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At its most basic level, the sense of self is built upon awareness of one's
body and the face holds special significance as the individual's most important
and distinctive physical feature. Multimodal sensory integration is pivotal
to experiencing one's own body as a coherent visual “self” representation
is formed and maintained by matching felt and observed sensorimotor
experiences in the mirror. While difficulties in individual facial identity
recognition and in both self-referential cognition and empathy are frequently
reported in individuals with autism spectrum disorder (ASD), studying the effect
of multimodal sensory stimulation in this population is of relevant interest. The
present study investigates for the first time the specific effect on Interpersonal
Multisensory Stimulation (IMS) on face self-recognition in a sample of 30
adults with (n = 15) and without (n = 15) ASD, matched on age and sex. The
results demonstrate atypical self-face recognition and absence of IMS effects
(enfacement illusion) in adults with ASD compared to controls, indicating
that multisensory integration failed in updating cognitive representations of
one’s own face among persons with this disorder. The results are discussed
in the light of other findings indicating alterations in body enfacement illusion
and automatic imitation in ASD as well as in the context of the theories of
procedural perception and multisensory integration alterations.

KEYWORDS

face recognition, autism spectrum disorders, identity, self-awareness, self,
interpersonal multimodal sensory stimulation

Introduction

Autism Spectrum Disorders (ASD) are lifelong pervasive neurodevelopmental
disorders that result in difficulties in social communication and interaction, as well as
sensory abnormalities, stereotypic repetitive behavioral patterns and limited interests
and activities (1). Studies conducted over the last 20 years on the social characteristics
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of individuals with autism have highlighted particularities
related to facial processing in general, ranging from the
early stages of facial perception and detection that include
atypical patterns of gaze fixation (2) to impairments in facial
categorization related to identity, sex, age, or familiarity that
rely on both memory and recognition abilities (3-6). However,
the literature on this subject has produced inconsistent findings
(7-14) possibly due to heterogeneity of the sample studies (15),
variation in experimental paradigms that included familiarity
cofounds, different retention times of the memory trace related
to facial identity, or to the nature of face stimuli that sometimes
included non-facial features such as hair or clothes (4, 16).
These contradictory results may have contributed to a global
underestimation of facial recognition difficulties in persons with
ASD (6, 13).

Facial discrimination allows us to recognize an individual
from another (Individual Identity Recognition, or IIR) which
is crucial for social interaction (5). This ability emerges at early
stages of human development (17, 18) and it is challenged by
both intrinsic (e.g., age, sex, facial expression) and extrinsic (e.g.,
luminosity, contexts) factors that benefit from plastic neuronal
face representations (4, 19). Throughout normal development,
individuals may experience various differences in their face IIR
abilities (20). Moreover, some studies have reported that 2-3%
of adults in the general population have severe difficulties in
recognizing the identity of faces in everyday life, a phenomenon
known as prosopagnosia and that has recently been linked to the
oxytocin system (21-23).

Of particular interest among all faces known to a
given individuals is ones own face (self-recognition). For
Lewis (24), self-recognition in a mirror would have the
same representational underpinnings as those required for
“psychological” self-consciousness (25) and would be closely
associated with the use of personal pronouns and pretend play
in typically-developing children. The processing and recognition
of one’s own face in autism has been the subject of a limited
number of investigations using classic or modified mirror
tests and they have produced with contrasting results (26-28).
Although many developmental markers of self-representation
and self-awareness are delayed or absent in children with ASD,
including Theory of Mind functions, empathy, imitation or
autobiographical memory (29, 30), basic self-face recognition as
tested by the mirror recognition task appears to be unaffected
in children with this disorder once a mental age of 2 years is
achieved (26-28).

Visual recognition of one’s own face contributes directly
to the recognition (awareness) of the bodily self as distinct
from others (31) and to the basic sense of self which is crucial
to build individual identity (19). Neuroimaging studies have
demonstrated that different networks are involved when
perceiving and analyzing one’s own face compared to a familiar
or unfamiliar face, including the right inferior fronto-parietal
cortex and bilateral inferior occipitotemporal cortex regions
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(32-34). Furthermore, advances in the understanding of
body awareness have led to a reconsideration of the question
of ones own face and its unimodal representation. For
example, recognition of one’s own face is facilitated by prior
exposure to one’s own smell or to the sight of one’s own
name, which introduces the notion of plurimodality in the
construction of recognition of ones own face, in contrast
with familiar faces processing (35). In ASD, fMRI studies
indicate that adults with this disorder show atypical brain
activation patterns compared to non-ASD participants, with
significantly less activation in the posterior cingulate cortex
and the right insula, associated with self-representations/agency
when judging the “photogenic character” of their own
(36).
self-representation/self-awareness network at a basic perceptual

face These findings suggest dysfunctions in the
level of cognitive functioning. Neuroimaging studies using
discrimination tasks based on “morphed pictures” (37) or
“morphing videos” (38) between both pictures of one’s own
face and that of others (stranger face, familiar or unfamiliar)
report different activations in the right prefrontal system
(37) or in the inferior frontal gyrus (38) between ASD and
non-ASD children.

Multimodal sensory integration is essential to awareness of
one’s own body, and similar to the well-known “rubber hand
illusion” (39, 40), it has been also shown that different sensory
modalities may also affect self-face recognition processes. Platek
et al. (35) showed a significant decrease in reaction time
for the recognition of one’s own face when the individual
was previously exposed to their own smell or to the sight
(or hearing) of their own name. This was not the case for
the recognition of familiar faces when previously exposed to
their odors or names. These results suggest a potentiation of
access to representations of one’s own face by the sensory
multimodality. This notion of multimodality was also tested by
the “Enfacement Illusion” paradigm (41, 42) inspired by the
“Rubber Hand Illusion” paradigm. Participants were subjected
to tactile stimulation at the level of the cheek while they
watched the face of another person being touched at the same
level of the cheek. The presence of synchronous visual and
tactile stimuli affected the representation of one’s own face
in the same way that the Rubber Hand Illusion altered the
representation of one’s own body. The perception of similarity
and attractiveness to the other was significantly increased with
synchronous stimulation (41, 43). The authors hypothesized
that interpersonal synchrony had an effect on social cognition
(43, 44).

Although investigations to date using the Enfacement
Mlusion paradigm have been conducted almost exclusively
in non-clinical samples, it may have particular relevance to
understanding difficulties in self-perception in persons with
ASD. Previous studies suggest that children with autism aged
from 8 to 18 years old tested by a “ Rubber Hand Illusion” (RHI)
paradigm, exhibited reduced timing or/and efficacy to integrate
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visual and tactile information compared to non-ASD children
(44). Other more recent ones indicate that adults with ASD were
markedly less susceptible to the Full Body Illusion (FBI), not
exhibiting the illusory self-identification and self-location drift,
tested in a full body illusion set up where participants wore a
head-mounted display showing a view of their “virtual body”
being stroked synchronously or asynchronously with respect
to felt stroking on their back (45). The first objective of the
present study is therefore to assess self-recognition performance
of adults with this disorder compared to non-ASD adults during
a self-other discrimination task based on morphing videos.
The second objective is to evaluate the effect of IMS (ie.,
enfacement illusion) which on self-recognition performance in
both groups.

Materials and methods

Participants

Thirty adults participated in the present study including
15 individuals with typical development (TD) and 15
diagnosed with ASD. Adults with ASD were recruited
from the Bordeaux Autism Resource Center, France, where
they were evaluated relative to DSM-5 criteria evaluation
(1), the Autism Diagnostic (ADI-
R) (46) and the 284 yversion of the Autism Diagnostic
(ADOS-G)  (47). Only
individuals without intellectual disabilities were eligible

Interview-Revised

Observation  Schedule-Generic
for participation and additional exclusion criteria included
known neurological and visual disorders. Exclusion criteria
for the non ASD group were intellectual disability and other
known developmental, neurological, visual disorders. The
two groups were matched for age and sex (Table 1). This
investigation was approved by the regional ethics review
board (Comité de Protection des Personnes Bordeaux/CPP
N° 100038-80) and the national commission for numeric data
and liberty (CNIL:commission nationale de I'informatique et
des libertés).

Procedure and measures

During the first inclusion visit, participants were informed
of the study procedures and their rights before providing
their informed written consent for the publication of any
potentially identifiable data. A photograph of each participant’s
face with a neutral expression was then taken using a
chinrest and a fixed focal-length camera placed at the same
distance from the chinrest (112 cm). Before the experimental
session, a computerized morphing procedure implementing
a mesh warping algorithm (Morphage software, Creaceed,
Belgium) was used to merge each participants face with an
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TABLE 1 Participant profiles.

ASD TD
N 15 15
Mean IQV or ICV (WAIS) 105.13 £ 12.25 -
Male sex 15 15

Mean age; range 2854+ 11;18-54 28.5+ 10 (SD); 18-54

ADOS-2 total score 8.06 +2.3 -
ADI-R SI* total sub-score 19.3+£22 -
ADI-R Co** total sub-score 10.7£2.3 -
ADI-R RBR*** total sub-score 53+1.5 -

Mean values # SD. ADI-R 4to5-ever/diagnostic: *Social Interaction

**Communication (Co), ***RBR: Restricted and Repetitive Behaviors (RBR).

(8D,

unfamiliar face by 1% steps, resulting in a 100-frame movie
with graded blending of the facial features of the two faces
(Figure 1A).

Three unfamiliar male models (one for the participants’
training session and two for the experimental session from a
battery of male faces constructed for the study) were selected to
create the morphing movie using a photograph taken under the
same conditions as those of the participants (Figure 1A). This
movie created for the interpersonal multisensory stimulation
session was recorded with a neutral facial expression and with
the model’s head (maintained by a chinrest). During the video
recording of 120ms, the experimenter touched the model’s
right cheek with a brush for 2s, every 2s. Using After Effects
software (Adobe, France) the photographs and movies were then
converted to black and white (grayscale) format and the images
were horizontally transposed in order to obtain a mirror image
of the face. Non-facial attributes (hair, ears) were removed using
a black template.

Self vs. other face discrimination

During the pre-stimulation session (see Figure 1B for task
chronology), participants first performed the face discrimination
task by watching the morphing movie (Figure 1A) consisting of
100 frames. Each frame represented a 1% incremental change
from one face to another, from ‘0 to 100% of Other’s face content,
in the “Self to Other” direction, or from 100 to 0% of Other’s
face content in the “Other to Self” direction. The participants
were then asked to “click on the keyboard as soon as the image
looks more like someone else than yourself” when the “Self to
Other” direction was presented, and to “click on the keyboard as
soon as the image looks more like yourself than someone else”
when the “Other to Self” direction was presented. Self vs. Other
face discrimination session consisted of 4 repetitions of the 2
conditions. The responses were expressed as a Percentage of
Other Face content (POF) and they served as a baseline measure
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Self Other
0 % Other face 100 % Other face
< Face morphing moving direction »
1. 2: 3.
Morphing Interpersonnal multisensory Stimulation Morphing
Pre-stimulation Post-stimulation

FIGURE 1
Experimental set-up of the self-recognition task with the two different morphing directions of the movies: from “self to other” (movie started
from self-image and ended with other-image, or from “other to self" movie started from other-image and ended with self-image); Design of the
experimental blocks containing three phases: pre-stimulation test, visual-tactile stimulation and post-stimulation test.

of self-face recognition performance of each participant before
the IMS session.

Interpersonal multisensory stimulation
effect

Immediately after the pre-stimulation session, participants
were administered the IMS session. In this experimental
setting, IMS corresponds to a stimulation involving two senses
(sight and touch). The participant looked at the screen and
observed the movie that showed a paintbrush touching the
same unfamiliar model’s face that was also used during the
pre-stimulation session. As soon as the movie appeared on
the screen, tactile stimulation was delivered manually by the
experimenter on a congruent location on participant’s cheek
with the standard round paintbrush during 2s every 2s (like
in the movie they were watching), during 120 s (Figure 1). The
experimenter listened through earphones to the audio file of
the pre-recorded movie to pace the tactile stimulation in a
synchronous or asynchronous tempo with the tactile stimulation
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watched by the participant. In the asynchronous condition, the
asynchrony between visual and tactile stimulation was 1 sec.

The order of presentation of the 2 IMS conditions,
synchronous or asynchronous, were randomized between
participants. Therefore, while the participant was watching
the film of an unfamiliar face being touched, he was being
touched himself on the same facial location either at the same
time (i.e., synchronous visual-tactile stimulation) or at different
time onsets (i.e., asynchronous visual-tactile stimulation). The
post-stimulation measure consisted of a second self-other
discrimination task using morphing videos of the same direction
as in the pre-stimulation session. The difference between the
POF measured in the post-stimulation and the POF in the
pre-stimulation sessions was used to evaluate the IMS effect
i.e., enfacement.

As there were two morphing direction conditions (“Self
to Other” and “Other to Self”) and two IMS conditions
(synchronous and asynchronous), we crossed these conditions
to have 4 experimental blocks which were repeated twice,
each time with a different unfamiliar face. Therefore, eight
experimental blocks differing in the choice of unfamiliar
face, type of visuo-tactile stimulation (i.e., synchronous vs.
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asynchronous) and in the direction of morphing movie
(i.e., “other to self” vs. “self to other”) were completed
by each participant, and an order that was randomized
across participants.

Statistical analysis

POF values < 20% or > 80% were considered irrelevant and
excluded from the analysis since they were related to attentional
problems or impulsivity or errors. In total, this only concerned 6
values below 20% and 4 above 80% out of 240 responses. The
“Delta-POF” was defined by the difference between the POF
measured in the pre- and post-stimulation session. Statistical
analyses were proceeded using IBM SPSS Statistics software
(IBM Corporation, USA), and according to Laerd statistics
recommendation (Laerd Statistics, London, UK). Values for all
variables are expressed as means £ standard deviation (SD),
unless otherwise specified. Residual analysis was carried out
to test for ANOVA assumptions. Outliers were detected by
visual inspection of box plots; normality was assessed using
Shapiro-Wilk’s normality test and homogeneity of variances by
Levene’s test. The level of significance was set at p = 0.05.

Results

Self vs. other face discrimination

Results from this experiment are presented in Figure 2 with
Figure 2A highlighting ASD participant responses. In the Self
to Other direction, ASD participants stopped the morphing
sequence when the face contained 45.9% of Self face and 54.1%
of Other face while in the Other to Self direction they stopped
the video when it contained <38.9% of unfamilliar faces (and
61.1% of Self). Figure 2B summarizes all the data. In the Self
to Other direction, TD adults stopped the morphing movie
when the image contained on average 44.6 % =+ 1.7 (SEM) of
the unfamiliar face, which was significantly different from ASD
adults who stopped the morphing movie when it contained 54.1
% + 1.5 (SEM) of the unfamiliar face. In the Other to Self
direction, no differences were found between the two groups:
TD participants stopped when the image contained 40.9 % =+
1.5 (SEM) of the unfamiliar face and ASD participants stopped
when it contained 38.9 % =+ 1.5 (SEM) of unfamiliar face
(Figure 2).

We conducted a two-way ANOVA on the Percentage of
Other Face content (POF) measured for each participant during
the pre-stimulation sessions (Figure 2) with the direction of
morphing (i.e., from Self to Other, or from Other to Self) as
a within factor, and group (TD, ASD) as a between factor. No
outliers were found by box plot inspection. Data were normally
distributed as assessed by Shapiro-Wilk’s test (p > 0.05), except
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for the ASD group in the direction <« Other to Self >
(p = 0.012). Two-way ANOVAs were conducted in light of
their robustness to deviations from normality (48, 49). There
was homogeneity of variances as assessed by Levene’s test
for equality of variances (p = 0.36). There was a statistically
significant interaction between group and direction for POF, F(1,
220) = 14.78, p < 0.0001. We found a significant main effect of
the direction of morphing, F(1, 220) = 51.51, p < 0.0001 in the
ASD group, but not in the TD group. There was a statistically
significant difference in mean POF between TD and ASD groups
in the direction <« from Self to Other >, F(1, 220) = 20.68,
p = 0.000 and the mean POF was 9.456 points higher (95% CI:
5.358-13.554) for the ASD group than for the TD group.

Interpersonal multisensory stimulation
effect

Subsequent to the stimulation sessions, the participants
were tested again in the face recognition task. A Delta-POF
value corresponding to the difference between the POF before
and after the stimulation was computed (Figure 3). In the TD
group, the mean Delta-POF for synchronous and asynchronous
stimulation was 6.8 £+ 1.1% (SEM) and 3.1 £+ 1.1 (SEM),
respectively (Figure 3). In the ASD group, the mean Delta-POF
was 3.4 & 1.2 and 5.03 £ 1.1 for synchronous and asynchronous
stimulations respectively.

We conducted a three-way ANOVA on Delta-POF with the
direction of morphing (i.e., from Self to Other, or from Other
to Self) and stimulation (Synchronous or Asynchronous) as
within factors and group (TD, ASD) as a between factor. Six
outliers with Delta-POF values >1.5 box-lengths from the edge
of the box plots were removed from analysis. Data were normally
distributed as assessed by Shapiro-Wilks test (p > 0.05).
Although the assumption of homogeneity of variances was not
respected as assessed by Levene’s test for equality of variances,
p = 0.007, three-way ANOVAs were conducted in light of their
robustness to heterogeneity of variance in circumstances of
approximately equality of group sample sizes (49).

There was no statistically significant three-way interactions
between groups, stimulation and morphing direction,
F(1,203) =0.024, p=0.88. There
significant interaction between group and stimulation on
Delta-POE,  F(1,203) =5.51, p=0.02. The
had a statistically significant effect on Delta-POF for the
TD group, F(1,203)=5.46, p=0.02), but not for ASD
group, F(1,203) =1.02, p=0.32. There was a statistically
significant effect of group on Delta-POF for the synchronous
stimulation, (F(1,203) =4.03, p=0.03, but not for the
asynchronous stimulation, F(1, 203) = 1.46, p = 0.23. After the
synchronous stimulation, the ASD group had a significantly
lower mean Delta-POF than the TD group, —3.379 (95%

was a statistically

stimulation
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A ASD participants

Face morphing moving direction

v

0 % Other face
100% Self face

100 % Other face
0 % Self face

FIGURE 2

100 % Other face : 0 % Other face
0% Self face 50 % Other face 100 % Self face
50 % Self face
B
Other to Seff w09%
[m] —
l—
Self to Other | 44.7% =
= *
Other to Self | 38.9% "I"
[m)]
n =] *
<
Self to Other | 541 % Hh =
| | | | | | | |
0% 50 % 100 %

[ Percentage of Other Face content (POF)

Discrimination of Self vs. Other face. (A) ASD participant responses during the task. (B) The bar graph presents the mean Percentage of Other
Face (POF) content (orange bars) that participants perceived during the various conditions presented here.

CI, —6.54to —0.22), p=0.04. The simple main effect of
direction on “Delta-POF” for ASD group was significant,
F(1,203) = 5.78, p = 0.017. ASD participants had a significantly
higher mean Delta-POF for the Other to Self direction, than in
the Self to Other direction, by 5.1 points (95% CI, 1.89-8.32),
p=0.002.

Discussion

Self vs. other discrimination

In agreement with previous studies, we found that in
TD adults there was no difference in self-face discrimination

Frontiers in Psychiatry 06

according to the direction of the morphing movie and relative
to the Percentage of Other Face (POF) content where these
adults still recognized their “self” from an image that contained
between 41 to 44,6% of “unfamiliar faces” (41, 42, 48, 49).
In contrast, adults with ASD recognized as their “self” an
image that contained up to 54 % of an unfamiliar face in the
Self to Other direction, while they had similar discrimination
behaviors to TD participants in the Other to Self direction.
One explanation of face recognition deficits in ASD is that
individuals with this disorder fail to develop normative levels of
face-relevant perceptual expertise (10, 50). For TD individuals,
increased experience with categories of face stimuli, such as
human faces compared to the faces of other species (17, 51)
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FIGURE 3
Effect of Interpersonal multisensory stimulation. Delta-POF was
calculated as mean POF in poststimulation condition minus
mean POF in prestimulation condition. POF: Percentage of
Other Face. Asterisks indicate significant differences.

or such as familiar faces compared to unfamiliar faces (52, 53)
confers an expert level processing advantage for stimuli of that
category (54), and more specifically for self faces. This advantage
is believed to be related to the ability to integrate previously
experienced examples into prototypic mental representations
and to engage in configural processing (55). Unfamiliar faces are
believed to engage analytical perceptual processing, in contrast
with familiar and self faces that are thought to engage procedural
processing. Individuals with ASD have failed to demonstrate
many of these same makers (6, 56), with various studies
suggesting atypical perceptual cue taking, atypical configural
cognitive processing and atypical stored memory representation
of familiar and unfamiliar faces (50, 57, 58). These particularities
in face processing have been associated with the more global
hypothesis of enhanced perceptual over-functioning in ASD as
described by Enhanced Perceptual Function theory (EPF) (59).
This hypothesis suggests that all of the so-called “low-
level” perceptual processes (discrimination, processing of
psychophysical ~dimensions, encoding speed, perceptual
matching) would be over-efficient in autism and would impose
the persistence of the so-called “analytical” perceptual analysis
of faces to the detriment of the installation of configural
processing (13, 59, 60). According to this hypothesis, there is a
bias in favor of analytical perceptual processing in people with
ASD, which would explain the superiority of “local” perceptual
processing in this disorder compared to those without ASD.
The typical focal and analytic processing used in the
direction from Other to Self leads to performance in adults with
ASD that is comparable to those of control subjects (again in the
direction from Other to Self). However, this analytic processing
would not compensate for the configural processing deficit
believed to be used by non ASD individuals in the Self-to-Other
condition when the movie started with the individual’s own face,
a difference which could explain the mismatch in this condition.
In the Self to Other direction, participants with ASD likely
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proceeded with an analytical perception of the morphing video
even when the video started from a pure image of self and they
kept capturing all the “self-face components” that they could
perceive. When they stopped the morphing video, the selected
picture contains <46% of “self” and 54% of “unfamiliar face”
(Figure 2A). In the Other to Self direction, video started with the
unfamiliar face and with analytical processing again participants
with autism kept capturing the unfamiliar components of the
frames of the video. The selected picture contained at the time
they stopped the video, <38% of unfamiliar faces when the
judgment of “self” appeared to be preeminent (with analytical
processing they needed higher quantity of “self-components”
(62%) than when self-face was looking first in the Self to Other
direction). One may speculate that this analytical processing
is affected by a “first image priming effect” that lead to POF
differentiation between both directions in ASD but not in TD
adults. In contrast, TD participants, who are expected to rely
on configural perceptual processing of their own faces, selected
the same ratios of components of their own faces in both
moving directions, with configural processing ensuring more
stable holistic processing of faces that would be less affected by
a “first frame priming effect.” This hypothesis needs findings to
be replicated in larger samples and with various stimuli that are
known to challenge and break down the configural processing in
typically developed individuals as inverted face (61), composite
faces or morphing objects (54, 62, 63). This hypothesis requires
findings to be replicated in larger samples and with other stimuli
known to challenge and break down the configural processing in
typically developed individuals as inverted face (61), composite
faces or morphing objects (54, 62, 63).

Interpersonal multisensory stimulation
effect

Consistent with past investigations, our results in TD adults
showed that synchronous IMS changed self-other recognition
performance by approximately 6% in the synchronous condition
and 3% in the asynchronous condition relative to the baseline
pre-test measure. Interpersonal multisensory stimulation (IMS)
creates an enfacement illusion in individuals with typical
development, but only in the synchronous condition (42, 43).

Synchronous IMS specifically affected recognition of the
self-face, as statistically significant changes were observed only
for the direction of morphing that presented a transition from
other to self. When participants saw the face of the other
being slowly morphed into the self-face, and were asked to
indicate when the face looks more like themself, they stopped the
movie significantly earlier compared to the pre-stimulation test.
This pattern suggests that, following IMS, participants accepted
as self-stimuli morphed faces that contained 6% more of the
other’s face. Importantly, no similar effects were observed for
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the reverse direction of morphing (i.e., “self to other”). This
asymmetric effect for the two directions of morphing was also
observed in previous studies using the same methodology using
videos of unfamiliar faces during IMS (43) in contrast with
previous studies using familiar faces (42, 49).

In our experiment, the IMS effect and enfacement illusion
involved both visual and tactile perception and results from a
change in what is expected for one of these stimuli. In particular,
the visual feedback is modified by replacing one’s own face with
another face, while the tactile stimulus is consistent with what
is seen and perceived when applied in a synchronous condition.
Participants were asked to experience someone touching their
face as they looked in the mirror, but what they saw in the mirror
is not the face they consider to be theirs. The created illusion is,
therefore, the development of the feeling that the face observed
is belonging to the participant. That feeling is similar to that of
the belonging of a rubber hand in the “rubber hand illusion”.
Results reported that the process of identifying with a body seen
in the mirror alters the processing of the visual stimuli applied to
the reflected body, which are re-mapped as peri-personal stimuli
through the mirror reflection (64). The synchronous condition
that elicits the illusion results in multisensory driven predictions
about upcoming somatosensory input. These predictions about
the face are then constantly updated during multisensory
experience, but only while exposed to a synchronic mirror
reflection. These results support the hypothesis of neuronal
plasticity of the self-face representation in typical development
that account for the changes in the perceptual experience after
synchronous IMS with the assimilation of features of the other’s
face in the mental representation of one’s own face, as reported
in previous studies investigating multisensory stimulation to the
face (41, 65) and to the body (66). This plasticity ensures both
the assimilation of changes and a sense of continuity overtime
that is essential for the sense of identity, despite the fact that our
appearance changes over time.

In adults with ASD, our findings for a lack of difference
between synchronous and asynchronous conditions for the
IMS effect, as well as a significant difference of performance
compared with non-ASD adults in the synchronous condition,
suggest an absence of the enfacement illusion in ASD.
The enfacement illusion is based on IMS and requires
efficacious multimodal integration processing. Yet difficulties
in multimodal integration have previously been described in
ASD relative to integration of audiovisual speech information
[for e.g., see (67-69)] but also visuo-tactile information in two
studies using the Rubber Hand Illusion (RHI) (44, 70), and
two more recent ones based on the “Numbness Illusion” [NI,
(71)] and on the “Full Body Illusion” (FBI, 45). As children
with ASD did not exhibit the expected effect for rubber hand
illusion in the synchronous brushing condition after 3 min, but
did after 6 min, authors emphasized the impact of the timing
of visual and tactile stimulation, suggesting that children with
ASD would need a more extended temporal window to complete
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visuo-tactile binding (44, 72). To test this hypothesis further
researches should design paradigms including several timings
of stimulation in adult samples. These findings are coherent
with previous results related to the embodiment theory that
reported that the unconscious reproduction of the emotional
facial expression by one’s observer would be a mechanism
for facilitating the recognition of the observed emotions, thus
responsible for congruence between the stimulus and the
facial muscle activations, facilitating emotional resonance and
empathy. Related to the embodiment theory, the facial feedback
hypothesis suggests that the experience of emotions in non-ASD
individuals is affected by feedback from facial muscle activation
(73). Stel et al. (74) demonstrated that automatic or voluntary
facial expressions, modulated by holding a pen between the
teeth, influenced corresponding emotions compared to non-
pen holding in controls, while adolescents with ASD remained
emotionally unaffected. These authors concluded that the facial
feedback mechanism worked differently for individuals with
ASD. Similarly, it is recognized that people with ASD may also
present atypical mental representations of their own emotional
experiences (75). A deficit in the multisensory integration (visual
and proprioceptive) could, in ASD, partly explain impairment in
self-face representations, but also difficulties in facial emotions
expression, recognition, and resonance (mimicry) as it requires
the individual to update our own self-face representations. ASD
participants who were significantly less likely to experience
the Rubber Hands Illusion or the Full Body Illusion, were
participants who displayed less empathy in both studies with
adults and children, and more severe autistic traits in the
adult study only (44, 45). These results suggest that the altered
bodily self-consciousness in ASD may contributes to social
difficulties. Sensorimotor processes play an important role in
the mentalization of one’s internal states and intentions, and
the present results may guide future investigations that test
interventional paradigms to enhance multisensory integration.

Conclusion

The present findings lend support to the hypothesis that
neuronal plasticity during visual-tactile stimulation leads to
another’s face being perceived as one’s own. The findings also
support the conclusion that such a process that is essential for
mirror self-recognition and provides dynamic representations
of one’s visual appearance and self-awareness, are impaired
in ASD. These observations may be of key importance for
understanding the neurobiological processes underlying the
maintenance of a continuous sense of self and for understanding
what is fundamentally different in persons with ASD. It seems
essential to distinguish the processes of self-identification and
self-recognition from the process of self-updating which differs
specifically in ASD adults, thus supporting the hypothesis
of impaired or atypical multisensory integration. Indeed the
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sample size of the current study is not so large, and it would
be relevant in future studies to investigate in children, teenagers
and females with ASD as well as in selected clinical subgroups
that could be differentiated based on empathy scores severity or
autistic traits.

Data availability statement

The original contributions presented in the study are
included in the article/supplementary material, further inquiries
can be directed to the corresponding author.

Ethics statement

The studies involving human participants were reviewed and
approved by Bordeaux Regional Ethics Review Board (Comité
de Protection des Personnes Bordeaux/CPP N° 100038-80). The
patients/participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the participants for the publication of any potentially
identifiable data or images included in this article.

Author contributions

ND: experiment, analysis, conceptualization, and writing. JS:
writing and editing. MB: conceptualization. J-RC: experiment,

References

1. American Psychiatric Publishing, Inc. Diagnostic and statistical manual
of mental disorders: DSM-5™. 5th ed. Arlington, VA: American Psychiatric
Publishing, Inc. (2013). xliv, p. 947.

2. Amestoy A, Guillaud E, Bucchioni G, Zalla T, Umbricht D, Chatham
C, et al. Visual attention and inhibitory control in children, teenagers and
adults with autism without intellectual disability: results of oculomotor tasks
from a 2-year longitudinal follow-up study (InFoR). Mol Autism. (2021)
12:71. doi: 10.1186/s13229-021-00474-2

3. Kallitsounaki A, Williams D. A relation between autism traits and gender self-
concept: evidence from explicit and implicit measures. ] Autism Dev Disord. (2020)
50:429-39. doi: 10.1007/s10803-019-04262-z

4. Minio-Paluello I, Porciello G, Pascual-Leone A, Baron-Cohen S. Face
individual identity recognition: a potential endophenotype in autism. Mol Autism.
(2020) 11:81. doi: 10.1186/513229-020-00371-0

5. Tibbetts EA, Dale J. Individual recognition: it is good to be different. Trends
Ecol Evol. (2007) 22:529-37. doi: 10.1016/j.tree.2007.09.001

6. Weigelt S, Koldewyn K, Kanwisher N. Face identity recognition in autism
spectrum disorders: a review of behavioral studies. Neurosci Biobehav Rev. (2012)
36:1060-84. doi: 10.1016/j.neubiorev.2011.12.008

7. Adolphs R, Sears L, Piven J. Abnormal processing of social information from
faces in autism. ] Cogn Neurosci. (2001) 13:232-40. doi: 10.1162/089892901564289

8. Behrmann M, Thomas C, Humphreys K. Seeing it differently: visual processing
in autism. Trends Cogn Sci. (2006) 10:258-64. doi: 10.1016/j.tics.2006.05.001

9. Campatelli G, Federico RR, Apicella E, Sicca F, Muratori F. Face processing
in children with ASD: literature review. Res Autism Spectr Disord. (2013) 7:444-
54. doi: 10.1016/j.rasd.2012.10.003

Frontiers in Psychiatry

09

10.3389/fpsyt.2022.946066

analysis, funding acquisition, supervision, writing, and editing.
AA:
writing, and editing. All authors contributed to the article and

funding acquisition, supervision, conceptualization,

approved the submitted version.

Acknowledgments

We are extremely grateful to M. Tsakiris for his advice in
developing the methodological protocol and for supporting us
in this research.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

10. Dawson G, Webb SJ, McPartland J. Understanding the nature
of face processing impairment in autism: insights from behavioral
and electrophysiological ~studies. Dev  Neuropsychol. (2004) 27:403-
24. doi: 10.1207/s15326942dn2703_6

11. Deruelle C, Rondan C, Gepner B, Tardif C. Spatial frequency and face
processing in children with autism and Asperger syndrome. J Autism Dev Disord.
(2004) 34:199-210. doi: 10.1023/B:JADD.0000022610.09668.4c

12. Golarai G, Grill-Spector K, Reiss AL. Autism and the development of face
processing. Clin Neurosci Res. (2006) 6:145-60. doi: 10.1016/j.cnr.2006.08.001

13. Jemel B, Mottron L, Dawson M. Impaired face processing in autism: fact or
artifact? ] Autism Dev Disord. (2006) 36:91-106. doi: 10.1007/s10803-005-0050-5

14. Simmons DR, Robertson AE, McKay LS, Pollick FE, Toal E,
McAleer P. Vision in autism spectrum disorders. Vision Res. (2009)
49:2705-39. doi: 10.1016/j.visres.2009.08.005

15. Hedley D, Brewer N, Young R. Face recognition performance of individuals
with Asperger syndrome on the Cambridge face memory test. Autism Res Off ] Int
Soc Autism Res. (2011) 4:449-55. doi: 10.1002/aur.214

16. Dwyer P, Xu B, Tanaka JW. Investigating the perception of face identity
in adults on the autism spectrum using behavioural and electrophysiological
measures. Vision Res. (2019) 157:132-41. doi: 10.1016/j.visres.2018.02.013

17. de Heering A, de Liedekerke C, Deboni M, Rossion B. The role of
experience during childhood in shaping the other-race effect. Dev Sci. (2010)
13:181-7. doi: 10.1111/§.1467-7687.2009.00876.x

18. Turati C. Newborns' memory processes: a study on the effects
of retroactive interference and repetition priming. Infancy. (2008)
13:557-69. doi: 10.1080/15250000802458666

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.946066
https://doi.org/10.1186/s13229-021-00474-2
https://doi.org/10.1007/s10803-019-04262-z
https://doi.org/10.1186/s13229-020-00371-0
https://doi.org/10.1016/j.tree.2007.09.001
https://doi.org/10.1016/j.neubiorev.2011.12.008
https://doi.org/10.1162/089892901564289
https://doi.org/10.1016/j.tics.2006.05.001
https://doi.org/10.1016/j.rasd.2012.10.003
https://doi.org/10.1207/s15326942dn2703_6
https://doi.org/10.1023/B:JADD.0000022610.09668.4c
https://doi.org/10.1016/j.cnr.2006.08.001
https://doi.org/10.1007/s10803-005-0050-5
https://doi.org/10.1016/j.visres.2009.08.005
https://doi.org/10.1002/aur.214
https://doi.org/10.1016/j.visres.2018.02.013
https://doi.org/10.1111/j.1467-7687.2009.00876.x
https://doi.org/10.1080/15250000802458666
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Deltort et al.

19. Porciello G, Bufalari I, Minio-Paluello I, Di Pace E, Aglioti SM. The
“Enfacement” illusion: a window on the plasticity of the self. Cortex ] Devoted Study
Nerv Syst Behav. (2018) 104:261-75. doi: 10.1016/j.cortex.2018.01.007

20. Tardif J, Morin Duchesne X, Cohan S, Royer ], Blais C, Fiset D, et al. Use
of face information varies systematically from developmental prosopagnosics to
super-recognizers. Psychol Sci. (2019) 30:300-8. doi: 10.1177/0956797618811338

21. Kennerknecht I, Grueter T, Welling B, Wentzek S, Horst J, Edwards S, et al.
First report of prevalence of non-syndromic hereditary prosopagnosia (HPA). Am
J Med Genet A. (2006) 140:1617-22. doi: 10.1002/ajmg.a.31343

22. Bate S, Cook §J, Duchaine B, Tree JJ, Burns EJ, Hodgson TL.
Intranasal inhalation of oxytocin improves face processing in developmental
prosopagnosia. Cortex ] Devoted Study Nerv Syst Behav. (2014) 50:55-
63. doi: 10.1016/j.cortex.2013.08.006

23. Cattaneo Z, Daini R, Malaspina M, Manai F, Lillo M, Fermi V, et al.
Congenital prosopagnosia is associated with a genetic variation in the oxytocin
receptor (OXTR) gene: an exploratory study. Neuroscience. (2016) 339:162-
73. doi: 10.1016/j.neuroscience.2016.09.040

24. Lewis M. The emergence of consciousness and its role in human
development. Ann N'Y Acad Sci. (2003) 1001:104-33. doi: 10.1196/annals.1279.007

25. Lewis M, Wolan Sullivan M. The Development of Self-Conscious
Emotions. Handbook of Competence and Motivation. New York, NY, US: Guilford
Publications (2005). p. 185-201.

26. Dawson G, McKissick FC. Self-recognition in autistic children. J Autism Dev
Disord. (1984) 14:383-94. doi: 10.1007/BF02409829

27. Dunphy-Lelii S, Wellman HM. Delayed self
Autism: a unique difficulty? Res Autism  Spectr
6:212-23. doi: 10.1016/j.rasd.2011.05.002

28. Lind SE, Bowler DM. Delayed self-recognition in
with autism spectrum disorder. ] Autism Dev Disord. (2009)
50. doi: 10.1007/s10803-008-0670-7

recognition in
Disord.  (2012)

children
39:643-

29. Carmody DP, Lewis M. Self representation in children with and
without Autism Spectrum disorders. Child Psychiatry Hum Dev. (2012) 43:227-
37. doi: 10.1007/s10578-011-0261-2

30. Crane L, Goddard L, Pring L. Autobiographical memory in adults
with autism spectrum disorder: the role of depressed mood, rumination,
working memory and theory of mind. Autism Int J Res Pract. (2013) 17:205—
19. doi: 10.1177/1362361311418690

31. Gallup GG, Platek SM, Spaulding KN. The nature of visual self-recognition
revisited. Trends Cogn Sci. (2014) 18:57-8. doi: 10.1016/j.tics.2013.10.012

32. Devue C, Van der Stigchel S, Brédart S, Theeuwes J. You do not find
your own face faster; you just look at it longer. Cognition. (2009) 111:114-
22. doi: 10.1016/j.cognition.2009.01.003

33. Morita T, Saito DN, Ban M, Shimada K, Okamoto Y, Kosaka H, et al. Self-
face recognition begins to share active region in right inferior parietal lobule
with proprioceptive illusion during adolescence. Cereb Cortex N Y N. (2018)
28:1532-48. doi: 10.1093/cercor/bhy027

34. Weigelt S, Singer W, Kohler A. Feature-based attention affects direction-
selective fMRI adaptation in hMT+. Cereb Cortex N Y N. (2013) 23:2169-
78. doi: 10.1093/cercor/bhs192

35. Platek SM, Thomson JW, Gallup GG. Cross-modal self-recognition: the
role of visual, auditory, and olfactory primes. Conscious Cogn. (2004) 13:197-
210. doi: 10.1016/j.concog.2003.10.001

36. Morita T, Kosaka H, Saito DN, Ishitobi M, Munesue T, Itakura S,
et al. Emotional responses associated with self-face processing in individuals
with autism spectrum disorders: an fMRI study. Soc Neurosci. (2012) 7:223—
39. doi: 10.1080/17470919.2011.598945

37. Uddin LQ, Davies MS, Scott AA, Zaidel E, Bookheimer SY, Iacoboni M,
et al. Neural basis of self and other representation in autism: an FMRI study
of self-face recognition. PLoS One. (2008) 3:e3526. doi: 10.1371/journal.pone.
0003526

38. Kita Y, Gunji A, Inoue Y, Goto T, Sakihara K, Kaga M, et al
Self-face  recognition in children with autism spectrum disorders:
A near-infrared  spectroscopy  study. Brain  Dev. (2011)  33:494-
503. doi: 10.1016/j.braindev.2010.11.007

39. Botvinick M, Cohen J. Rubber hands “feel” touch that eyes see. Nature. (1998)
391:756-756. doi: 10.1038/35784

40. Longo MR, Schiiir E Kammers MPM, Tsakiris M, Haggard P.
Self awareness and the body image. Acta Psychol. (2009) 132:166-
72. doi: 10.1016/j.actpsy.2009.02.003

41. Tajadura-Jimenez A, Longo MR, Coleman R, Tsakiris M. The
person in the mirror: Using the enfacement illusion to investigate

Frontiers in Psychiatry

10

10.3389/fpsyt.2022.946066

the experiential structure of self-identification. Conscious (2012)

21:1725-38. doi: 10.1016/j.concog.2012.10.004

Cogn.

42. Tsakiris M. Looking for myself: current multisensory input alters self-face
recognition. PLoS ONE. (2008) 3:e4040. doi: 10.1371/journal.pone.0004040

43. Tajadura-Jiménez A, Grehl S, Tsakiris M. The other in me: interpersonal
multisensory stimulation changes the mental representation of the self. PLoS ONE.
(2012) 7:€40682. doi: 10.1371/journal.pone.0040682

44. Cascio CJ, Foss-Feig JH, Burnette CP, Heacock JL, Cosby AA. The rubber
hand illusion in children with autism spectrum disorders: delayed influence of
combined tactile and visual input on proprioception. Autism Int J Res Pract. (2012)
16:406-19. doi: 10.1177/1362361311430404

45. Mul C, Cardini E, Stagg SD, Esfahlani SS, Kiourtsoglou D, Cardellicchio P,
et al. Altered bodily self-consciousness and peripersonal space in autism. Autism.
(2019) 23:2055-67. doi: 10.1177/1362361319838950

46. Rutter M, LeCouteur A, Lord L. Autism Diagnostic Inventory-Revised. Los
Angeles, CA: Western Psychological Services. (2003).

47. Lord C, Risi S, Lambrecht L, Cook EH, Leventhal BL, DiLavore PC, et al.
The autism diagnostic observation schedule-generic: a standard measure of social
and communication deficits associated with the spectrum of autism. J Autism Dey
Disord. (2000) 30:205-23. doi: 10.1037/t17256-000

48. Heinisch C, Dinse HR, Tegenthoftf M, Juckel G, Briine M. An rTMS study into
self-face recognition using video-morphing technique. Soc Cogn Affect Neurosci.
(2011) 6:442-9. doi: 10.1093/scan/nsq062

49. Sforza A, Bufalari I, Haggard P, Aglioti S. My face in yours: visuo-
tactile facial stimulation influences sense of identity. Soc Neurosci. (2009) 5:148-
62. doi: 10.1080/17470910903205503

50. Webb SJ, Neuhaus E, Faja S. Face perception and learning in autism spectrum
disorders. Q J Exp Psychol. (2017) 70:970-86. doi: 10.1080/17470218.2016.1151059

51. Valentine T, Endo M. Towards an exemplar model of face processing:
the effects of race and distinctiveness. Q J Exp Psychol A. (1992) 44:671-
703. doi: 10.1080/14640749208401305

52. Sether L, Belle WV, Van Belle W, Laeng B, Brennen T, @vervoll M. Anchoring
gaze when categorizing faces’ sex: evidence from eye-tracking data. Vision Res.
(2009) 49:2870-80. doi: 10.1016/j.visres.2009.09.001

53. Stacey PC, Walker S, Underwood JDM. Face
familiarity: evidence from eye-movement data. Br ] Psychol.
96:407-22. doi: 10.1348/000712605X47422

54. Tanaka JW, Sengco JA. Features and their configuration in face recognition.
Mem Cognit. (1997) 25:583-92. doi: 10.3758/BF03211301

55. Tanaka JW, Quinn PC, Xu B, Maynard K, Huxtable N, Lee K, et al.
The effects of information type (features vs. configuration) and location (eyes
vs. mouth) on the development of face perception. J Exp Child Psychol. (2014)
124:36-49. doi: 10.1016/j.jecp.2014.01.001

processing and
(2010)

56. Gastgeb HZ, Wilkinson DA, Minshew NJ, Strauss MS. Can individuals
with autism abstract prototypes of natural faces? J Autism Dev Disord. (2011)
41:1609-18. doi: 10.1007/s10803-011-1190-4

57. Curby KM, Willenbockel V, Tanaka JW, Schultz RT. Face processing in
autism : insights from the perceptual expertise framework. In: Gauthier I, Tarr M,
Bub D, editors. Perceptual Expertise. Oxford ; New York, NY: Oxford University
Press (2010). p. 139-66.

58. Newell LC, Newell LC, Best CA, Best CA, Gastgeb H, Gastgeb H, et al. The
development of categorization and facial knowledge: implications for the study of
autism. Infant Perception and Cognition. Oxford: Oxford University Press (2010).
p. 223-58.

59. Mottron L, Dawson M, Souli¢res I, Hubert B, Burack J. Enhanced perceptual
functioning in autism: an update, and eight principles of autistic perception. J
Autism Dev Disord. (2006) 36:27-43. doi: 10.1007/s10803-005-0040-7

60. Corbett JE, Venuti P, Melcher D.
individuals with autism spectrum disorder.
7:1735. doi: 10.3389/fpsyg.2016.01735

Perceptual averaging in
Front  Psychol.  (2016)

61. Yin RK. Looking at upside-down faces. J Exp Psychol. (1969) 81:141-
5. doi: 10.1037/h0027474

62. Tanaka JW, Farah MJ. Parts and wholes in face recognition. Q J Exp Psychol
A. (1993) 46:225-45. doi: 10.1080/14640749308401045

63. Peterson MA, Rhodes G. Introduction: Analytic and Holistic Processing-the
View Through Different Lenses. Perception of Faces, Objects, and Scenes. Oxford:
Oxford University Press (2006).

64. Holmes NP, Crozier G, Spence C. When mirrors lie: “visual capture” of
arm position impairs reaching performance. Cogn Affect Behav Neurosci. (2004)
4:193-200. doi: 10.3758/CABN.4.2.193

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.946066
https://doi.org/10.1016/j.cortex.2018.01.007
https://doi.org/10.1177/0956797618811338
https://doi.org/10.1002/ajmg.a.31343
https://doi.org/10.1016/j.cortex.2013.08.006
https://doi.org/10.1016/j.neuroscience.2016.09.040
https://doi.org/10.1196/annals.1279.007
https://doi.org/10.1007/BF02409829
https://doi.org/10.1016/j.rasd.2011.05.002
https://doi.org/10.1007/s10803-008-0670-7
https://doi.org/10.1007/s10578-011-0261-2
https://doi.org/10.1177/1362361311418690
https://doi.org/10.1016/j.tics.2013.10.012
https://doi.org/10.1016/j.cognition.2009.01.003
https://doi.org/10.1093/cercor/bhy027
https://doi.org/10.1093/cercor/bhs192
https://doi.org/10.1016/j.concog.2003.10.001
https://doi.org/10.1080/17470919.2011.598945
https://doi.org/10.1371/journal.pone.0003526
https://doi.org/10.1016/j.braindev.2010.11.007
https://doi.org/10.1038/35784
https://doi.org/10.1016/j.actpsy.2009.02.003
https://doi.org/10.1016/j.concog.2012.10.004
https://doi.org/10.1371/journal.pone.0004040
https://doi.org/10.1371/journal.pone.0040682
https://doi.org/10.1177/1362361311430404
https://doi.org/10.1177/1362361319838950
https://doi.org/10.1037/t17256-000
https://doi.org/10.1093/scan/nsq062
https://doi.org/10.1080/17470910903205503
https://doi.org/10.1080/17470218.2016.1151059
https://doi.org/10.1080/14640749208401305
https://doi.org/10.1016/j.visres.2009.09.001
https://doi.org/10.1348/000712605X47422
https://doi.org/10.3758/BF03211301
https://doi.org/10.1016/j.jecp.2014.01.001
https://doi.org/10.1007/s10803-011-1190-4
https://doi.org/10.1007/s10803-005-0040-7
https://doi.org/10.3389/fpsyg.2016.01735
https://doi.org/10.1037/h0027474
https://doi.org/10.1080/14640749308401045
https://doi.org/10.3758/CABN.4.2.193
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Deltort et al.

65. Apps MAJ, Tajadura-Jiménez A, Sereno M, Blanke O, Tsakiris M. Plasticity
in unimodal and multimodal brain areas reflects multisensory changes in self-face
identification. Cereb Cortex N Y N. (2015) 25:46-55. doi: 10.1093/cercor/bht199

66. Ionta S, Heydrich L, Lenggenhager B, Mouthon M, Fornari
E, Chapuis D, et al. Multisensory mechanisms in temporo-parietal
cortex support self-location and first-person perspective. Neuron. (2011)
70:363-74. doi: 10.1016/j.neuron.2011.03.009

67. Irwin JR, Tornatore LA, Brancazio L, Whalen DH. Can children with
autism spectrum disorders “hear” a speaking face? Child Dev. (2011) 82:1397-
403. doi: 10.1111/j.1467-8624.2011.01619.x

68. Williams JHG, Massaro DW, Peel NJ, Bosseler A, Suddendorf T. Visual-
auditory integration during speech imitation in autism. Res Dev Disabil. (2004)
25:559-75. doi: 10.1016/j.ridd.2004.01.008

69. Woynaroski TG, Kwakye LD, Foss-Feig JH, Stevenson RA,
Stone WL, Wallace MT. Multisensory speech perception in children
with  autism  spectrum  disorders. | Autism Dev  Disord. (2013)

43:2891-902. doi: 10.1007/s10803-013-1836-5

70. Paton B, Hohwy J, Enticott PG. The rubber hand illusion reveals
proprioceptive and sensorimotor differences in autism spectrum disorders.

Frontiers in Psychiatry

11

10.3389/fpsyt.2022.946066

J Autism Dev Disord. 42:1870-83. doi: 10.1007/s10803-011-

1430-7

(2012)

71. Guerra S, Spoto A, Straulino E, Castiello U. Numbness Illusion in Autism:
Implications for Social Interactions. Queen Mary University of London, UK
(2017). Available online at: https://www.research.unipd.it/handle/11577/3231842
(accessed October 3, 2022).

72. Stevenson RA, Segers M, Ncube BL, Black KR, Bebko JM, Ferber
S, et al. The cascading influence of multisensory processing on speech
perception in autism. Autism. (2018) 22:609-24. doi: 10.1177/1362361
317704413

73. Coles NA, Larsen JT, Lench HC, A. meta-analysis of the facial feedback
literature: Effects of facial feedback on emotional experience are small and variable.
Psychol Bull. (2019) 145:610-51. doi: 10.1037/bul0000194

74. Stel M, van den Heuvel C, Smeets RC. Facial feedback
mechanisms in autistic spectrum disorders. J Autism Dev Disord. (2008)
38:1250-8. doi: 10.1007/s10803-007-0505-y

75. Losh M, Capps L. Understanding of emotional experience in autism: Insights
from the personal accounts of high-functioning children with autism. Dev Psychol.
(2006) 42:809-18. doi: 10.1037/0012-1649.42.5.809

frontiersin.org


https://doi.org/10.3389/fpsyt.2022.946066
https://doi.org/10.1093/cercor/bht199
https://doi.org/10.1016/j.neuron.2011.03.009
https://doi.org/10.1111/j.1467-8624.2011.01619.x
https://doi.org/10.1016/j.ridd.2004.01.008
https://doi.org/10.1007/s10803-013-1836-5
https://doi.org/10.1007/s10803-011-1430-7
https://www.research.unipd.it/handle/11577/3231842
https://doi.org/10.1177/1362361317704413
https://doi.org/10.1037/bul0000194
https://doi.org/10.1007/s10803-007-0505-y
https://doi.org/10.1037/0012-1649.42.5.809
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	The enfacement illusion in autism spectrum disorder: How interpersonal multisensory stimulation influences facial recognition of the self
	Introduction
	Materials and methods
	Participants
	Procedure and measures
	Self vs. other face discrimination
	Interpersonal multisensory stimulation effect
	Statistical analysis

	Results
	Self vs. other face discrimination
	Interpersonal multisensory stimulation effect

	Discussion
	Self vs. other discrimination
	Interpersonal multisensory stimulation effect

	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


