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My face in yours: Visuo-tactile facial stimulation
influences sense of identity

Anna Sforza and llaria Bufalari
Sapienza University of Rome and Fondazione Santa Lucia IRCCS, Rome, Italy

Patrick Haggard
University College London, London, UK

Salvatore M. Aglioti
Sapienza University of Rome and Fondazione Santa Lucia IRCCS, Rome, Italy

Self-face recognition is crucial for sense of identity and self-awareness. Finding self-face recognition
disorders mainly in neurological and psychiatric diseases suggests that modifying sense of identity in a
simple, rapid way remains a “holy grail” for cognitive neuroscience. By touching the face of subjects who
were viewing simultaneous touches on a partner’s face, we induced a novel illusion of personal identity
that we call “‘enfacement’’: The partner’s facial features became incorporated into the representation of
the participant’s own face. Subjects reported that morphed images of themselves and their partner
contained more self than other only after synchronous, but not asynchronous, stroking. Therefore, we
modified self-face recognition by means of a simple psychophysical manipulation. While accommodating
gradual change in one’s own face is an important form of representational plasticity that may help
maintaining identity over time, the surprisingly rapid changes induced by our procedure suggest that
sense of facial identity may be more malleable than previously believed. ‘“Enfacement” correlated
positively with the participant’s empathic traits and with the physical attractiveness the participants
attributed to their partners. Thus, personality variables modulate enfacement, which may represent a
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marker of the tendency to be social and may be absent in subjects with defective empathy.

Keywords: Self face recognition; Illusory perceptions; Multisensory integration; Social neuroscience;

Psychiatric diseases.

INTRODUCTION

Although we typically see our face only in
mirrors, facial self-recognition is a key component
of personal identity, and thus of self-conscious-
ness. The ability to self-recognize in the mirror
has been demonstrated only in a limited number
of species including humans, apes, and perhaps
dolphins, elephants, and magpies (Keenan,

Gallup, & Falk, 2003; Plotnik, de Waal, & Reiss,
2006; Prior, Schwarz, & Giintiirkiin, 2008). More-
over, in humans this ability is thought to correlate
with higher forms of empathy and altruistic
behaviour and it appears around the age of two
years (Keenan et al., 2003).

Acquired and congenital forms of prosopoag-
nosia, i.e. the altered ability to visually recognize
famous and familiar faces, have long been
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described (Barton, 2003; Behrmann & Avidan,
2005). Thus, deficits in visual face recognition
stand as conspicuous clinical disorders. In contrast,
deficits of visual recognition of the form and the
action of nonfacial body-parts have been demon-
strated only in a recent lesion mapping study
using subtle discrimination tasks (Moro
et al., 2008). This study documented a behavioral
and neural double dissociation with deficits in
visual face recognition associated to lesions in the
fusiform and occipital face areas, and deficits in
body processing associated to extrastriate body
area and fusiform body area (Moro et al., 2008).
Even if transient difficulties in recognizing one’s
own face have been reported by normal subjects
(as for example when looking at old pictures;
Brédart & Young, 2004), genuine deficits in one’s
own face recognition have been reported very
rarely and almost exclusively in patients with
severe neurological (Breen, Caine, & Coltheart
2001; Phillips, Howard, & David, 1996) or psy-
chiatric disorders (Frith, 1992; Irani et al., 2006;
Kircher, Seiferth, Plewnia, Baar, & Schwabe,
2007). That facial sense of identity cannot be easily
challenged stands in striking contrast with several
studies reporting denial or misattribution of hands
or feet following brain damage (Berlucchi &
Aglioti, 1997; Giummarra, Gibson, Georgiou-
Karistianis, & Bradshaw, 2008) and with psycho-
physical studies showing that healthy individuals
experience an artificial limb as if it were part of
their own body as a consequence of a congruent
(synchronous) stimulation of both the real and the
fake hand (rubber hand illusion, RHI; Botvinick &
Cohen, 1998; Slater, Pérez-Marcos, Ehrsson, &
Sanchez-Vives, 2008; Tsakiris & Haggard, 2005).
Even more striking are the results of two recent
studies employing virtual reality and a paradigm
derived from RHI studies based on delivering
temporally congruent visual-somatosensory in-
puts, which were apparently able to entirely
transpose the self into a virtual body, in an analog
of out-of-body experiences (Lenggenhager, Tadi,
Metzinger, & Blanke, 2007; Ehrsson, 2007). In a
similar vein, by using a simple method based on the
use of two mirrors, it has been possible to induce in
healthy subjects the subjective experience of being
out of their body (Altschuler & Ramachandran,
2007). Thus, current knowledge would indicate
that while it may be comparatively easy to induce
illusory percepts concerning ownership of nonfa-
cial body parts and even out-of-body experience,
no similar effects can be found for faces.

One may think that, given its role in preserving
identity, self-face recognition has to be largely
impenetrable to changes in body and external
world inputs at least in the absence of any
neurological or psychiatric disorder. Recently,
however, two studies suggested that self-face
identity recognition may be more malleable
than previously believed. Barnier et al. (2008)
suggested to highly hypnotizable healthy subjects
in a deep hypnosis state that their mirror-
reflected face belonged to a stranger. Importantly,
the procedure induced face-specific misidentifica-
tion reports (e.g., the participants who did not
recognize their reflection in the mirror described
the person in the mirror as having different
physical characteristics to themselves). This result
indicates that self-face recognition can be influ-
enced by higher-order cognitive variables, at least
under specific circumstances. Even more relevant
to our research is a study showing in healthy
subjects that multisensory integration of visuo-
tactile facial stimuli influences the ability to
distinguish one’s own face from the face of a
stranger model (Tsakiris, 2008).

Here we used a psychophysics paradigm to
examine the received linkage between stable
personal identity and self-face recognition. We
extended to faces a paradigm originally used for
inducing illusions of non-facial body part incor-
poration (Botvinick & Cohen, 1998; Ehrsson,
2007; Lenggenhager et al., 2007; Slater et al.,
2008; Tsakiris & Haggard, 2005). Thus, by using
identical paintbrushes, we stimulated pairs of
same-sex individuals on their cheek in a synchro-
nous or asynchronous way in epochs of 2 min.
Immediately after each epoch, we presented
morphed face pictures and asked one of the pair
subject to rate the extent to which each picture
reproduced himself/herself or his/her partner. As
previously shown for hands (Botvinick & Cohen,
1998; Slater et al., 2008; Tsakiris & Haggard,
2005), full bodies (Ehrsson, 2007; Lenggenhager
et al., 2007) and face (Tsakiris, 2008), this minor
difference in multisensory correlation may funda-
mentally alter self-recognition. Indeed the visuo-
tactile integration derived from seeing touch on
the other face while feeling touch on one’s own
(on which the fake hand and virtual body illusions
seem to be based) should occur in the synchro-
nous but not in the asynchronous condition.

Using this paradigm we have been able to
explore whether: (1) the temporal congruency
between tactile stimuli delivered to an onlooker’s
face and visual stimuli seen on the face of a
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familiar model may modify the onlooker’s self-
face recognition ability; (2) any change in
self-face recognition may be influenced by the
onlookers’ interpersonal reactivity, which likely
plays a major role in self-other interactions, and
by the onlookers’ rating of the model familiarity,
physical attractiveness, and inner beauty.

METHODS
Participants

Twelve pairs of healthy volunteers (14 females)
aged between 21 and 35 years (mean 25.5 years)
participated in the experiment. Since we wanted
to explore the effect of interpersonal knowledge
on self-other face merging illusory effects, we
chose to involve in the study pairs of same-sex
subjects who were familiar to each other. This
choice allowed us to avoid any potential confound
of greater familiarity with one’s own face with
respect to the face of a stranger.

All participants had normal or contact cor-
rected vision; none wore glasses. They were
unaware of the specific aim of the study. All
participants provided their written consent. The
study was approved by the local Ethics Commit-
tee and was in accordance with the ethical
standards of the 1964 Declaration of Helsinki.

Experimental set-up and visuo-tactile
stimulation

Each subject was seated at a table facing his or
her partner; their faces were about 140 cm apart.
For each pair, two separate stimulation sessions
were performed. Thus, each member of the pair
rated the morphs in either the first or the second
stimulation session, which meant that he/she was
alternately an active rater or a passive model.
The active rater subject wore a rigid white-paper
funnel around the eyes that prevented the lateral
view of the experimenter who was stimulating
his/her own face but allowed the vision of the
partner seated in front of him/her (Figure 1,
upper left). Subjects were instructed to maintain
the fixation on their partner’s face. The experi-
menter stood between the two participants and
repeatedly touched the subjects’ cheeks with two
identical paintbrushes. Multisensory perceptual
correlations strongly modulate the sense of body
ownership and induce the experience of rubber
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hand and virtual body illusions. As we typically
see our faces and events occurring to them only
through mirror reflections, the experimental
subjects were tactually stimulated in a mirror-
like fashion. Thus, for each subject there was a
specular correspondence between the touch felt
on the self and the paintbrush seen on the other.
The paintbrushes were moved either synchro-
nously (illusion condition) or asynchronously (no
illusion condition). The tactile stimulation was
delivered manually by a trained experimenter
(AS). No automatic procedures for controlling a/
synchrony were used. In a preliminary phase, the
experimenter learned to introduce an about 1 s
asynchrony through a metronome. The two
different stimulation conditions were adminis-
tered in counterbalanced order. The only differ-
ence between the two was the mode of stroking,
which in one case was synchronous (the paint-
brush strokes were simultaneously delivered to
the two subjects, experimental condition) and in
the other was asynchronous (about 1 s delay
between the two paintbrush strokes was intro-
duced so that the temporal congruency between
the stimulus felt on one’s own face and the
identical stimulus seen on the other’s face was
broken). Each condition consisted of three
stimulation blocks, each lasting 2 min. The
directional pattern of the tactile stimulation
varied between the blocks to avoid habituation.
However, this pattern was kept constant across
subjects. In particular, in all subjects upward-
downward stimulation was used in the first
block, left-to-right stimulation was used in the
second block and downward—upward in the third
block.

Visual stimuli and experimental task

Visual stimuli were individually tailored to each
participant and consisted of static colour images
obtained by taking pictures of the face of each
participant using a digital camera (Sony Cyber-
shot 4.1 M). These pictures were edited using
Adobe Photoshop 6.0 to remove external features
(hair, ears) and create a uniform grey back-
ground. Then, for each pair, different degrees of
digital morphing between the two picture faces
were created using Abrosoft Fantamorph 3.0
(from 0% to 100% in steps of 2%, for a total of
48 morphs, plus the two original pictures; Figure
2A). Along the morphing continuum, 2% steps
were contemplated except for two specific points
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Stimulation Setup
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Figure 1. Schematic representation of the experimental setup and design. The upper left panel displays the two subjects sitting in
front of each other while the experimenter touches their cheeks with two identical paintbrushes. The rating subject wears a rigid
white-paper funnel around the eyes. The upper right panel displays the rating subject during the evaluation of the morphed pictures
(which was performed immediately after the stimulation phase). The lower part shows the timeline of a typical stimulation session
(left panel) and of a typical evaluation trial (right panel). Subjects underwent two visuo-tactile stimulation sessions performed on the
same day (synchronous and asynchronous conditions). Each stimulation session consisted of three 2-min stimulation blocks followed
by the evaluation of 10, 20, and 20 pictures. Each evaluation trial started with the presentation of a cross on a white display followed
by the morphed picture. VAS ratings of the different morphs were requested also in a no-stimulation, control session performed at

least one week after the stimulation sessions.

where the step was 3% (from 24% to 27% and
from 73% to 76%). This procedure was adopted
to avoid having a 50% image balance between
self and other and to have morphs with predomi-
nance of Self or Other physical features.

We decided to split the evaluation of the 50
morphed images in three blocks (each performed
after 2 min of stroking) to minimize the risk that
the ratings were outside any supposedly effective
after-stroking window. Ten, 20, and 20 images were
evaluated after the first, second, and third block
respectively. A schematic timeline of the stimula-
tion design is reported in the lower left panel of
Figure 1. The order of presentation of the 50
images was randomized across the three blocks.

Each image subtended 11.42° x 17.06° of visual
angle, and was positioned about 70 cm from the
observing subject. The face image remained on the
screen for 2s and it was followed by a 20 cm
vertical line, the extremities of which were labeled
with 0 and 100. After each stimulation block the
subjects were asked to rate, along this 0-100 visual-

analog scale (VAS), the extent to which different
face pictures reproduced themselves or the other
person. These responses were provided by moving
a cursor along the VAS line and clicking the mouse
at the estimated position. The position of the pixel
marked on the screen was converted into a
numerical value through an automated procedure
(a typical evaluation trial is reported in Figure 1,
right lower panel). The average time to complete
one rating block was about 40s in the first (10
images’ ratings) and about 80 s in the second and
third block (20 images’ ratings in each).

To rule out that any illusory effects were due to a
bias induced by the type of required response, half
of the subjects were instructed to mark the point
corresponding to the quantity of self-features in a
given face picture (“How much does the image
represent yourself?”” 0 = Other, 100 = Self) and the
other half to the quantity of other-features in a
given face picture (“How much does the image
represent the other person?” 0=Self, 100=
Other).
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To exclude the possible contribution of visuo-
tactile stimulation per se on basic subjective self—
other distinction, VAS ratings of the 50 images (48
morphs and the two pair partners’ faces) were also
acquired in a further experimental control session,
in which the self-other morphs rating phase was
not preceded by the face stimulation phase and the
pair partner was not in the testing room (no
stimulation condition).

Previous studies tested the effect of rubber
hand or full body illusions comparing the amount
of spatial drifts (Armel & Ramachandran, 2003;
Ehrsson, 2007; Ehrsson, Holmes, & Passingham,
2005; Ehrsson, Spence, & Passingham, 2004,
Kammers et al., 2008; Lloyd, 2007; Schaefer,
Flor, Heinze, & Rotte, 2006a; Schaefer, Noennig,
Heinze, & Rotte, 2006b; full body illusions:
Ehrsson, 2007), skin temperature (Moseley
et al. 2008) and familiarity between the real and
the fake hand (Longo, Schiiiir, Kammers, Tsa-
kiris, & Haggard, 2009) in asynchronous vs
synchronous stimulation conditions. Other RH
studies used pre-stimulation baselines to compare
ratings in asynchronous and synchronous stimula-
tion conditions. Moreover, the effect of a virtual
fake hand was examined performing synchronous
and asynchronous stimulation in two different
groups of subjects (Botvinick & Cohen, 1998;
Slater et al., 2008). In this study, we used as
baseline self-other discrimination ratings ob-
tained in a no-stimulation condition performed
at least one week after the stimulation session.
This allowed us to minimize any carry-over and
learning/practice effects across the different ses-
sions and to reduce the duration of the crucial
stimulation session.

Also in the baseline session the 50 pictures
were presented in random order. For each sub-
ject, the rating instructions (‘‘judge the self” or
“judge the other’’) were identical to those in the
previous two rating sessions.

For subsequent statistical analysis, individual
ratings of five consecutive morphing steps were
averaged to obtain 10 clusters (expressing % of
other): 0-8%; 10-18%;20—29%; 31-39%; 41-49%;
51-59%; 61-69%; 71-80%; 82-90%; 92-100%.

Subjective reports in the synchronous
and asynchronous stimulation
conditions

In addition to ratings of self-other features in the
morphed faces, at the end of each stroking
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condition we obtained subjective reports about
the perceived phenomenology of the illusion by
asking participants to fill out a questionnaire that
was adapted from the first, seminal study on the
rubber hand illusion (Botvinick & Cohen, 1998).
The questionnaire consisted of the following eight
statements suggesting specific perceptual experi-
ences:

STATEMENT 1: It seemed as if I were feeling
the touch of the paintbrush in the location where
I saw the other’s face touched.

STATEMENT 2: It seemed as though the touch
I felt was caused by the paintbrush touching the
other’s face.

STATEMENT 3: 1 felt as if the other’s face was
my face.

STATEMENT 4: 1t felt as if my face were
drifting towards the other’s face.

STATEMENT 5: 1t seemed as if I might have
more than one face.

STATEMENT 6: It seemed as if the touch I was
feeling came from somewhere between my own
face and the other’s face.

STATEMENT 7: 1t appeared as if the other’s
face were drifting towards my own face.
STATEMENT 8: The other’s face began to
resemble my own face, in terms of shape, skin
tone, or some other visual feature.

The first three statements (in italics) were de-
signed to capture the experience of the illusion in
its two components of referred sensation (state-
ments 1 and 2) and sense of facial ownership
(statement 3). Subjects indicated their response
on a seven-step VAS ranging from —3 (comple-
tely false) to +3 (completely true). For each
statement, the scores obtained in the stroking
conditions were compared using paired f-tests
with Bonferroni correction.

Personality traits of the raters

As faces play a crucial role in social interactions
(Adolphs, 2008), we explored whether the hy-
pothesized effect in self-other judgment due to
synchronous visuo-tactile facial stimulation was
related to measures of dispositional empathetic
responding. To this end, after the two visuo-tactile
stimulation sessions each participant was re-
quested to complete the Italian version (Bonino,
Lo Coco, & Tani, 1998; Albiero, Ingoglia, & Lo
Coco, 2006) of Davis’ Interpersonal Reactivity
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Index (IRI) (Davis, 1983), a personality ques-
tionnaire comprising 28 items to be rated on a
five-point Likert scale. The IRI consists of four
subscales that measure different aspects of trait-
reactivity to others. Three subscales, namely
Fantasy Scale (FS), Perspective Taking (PT),
and Empathic Concern (EC), measure other-
oriented reactivity. In particular, FS assesses the
tendency to project oneself into the place of
fictional characters in books and movies, PT
assesses the tendency to spontaneously imagine
and assume the cognitive perspective of another
person, and EC assesses the tendency to feel
sympathy and compassion for others in need. The
fourth subscale, namely Personal Distress (PD)
measures self-oriented reactivity and provides an
estimate of the extent to which an individual feels
distress as a result of witnessing another’s distress.

We planned to perform Pearson correlation
analysis (with Bonferroni correction for multiple
comparisons) between the four interpersonal
reactivity index (IRI) scores and any possible
effects of synchronous/asynchronous stimulation
on subjective self-other judgements.

Ratings of familiarity, physical
attractiveness, and inner beauty
of the pair partner

Based on the notion that self, familiar, and
stranger faces are differentially processed at
both behavioral and neural levels (Kircher &
David, 2003; Platek et al., 2006), we tested
whether familiarity between the rater and the
pair partner could influence the hypothesized
effect in self-other judgments due to synchronous
visuo-tactile stimulation.

Thus, we obtained a measure of the degree of
familiarity between the rater and the pair partner,
asking the subjects (1) how deeply they thought
they knew their pair partner (on a 1-5 Likert
scale) and (2) the average days per month (from 1
to 30) they used to meet their pair partner.

Furthermore, given the close relationship be-
tween social perceptions and perceived attractive-
ness (the “what is beautiful is good” stereotype:
Dion, Berscheid, & Walster, 1972; Johnson &
Tassinary, 2007; Rhodes, 2006), we explored the
possible relationship between the enfacement
effect and subjective ratings concerning attractive-
ness of the partner. Subjects were asked to rate
along five-point Likert scales (where 1 corre-
sponds to “‘very low” and 5 to “very high”): (1)

the physical attractiveness (Swami, Furnham,
Georgiades, & Pang, 2007) and (2) the inner
beauty of the pair partner. It was emphasized
that the partner would never have access to the
subjective reports of the rater.

We planned to perform Pearson correlation
analyses (with Bonferroni correction for multiple
comparisons) between each partner’s qualities
(regarding familiarity and beauty ratings) and
any effect concerning subjective self-other
judgments.

RESULTS
Self-other judgments of morphed faces

To explore if synchronous visuo-tactile facial
stimulation could result in altered self-face re-
cognition, subjective self-other ratings collected
after synchronous, asynchronous, and no stimula-
tion condition were analyzed as a function of
Morphing percentage (Morph %, 10 levels of self—
other morphing, each corresponding to the aver-
age value of five consecutive images) and Mode
of stroking (MOS, three levels) by means of a
repeated measure ANOVA.

We found a predictable main effect of Morph-
ing, F(9, 207) =658.2, MSE =129, p <.0000, that
simply indicates subjects rated the ten morphing
clusters differentially. The significance of the
MOS main effect, F(2, 46)=6.19, MSE=101,
p <.01, is explained by the highest “attribution
to self” mean score in the synchronous (52.7% +
1.06) than in the other two control conditions
(asynchronous: 50.9% +1.33, p <.05; and no sti-
mulation: 49.5% +0.92, p <.01). Crucially, the
significant interaction between MOS x Morph%,
F(18, 414) =3.086, MSE =42, p <.0001, indicates
that the higher self-attribution was specific for a
given morph percentage range. Indeed, the Bon-
ferroni post-hoc test showed that the 51-59%
morphed faces (which means more other- than
self-face physical features, 55% other vs. 45% self
on average) were rated as having higher percen-
tage of Self following the synchronous, mean +
MSE, 50.5% +1.79, with respect to asynchronous
(39.1% £+ 2.19, p <.00001) and no stroking condi-
tions (43% +1.92, p =.033), which did not differ
from each other (see Figure 2B). Therefore, in the
range of morphing where faces begin to have more
other than self percentage the synchrony of vision
and touch induces a clear illusion of incorporation
of other’s face features in one’s own face.
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Figure 2. Enfacement effect: incorporating other’s facial
features into the self-face representation. The stimuli used in
the experiment and the results of statistical analyses conducted
on self-other judgments after synchronous, asynchronous, and
no stimulation conditions are shown. (A) Examples of
morphed faces: The percentage of Self decreases while the
percentage of Other increases. (B) Subjective ratings of the
self-other features in the different morphs (y-axis) and
physical percentage of self features in the ten clusters of face
morphing (x-axis). Remarkably, only in the synchronous
condition subjects rated as more similar to self morphs in
the cluster with 2-9% more “other” features. (C) Subjective
ratings of 2% morphs in the three experimental conditions
fitted with a sigmoid statistical model: x0 values, i.e. an index
of self-face bias, were significantly higher in synchronous than
in asynchronous and no stimulation conditions.

Importantly, the self-face bias is found only when
the morphs are ambiguous and self-other discri-
mination is complex, suggesting that it is a genuine
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and specific perceptual effect. We call this new
illusion “‘enfacement”.

Order of VAS ratings does not influence
the self-bias effect

Since each subject was active rater in the first or in
the second visuo-tactile stimulation session, an
additional control analysis was performed to ex-
clude any possible difference in the self-face bias
due to the different amount of visuo-tactile stimu-
lation. Results of mixed ANOVA with Session
(first or second) as between-subjects factor and
Mode of stroking (MOS, synchronous, asynchro-
nous, no stimulation) and Morphing (10 levels of
self-other morphing) as within-subjects factors
showed no difference. Neither the main effect of
session nor the interactions between factors
reached significance [main effect of Session: F(1,
22)=0.28, MSE =720, p=.59; Session x MOS:
F(2, 44)=0.37, MSE=103, p=.69; Session x
Morphing: F(9, 198) =0.88, MSE =130, p =.54;
Session x MOS x Morphing:  F(18, 396)=.52,
MSE =43, p =.95]. Therefore, no apparent differ-
ence was found in the self-bias effect depending on
whether subjects rated the images in the first or the
second session.

Morph rating instructions did not
influence the self-bias effect

Preliminary to analyzing the three experimental
sessions (synchronous, asynchronous, no stimula-
tion), we tested whether any illusory effect was
influenced by the instructions to rate the percen-
tage of self or other in each image. To make the
two sets of data comparable, other group VAS
scores (with scale ranging from 0=self to 100 =
other) were converted to the scale adopted by the
self group (where 0=other and 100 =self). Re-
sults of mixed ANOVA with rating Instruction
(self, other) as between-subjects factor, and MOS
(synchronous, asynchronous, and no stimulation)
and Morphing (10 levels of self-other physical
morphing in steps of 10%) as within-subjects
factors showed no significant main effect or
significant interaction [Instruction: F(1, 22)=
0.01, MSE =729, p = .93; Instruction x MOS: F(2,
44)=0.3, MSE=104, p=.74; Instruction x
Morphing: F(9, 198) =0.54, MSE =132, p=.84;
Instruction x Morphing x MOS: F(18, 396) = .65,
MSE =43, p = .86]. As different rating instructions
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did not affect the way subjects evaluated the
morphed images, all subsequent analyses were
conducted on the whole group of 24 subjects.

Fine-grained transitions in the morphs

To provide a fine-grained analysis of the self-bias
effect, the whole set of 2% rating values for each
subject and for each of the three conditions
(synchronous, asynchronous, and no stroking)
were fitted into a four-parameter sigmoid
statistical model which was based on the Boltz-
mann equation: y = Al — A2/[14e* VW] A2
where: Al and A2 represent the upper (100) and
lower (0) possible boundaries of the subjective
self-other ratings, x0 is the midpoint of the
function, and dx parametrizes the width of the
function. The appropriateness of the model was
demonstrated for all three conditions at individual
level [mean Radj for synchronous: 0.85+0.09
(mean + SD), asynchronous: 0.87+0.07, and no-
stimulation condition: 0.874+0.11; all associated
p values <.01].

Particularly relevant is the analysis of the x0
parameter, namely the midpoint of the function
(corresponding to the physical percentage of self—
other morph values on the abscissa when sub-
jective ratings were 50% on the ordinate). Figure
2C shows higher x0 values in the synchronous
than in the asynchronous and no-stimulation
sessions.

This pattern is confirmed by the repeated-
measure one-way ANOVA with Mode of stroking
(three levels: “synchronous”, ‘‘asynchronous”,
“no stimulation”) as main effect performed on
individual x0 parameter values. The Mode
of stroking was significant, F(2, 46 =5.94, MSE =
14.8, p <.01. Newman-Keuls post-hoc compari-
sons demonstrated significantly higher x0 values
in the synchronous (mean+ MSE, 53.3+1.22)
with respect to the asynchronous (50.8+1.54)
and the no-stimulation conditions (49.6+1.13)
(p =.03 and p =.004 respectively), which in turn
did not differ from one another (p=.27). This
result indicates that in the synchronous stimula-
tion condition the subjective perception of perfect
self-other equivalence was attributed to morphs
in which the other percentage (53%) was higher
than the self percentage (47%), whereas in the
asynchronous and in the no stimulation conditions
there was a large coincidence between subjective
ratings and physical morphing. This is confirmed
by a further analysis contrasting x0 values with

50% by means of one-sample ¢-tests. We found a
significant difference only in the synchronous
condition (synchronous: p=.01; asynchronous:
p =.60; no stimulation: p =.72). Thus, the integra-
tion between the touch felt on the self and the
visual stimulus seen on the other induced the
illusion that features of the pair partner face were
included in the rater’s face.

We also estimated the percentage of self
assigned to a morph equally representing self
and other in the three different sigmoidal curves
by computing the y0 value corresponding to the
point on the y-axis where morphing values (on
the x-axis) were equal to 50. Individual y0
estimated values were entered in a repeated
measure ANOVA with factor Stroking with three
levels (synchronous, asynchronous, no stimula-
tion). As predicted, the results of the ANOVA
showed a significant main effect of the factor
Stroking, F(2, 46)=6.57, MSE=41.1, p=.003,
explained by the higher percentage of perceived
self after the synchronous condition, (mean -+
MSE, 55.9% +1.94), with respect to the asyn-
chronous (50.8% +2.55, p=.008) and the no
stimulation conditions (49.7% +1.79, p =.004),
which in turn did not differ from each other
(p = .54). To sum up, the fine-grain analysis of 2%
step morphs (Figure 2C) on x0 and y0 parameters
expands the 10% clusters analysis (Figure 2B) by
estimating for each experimental condition the
point of perceptual equivalence (the physical
morph values at which subjects would rate an
equal amount of self and other) and the percen-
tage of self at the point of physical self-other
equivalence in the morphs. Importantly, this more
comprehensively formal approach also confirmed
that the self-face bias effect was present only
under synchronous visuo-tactile stimulation.

Finally, results from the ANOVA on the dx
parameter revealed a significant main effect of
mode of stroking (synchronous, asynchronous, no
stimulation), F(2, 46)=3.97, MSE=2327, p=
.03. The dx parameter expresses the steepness of
the sigmoidal curve around the midpoint and
hence how rapidly the subjects switch their
judgments from self to other. Therefore, it can
be used as a categorization measure for the
morphed images. Newman-Keuls post hoc showed
that the only significant difference was between
asynchronous (mean+ MSE, 13.8+0.95), and no
stimulation conditions (17.7+1.77, p=.02). A
possible explanation for this result is that the
incongruence between the two different modal-
ities may have strengthened the categorization
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effect previously reported in the perception of
morphed faces (Beale & Keil, 1995; Kircher et al.,
2001).

Subjective reports in the synchronous
and asynchronous stimulation
conditions

Subjective reports about the perceived phenom-
enology of the illusion confirmed that our visuo-
tactile stimulation procedure was effective in
manipulating sense of facial identity. Stronger
agreement with the first three statements would
indicate that subjects experienced a face-related
illusion. Importantly, the questionnaire results
showed that only for the three critical questions
were the agreement ratings significantly higher
in synchronous than asynchronous condition
(paired t-test for statement 1: p <.001; statement
2: p<.0001; statement 3: p<.01; significant
values survived the Bonferroni correction) (Fig-
ure 3). The number of subjects who provided
non-negative ratings to the first three statements
designed to capture the face illusion were 13, 13,
and 6 in the synchronous and 1, 2, and 0O in the
asynchronous conditions. Unlike fake hand and
full body illusions studies (Botvinick & Cohen,
1998; Ehrsson, 2007), questionnaire ratings were
on average negative despite the significant dif-
ferences between the synchronous and asynchro-
nous conditions. This pattern of results indicates
that sense of identity linked to the face is much
more hard-wired and stable than that linked to
hand or the full body. Thus, the compelling
evidence that a clear “enfacement” effect can
be obtained through our simple stimulation
procedure is even more surprising.

Correlation of enfacement effect with
empathic traits of the raters

Correlational analyses between an index of the
enfacement effect (expressed as self-other rat-
ings difference between synchronous and asyn-
chronous conditions divided by the ratings in the
no stimulation condition) and the four interper-
sonal reactivity index (IRI) scores (Davis, 1983)
revealed an influence of empathic traits of the
raters on the strength of the illusion. A signifi-
cant positive correlation was found with two out
of four distinct IRI subscales, namely Perspective
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Subjective Questionnaire
Synchronous @

Asynchronous @

1—@ ® * %
2 @ o i kkk
3 .@ ® *
—@
4@
&
_51..
s'..
7:.'
8 9) ®
-3 -2 -1 0 1 2 3
Score

Figure 3. Questionnaire results. The questionnaire (adapted
from Botvinick & Cohen, 1998), included the eight statements
reported in the Methods section. Statements 1-3 describe the
predicted phenomena. Subjects judged each statement on a
seven-step visual-analog scale ranging from —3 (‘“‘completely
false”) to +3 (“completely true”). Asterisks indicate signifi-
cantly higher agreement with the suggested perceptual experi-
ences (which are a subjective measure of face illusion) in
synchronous than in asynchronous stimulation conditions. p <
.001 for statement 1 (**), p <.0001 for statement 2 (***) and
p <.01 for statement 3 (*). These significance values survived
the conservative Bonferroni correction. Points indicate mean
responses. Bars indicate response range.

Taking [(i.e., the ability and tendency to adopt
the point of view of another individual; PT): r=
.63, p=.001, Figure 4A]; and Empathic Con-
cern [(i.e., the tendency to share others’ emo-
tions and feelings; EC): r=.52, p =.011, Figure
4A]. All correlations survived the Bonferroni
correction.

Note that analysis of standard residual values
(greater than 2 sigma) and of Cook’s distances
revealed one subject as an outlier. So, the
correlation analyses were performed on 23 out
of 24 participants.

This result indicates that the tendency to
enface others, as indexed by the morphing
experiment, is influenced by other-oriented em-
pathy traits (e.g., PT and EC) but not by self-
oriented interpersonal reactivity (e.g., personal
distress).
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Perspective Taking

100 r=0.52,p=0.01

Self-face bias (%)

B
r=0.08,p=0.72

Inner beauty

r=0.52, p =0.01
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Physical attractiveness

Figure 4. Correlation between ‘“‘enfacement” effect, interpersonal reactivity and physical attractiveness attributed to the pair
partner. (A) Significant positive correlations between the self-face bias index (self-other ratings collected in the 51-59% interval of
morphing, expressed as the difference between synchronous and asynchronous conditions divided by the ratings in the no
stimulation condition) and perspective taking (upper part) and empathic concern (lower part) IRI subscales. The higher the self-
reported empathic abilities, the higher the enfacement effect observed in the synchronous condition. (B) The enfacement effect did
not correlate with the pair partner’s “inner beauty” but did correlate with the partner’s physical attractiveness ratings.

Correlation of enfacement effect with
ratings of familiarity and beauty
of the partner

Results of correlation analysis with familiarity
and beauty of the partner revealed that not only
personality but also social variables could influ-
ence the strength of the enfacement effect.

No association between the index of self-face
bias and any of the two indices of familiarity
(index 1: r=.09, p=.69; index 2: r= —.15, p=
49) was found. Instead, the strength of illusory
self-bias was related to the degree of physical but
not inner attractiveness attributed to the pair
partner (r=.52, p=.01; inner beauty: r=.08, p =
.72; Figure 4B). The significance of the correla-
tion between self-face bias and physical attrac-
tiveness of the pair partner survived the
Bonferroni correction.

DISCUSSION

Previous studies have demonstrated that sense of
hand ownership or full body ownership can be

changed in healthy subjects through the induction
of a visuo-tactile illusion. However, the objective
measures used thus far provide only indirect
evidence that the core sense of identity is altered
by the experimental manipulations. Indeed, own-
ership changes have been inferred mainly from
changes in the felt position of the hand or of the
full body in illusory conditions (Botvinick &
Cohen, 1998; Tsakiris & Haggard, 2005; Lenggen-
hager et al., 2007; Slater et al., 2008). Importantly,
recent studies reported skin conductance and
temperature changes during illusory ownership
of artificial hands and bodies (Ehrsson, 2007;
Moseley et al., 2008; Petkova & Ehrsson, 2008).
However, the derivative notion of “me from
where” and the implicit derivation of self-other
distinction from autonomic indices are likely to be
less directly linked to sense of identity than
specific measures of self-other discrimination.
As faces are inherently linked to self-other
identification, our experimental paradigm was in
principle best suited to provide measures directly
concerning the fundamental question of whether
“the person I am looking at is really me”. This is
what we have found. In particular, we provide
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evidence for a direct index of sense of identity
through a face morphing test, which demonstrates
the illusory perception of more self-features in
faces that have more other-features instead. The
enfacement illusion described in our study may be
fundamentally important because it suggests that
features of others’ identity can be included in the
notion of self. Indeed, we found that self-face
recognition, which is thought to be a stable marker
of self-awareness, can be challenged very rapidly
at least in a self-other discrimination task (in
which no conscious report about the illusory
ownership of the other’s face is required), even
in the absence of brain diseases.

Our results expand a recent study where, using
a somewhat different paradigm, changes in self-
other facial morph discrimination after synchro-
nous stimulation were reported (Tsakiris, 2008).
Although both paradigms explored the effect of
multisensory integration on self-other face dis-
crimination, several differences between the two
can be noticed. In our paradigm, the rating
subject saw the face of a familiar partner and
rated 50 images in each stimulation condition
(100 in total). In the Tsakiris (2008) study the
rating subject observed videos where a stranger
individual was morphed with the subject’s face.
Four ratings per stimulation condition (eight in
total) were provided. Moreover, during the sti-
mulation phase the rating subject never observed
the face of the other individual but only a
morphed image of the two faces. Despite these
differences, both studies report a self-face bias
only during synchronous stimulation. However,
unlike Tsakiris (2008), we collected systematic
data on the phenomenological, subjective experi-
ence related to the visuo-tactile stimulation, in
keeping with rubber hand and full body illusions
studies (Botvinick & Cohen, 1998; Ehrsson, 2007
Lenggenhager et al., 2007; Slater et al., 2008;
Tsakiris & Haggard, 2005). The analysis of the
critical items of the questionnaire indicates that in
statements 1 and 2 many more subjects reported
non-negative scores in the synchronous than in
the asynchronous stimulation conditions. Thus,
although less vivid than what was reported for
rubber hand and full body (Botvinick & Cohen,
1998; Ehrsson, 2007; Lenggenhager et al., 2007,
Slater et al., 2008; Tsakiris & Haggard, 2005), the
“referred sensation” component of the illusion
was consistently found at the phenomenological
level also with faces. Analysis of reports on
statement 3 (which indexes conscious self-other

ILLUSORY SELF-OTHER FACE MERGING 11

face merging) showed that non-negative scores
were provided by six and zero subjects in the
synchronous and asynchronous conditions respec-
tively. Despite the statistical significant differ-
ence, the component of the illusion related to
facial ownership was less reliable at the subjec-
tive, phenomenological level. This pattern indi-
cates that changes of sense of facial identity
contingent on visuo-tactile stimulation can be
induced more easily when tested by means of a
self-other morph rating task with respect to when
tested by means of a task based on the report of
subjective phenomenological experiences.

Thus, the questionnaire concerning the subjec-
tive experiences during synchronous and asyn-
chronous stimulation suggests that while referred
sensations are more strongly related to bottom-up
multisensory integration processes, sense of facial
ownership is highly influenced by top-down me-
chanisms relating the face to the core sense of
identity. The processes at play in the enfacement
effect are reminiscent of what was reported for full
body and body part related illusions. In RH
studies, for example, ownership and body part
location are independent predictors of the pro-
prioceptive bias induced by the synchronous visuo-
tactile stimulation and are thus likely to play a
different role in embodiment effects (Longo,
Schiiiir, Kammers, Tsakiris, & Haggard, 2008).

However, it is worth noting that while visuo-
tactile correlation can easily induce the clear
phenomenological experience that the fake hand
or the virtual body belong to the stimulated
subject, the conscious experience of enfacement
can hardly be obtained. This difference may
speak in favor of the fact that, facial identity
being at the core of sense of self, facial represen-
tations are less amenable to changes. This com-
parative impenetrability to conscious changes of
self-face representation may constitute a defen-
sive mechanism against assaults to the unity of the
self, represented by the massive, ever-changing
inputs from the inner and outer world. On the
other hand, slow representational changes should
be possible so as to allow one to deal with the
passage of time (e.g., the appearance of wrinkles)
without major psychological trauma. In this vein,
inducing fast changes of facial representations
could have induced feelings of strangeness and
irritation even higher than those reported during
induction of virtual body illusions (Lenggenhager
et al., 2007).
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The fact that subjects in our study did report
little if any explicit ownership-related feelings
during the enfacement indicates that the facial
illusion indexed by the self-other judgment task
occurred mainly at implicit, unconscious levels.
Although the neural underpinnings of this novel
enfacement effect are not known, our study
provides an ideal model for testing whether
face- and body-related illusions do rely on over-
lapping neural regions. Previous studies exploring
brain activations during the experience of non-
facial body-related illusions revealed a large
neural network possibly related to body parts
perception, cross-modal integration and conflict
processing (Ehrsson et al., 2004, 2005; Tsakiris,
Hesse, Boy, Haggard, & Fink, 2007). These
studies revealed that the feeling of body owner-
ship is mediated by neural activity in regions
involved in the integration of multisensory sig-
nals, such as bilateral premotor cortices and
cerebellum (Ehrsson et al., 2004, 2005), as well
as in the right posterior insula (Tsakiris et al.,
2007), a region consistently implicated in self-
attribution (Farrer & Frith, 2002), self-processing
(Fink et al., 1996; Vogeley et al., 2004), and
representation of an egocentric reference frame
(Fink et al., 2003). The left inferior, posterior
parietal lobule seems to be involved in the
recalibration of the perceived position of one’s
own limb toward the rubber hand. In fact, this
region is activated during the induction phase of
the RH (Ehrsson et al., 2004) and, if targeted by
r'TMS, causes a consistent reduction of the
proprioceptive drift towards the RH (Kammers
et al., 2008).

Importantly, a link between enfacement
illusion and facial identity processing can be
postulated. In this vein, the consequence of the
self-other face merging illusion reported in our
study may imply a modulation of activity in brain
areas involved in self-face recognition such as
those belonging to right-dominant (but largely
bilaterally distributed) circuits involving frontal
and parietal regions (Kircher et al., 2001; Platek
et al, 2006; Platek, Keenan, Gallup, & Mo-
hamed, 2004; Uddin, Kaplan, Molnar-Szakacs,
Zaidel, & Iacoboni, 2005; Uddin, Molnar-Sza-
kacs, Zaidel, & Iacoboni, 2006; for a meta-
analysis of fMRI data see Platek, Wathne,
Tierney, & Thomson, 2008). Right hemisphere
dominance is also suggested by behavioural
studies in healthy (Keenan, Ganis, Freund, &
Pascual-Leone, 2000) and callosotomy patients
(Preilowski, 1977; Keenan et al., 2003), by right

hemispheric temporary inactivation (WADA
test) (Keenan, Nelson, O’Connor, & Pascual-
Leone, 2001), and by reports of patients with
mirror self-misidentification delusions (Breen
et al., 2001). A crucial contribution of the right
hemisphere is also suggested by studies investi-
gating self-related cognition (Decety & Chami-
nade, 2003), one’s own-body perception (Blanke,
Ortigue, Landis, & Seeck 2002; Blanke et al.,
2005) and self-awareness (Stuss, 1991; Andelman,
Zuckerman-Feldhay, Hoffien, Fried, & Neufeld
2004; Barnacz, Johnson, Constantino, & Keenan,
2004).

An additional main point of novelty of our
study is the exploration of how personality traits
and specific relationships between the rating
subject and the pair partner influence the enface-
ment effect. The choice to test pair partners
familiar to one another allowed us to explore
this important but so far unaddressed issue. We
postulated that, although driven by a compara-
tively low-level cross-modal integration process,
the enfacement effect could have been modulated
by the rater’s interpersonal trait reactivity as well
as by the physical and inner positive qualities the
rating subjects attributed to their pair partner.
The results show that the enfacement effect was
higher in individuals with high emotional and
cognitive empathy, thus suggesting that empathic
reactivity (Hein & Singer, 2008; Preston & de
Waal, 2002) may modulate the tendency to
incorporate the other, an issue that has never
been addressed in fake hand and full body
illusions studies. The link between empathy and
the face illusion raises the fundamental question
of whether or not the enfacement effect is present
in clinical populations with altered interpersonal
reactivity (e.g., in patients with autistic spectrum
disorders). Therefore, our result may open poten-
tial avenues for testing the relationship between
empathy and self-other distinction in healthy and
disabled individuals.

We also found that the enfacement was modu-
lated by the reported physical attractiveness but
not by the inner beauty of the pair partner. While
this result may hint at a more prominent role of
external than internal variables, studies indicate
that perception of physical attractiveness depends
largely on complex, higher-order societal influ-
ences (Langlois et al., 2000). Therefore, far from
being an entirely low-level variable, physical
attractiveness creates differential responses in
other people even at very complex emotional
and cognitive levels (Langlois et al., 2000).
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Indeed, more attractive counselors (Vargas &
Borkowski, 1982) and professors (Riniolo, John-
son, Sherman, & Misso, 2006) are perceived as
more effective. Moreover, imaging studies indi-
cate that viewing attractive faces activates in the
onlooker brain regions related to reward (Aharon
et al., 2001; Cloutier, Heatherton, Whalen, &
Kelley, 2008; O’Doherty et al., 2003). Social
psychology studies indicate that people may
show a bias toward recognizing their own face
as more attractive than actually is. This is typically
explored by making the subject’s face more or
less attractive using a morphing procedure. Peo-
ple are more likely to recognize an attractively
enhanced version of their own face (facial recog-
nition enhancement effect). The same enhance-
ment bias is found for both one’s own face and a
friend’s face but not for a relative stranger’s face
(Epley & Whitchurch, 2008). In this vein, explor-
ing the relationship between enfacement and
physical attractiveness using pairs of individuals
known to one another turned out to be crucial.
Human beings are initially attracted to others
who are more appealing to the eyes than to their
emotions. However, inner beauty may become
more relevant as intimacy progress. Therefore,
albeit speculatively, we posit that correlation
between enfacement and inner beauty may be
found when the relationship between partners in
a pair is stronger than in our study.

All in all, our novel method of transferring
some aspects of “‘pure” personal identity between
individuals may cast light on the fundamental
mechanisms of self-other distinction and may
have substantial implications not only for neu-
ropsychiatry, psychology, and philosophy but also
for the emerging field of the social neurosciences
(Uddin, Iacoboni, Lange, & Keenan, 2007).
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