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a b s t r a c t
Schizophrenic patients may report unusual perception of their own body. Studies using the rubber hand illusion (RHI) proposed that they exhibit a distorted sense of body ownership. However, since the RHI is mostly
achieved with the contribution of visuo-tactile integration, the stronger RHI observed in schizophrenic patients could reﬂect either a general increase of the response to multisensory stimuli or a larger inﬂuence of
visual cues on the tactile sensory experience. The purpose of the present study is to investigate patients' perception of their own body by means of a behavioral paradigm that measures their proneness to the RHI without relying on multisensory integration occurring during actual experience of touch. In a previous study we
demonstrated in healthy participants that expectation of touch experience arising at the sight of a human
hand approaching a rubber hand is enough to induce a sense of ownership over the same hand. Here we
take advantage of the same paradigm to investigate body ownership in schizophrenia. Patients observed
the experimenter's hand while approaching – without touching – either a rubber hand or a piece of wood
placed in front of them. The seen object could be either aligned to participant's hand or rotated by 180°.
Phenomenology of the illusion revealed that schizophrenic patients exhibited sense of ownership over the
rubber hand, but more weakly than healthy controls. The present study sheds new light on the experience
of body ownership in schizophrenic patients, corroborating the notion that alterations of bodily selfawareness play an important role in schizophrenia.
© 2013 Elsevier B.V. All rights reserved.

1. Introduction
Schizophrenia-spectrum disorders have been described as psychiatric conditions critically associated with anomalies of self-experiences.
Schizophrenic patients can suffer from deﬁcits in self-recognition and
self-attribution of thoughts and actions (Schneider, 1950). Unrevealing
the processes that underlie these symptoms might shed some light on
the human ability to make a distinction between self and non-self and
on the origin of its disruption in schizophrenia. Accordingly, from the
phenomenological perspective, recent investigations suggest that disturbances of basic self-experience are predictive of psychosis onset in
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the ultra high risk for psychosis prodromal population (Nelson et al.,
2012).
Empirical research on self-recognition processes in schizophrenia
mainly refer to a disruption of the sense of ownership, deﬁned as the
feeling that something is part of one's own body, and agency of action,
deﬁned as the subjective awareness that one is controlling one's own
volitional actions in the world (for reviews see, for example,
Cermolacce et al., 2007; Jeannerod, 2009; Moore and Fletcher, 2012).
As highlighted by Waters and Badcock (2010), in general, studies on
sense of body ownership and sense of agency examine speciﬁc cues
contributing in their own unique way to the sense of self-recognition,
such as sensory integration and body schema (body ownership processes), efferent motor signal processing and psychological binding experiences (action representation processes). In particular, previous studies
investigating body ownership in schizophrenic patients used the rubber
hand illusion (RHI, Botvinick and Cohen, 1998). To elicit this illusion, the
participant's real hand is hidden from view while a rubber hand is
placed in front of her. The experimenter generally uses two paintbrushes to stroke synchronously the rubber hand and the participant's
hidden hand. After a short period (about 30 s), people have the
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experience that the rubber hand is their own hand and that it is the rubber hand that senses the touch of the paintbrush. The experience of the
illusion can be quantiﬁed by means of the proprioceptive drift. In this
test participants verbally report, before and after the synchronous
visuo-tactile stimulation, the perceived location of their hand (Tsakiris
and Haggard, 2005). After synchronous visuo-tactile stimulation, people consider their hand to be closer to the rubber hand than it really
was.
According to limited current knowledge, schizophrenia patients
show higher sensitivity to the illusion as compared to healthy controls
(Peled et al., 2000; Peled et al., 2003; Thakkar et al., 2011). Moreover,
in patients, vividness of the illusion seems to be associated with elevated positive symptoms (Peled et al., 2000, 2003; Thakkar et al., 2011).
However, sense of body ownership and its experimental proxy, that is
the RHI, rely on the integration of sensory signals from different modalities (Botvinick and Cohen, 1998; Botvinick, 2004; Tsakiris and Haggard,
2005; Tsakiris, 2010; Ehrsson, 2012). Thus, when the visual and
spatio-temporal signals received from a limb all match, a feeling of
ownership then arises for that limb (Ehrsson, 2012).
Such constitutive role of the integration of actual multisensory signals in the RHI makes its use problematic to investigate sense of body
ownership in schizophrenic patients. There is, indeed, enough evidence suggesting that multisensory integration is altered in schizophrenia (Foucher et al., 2007; de Jong et al., 2009; Seubert et al.,
2010; Ebisch et al., 2013). For example, it has been demonstrated
that schizophrenia patients show reduced McGurk effects (Pearl et
al., 2009). The McGurk effect is a phenomenon where an auditory syllable is presented simultaneously with a silent video showing a model
articulating an incongruent syllable which results in fused or combined syllable perception (McGurk and MacDonald, 1976). Schizophrenia patients also show reduced interference effects when
detecting the emotional content of voices paired with facial expressions of a different emotion (de Jong et al., 2009), and patients beneﬁt
less from seeing the visual articulation of words when combined with
noisy vocal presentations of the same words (Ross et al., 2007). It was
suggested that these deﬁcits result from impairments in higher-order
speech processing and biological motion perception networks (Ross
et al., 2007; Szycik et al., 2009); however, a more general disturbance
of multisensory integration may also contribute to the phenomena.
Accordingly, Williams, Light, Braff, and Ramachandran (Williams et
al., 2010) recently revealed that schizophrenia patients show impairments in basic audio–visual integration. This observation was made
by using a simple target detection task without a speech component.
We think that multisensory integration deﬁcits should be carefully
considered before reaching the conclusion that schizophrenic patients
“might have a weaker or more ﬂexible internal model of their body,
making them more susceptible to the illusion” (Thakkar et al., 2011). Indeed, the stronger RHI observed in these patients (Peled et al., 2000;
Peled et al., 2003; Thakkar et al., 2011) could reﬂect either a general increase of the response to multisensory stimuli (e.g., Stone et al., 2011),
or a larger inﬂuence of visual cues on tactile sensory experience, compared to healthy participants. This would be also consistent with possible alterations of proprioception and somatosensory processing (Chang
and Lenzenweger, 2005).
In the present study we explore the extent to which visuo-tactile
integration contributes to susceptibility to the RHI in schizophrenia,
by using a procedure in which no tactile stimulation is applied and
multisensory integration is elicited only by anticipation of touch experience. Indeed, we want to rule out the possibility that the stronger
RHI observed in schizophrenic patients, compared to controls, is due
to an imbalanced contribution of vision and experience of touch. To
this aim we take advantage of a new induction procedure of the RHI
(Ferri et al., in 2013), that is, without delivering synchronized
visuo-tactile stimuli. In this new induction procedure, participants
observe a rubber hand being approached but not touched, while
their own hand is out of sight. Obtaining the same results as with

the classic RHI induction procedure would mean that higher susceptibility to “classic” RHI in patients does not rely either on actual stimulation nor on the overweighting of visual over tactile information,
but it likely reﬂects a more ﬂexible internal model (Thakkar et al.,
2011). However, one could also hypothesize different scenarios. 1)
Patients might experience RHI as much as control participants,
which would indicate that higher susceptibility to “classic” RHI in patients does rely on actual stimulation and overweighting visual information so that when actual stimulation is absent, visuo-tactile
integration seems generally unimpaired. 2) Patients might experience RHI less than control participants, which would indicate that
higher susceptibility to “classic” RHI in patients does rely on actual
stimulation and that anticipation, rather than actual experience of
touch, is not sufﬁcient to create ownership over the rubber hand in
schizophrenic patients. In this case, it would be also possible that altered self experiences, that is, disturbed body ownership manifesting
itself as lower susceptibility to RHI, could be differently related to
symptomatology. In particular, it could be associated with negative
symptoms, whereas higher susceptibility to RHI could be associated
with positive symptoms.
2. Methods
2.1. Participants
21 schizophrenic patients (SCZ; 11 inpatients, 10 outpatients) and
17 control participants (HC) were included in the present study
(Table 1). Patients were diagnosed according to the structured clinical
interview for DSM-IV. Exclusion criteria for all participants comprised
signiﬁcant medical or neurological illness, substance abuse or dependence in the previous six months, IQ b 85, and, for the HC group, a
personal history of Axis I/II disorders or a history of psychosis in
ﬁrst-degree relatives. SCZ and HC groups were matched for age, gender and education. SCZ patients were recruited from outpatient services at Chieti mental health department and from inpatients at the
psychiatric clinic “Villa Jolanda”. The mean illness duration was
12,16 ± 9,33 years. The SCZ group had intellectual capacities in the
range of the average healthy population (IQ mean scores =
104.7 ± 6.5). Chlorpromazine equivalents were calculated (Woods,
2003) for antipsychotics (Table 1). The study was approved by the
Ethics Committee of Chieti University. Written informed consent
was obtained from all participants after full explanation of the procedure of the study, in line with the Declaration of Helsinki.
2.2. Evaluation scales
SCZ patients were evaluated by the structured clinical interview
for DSM-IV Axis I disorders (SCID-I) (First et al., 1996b) to establish
axis I diagnoses. They were rated for symptom severity using the
brief psychiatric rating scale (BPRS; Overall and Gorham, 1962), the
scale for assessment of positive symptom (SAPS) and the scale for assessment of negative symptom (SANS; Andreasen, 1984a, b)
(Table 1). Patients' intelligence quotient (IQ) was evaluated by
means of the Raven standard progressive matrices (SPM).
HC participants were evaluated by means of the structured clinical
interview for DSM-IV for Axis II personality disorders (SCID-II) (First
et al., 1996a). All the evaluation scales were administered by trained
psychiatrists.
2.3. Procedure
Participants sat in front of a table. The right arm was placed on the
table in a relaxed position at a ﬁxed point inside a frame. A smaller
table, measuring 80 by 30 cm and 20 cm in height, was positioned
over the table where the real hand was placed (see Fig. 1). This table
was used to both hide participants' hand and to support the object
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(i.e. the rubber hand or the piece of wood, see the Experimental design
section). The participants' hand and the viewed object were aligned on
the vertical axis and were positioned at 20 cm from each other. The experimenter stood at the participant's right side, hidden behind a black
curtain. She moved her hand towards the viewed object (which varied
according to the experimental condition, see the Experimental design
section) with a velocity of 0.02 m/s, starting from a distance of 70 cm
from the viewed object and stopping at 15 cm away from the viewed
object. The experimenter's hand never touched the viewed object. The
experimenter, previously trained, followed audio instructions by
earphones to perform controlled movements during the experiment.
The consistency of movement direction and speed across trials was
allowed by four pairs of switches ﬁxed onto two vertical rods 70 cm
in height, enabling to record experimenter's movements, speed and position. The 4 switches were positioned on each rod at 60, 45, 30, 15 cm
from the object, respectively. A further switch was positioned at the
starting point (70 cm). Each switch fed a signal to the PowerLab
(ADinstrument), thus allowing post-hoc validation of experimenter's
hand movements.
2.4. Experimental design
The experimental design was 2 × 2 factorial. The two factors were:
the object (Rubber hand vs. Piece of wood) and the Position of the object
(Congruent vs. Incongruent) relative to the participant's hidden arm. The
rubber hand was a realistic prosthetic hand. The piece of wood was a
plain wooden block, pale and beige in color, with a thumb-like feature
and with one end tapered into a wrist-like shape. The four conditions
were: i) Rubber Hand Congruent — the rubber hand was aligned to the
participant's own hand and the experimenter moved her hand towards
the rubber hand; ii) Rubber Hand Incongruent — the rubber hand was rotated 180° relative the participant's own hand and the experimenter
moved her hand towards the rubber hand; iii) Wood Congruent — the
piece of wood was aligned to the participant's own hand and the experimenter moved her hand towards the wood; and iv) Wood Incongruent —
the piece of wood was rotated 180° relative the participant's own hand
and the experimenter moved her hand towards the wood. Stimuli had
comparable overall size.
The experiment consisted of four blocks, one for each of the four experimental conditions, whose presentation order was counterbalanced
between participants. Each block lasted 2 min during which 4 approaching movements were performed. At the beginning of the experimental session, participants were instructed to pay attention to the
experimenter's hand moving towards either a rubber hand or a piece
of wood placed in front of them. After receiving instructions participants wore earphones through which white noise was delivered for
the entire duration of each block. After each block participants took
off earphones and were required to complete the RHI questionnaire.
2.5. RHI questionnaire
We adopted a total of 15 questions from Longo et al. (Longo et al.,
2008). The questions referred to two different components of the experience of embodiment during the RHI paradigm: (a) Ten statements referring to the embodiment of rubber hand. These comprised items
relating to the feelings that: the rubber hand belonged to the participant, the participant had control over the rubber hand, the rubber
hand and real hand were in the same location, and the rubber hand
had taken on features of the actual hand. (b) Five statements referring
to the experience of loss of one's hand. These comprised items relating
to the feelings of: being unable to move one's hand, one's hand
disappearing, and one's hand being out of one's control. Participants
completed four versions of the questionnaire, one for each experimental condition. Participants answered each statement by choosing a
number from a 7-point Likert Scale, from “-3 being strongly in disagreement”, and “+3 being strongly in agreement”. The questions appeared

3

Table 1
Demographic information about schizophrenia group (SCZ) and healthy control group
(HC).

DSM-IV schizophrenia type
Paranoid, no (%)
Disorganized, n° (%)
Catatonic, n° (%)
Undifferentiated, n° (%)
Residual, n° (%)
Age (mean ± SD)
Female sex (n°)
Handedness
Right, n° (%)
Left, n° (%)
Education (mean ± SD)
Illness duration (mean ± SD)
SCID-II
BPRS (mean ± SD)
SAPS (mean ± SD)
Hallucinations
Delusions
Bizarre behavior
Formal thought disorders
SANS (mean ± SD)
Affective ﬂattening
Alogia
Avolition–apathy
Anhedonia–asociality
Attention
Chlorpromazine equivalent (mg/die)
Typical antipsychotic, n° (%)
Haloperidol
Levopromazine
Atypical antipsychotic, n° (%)
Clozapine
Risperidone
Quetiapine
Atypical + typical antipsychotic, n° (%)
Quetiapine + haloperidol
Risperidone + haloperidol
Risperidone + chlorpromazine

SCZ
(n° = 21)

HC
(n° = 17)

10 (47.6%)
6 (29%)
0 (0%)
4 (19.05%)
1 (4.7%)
41.1 ± 11.4
0

n.a.
n.a.
n.a.
n.a.
n.a.
46.6 ± 13.9
0

21 (100%)
0 (0%)
11.5 ± 3.5
12.2 ± 9.3
n.a.
42.7 ± 9.2

17 (100%)
0 (0%)
12.0 ± 3.3
n.a.
Negative
n.a.

4.7
8.0
2.6
7.0

n.a.
n.a.
n.a.
n.a.

±
±
±
±

5.4
7.3
3.4
6.8

10.9 ± 8.2
4.5 ± 4.7
6.3 ±3.3
10.6 ± 4.4
3.2 ± 2.7
404.0 ± 268.2
2 (9.5%)
1 (4.8%)
1 (4.8%)
13 (61.9%)
1 (4.8%)
8 (38.1%)
3 (14.3%)
6 (28.6%)
3 (14.3%)
2 (9,5%)
1 (4.8%)

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
n.a.

n.a.

n.a.

in random order. The mean ratings (see Fig. 2) for each component
(Embodiment, Loss of own hand) of the experience of embodiment
per condition were submitted to two separate multivariate ANOVA for
repeated measures with object (Rubber hand vs. Piece of wood) and Position of the object (Congruent vs. Incongruent), as within-subject factors, and Group (SCZ vs. HC) as between-subject factor. In a further
analysis we focused on the two sub-components distinguished by
Longo et al., (Longo et al., 2008) within the “embodiment of the rubber
hand” general component, namely (a1) ownership and (a2) location, to
assess whether they were equally involved during the induction of the
RHI in both HC and SCZ. Post-hoc comparisons were performed using
the Newman–Keuls methods when necessary.
Pearson's correlation coefﬁcients were used to evaluate the association between the vividness of the illusion and the severity of positive
and negative symptoms in SCZ.
3. Results
(a) Embodiment questions
The main effects of Object (F(1,36) = 41.0 p b 0.001; η2p =
0.53) and Position of the object (F(1,36) = 68.5 p b 0.001;
η2p = 0.65) were signiﬁcant, as well as their interaction with
the group (object by Group: F(1,36) = 9.0 p b 0.01; η2p =
0.20; Position of the object by Group: F(1,36) = 5.1 p b 0.05;
η2p = 0.12). The interaction between the two within-subject
factors was also signiﬁcant (F(1,36) = 56.5, p b 0.001 η2p =
0.61). Post hoc comparisons showed higher mean rating for
the Hand Congruent (0.35) condition as compared to all the
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other conditions (−2.0, −1.6, and −2.1 for Hand Incongruent,
Wood Congruent, and Wood incongruent, respectively; all
p-values b 0.001; see Fig. 2). Importantly, there was also a signiﬁcant Group by Object by Position of the object interaction
(F(1,36) = 8.7, p b 0.01 η2p = 0.20). Both groups showed
higher mean rating for the Hand Congruent condition as compared to all the other conditions (all p-values b 0.001), however
HC (1.05) showed higher mean rating for the Hand Congruent
condition as compared to SCZ patients (−0.21; p b 0.01). The
other experimental conditions did not differ between HC and
SCZ (all p-values > 0.40).
(b) Loss of one's hand questions
The main effects of Object (F(1,36) = 17.4 p b 0.001; η2p =
0.33) and Position of the object (F(1,36) = 9.7 p b 0.001;
η2p = 0.21). The interaction between the two within-subject
factors was also signiﬁcant (F(1,36) = 4.8, p b 0.05 η2p =
0.12). Post hoc comparisons showed higher mean rating for the
Hand Congruent (−0.4) condition as compared to all the other
conditions (−1.21, −1.27, and −1.4 for Hand Incongruent,
Wood Congruent, and Wood incongruent, respectively; all
p-values b 0.01; see Fig. 2). Importantly, there was also a significant Group by Object by Position of the object interaction
(F(1,36) = 5.6, p b 0.05 η2p = 0.14). The interaction was
explained by the HC showing higher mean rating for the Hand
Congruent (−0.1; all p-values b 0.001) condition as compared
to all the other conditions (see Fig. 2). The same difference was
not observed in SCZ patients (all p-values > 0.41).

(a1) Ownership questions
The main effects of Object (F(1,36) = 66.5 p b 0.001; η2p =
0.65) and Position of the object (F(1,36) = 71.4 p b 0.001;
η2p = 0.62) were signiﬁcant, as well as their interaction with
the group (object by Group: F(1,36) = 10.7 p b 0.01; η2p =
0.23; Position of the object by Group: F(1,36) = 4.4 p b 0.05;
η2p = 0.11). The interaction between the two within-subject
factors was also signiﬁcant (F(1,36) = 49.5, p b 0.001 η2p =
0.58). Post hoc comparisons showed higher mean rating for
the Hand Congruent (0.28) condition as compared to all the
other conditions (−2.1, −2.3, and −2.5 for Hand Incongruent,
Wood Congruent, and Wood incongruent, respectively; all
p-values b 0.001; see Fig. 2). Importantly, there was also a signiﬁcant Group by Object by Position of the object interaction
(F(1,36) = 6.7, p b 0.05 η2p = 0.16). Both groups showed
higher mean rating for the Hand Congruent condition as compared to all the other conditions (all p-values b 0.001), however
HC (1.08) showed higher mean rating for the Hand Congruent
condition as compared to SCZ patients (−0.37; p b 0.01). The
other experimental conditions did not differ between HC and
SCZ (all p-values > 0.54).
(a2) Location questions
The main effects of Object (F(1,36) = 6.8 p b 0.05; η2p = 0.16)
and Position of the object (F(1,36) = 77.3 p b 0.001; η2p =
0.68) were signiﬁcant. The interaction between the two
within-subject factors was also signiﬁcant (F(1,36) = 13.0,
p b 0.001 η2p = 0.26). Post hoc comparisons showed higher
mean rating for the Hand Congruent (1.2) condition as compared to all the other conditions (−1.5, −0.12, and −1.4 for
Hand Incongruent, Wood Congruent, and Wood incongruent,
respectively; all p-values b 0.001; see Fig. 2). The interaction
Group by Object by Position of the object was not signiﬁcant
(p > 0.1).
4. Correlation analysis
In patients, we explored the relationship between self-reported illusion vividness, as revealed by the ownership questions in each experimental condition and subscales of the SAPS and SANS. Selfreported RHI strength in the rubber hand congruent, but not in all
the other experimental conditions was related to increased score on
the anhedonia subscale of the SANS (Pearson's r = 0.67, p =0.001,
see Fig. 3).
5. Discussion

Fig. 1. Experiment setup to evaluate rubber hand illusion. The experimenter moved her
hand towards the viewed object (which varied according to the experimental condition, see the Experimental design section) with a velocity of 0.02 m/s starting from a
distance of 70 cm from the viewed object and stopping at 15 cm away from it. The
experimenter's hand never touched the viewed object. White noise was delivered
through the headphones. EH: Experimenter's Hand; RH: Rubber Hand.

We investigated the malleability of body ownership in schizophrenic patients by taking advantage of a new induction procedure of the RHI
that relies on tactile expectation rather than proper visuo-tactile stimulation (Ferri et al., in 2013). This paradigm allowed us to explore the extent to which visuo-tactile integration contributes to susceptibility to
the RHI in schizophrenia.
Schizophrenic patients and healthy controls viewed the
experimenter's hand approaching either a rubber hand or a non corporeal object located just above their hidden real hand. Phenomenology of illusion was measured by questionnaires adapted from Longo
et al. (Longo et al., 2008). Results indicated that both schizophrenic
patients and healthy participants experienced the illusion that the
experimenter's hand was about to touch their hidden hand rather
than the rubber hand, as if the latter replaced their own hand. This
did not occur when the rubber hand was rotated by 180° with respect
to their own hand or replaced by a piece of wood. Importantly,
schizophrenic patients showed lower mean rating for the Rubber
Hand Congruent condition, as revealed by the embodiment statements, compared to healthy controls. The mean rating for the other
conditions did not differ between groups.
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Fig. 2. Mean ratings for the Embodiment statements, for the Loss of one's hand statements, for the Ownership statements and for the location statements. RH-C: Rubber Hand Congruent; RH-I: Rubber Hand Incongruent; W-C: Wood Congruent; W-I: Wood Incongruent. Error bars indicate standard errors.

Interestingly, to further elucidate the experience of the body during the rubber hand illusion, an additional ANOVA was conducted on
the sub-components of embodiment statements, namely ownership
and location. This ANOVA revealed that schizophrenic patients and
healthy controls differed in terms of ownership of the Rubber hand,
but not in terms of location of the rubber hand. In the words of
Longo et al. (2008), patients would seem to have a deﬁcit in the
“me-ness” of experience, but not the “here-ness” of experience.
We also found that sense of ownership over a rubber hand positively correlates with negative symptomatology. Previous studies
using the induction procedure described by Botvinick and Cohen
(1998) demonstrated an association between RHI and positive symptomatology in schizophrenia (Peled et al., 2000; Thakkar et al., 2011).
They suggested that the underlying mechanisms responsible for positive symptoms in schizophrenic patients could have common features with the mechanisms causing the enhancement of the RHI
(Peled et al., 2000). Such mechanisms were subsequently shown to
be related to alterations in associative higher-level neuronal activity
(Peled et al., 2003), supporting the idea of spurious reconciliation between brain processes (e.g., vision, touch and proprioception) as a
mechanism of brain pathology in schizophrenia. In the present
study we induced RHI by using a new procedure (Ferri et al., 2013)
relying on tactile expectation, which likely involves a different set
of brain processes. Brieﬂy (see Ferri et al., 2013, for extensive
discussion), we believe the evidence we provide that expectation of
a rubber hand being touched is enough to induce a sense of ownership over the same rubber hand supports the hypothesis that our
brain does not build a sense of bodily self in a merely reactive way,
via perceptual correlations, but rather it generates predictions on
what could be ours or not. For this reason, it is not surprising that
we found enhancement of RHI being positively related to negative,
rather than positive, symptoms in schizophrenic patients. In particular, SANS ratings of anhedonia signiﬁcantly correlated with patients'
reports of sense of body ownership over the rubber hand. Despite
anhedonia – the inability to experience pleasure – is a symptom of
several psychiatric disorders (i.e., depression, drug and alcohol dependence), authors in the tradition of phenomenological psychiatry
regard it as one manifestation of self-disturbance that is fundamental
in schizophrenia (Sass and Parnas, 2003). They argue that anhedonia
may be viewed as a facet of the core disturbance of self-experience in
schizophrenia, rather than as an independent dysfunction. According

to the same authors (Sass and Parnas, 2003), the core abnormality in
schizophrenia is a disturbance of sense of self or “ipseity”, which refers to a crucial sense of being the subject of experience (Ricoeur,
1992). In general, normal ipseity is believed to be a necessary condition for the experience of many forms of pleasure. Consequently anhedonia, as the attenuation or even disappearance of various forms
of pleasure, has been also viewed as an outcome of a more profound
alteration of self-experience (Sass and Parnas, 2003). In sum, the negative symptom of anhedonia would reﬂect a basic alteration of the
mine-ness of experience and, as such, it seems to positively correlate
with patients' ownership over the rubber hand.
To date only few studies investigated body ownership in schizophrenia. For instance, Peled and colleagues (Peled et al., 2000) submitted schizophrenic patients to a rubber hand illusion and found stronger
onset of the illusion as compared to healthy controls. However, these
authors only administered synchronous stimulation, thus providing
only partial evidence of body ownership deﬁcits in schizophrenic
patients. The RHI is, indeed, typically measured on the basis of the
difference between the ratings after synchronous and asynchronous
stimulation or, alternatively, on the basis of the difference between
the ratings after having observed a life-size rubber hand and a noncorporeal object (e.g. a piece of wood or a stick), as in our case. In a
more recent study, Thakkar and colleagues (Thakkar et al., 2011)
implemented both the synchronous and the asynchronous conditions.
This study has also the merit of measuring the illusion both with subjective (e.g. questionnaire) and objective (e.g. proprioceptive drift,
autonomic responses) methods. In particular, with respect to the subjective measures Thakkar and colleagues did not ﬁnd a signiﬁcant interaction group by synchrony, likely because schizophrenic patients' mean
ratings were equally high in the synchronous and the asynchronous
condition in most of the statements. With respect to the proprioceptive
drift, they did ﬁnd higher drift in the synchronous as compared to the
asynchronous condition, but only in schizophrenic patients. This effect,
which is the hallmark of the RHI, was not observed in healthy controls.
Finally, with respect to the autonomic measures, the authors did not
ﬁnd an effect of synchrony. Based on these results, the authors, in agreement with previous investigations (Peled et al., 2000; Peled et al., 2003),
proposed embodiment of the RH to be stronger in schizophrenic patients than in healthy controls.
How can we reconcile our results with those of Peled and colleagues
and Thakkar and colleagues? As illustrated in the Introduction section,
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Fig. 3. Scatter plot of anhedonia scores against sense of ownership over the rubber
hand.

“classic” RHI relies on the integration of actual sensory signals from different modalities (Botvinick and Cohen, 1998; Tsakiris and Haggard,
2005; Costantini and Haggard, 2007; Tsakiris et al., 2011), a process
that seems to be compromised in schizophrenic patients. The comparison between results from the previous studies using the “classic” induction procedure and from the present study suggests that higher
susceptibility to “classic” RHI in patients does rely on actual stimulation,
likely arising from a larger inﬂuence of visual cues on the tactile sensory
experience, or from a general increase of the response to multisensory
stimuli (e.g., Stone et al., 2011). Indeed, in absence of actual visuotactile signals, like in the present study, no higher susceptibility to RHI
is observed in patients, even if multisensory integration is still elicited,
but through anticipation mechanisms. Furthermore, the fact that patients experience RHI less than control participants, when using the
new induction procedure, indicates that anticipation of touch is not sufﬁcient for them to experience the RHI.
A possibility is that schizophrenic patients do not anticipate the
touch in the same way that controls do. Indeed, impairments in anticipating the position of a moving stimulus have been reported in
schizophrenia–most extensively in the domain of smooth pursuit
eye movements (Ross et al., 2000). Accordingly, investigation of
the implicit processing of asynchrony by means of the Simon effect
(i.e., the ﬁnding that manual responses are biased to the side of the
stimulus) suggested that predictive mechanisms allowing anticipation of upcoming events are impaired in patients, who would rather
rely on reactive mechanisms in order to perceive asynchrony. Indeed,
patients appeared to process stimuli as if isolated rather than following each other (Lalanne et al., 2012).
When we ﬁrstly reported our anticipation-based procedure to induce the RHI (Ferri et al., 2013), we also proposed that it likely recruits
activity in the ventral premotor cortex (vPMC), speciﬁcally in a region
representing the human homologue of monkey F4 (Bremmer et al.,
2001). This brain region, indeed, has been described as having multisensory properties (Graziano, 1999; Graziano, 2001) and being
involved in the dynamic mapping of the peri-personal space
(e.g., Rizzolatti et al., 1997), as well. Moreover, neuroimaging studies
have recently shown that human vPMC is activated during the implicit
processing of one's own hand and face (Cardini et al., 2011; Ferri et al.,
2012a). Given that the vPMC appears to be hypofunctional as well as
negatively correlated with self-experience disturbances in schizophrenia (Ebisch et al., 2013), and since it has been demonstrated that patients show a defective implicit sense of their bodily self (Ferri et al.,
2012b), we hypothesize that the lack of anticipatory touch displayed
by schizophrenic patients in the present study might share the same
premotor origin (see also Gallese and Ferri, in press).
In conclusion, schizophrenic patients seem to experience the RHI
differently from control subjects. This happens both when actual tactile stimuli are actually delivered, as demonstrated by Thakkar et al.
(2011) and Peled et al. (2000, 2003), as well as when touch is only
expected, as in the present study. However, the direction of the RHI

ﬁndings in schizophrenia, compared to control participants, seems
to be speciﬁcally associated with symptomatology in each case. Disturbed body ownership manifesting itself as higher susceptibility to
RHI when actual multisensory stimuli are delivered has been suggested to contribute to psychotic symptoms (Thakkar et al., 2011).
On the other hand, we suggest that disturbed body ownership
manifesting itself as lower susceptibility to RHI when actual multisensory stimuli are absent might contribute to negative symptoms,
such as anhedonia. In particular, in schizophrenic patients this could
be associated with altered predictive processes allowing anticipation
of touch experience.
Thus, RHI is able to highlight a speciﬁc difference between patients and controls in the bodily self experience (Ferri et al., 2012b).
However, to fully understand the outcome of the RHI, more systematic investigations are required. Indeed, one major limitation of our
study is that only subjective reports were used and we have no indication whether patients in this sample may have been less forthcoming with reporting the illusion or subject to response bias. New
investigations might help to understand under which conditions the
RHI in patients is stronger or weaker than in healthy participants
and, in general, how environmental inputs and speciﬁc alterations
of their integration/processing differently affect the relation between
self experience and symptomatology.
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