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Schizophrenia has been described as a psychiatric condition characterized by deficits in one's own and others'
face recognition, as well as by a disturbed sense of body-ownership. To date, no study has integrated these two
lines of research with the aim of investigating Enfacement Illusion (EI) proneness in schizophrenia. To accom-
plish this goal, the classic EI protocol was adapted to test the potential plasticity of both Self-Other and Other-
Other boundaries. Results showed that EI induced the expected malleability of Self-Other boundary among
both controls and patients. Interestingly, for the first time, the present study demonstrates that also the Other-
Other boundary was influenced by EI. Furthermore, comparing the two groups, the malleability of the Other-
Other boundary showed an oppositemodulation. These results suggest that, instead of greater Self-Other bound-
ary plasticity, a qualitative difference can be detected between schizophrenia patients and controls in themallea-
bility of the Other-Other boundary. The present study points out a totally new aspect about body-illusions and
schizophrenia disorder, demonstrating that EI is not only confined to self-sphere but it also affects the way we
discriminate others, representing a potential crucial aspect in the social domain.

© 2018 Elsevier B.V. All rights reserved.
Keywords:
Body-illusions
Enfacement illusion
Multisensory integration
Other-other boundary
Schizophrenia
Self-face
1. Introduction

“In perceiving the other, my body and his are coupled, resulting in a sort
of action which pairs them… I make it mine; I recover it or comprehend
it. Reciprocally I know that the gestures I makemyself can be the objects
of another's intention. It is this transfer of my intentions to the other's
body and of his intentions to my own, my alienation of the other and
his alienation of me, that makes possible the perception of others.”

[(Merleau-Ponty, 1964, p. 118).]

Anomalies in the sense of self have been considered to be predictive
for psychosis onset (Nelson et al., 2012) and occurring in all following
stages of schizophrenia (Parnas et al., 2011; Schultze-Lutter et al.,
2010). Various disturbances characterize this kind of disorder, like
depersonalization, altered stream of consciousness or warped bodily
experiences. Assuming selfhood as a multi-layered concept, the
arma, Italy.
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phenomenological approach (Parnas, 2000; Parnas and Handest,
2003) attributes the core aberration of schizophrenia, vividly defined
by Kraepelin (1919) as an “orchestra without a conductor”, to the most
basic level of selfhood, the ‘minimal self’(Sass and Parnas, 2003). In
this view, the disruption of the basic sense of self and of the implicit
bodily functioning represents the clear manifestations of a disturbed
bodily self, or disembodiment (Fuchs and Schlimme, 2009). This altered
basic sense of self, which is strictly related to self-recognition and self-
other discrimination impairments (Gallese and Ferri, 2014), have been
traditionally associated with schizophrenia psychopathology and
seems to be linked to deficits in multisensory integration mechanisms
(Postmes et al., 2014).

One of the basic experiences of self concerns the sense of body-
ownership as the “the perceptual status of one's own body, which
makes bodily sensations seem unique to oneself”(Tsakiris et al., 2007).
This basic self experience contributes to a structured sense of self and
it is considered as a developmental basis for a psychological identity
(Gallagher, 2000). Body ownership has been mainly investigated by
studies applying the Rubber Hand Illusion protocol (Botvinick and
Cohen, 1998). Even if at the moment under debate (e.g., for a review
see Shaqiri et al., 2018), schizophrenia patients seem to show a greater
tisensory experience affectsOthers' boundary: The enfacement illusion
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malleability of the sense of ownership over body-parts than healthy
controls (Ferri et al., 2014; Peled et al., 2000; Peled et al., 2003;
Thakkar et al., 2011). Besides the criticisms, studies demonstrated
specific relations between body-ownership deficits and the psychopa-
thology of schizophrenia. Indeed, a weak sense of ownership over
body-parts is associated to both positive and negative schizophrenia
symptoms (Ferri et al., 2014; Peled et al., 2000; Thakkar et al., 2011).
Also the well-known Schneiderian first-rank symptoms (i.e., thought-
insertion, thought-broadcasting, somatic passivity, delusional percep-
tion)were found associated to altered sense of ownership in this clinical
sample (Fourneret et al., 2001; Waters and Badcock, 2008).

Crucially, the sense of body-ownership is not only related to body
parts but also to the face, which represents a fundamental cue for self-
identity, allowing us to distinguish not only the self from the other
(i.e., Self-Other boundary) (Zahavi and Roepstorff, 2011) but also in
differentiating others (i.e., Other-Other boundary). An expanding line
of research extended the multisensory integration procedure adopted
in the Rubber Hand Illusion paradigm to self-face recognition in healthy
individuals (Paladino et al., 2010; Sforza et al., 2010; Tsakiris, 2008). The
so-called Enfacement Illusion (EI) is induced by the observation of
another person's face being touched at the same time of participant's
face. Synchronous, but not asynchronous, visuo-tactile stimulation
between the two faces modifies the usual Self-Other boundary, shifting
it toward the other's face. EI effect is conventionally measured by per-
formance on a self-face recognition task arranged before and after the
visuo-tactile stimulation and/or by ad-hoc questionnaire (i.e., Illusion
Questionnaire). Similarly to what happens for body-parts submitted
to body-ownership illusion, also the EI highlights the normal plasticity
of self-face representation. Assuming the self specificity of the body-
illusions (Tsakiris, 2008), at the moment no study has investigated
the potential effect of EI on the malleability of also the Other-Other
boundary.

Interestingly, even if probably affected by task design (Lee et al.,
2007), evidence suggests anomalies in face processing in schizophrenia,
including one's own self and others' faces recognition, self-other distinc-
tion and impairment in emotional facial expressions processing
(Ameller et al., 2015; Bortolon et al., 2015; Chan et al., 2010; Maher
et al., 2016; Yun et al., 2014). Furthermore, a distinctive clinical sign of
schizophrenia is represented by the so-calledMirror-related phenomena,
(Parnas et al., 2005), that has been experimentally assessed in a study
showing how, by means of mirror gazing test, apparitions of strange-
faces in the mirror were significantly more intense in patients with
schizophrenia than in controls (Bortolon et al., 2017; Caputo et al.,
2012). All these well-studied phenomena may have implications for
face-to-face social interactions. Indeed, social cognition is very poor
among schizophrenia patients (for a review see Gur and Gur, 2015),
they underestimate the social reward of genuine others' positive facial
expressions (Catalano et al., 2018) and they often show social anhedo-
nia and/or asociality (e.g., Blanchard et al., 1998, 2001; Kalin et al.,
2015; Robertson et al., 2014). Reduced social interests are evident
prior to illness onset (Cannon et al., 1997; Cornblatt et al., 2011;
Tarbox and Pogue-Geile, 2008) and often persist despite effective posi-
tive symptoms treatment (Blanchard et al., 2001; Horan et al., 2008).

Considering both the altered minimal sense of self and the deficit in
the processing of one's own self and others' faces, this is the first study
that tries to integrate these parallel lines of research with the aim of in-
vestigating EI proneness in schizophrenia. This is crucial to delineate
both the extension of the bodily self malleability and the potential
roots of the described psychopathological aspects connoting schizo-
phrenia also at a social level. In the present study, we adopted the
same enfacement illusion protocol used by Tajadura-Jiménez and
Tsakiris (2013) in which participants were stroked on the left side of
their face while they were seeing the face of an unfamiliar person
being stroked in synchrony either on the specularly congruent location
or on incongruent side of the face. The illusion effectwas tested through
the commonly used Illusion Questionnaire and Face Recognition Task.
Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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This protocol was chosen because it includes only synchronous visuo-
tactile stimulation, ensuring comparable levels of attention between
conditions (Tajadura-Jiménez and Tsakiris, 2013), and avoiding the ef-
fect of the inter-individual variability in temporal binding window
(TBW) extension (Costantini et al., 2016; Stevenson et al., 2012), two
aspects crucial when clinical and non-clinical samples are compared.
Accordingly, an alteration in both TBW (Foucher et al., 2007;
Tseng et al., 2015) and attentional abilities (Bleuler, 1958; Fioravanti
et al., 2012; Fuller et al., 2006; Kraepelin, 1919; Young et al., 2017)
have been demonstrated in patients with schizophrenia. In order to
introduce a further control condition able to test also the malleability
of the Other-Other boundary after a shared multisensory experience,
we decided to include new non-self related supplemental trials in
Face Recognition Task, where, according to the self-specificity of the
body-illusions, no EI effect was expected. Coherently with the here
described literature, we expected higher proneness to EI in patients
with schizophrenia than in controls.

2. Methods

2.1. Participants

20 patients with schizophrenia (SCZ; mean age 37.15 years SE 3.23,
17 males) and 23 healthy control participants (HC; mean age 32 years
SE 0.59, 10 males) were included in the present study (Table 1). The
total sample size exceeded the minimum amount required (n. 36) esti-
mated by means of statistical a priori sample size calculation, obtained
for repeated-measures ANOVA considering both within and between
interactions (1-ß = 0.95, α = 0.05 and effect size f = 0.25). Post-hoc
power estimation analysis conducted for repeated-measures ANOVA
considering both within and between interactions including the actual
effect size of our main interaction (f = 0.41) and the final sample
size (n. = 43) confirmed the high achieved statistical power achieved
(1-ß = 0.99). SCZ were recruited among patients seeking treatment at
the Psychiatric Unit of the University Hospital of Parma. All patients
were under medication during the period of the study, and medication
was based on a low-medium dose of a single atypical antipsychotic
drug. Please, consult Supplementary Table 1 for a detailed description
of SCZ patients. HC were recruited through fliers posted in meeting
places.

Inclusion criteria for SCZ were I) a diagnosis of Schizophrenia ac-
cording to DSM-IV-TR criteria (First et al., 2002) and II) stable phase of
recovery (i.e., with no acute symptoms for at least 6 months post mor-
bid). SCZ patients were evaluated and recruited for the study after a
clinical stabilisation to assure that they were able to participate in the
study. Inclusion criterion for HCwas the absence of current or past psy-
chiatric or neurological illnesses as determined by their clinical history,
assessed by means of a general psychopathology questionnaire. Exclu-
sion criteria for all participants were I) substance abuse or dependence;
II) pathological conditions likely affecting cognition or interfering with
participation in the study (i.e., presence of neurological and vascular
disorders, dysmetabolic syndrome and mental retardation) and III)
face-recognition deficits like prosopagnosia disorder, possibly affecting
participants' performance. Written informed consent was obtained
from all participants after full explanation of the procedure of the
study. The study was approved by Ethics Committee of the University
Hospital of Parma and was in line with the ethical standards of the
2013 Declaration of Helsinki.

2.2. Clinical scales and control measures

SCZ were evaluated bymeans of the structured clinical interview for
DSM-IVAxis I disorders (SCID-I) to establish Axis I diagnoses (First et al.,
2002). Patients were evaluated with the Assessment of Positive and
Negative Syndrome Scale (PANSS; Kay et al., 1987) that measures
symptoms severity in schizophrenia. Disturbances of subjective
tisensory experience affectsOthers' boundary: The enfacement illusion
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Table 1
– Demographic information and clinical scales of SCZ and HC groups.

Scales Subscales SCZ HC Between-groups differences

Age (years) 37.15; SE 3.23 32; SE 0.59 t(41) = −1.57; p = 0.13
Education (years)⁎ 11.30; SE 0.58 14.91; SE 0.48 t(41) = 4.80; p b 0.001
CPM (ES) 3.37; SE 0.22 3.78; SE 0.12 t(40) = 1.64; p = 0.11
Digit Span (ES) 3.2; SE 0.26 n.a
Reaction Time (msec) 5999.27; SE 2064.27 3849.22; SE 159.42 t(41) = −1.11; p = 0.27

Rate of adapted digital photos
Self images 8.60; SE 0.14 8.74; SE 0.13 Interaction Identity by Group:

F (1,41) = 0.207; p = 0.65Other images 0.45; SE 0.33 0.80; SE 0.31

SPQ_TOT

n.a. 18.13; SE 2.26
Positive Factor 6.78; SE 1.23
Negative Factor 8.96; SE 0.99
Disorganized Factor 5.30; SE 0.92

PANSS_TOT

79.30; SE 3.84 n.a.
PANSS positive 16.60; SE 1.41
PANSS negative 22.20; SE 1.48
PANSS general 40.50; SE 2.07

EASE_TOT

18.80; SE 1.72 n.a.
EASE 1 5.80; SE 0.74
EASE 2 7.33; SE 0.65
EASE 3 1.73; SE 0.55
EASE 4 0.67; SE 0.25
EASE 5 3.27; SE 0.48

Significant between-groups differences were estimated.
SCZ= schizophrenia patients group;HC=healthy controls group; CPM=Coloured ProgressiveMatrices; STAI= State-Trait Anxiety Inventory; SPQ= Schizotypal Personality Question-
naire; PANSS = Assessment of Positive and Negative Syndrome Scale; EASE = Examination of Anomalous Self-experience; EASE1 = Cognition and Stream of Consciousness domain;
EASE2 = Self-awareness and presence domain; EASE3 = Bodily experiences domain; EASE4 = Demarcation/Transitivism domain; EASE5 = Existential Reorientation domain; ES =
Equivalent Score; n.a. = not applicable.
⁎ p b 0.05.
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experience were investigated through the Examination of Anomalous
Self-experience scale (EASE; Parnas et al., 2005). Furthermore, patients
carried out the backward Digit Span (Wechsler, 1997) in order to
control for executive deficits potentially affecting task performance.
All the equivalent scores were greater or equal to 1.

HC completed the Schizotypal Personality Questionnaire (SPQ;
Raine, 1991) to evaluate the individual schizotypal traits in the healthy
population.

Both groups completed the Coloured Progressive Matrices (CPM;
Raven et al., 1998), to assure that cognitive functionality was preserved.
All the equivalent scores were greater or equal to 1, with no significant
difference in the mean equivalent scores between the two groups.

We also evaluated participants' reaction times (RT) to gradually
changing visual stimuli in order to assess the motor reactivity of the
two groups. Participants were asked to press the space bar as soon as
they perceived a change in the colour of an oval shape. The oval
shapematched the dimension of the faces in the face-morphingmovies
(see below) and the progressive change in colour (e.g., from blue to
yellow) simulated the dynamic transition of the same morphing
movies. No significant difference was found between the two groups.
For participants' clinical scale and control measure, Table 1 shows
groups' mean scores and the results of the statistical comparisons be-
tween the two groups.

2.3. Procedure

2.3.1. Induction movies
In order to induce the Enfacement Illusion, induction movies

were created displaying an unfamiliar face (Other) - matching the
participant's sex, age (±5 years) and ethnic group - being stroked on
the cheek with a cotton-bud at 0.33 Hz. Each stroke covered a distance
of 2 cm from the zygomatic bone downwards. The side of the stroking
(i.e., right cheek or left cheek) was balanced (i.e., Congruent or
Incongruent stimulations, see below). For each participant, 2 different
unfamiliar faces (Other) were used in the induction movies, one for
the Congruent and one for the Incongruent stimulation. Each induction
movie lasted 120 s.
Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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2.3.2. Face-morphing movies
A digital photograph of each participant with a neutral facial

expression was taken before the beginning of the experimental session
(max. 1 week before). The participant's face in the photograph was
converted to greyscale, and all non-facial attributes were removed
(e.g. background, hair, ears) with Adobe Photoshop software. Abrasoft
Fantamorph (www.fantamorph.com) was used to merge participant's
facewith Other's face (i.e., the unfamiliar face displayed in the induction
movie) in proportional steps. Each movie, lasting 10 s, displayed the
graded blending of the two faces in 150 frames (0.67% steps). The
same procedure was followed to merge the Other face with a Stranger
face. The Stranger was an unfamiliar individual - matching the
participant's sex, age (±5 years) and ethnic group – not displayed in
any induction movie. For each participant, 2 different Strangers' faces
were used to create the face-morphing movies, one for the Congruent
and one for the Incongruent stimulation. For each participant, four
morphing movies were created for each stimulation. In two cases,
Other was morphed into the participant's face, either from Other to
Self (i.e., from 100% Other to 100% Self; Other-Self morph) or from Self
to Other (i.e., from 100% Self to 100% Other; Self-Other morph) direc-
tions. In the other two cases, the Other's face was morphed into the
face of the Stranger, either from Other to Stranger (i.e., from 100%
Other to 100% Stranger; Other-Stranger morph) or from Stranger to
Other (i.e., from 100% Stranger to 100% Other; Stranger-Other morph)
directions. See Fig. 1 for an exemplificative representation of the four
face-morphing movies.

The adapted digital photographs used to create the Self-Other and
the Other-Self morphs were previously rated by participants to make
sure that they recognized their faces as belonging to the Self and that
they distinguished their faces from those of unfamiliar Others. The
adapted digital photographs of Self and Others were rated one at a
time according to the sentence “Does this face represent yourself?”
using a 0–9 Likert scale (0 = “strongly disagree”; 9 = “completely
agree”). Both groups were able to distinguish the images of the Self
from those of the unfamiliar Others (Self: 8.67 SE 0.09, Other: 0.63 SE
0.22; F (1,41) = 1155.53, p b 0.001; ƞ2

p = 0.97). No significant differ-
ences were estimated between the two groups (Main effect of Group:
tisensory experience affectsOthers' boundary: The enfacement illusion
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Fig. 1. Face-morphingmovies. A qualitative representation of the four video-morphingmovies. Panels a), b), c) and d) display the direction of eachmorphing and the associated questions
of the Face-recognition task.
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F (1,41) = 0.94; p = 0.34; ƞ2
p = 0.02; Interaction Identity by Group:

F (1,41) = 0.207; p = 0.65; ƞ2
p = 0.005; see Table 1 for means and SE).

2.3.3. Illusion Questionnaire
After each stimulation session (see the Experimental session),

participants were asked to complete the Italian version of the Illusion
Questionnaire (Sforza et al., 2010) in order to evaluate their subjective
experience of the illusion (see Table 2 for the English translation of
IQ). Specifically, item 1 and 2 describe the experience of being touched
on the same side of the face of the other person touched (i.e., referred
sensation); item 3 codes the feeling of identification with the other's
face; while item 8 describes the feeling of similarity in visual features
with the observed face (Bufalari et al., 2014). The other questions
were control items. Participants indicated their response on a Visual
Table 2
IQ's items that describe the experience of the EI.

Item 1 It seemed as if I were feeling the touch of the cotton bud in the location where I
saw the other's face touched.

Item 2 It seemed as though the touch I felt was caused by the cotton bud touching
the other's face.

Item 3 I felt as if the other's face was my face.
Item 4 It felt as if my face were drifting toward the other's face.
Item 5 It seemed as I might have more than one face.
Item 6 It seemed as if the touch I was feeling came from somewhere between my

own face and the other's face.
Item 7 It appeared as if the other's face were drifting toward my own face.
Item 8 The other's face began to resemble my own face, in terms of shape, skin

tone, or some other visual feature.

Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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Analogic Scale (10 cm) ranging from “completely false” to “completely
true”.

2.3.4. Experimental session
Participants sat comfortably, approximately at 50 cm from a screen.

E-Prime 2.0 software (Psychology Software Tools, Inc.) was used for
stimuli presentation. A training session consisting of a series of face
morphing movies with famous faces was administered before the first
stimulation to assure that participants understood the instructions.
The experimental protocol consisted of two sessions: Congruent stimu-
lation and Incongruent stimulation. The order of sessions was balanced
between participants and there was a 15 min break between them.
Each session contained three phases: the Pre-IMS Face Recognition
Task (Pre-Test), the interpersonal multisensory stimulation (IMS)
phase, and the Post-IMS Face Recognition Task (Post-Test). In the Pre-
Test, the 4 face-morphing movies were presented in random order.
For the Other-Self morph, participants were asked to press the spacebar
as soon as they perceived the face to look more like Self than Other. For
the Self-Other morph, participants were asked to press the same key
when they perceived the face to look more like Other than Self. As
soon as the participants pressed the key, the movie stopped and the
number of frames at which the movie was stopped was recorded each
time. For Other-Stranger and Stranger-Other morphs, participants had
to stop the movie as soon as they perceived that the identity of the
first face was not detectable anymore (see Fig. 1). The Other-Stranger
and Stranger-Other morphs were used as control condition to test the
Other-Other boundary malleability in which no EI effect was expected,
since EI challenges specifically the self-face recognition (Porciello
et al., 2018).
tisensory experience affectsOthers' boundary: The enfacement illusion
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In the IMS phase, participants were stroked, synchronously, on the
left side of their face with a cotton bud while they saw, in the induction
movie, the face of the Other being stroked either in a specularly congru-
ent location (i.e. Congruent stimulation), or in the incongruent side of
the face (i.e. Incongruent stimulation) (see Fig. 2). After IMS phase, par-
ticipants performed the Post-Test consisting in the same procedure of
the Pre-Test. At the end of each block, participants completed the IQ.
Lastly, a subjective rating of the perceived physical similarity between
theOther and the Self, as well as, the trustworthiness and attractiveness
attributed to the Other were measured along a 0–7 Likert scale (0 =
“not at all”; 7 = “a lot”).

2.4. Statistical analyses

Studies demonstrated that Self-Other discrimination is not influ-
enced by the direction of face-morphing movies (Heinisch et al., 2011;
Payne and Tsakiris, 2017). In order to assure that also in our dataset
the direction of movies did not affect the results, we performed
two independent repeated-measures ANOVAs, one for each group,
which showed neither a main effect of Direction nor any significant
interaction between Direction and the experimental manipulations.
See supplemental results (section 1.1) for a detailed description. For
these reasons, similarly to the procedure followed by previous studies
(Panagiotopoulou et al., 2017; Tajadura-Jiménez et al., 2012), the
analyses were conducted on the global number of frames attributed to
the Self by considering Self-Other and Other-Self morphs altogether
(Self-frames). The same procedure was followed to calculate the global
number of frames attributed to the Other by considering Other-Stranger
and Stranger-Other morphs altogether (Other-frames). EI effect on
Self-Other boundary was estimated calculating the changing score for
Self-frames in the Post-Test relative to the Pre-Test (Δ Self frames).
The potential EI effect on Other-Other boundary was assessed by calcu-
lating the changing score for Other-frames in the Post-Test relative to
the Pre-Test (Δ Other frames). To clarify, the Other's face was present
in all morphs. The name attributed to the Δ frames (and to the
Morphing factor in the subsequent statistical analyses), was chosen to
Fig. 2. Experimental protocol and visuo-tactile stimulation. a) (top panel): Exemplificative fra
reported below the image. a) (bottom panel): Design of the experimental phases: Pre-Test, In
b): Experimental set-up during IMS phase, for Congruent and Incongruent stimulation, respect

Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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stress the different measures obtained from the morphs (i.e., the num-
ber of frames attributed to the Self or the number of frames attributed to
the Other). If EI occurred, we expected a higher number of frames at-
tributed to the Self in the Post-Test than in the Pre-Test (positive Δ
Self frames significantly higher than zero) in the Congruent stimulation.
No difference was expected for the Incongruent stimulation (no
changes in the Δ Self frames resulting not significantly different from
zero). Differently, regardless of the inter-individual susceptibility to
the illusion, no difference between the number of frames attributed to
the Other in the Post-Test with respect to the Pre-Test, both in Congru-
ent and Incongruent stimulations, were expected (no changes in the Δ
Other frames resulting not significantly different from zero). Lastly,
we expected an increment of the score of the IQ selected items, with a
significant increment different from 50 (i.e., neutral evaluation), only
after Congruent stimulation.

Due to the new conditions added to the standard EI protocol, we run
a series of analyses only on the control group to verify the effectiveness
of the procedure followed. First, the performance at Face Recognition
Task was investigated. Controls'Δ frames were submitted to a repeated
measures ANOVA. In this case, Morphing (i.e., Self and Other) and
Stimulation (i.e., Congruent and Incongruent) were entered as within-
subjects factors. Secondly, based on the significant interaction
Morphing by Stimulation, the expected significant and not-significant
differences from 0 of both Δ Self and Δ Other frames after the two
stimulations were tested by 4 independent one sample t-tests against
0. Regarding the scores at the Illusion Questionnaire, we run a
repeated-measures ANOVA with Statement (1–3,8) and Stimulation
(i.e., Congruent and Incongruent) entered as within-subjects factors.
Lastly, to test if among controls, the selected statements of Illusion
Questionnaire differs from a rating of 50 (indicating a consistent devia-
tion from a neutral explicit evaluation of EI), one sample t-tests against
50 were conducted on the scores of Statement 1–3 and 8 for both
Congruent and Incongruent stimulations.

After the assessment of the EI protocol among controls, the same
statistical analyses were run again comparing the performance of the
two groups. All participants' Δ frames were submitted to a repeated
mes taken from Self-Other morphing. The percentage of Self and Other of each frame are
terpersonal Multisensory Stimulation phase (IMS), Post-Test and Illusion Questionnaire.
ively.

tisensory experience affectsOthers' boundary: The enfacement illusion
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measures ANOVA with Morphing (i.e., Self and Other) and Stimulation
(i.e., Congruent and Incongruent) as within-subjects factors, whereas
Group (i.e., SCZ and HC) was entered as between-subjects factor.
Again, the significant interaction Morphing by Stimulation was further
investigated throughout 4 independent one sample t-tests against 0
performed on the whole sample (due to the absence of the significant
three-ways interactionMorphing by Stimulation byGroup). The Illusion
Questionnaire scores were again submitted to a repeated-measures
ANOVA with Statement (1–3,8) and Stimulation (i.e., Congruent and
Incongruent) included as within-subjects factors, whereas Group
(SCZ and HC) was entered as between-subjects factor. Lastly, one sam-
ple t-tests against 50 were conducted on the scores of the entire sample
(due to an absence of a Group main effect) of Statement 1–3 and 8 for
both Congruent and Incongruent stimulations.

Whenever appropriate, significant within- and between-group dif-
ferences were explored performing Tukey HSD post-hoc comparison.
Partial eta square (η2

p) was calculated as effect size measure.
Supplementary analyses were performed on the ratings of Attrac-

tiveness, Similarity and Trustworthiness, please refer to Supplementary
results (Section 1.2). Supplementary Pearson's correlations analyses
were performed on SCZ group between the psychopathological mea-
sures and the performance at the EI paradigm, please refer to Supple-
mentary results (section 1.3).

A qualitative graphical representation of Δ Self frames and Δ Other
frames displayed group by group are showed for each stimulation
(i.e., Congruent and Incongruent) in Fig. 3. For sake of clarity, in the
Fig. 3. Qualitative graphical representation of Δ Self frames andΔ Other frames of HC and SCZ g
Congruent and Incongruent stimulations. Black continuous lines represent a higher number of f
lines represent a lower number of frames measured in the Post-Test relative to the Pre-Tes
Supplemental Fig. 1 for a graphical representation of the Δ frames of each morphing movie in
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graph Δ frames are expressed in percentage values calculated on the
total number of frames (300). An additional more comprehensive sup-
plemental figure (Supplemental Fig. 1) was included showing the
graphical representation ofΔ Self frames andΔOther frames in function
of Group, Stimulation and Morphing direction.

3. Results

3.1. Enfacement illusion in controls

3.1.1. Face recognition task
Repeated-measures ANOVA, performed only among controls on Δ

frames, revealed a main effect of Morphing (F (1,21) = 35.74, p b 0.001,
ƞ2

p= 0.63) aswell as a significant interactionMorphing by Stimulation
(F (1,21) = 22.32, p b 0.001, ƞ2

p = 0.51). Tukey HSD post-hoc compari-
son conducted on the significantmain effect ofMorphing revealed a sig-
nificantly higher number of Self frames than Other frames, regardless of
Stimulation (Δ Self frames = 9.29 SE 3.13; Δ Other frames =−8.36 SE
3.02 p b 0.001). Crucially, post-hoc comparisons conducted on the sig-
nificant interaction Morphing by Stimulation (see Fig. 4) revealed the
expected EI effect for the Self and not for Other only in the Congruent
stimulation. Indeed, the number of frames was significantly higher
after the Congruent than after the Incongruent stimulation only for
the Self (Δ Self Congruent = 22.73; SE 4.54; Δ Self Incongruent =
−4.14; SE 3.92; p b 0.001) and not for the Other (Δ Other Congruent =
−13.82; SE 3.49; Δ Other Incongruent = −2.91; SE 5.93; p = 0.25).
roups. Percentage ofΔ Self frames and Δ Other frames of SCZ and HC groups displayed for
ramesmeasured in the Post-Test relative to the Pre-Test (positiveΔ frames). Black dashed
t (negative Δ frames). Positive Δ Self frames denote an Enfacement Illusion effect. See
function of both Group and Stimulation.
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Fig. 4. Enfacement Illusion in controls. Number of Δ Self frames and Δ Other frames of Healthy Controls for Congruent (light green/circle) and Incongruent (dark green/square)
stimulations. * = p b 0.05 of Repeated-measures ANOVA, Purple stars= p b 0.05 of one sample t-tests against zero; error bars depicted SE. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)

7F. Ferroni et al. / Schizophrenia Research xxx (xxxx) xxx
Moreover, the number of frames attributed to the Self were significantly
higher than the number of frames attributed to the Other after Congruent
stimulation (p b 0.001).

Results of one sample t-tests against 0 revealed that theΔ Self frames
measured after the Congruent stimulation were significantly higher
than 0 (t(23) = 5.20 p b 0.001). On the contrary, the Δ Other frames
measured after the Congruent stimulation were significantly lower
than 0 (t(23)=−3.85 p b 0.001) (see Fig. 4, purple stars). No significant
differences were estimated against zero considering bothΔ Self (t(22)=
−1.05 p = 0.30) and Δ Other frames (t(23) = −0.75 p = 0.46) mea-
sured after Incongruent stimulation.

3.1.2. Illusion Questionnaire
The repeated-measured ANOVA showed a significant main effect of

Statement (F(3,66) = 23.25, p b 0.01, ƞ2
p = 0.51). Tukey post-hoc com-

parisons showed that the score of the Statement 1 differed from all the
other scores (Statement 1 = 61.02 SE 5.41; Statement 2 = 29.37 SE
6.77; Statement 3 = 24.74 SE 5.93; Statement 8 = 19.85 SE 4.92; all
ps b 0.00011). All other interactions were non-significant (all ps N 0.14).

Results of t-tests against 50 showed that the only Illusion Question-
naire statement that was rated significantly higher than 50 was the
statement 1 when referring to the experience of EI after Congruent
stimulation (66.96 SE 6.73, t(22) = 2.52 p = 0.019). This was also the
only statement that discriminated between Congruent and Incongruent
stimulations. Indeed, no significant difference from 50 was found for
statement 1 referring to the experience of EI after Incongruent stimula-
tion (55.09 SE 7.12, t(22) = 0.71 p = 0.48). All the other comparisons
were significantly lower than 50 (all ps b 0.008).

3.2. Between-groups differences in enfacement illusion

3.2.1. Face recognition task
The repeated measures ANOVA showed a significant main effect of

Morphing (F(1,35) = 7.50, p = 0.01 ƞ2
p = 0.18). Moreover, the interac-

tions Morphing by Group (F(1,35) = 5.1, p = 0.03 ƞ2
p = 0.13), Stimula-

tion by Group (F(1,35) = 12.58, p = 0.01 ƞ2
p = 0.26) and Morphing by

Stimulation were significant (F(1,35) = 10.07, p = 0.01 ƞ2
p = 0.22).

Tukey HSD post-hoc comparison conducted on the main effect
Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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Morphing revealed a significantly higher number of frames attributed
to the Self than to Other, regardless of Stimulation (Δ Self frames =
9.51; SE 2.64; Δ Other frames = −0.16 SE 3.05; p = 0.01). Post-hoc
comparisons performed on the interaction Morphing by Group (see
Fig. 5) revealed that both groups showed an equal number of frames at-
tributed to the Self after the stimulation irrespective of the side (HC: Δ
Self frames = 9.29 SE 3.37, SCZ: Δ Self frames = 9.73 SE 4.08; p =
0.99). Differently, only controls showed the expected EI Self specificity
as demonstrated by a higher number of frames attributed to the Self
than to the Other (Δ Other frames = −8.36 SE 3.88; p = 0.002). No
significant difference was found in the same comparison for SCZ group
(Δ Other frames = 8.03 SE 4.70; p = 0.98). Consequently, the number
of frames attributed to the Other was significantly different between
the two groups (p = 0.027). Tukey post-hoc comparisons conducted
on the interaction Stimulation by Group (Supplemental Fig. 2) revealed
a significant higher number of frames measured after the Incongruent
stimulation than after the Congruent stimulation only for SCZ group
(Congruent stimulation: - 1.37; SE 4.00; Incongruent stimulation:
19.13 SE 5.20; p = 0.011). Moreover, the number of frames measured
after the Incongruent stimulation for SCZ group was also significantly
higher than the number of frames measured in the same condition for
HC (HC: Incongruent stimulation = −3.52 SE 4.29; p = 0.002). Post-
hoc comparisons performed on the significant interaction Morphing
by Stimulation (Supplemental Fig. 3) revealed a significantly higher
number of frames attributed to the Self than to the Other after the Con-
gruent stimulation (Self: 12.63 SE 3.21, Other: -9.54 SE 3.52; p N 0.001).
This effect was not found after the Incongruent stimulation (Self: 6.40
SE 3.67, Other: 9.21 SE 5.29; p=0.97). Comparing the two stimulations,
only the number of frames attributed to the Other were significantly
different (p = 0.016).

Results of one sample t-tests against 0, performed on the whole
sample, revealed that the Δ Self frames measured after the Congruent
stimulation were significantly higher than 0 (t(37) = 4.28 p b 0.001).
Differently, the Δ Other frames measured after the Congruent stimula-
tion were significantly lower than 0 (t(37) =−2.95 p = 0.005). No sig-
nificant differences were estimated against zero considering both Δ Self
(t(36)= 1.11 p=0.27) andΔOther frames (t(37)= 1.04 p=0.30)mea-
sured after Incongruent stimulation.
tisensory experience affectsOthers' boundary: The enfacement illusion
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Fig. 5. Enfacement Illusion comparing Schizophrenia patients and controls. Number of Δ Self frames and Δ Other frames of Healthy Controls (green/square) and Schizophrenia patients
(purple/circle). * = p b 0.05, error bars depicted SE. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

8 F. Ferroni et al. / Schizophrenia Research xxx (xxxx) xxx
3.2.2. Illusion Questionnaire
Significantmain effect of Statement (F(3,123)= 37.98, p b 0.01, ƞ2

p=
0.48). Tukey post-hoc comparisons showed that the score of the
Statement 1 differed from the other scores (Statement 1 = 60.92 SE
4.42; Statement 2 = 28.27 SE 4.82; Statement 3 = 26.66 SE 4.47;
Statement 8 = 20.90 SE 3.31; all ps b 0.01). All other interactions were
non-significant (all ps N 0.26).

Results of t-tests against 50 showed that the only Illusion Question-
naire statement that was rated significantly higher than 50 was state-
ment 1 when referring to the experience of EI after Congruent
stimulation (64.93 SE 5.35, t(42) = 2.79 p = 0.008). Similarly to what
happened among controls, this was also the only statement that dis-
criminated between Congruent and Incongruent stimulations. Indeed,
no significant difference from 50 was found for statement 1 referring
to the experience of EI after Incongruent stimulation (56.93 SE 5.70,
t(42) = 1.21 p = 0.23). All the other comparisons were significantly
lower than 50 (all ps b 0.001).

4. Discussion

The present study investigated, for the first time, EI proneness in
schizophrenia. To accomplish this goal, the classical EI protocol was
adapted to test the potential plasticity of both Self-Other and Other-
Other boundaries. The results obtained considering only healthy
participants showed that controls manifested the expected Enfacement
Illusion effect. Indeed, only after Congruent stimulation, the number of
frames attributed to the Self increased significantly from zero and
were significantly different from the number of frames attributed to
the Self after the Incongruent stimulation. At an explicit level, the IQ
questionnaire revealed an increment of the sensation of being touched
at the same location where participants saw the Other being touched
(i.e., Statement 1 of Illusion Questionnaire), especially after the Congru-
ent stimulation. Overall, these results confirm that, at least among
controls, the sharing of a synchronous and congruent multisensory ex-
perience modifies the usual Self-Other boundary, shifting it toward
the Other's face.

Even if body-illusions have been considered self-specific, the
inclusion in the present study of a new control condition to test the
Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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malleability of the Other-Other boundary demonstrated unexpected
significant results. Among controls, besides the expected increment of
the number of frames attributed to the Self after the Congruent stimula-
tion, there was also a significant decrement of the number of frames at-
tributed to the Other. This decrement was significantly less than zero
only after the Congruent stimulation, and not after the Incongruent
one. Besides the plethora of studies focused on Self-Other boundary, lit-
tle is known about how theOther-Other boundary could bemodified by
body-illusions protocols. On the basis of the current state of the art, we
can only speculate that the reduction of the number of frames attributed
to the Other, visible among controls, may represent a functional adjust-
ment, probably relevant in the context of social domains. According to
this view, Zahavi (2014) claimed that “…as existing-in-the-world, we
are constantly dependent upon others, and their coexistence is co-
implied in our daily activities.” The phenomenal experience we enter-
tain when relating to others is possible by our bodily nature which
shapes our perception and pre-reflective conception of others as other
selves incarnated in a motorly capable physical body with capacities
and experiences similar to ours (Gallese, 2014).

This intriguing new finding may suggest that congruent visual-
tactile stimulation is one of the potential mechanisms influencing both
Self-Other and Other-Other boundaries, soliciting also a better investi-
gation of the mechanisms underlying the body-illusions (or at least
the EI), which might be not purely self-related. However, considering
that this is the first study addressing this topic, in order to generalize
our results, additional research is needed.

Comparing the two groups, results showed common and distinct ef-
fects of EI on controls and schizophrenia patients. On the one side, both
groups showed an equalmalleability of the Self-Other boundary after EI.
Indeed, both groups increased the number of frames attributed to the
Self in the Post-Test. Furthermore, they both rated similarly the experi-
ence of the illusion at an explicit level. Specifically, only after Congruent
visuo-tactile stimulation, participants reported a significant sensation of
being touched by the cotton bud in the same location where they saw
theOther's face being touched (i.e., scores significantlyN50 in Statement
1 of Illusion Questionnaire). These results do not confirm schizophrenia
patients' higher tendency to be affected by body-illusions (Ferri et al.,
2014; Peled et al., 2003; Peled et al., 2000; Thakkar et al., 2011). It is
tisensory experience affectsOthers' boundary: The enfacement illusion
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possible that body-parts ownership (i.e., the hand tested by RHI) is
moremalleable than face ownership in schizophrenia, probably because
of the particular distinctiveness of the face and the specific procedure
followed by EI that anchors patients more explicitly to their self-
identity than other body-illusions paradigms (i.e., RHI and full-body
illusion). It is important to outline that, according to a recent meta-
analysis (Shaqiri et al., 2018), the sense of ownership over body-parts
or over the full body seems to be unaffected by the illness. Conse-
quently, the present negative result could support and extend this con-
clusion to the sense of ownership of the face.

In spite of the above-mentioned similarity in the Self-Other bound-
ary, the two groups differed in the malleability of the Other-Other
boundary. After visuo-tactile stimulation, controls decreased the
number of frames attributed to the Other when it was paired with the
Stranger. Oppositely, schizophrenia patients increased the number of
frames attributed to the Other in the same condition. In other words,
after the visuo-tactile stimulation, controls increased the number of
frames attributed to the Stranger and decreased the number of frames
attributed to the Other. Conversely, schizophrenia patients increased
the number of frames attributed to theOther and decreased the number
of frames attributed to the Stranger. This opposite performance led to a
significantly greater number of frames attributed to the Other after the
multisensory procedure among schizophrenia patients than controls.
Interestingly, in schizophrenia patients group the number of frames at-
tributed to the Other and to the Self were not significantly different.

These results suggest that instead of a greater EI proneness, a quali-
tative difference is visible among patients in the malleability of the
Other-Other boundary. Indeed, in controls, EI differentially affects the
malleability of the Self-Other and Other-Other boundaries, as they in-
creased the number of frames attributed to the Self and decreased the
number of frames attributed to theOther. Differently, patients extended
in the same way both the Self and the Other toward their respective
different poles, as they showed an equal increment in the number of
frames attributed both to the Self and to the Other after EI. Indeed,
schizophrenia patients often reportedly showed a disordered sense
of uniqueness, assigned not only to the Self but also to surrounding
people (Cutting, 1991; Margariti and Kontaxakis, 2006). Coherently, at
a psychopathological level delusional misidentification syndromes
(i.e., Capgras and Frégoli syndromes), which represent this blurred
sense of uniqueness, occur primarily in schizophrenia.

We demonstrated that in all participants, both Self-Other and Other-
Other boundaries malleability was a specific effect of the Congruent
stimulation (i.e., significant interaction Morphing by Stimulation).
However, the absence of a three ways interaction between Group,
Morphing and Stimulation prevents us to fully ascribe to the multisen-
sory stimulation the specific effect found in the malleability of Other-
Other boundary in patients. This was mainly due to the high sensitivity
of the patients to the Incongruent stimulation, as revealed by the signif-
icant interaction Group by Stimulation. This greater sensitivity could be
due to impaired self-processing in the tactile domain demonstrated in
schizophrenia (Blakemore et al., 2000; Chang and Lenzenweger, 2005;
Lenzenweger, 2000). Moreover, specific touch side remapping was
found in the high schizotypes when compared to low and moderate
schizotypes (Ferri et al., 2016). Accordingly, other studies performed
on schizophrenia patients failed to find a significant difference even be-
tween synchronous and asynchronous stimulation (e.g., Kaplan et al.,
2014), suggesting that patients may have an atypical spatiotemporal
tactile experience. Besides the here described potential justifications,
according to the present results it could be possible that even the
mere exposure to the Other's face induced the patients' specific mallea-
bility of the Other-Other boundary. This consideration acquires a crucial
importance to better delineate the psychopathological side of this effect,
also considering the well-demonstrated familiarity alteration among
schizophrenia patients (Ameller et al., 2015, 2017; Horn et al., 2015).

In conclusion, the present study confirms the plasticity of Self face
representation to temporarily include another person's facial features
Please cite this article as: F. Ferroni,M. Ardizzi,M. Sestito, et al., Sharedmul
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following an multisensory procedure, as it has already been demon-
strated by previous studies on the EI (Sforza et al., 2010; Tsakiris,
2008). Noteworthy, we also demonstrated, for the first time, that after
the Enfacement Illusion protocols the Other-Other boundary of the
controls is affected in a specific direction as showed by the decrement
of the number of frames attributed to the Other only after a congruent
and simultaneous visuotactile stimulation. This result suggests that
Enfacement Illusion effect is not only related and confined to self sphere,
but it extends to thewaywe distinguish others, representing a potential
crucial aspect in the social domain. Secondly, the present study demon-
strates that patients' Self-Other boundary is not more flexible than in
controls. Instead, schizophrenia patients show an opposite malleability
of the Other-Other boundary as revealed by an increment, and not a
decrement, of the number of frames attributed to the Other after a
visuotactile synchronous stimulation. In the light of these new findings,
further studies should investigate the role ofmultisensory integration in
the perception of the boundary between others as a potential crucial
link between the phenomenology of self-experience and social
cognition.

Some limitations of the present study should be highlighted. First of
all, the authors are completely aware that even though the decision to
exclude a control asynchronous condition was due to specific reasons
(see introduction section), the lack of the asynchronous condition
could represent a potential intrinsic limit of the present study. However,
recent studies have shown how asynchrony, commonly used as control
condition in multisensory integration paradigms, may not be an actual
sensitive measure (Longo et al., 2008; Rohde et al., 2011). Moreover,
differences between laboratory settings and daily life in self-face recog-
nition should be considered. Specifically, it is unusual to observe our
own face displayed in a neutral expression or without the characteristic
facial features (such as hair or ears). Lastly, we involved in the protocol
only patients in stable phase of recovery. This selection criterionmay re-
duce the sensibility to EI illusion as well as the potential psychopatho-
logical interaction with the tested effects.
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