40
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Source: ©Par ti cipe 3.0.41

These two pic to grams, which the edu ca tional team use on a daily
basis, were chosen in con sulta tion with the par ti cipants be cause they
are uni ver sally un der stood. The pic to grams offer an eth ical al tern at‐ 
ive for par ti cipants with com mu nic a tion dif fi culties who are un able
to verbally ex press their emo tional state (Lacôte- Coquereau, 2024b).
For the re searcher co ordin at ing and at tend ing each vir tual real ity
ses sion, these pic to grams serve as an in dic ator of how par ti cipants
are re spond ing to the ol fact ory ex per i ence: pleas ure, dis gust, sat ur a‐ 
tion, or well being. Al though par ti cipants speak little or not at all,
subtle fa cial ex pres sions (smiles, grim aces, ten sion, etc.) provide ex‐ 
pli cit in sight into their per cepts dur ing the im mers ive ses sion.

42

4. Ex plor at ory Res ults

4.1. Im mers ive Ol fac tion: A Mo tiv a tional
Memory Vec tor

As pre vi ously noted, only 3 out of 28 VR tri als were able to in cor por‐ 
ate the ol fact ory mod al ity by the end of the three- year re search pro‐ 
gramme (2021–2024). This in nov at ive tech no logy, which has only
been com mer cially avail able since 2022, al lowed a scent dif fuser unit
to be at tached to the VR head set. The res ults presen ted here are
there fore pre lim in ary and ex plor at ory. Nev er the less, from the very
first ex per i ments, the ver batim com ments, fa cial ex pres sions, and
ges tures of the users – ob served live by the re searcher or dur ing the
ret ro spect ive ana lysis of re cor ded ses sions (Alin, 2010) – re veal sen‐ 
sa tions of pleas ure dur ing the dif fu sion of smells (Fig ure 3).
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Fig ure 3� Ges ture of as sent by par ti cipant P1 after scent dif fu sion in VR44

Source: ©Par ti cipe 3.0.45

To make al low ances for the par ti cipants’ par tial si lence and col lect as
much data as pos sible, all ses sions were filmed in real time and in the
re searcher’s pres ence using two cam eras: an in trasub ject ive cam era
in teg rated into the VR head set 7, and an ex trasub ject ive cam era po si‐ 
tioned in a wide shot be hind the par ti cipant, fa cil it at ing the re‐ 
searcher’s re view of the foot age. Two ol fact ory ex per i ments in volving
aut istic par ti cipants (P1 and P2), which were par tic u larly sig ni fic ant,
re cor ded in July 2024, are presen ted here.
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4.3.1. Ol fact ory Ex per i ment with P1

An onym ous par ti cipant P1 is a 21- year-old man dia gnosed with mod‐ 
er ate lan guage dis orders and aut istic traits. He has been in sti tu tion‐ 
al ised since early child hood, and his re la tion ships with the edu ca‐ 
tional team are built on trust. Di gital tech no logy is one of his par tic u‐ 
lar in terests. In fact, he par ti cip ates very reg u larly in vir tual real ity
ses sions. After his second ol fact ory im mer sion, P1 shares his im pres‐ 
sions with the guid ing edu cator (G):
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P1 – ‘I smelled… it smells like cof fee in there, that’s nice… it makes me
want to… Apple, yeah, that’s good (smiles and gives a thumbs- up 8).
Or ange, that smells good… that’s nice, it makes me want to go shop ‐
ping.

G - Do you re mem ber the smells from the head set?

P1- Yes, chocol ate and cof fee

G - And the fruits?

P1- Apple, or ange’

Due to speech dif fi culties, the lex ical re gister used to ex press ol fact‐ 
ory sen sa tions is lim ited and un syn tactic. How ever, the memory of
‘the smells of the head set’ is ex pli cit and links the memory to the
evoc a tion of pleas ure: ‘that smells good.’ Like the ‘in vol un tary
memory’ il lus trated in the well- known ‘Proust’s madeleine’ epis ode,
which evokes memor ies of a lost child hood, ol fact ory re min is cence
serves as a start ing point for gradu ally un rav el ling a web of as so ci‐ 
ations. Like an un con scious game of Shir itori 9 or cas cad ing dom in‐ 
oes, the per ceived scents here help re vive the as so ci at ive or serial
con tex tual memory char ac ter istic of aut ism: ‘it makes me want to go
shop ping.’ For a long time and for all liv ing be ings, philo soph ers and
an thro po lo gists have em phas ised the im port ance for per cep tual con‐ 
scious ness of the com bin a tion of sig nals trans mit ted through dif fer‐ 
ent sens ory chan nels (Lévi- Strauss, 1964; Cas sirer, 1972). Do smells
not pos sess the secret power to af fect people without their know‐ 
ledge, to dis creetly in flu ence their de cisions, and to stim u late their
men tal ca pa cit ies? (Hol ley, 1999, p. 173). ‘A fra grance can exist not
only as ol fact ory particles, but through thought alone. It is enough
simply to re mem ber it’ (Sekigu chi, 2024, p. 17).
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4.3.2. Ol fact ory Test P2

An onym ous par ti cipant P2 is a 23- year-old woman dia gnosed with
severe praxic and lan guage dis orders (non verbal). She has been in sti‐ 
tu tion al ised for sev eral years but spends her week ends with her fam ‐

49



The scent of memory: Olfaction and autism – a heuristic pedagogy in virtual reality

Fig ure 4� Se lec tion of chocol ate after scent dif fu sion

ily. She en joys the im mers ive ses sions and, des pite her motor and
lan guage dif fi culties, con sist ently asks to par ti cip ate. In the vir tual
su per mar ket, the guid ing edu cator of fers P2 a chocol ate scent, which
she par tic u larly en joys:

G: ‘Do you want some chocol ate?’

P2 - Mmm (nods, agrees)

G - It’s going to smell like chocol ate now’ (scent dif fu sion).

P2 - Pause as the scent is re leased. P2 is fo cused. No grim ace, no
pos tural with drawal. With a point ing ges ture, P2 se lects the box of
chocol ate from the vir tual shelf. She ex claims, laughs at her suc cess,
and claps loudly (Fig ure 4).

Source: ©Par ti cipe 3.0.50

In P2, we ob served that the ol fact ory stim u la tion led to in creased
pro cessing time, con cen tra tion, and visual at ten tion, res ult ing in se‐ 
lect ive point ing at the chocol ate in the VR en vir on ment. It is im port‐ 
ant to note here that, for this par ti cipant, the deictic ges ture of
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point ing in the VR in volved an ex tremely lengthy pro cess of motor
learn ing (21 months); point ing, which is rare for P2 and cog nit ively
de mand ing, there fore, demon strates a genu ine de sire for the se lec ted
product. The fact that P2 was able to point at the box of chocol ate –
through a fine- motor, com plex, and non- automated ges ture – shows
the user’s strong de sire to ob tain the coveted ob ject (likely re in forced
by the chocol ate scent).

Stud ies show that the memory trace of an ex per i ence con sists, in
part, of sen sor imo tor in form a tion (such as smell and point ing)
present dur ing ini tial learn ing. ‘The rep res ent a tion of a concept, and
more gen er ally of know ledge, re quires the re act iv a tion of the sen sor‐ 
imo tor brain pat terns that were ac tiv ated dur ing the ac tual ex per i‐ 
ence’ (Dutri aux & Gyselinck, 2016, p. 430). In line with em bod ied cog‐ 
ni tion, other au thors em phas ise the im port ance of sen sor imo tor sys‐ 
tems for the con cep tual sys tem and memory (Varela et al., 1993;
Dam a sio, 1994). We can there fore ex pect that the en grams 10 – the ol‐ 
fact ory memory traces of the chocol ate scent re leased dur ing P2’s ol‐ 
fact ory ses sion – may have helped re in force learn ing in the VR. Are
ol fact ory memor ies not just as fra grant as the scent mo lecules float‐ 
ing in the air around us? (Sekigu chi, 2024, p. 185).
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As men tioned earlier, the mne monic di men sion triggered by ol fact ory
sig nals be gin ning in in trauter ine life (Candau, 2000) is re in forced by a
genu ine ‘mo tiv a tional di men sion’ when the per ceived or ima gined
scents res on ate with the in di vidual’s own de sires, tastes, and gust at‐ 
ory pleas ures (Hol ley, 1999; Lar del lier, 2003). The an thro po centric,
non- technocentric epi stem o lo gical ap proach (Fuchs, 2016) em ployed
in this re search there fore ap pears to be es sen tial when con sid er ing
an aut istic audi ence. Pro fes sion als and stud ies ded ic ated to ASD re‐ 
port that ‘per son al isa tion based on areas of in terest is a pre requis ite
for fos ter ing spon tan eous en gage ment in learn ing activ it ies’ (Renaud
& Cherruault- Anouge, 2018, p. 140).

53

5. Con clud ing Re marks
Ul ti mately, the study’s res ults con firm that VR arte facts can pro mote
en gaged activ ity 11 in aut istic in di vidu als with com mu nic a tion dif fi‐ 
culties (Lacôte- Coquereau et al., 2023). They high light the need for
an im mers ive en vir on ment de signed with sens ory af ford ances to en‐
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hance cog nit ive avail ab il ity, well being, and, con sequently, learn ing.
With re spect to the ol fact ory di men sion, the ex plor at ory re search
high lights two im port ant as pects:

- scents, when they res on ate deeply with the sub ject’s as pir a tions
and in terests, pro mote cog nit ive en gage ment and as so ci at ive
memory con sol id a tion;
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- while tech no logy fa cil it ates deep sens ory im mer sion, it can not be
eth ic ally jus ti fied without an an thro po centric epi stem o logy that re‐ 
spects the par ti cipant (Lacôte- Coquereau, 2024c).
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Ul ti mately, while the ini tial res ults are en cour aging, the next step is
to rep lic ate these im mers ive ol fact ory mod al it ies with a broader
audi ence. The small sample size (eight adults, only half of whom were
able to ex per i ence the novel device) and the lim ited num ber of ol fact‐ 
ory tri als con duc ted con sti tute one of the lim it a tions of this re search.
In di vidu als with ASD ex hibit spe cific per cep tual and be ha vi oural
char ac ter ist ics and can not be re duced to the gen eric model often ad‐ 
voc ated in sci entific circles: ‘an im me di ate uni ver sal know ledge’ (Sen‐ 
sevy et al., 2018, p. 112). How ever, it is now es tab lished that ‘even in a
single in di vidual, hy po theses can be sub stan ti ated based on in dic a‐ 
tions that recur re peatedly’ (Passeron & Revel, 2005). While the case
of aut istic ol fac tion is unique, it opens up a new realm for re flec tion.
As such, it holds great rel ev ance, to be ex plored bey ond pre vi ously
un charted bound ar ies.
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‘She sensed some thing tim idly scratch ing at her door. […] A tiny crack
had opened in the dark ness… Some times she would catch a fleet ing
sug ges tion of cof fee. She clung to these faint scents’ (Sekigu chi, 2024,
p. 102).
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What if, in the area of aut ism where words can not eas ily be ar tic u‐ 
lated, scents could help cre ate new im pres sions of pres ence (Lacôte- 
Coquereau, 2024b), new strategies for mem or isa tion and com mu nic‐ 
a tion; heur istic edu ca tional bridges at tuned to the in di vidu als’ Oth er‐ 
ness?
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Ministère de l’Éducation na tionale, de l’En sei gne ment supérieur et de
la Recher che. (2017). Charte des sci ences et recherches par ti cip at ives
en France. Al li ance Sor bonne Université (ASU). https://www.science- 
ensemble.org/charte- engagements-valeurs
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NOTES

1  Par ti cipe 3.0 sup ports young people with aut ism liv ing in medical- social
in sti tu tions in their trans ition to in clus ive hous ing. This dis cus sion will
focus spe cific ally on the ol fact ory as pect of the sci entific pro ject. https://ha
bitat- inclusif-participe.univ- nantes.fr/

2  Eth ics: from the Greek root êthikos, ‘per tain ing to cus toms or mor als,’ re‐ 
fer ring to human be ha viour and the val ues that un der pin it (CNRTL). Here,
we refer to the re searcher’s need to en sure the con sent of non- verbal par ti‐ 
cipants dur ing vir tual real ity tri als (via a self- determination pic to gram) and
the suit ab il ity of the en vir on ment for the users’ sens ory spe cificit ies: af‐ 
ford ance (from the Eng lish ‘af ford,’ mean ing ‘to offer’) being a ‘space- time of
pos sib il it ies, the res ult of a re la tion ship between two en tit ies’ (Si mo nian,
2014, p. 104).

3  The cap ital let ter em phas ises the nom in al isa tion (proper noun) of a re‐ 
cog nised in di vidual, rather than a minor ad jectival de scrip tion. Ant ono masia
com bines a per son i fic a tion that is ex pli citly high lighted as such. To take this
idea fur ther, we can quote Nobel laur eate Am artya Sen: ‘Our free dom to as‐ 
sert our per sonal iden tit ies can some times be ex traordin ar ily lim ited in the
eyes of oth ers, no mat ter how we see ourselves.’ (Sen, 2015, p. 17).

4  Sen sa tion: Bor rowed from the Latin sen sa tio, mean ing ‘un der stand ing,
know ledge,’ de rived from sen tire, ‘to per ceive through the senses’; ‘A nerve
sig nal gen er ated in the cent ral nervous sys tem in re sponse to a spe cific ex‐ 
ternal or in ternal stim u lus’ (Académie Française, 9th ed., 2025). https://ww
w.dictionnaire- academie.fr/art icle/A9S1223

5  The ex per i ment began with the French com pany ‘Olfy’ – a star tup based
in Laval, which has been of fer ing a scent dif fuser for im mers ive vir tual real‐ 
ity ex per i ences since 2021. The device (a unit con tain ing vials) at taches to
any VR head set, and autonom ously dif fuses up to five scents. The scents are
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Yu, L., Row land, B. A., & Stein, B. E.
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Multi s ens ory In teg ra tion by Ma nip u lat‐ 

ing Sens ory Ex per i ence. Journal of
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craf ted from es sen tial oils, with pro fes sional par fumi ers de vel op ing the
most com plex com pos i tions. See https://blog.laval- 
virtual.com/en/smelling- in-vr-is-now-possible-with-olfy/

6  In tens ive pro gramme from Oc to ber 2021 to March 2024 (30 months).

7  This ex per i ment was con duc ted as part of the Par ti cipe 3.0 Sci entific
Pro gram, in part ner ship with LARIS (An gers Labor at ory for Sys tems En gin‐ 
eer ing Re search).

8  Di dascalia are in dic ated in it al ics.

9  Shir itori: Ja pan ese name for a game where play ers have to say a word
be gin ning with the last sound of the word the pre vi ous player gave, in a
con cat en a tion.

10  En gram: from the Greek en (in) and gramma  (writ ing). In neuro‐ 
physiology, it refers to the im print left on the brain by a lived ex per i ence: a
trace of a memory which can be reawakened by ap pro pri ate stim u la tion
(trig gers).

11  Here, the word ‘activ ity’ is used as re ferred to by Le on tiev (1975), as the
func tional or gan isa tion of be ha viour in volving ex changes between the sub‐ 
ject and their en vir on ment.

RÉSUMÉ

English
An thro po lo gists have long re cog nised the im port ance of sens ory path ways
for per cep tual aware ness. In vir tual real ity, an in nov at ive ap proach is now
being ap plied to the ol fact ory sys tem, which has pre vi ously been un der es‐ 
tim ated. The Par ti cipe 3.0 re search pro ject aims to sup port the socio- 
educational strategies of young people with aut ism, using novel arte facts.
Ex plor at ory res ults sug gest that an an thro po centric im mers ive en vir on‐ 
ment stim u lates learn ing for aut istic in di vidu als with spe cific psycho- 
sensory per cepts, in which the ol fact ory chan nel con sti tutes a heur istic
vec tor.
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