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Perceptual Aberrations Impair Mental Own-Body Transformations
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Dysfunctional self and bodily processing have been reported from the schizophrenia spectrum. Here, the
authors tested 72 students (40 women) to determine whether performance in a mental own-body
transformation task relates to self-rated frequency of spontaneously experienced schizotypal body
schema alterations (perceptual aberration). Participants provided speeded left-right decisions concerning
the body of a visually depicted human figure (front view vs. back view). For men, reaction times to
disembodied perspectives increased with increasing scores on a validated perceptual aberration scale.
This finding constitutes behavioral evidence for the clinically postulated association between aberrant
bodily experiences during everyday life and aberrant processing in a mental own-body transformation
task arguably reflecting mild dysfunction at the temporo—parietal junction.
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experience

Current concepts of the self have been influenced by a number
of academic disciplines including theology, philosophy, and psy-
chology (Churchland, 2002; Gallagher, 2000, 2005; Metzinger,
2003; Neisser, 1988). In a nutshell, what makes us who we are is
that we own a body, which we feel and steer and with which we
interact with the environment to build up a personal history
(Churchland, 2002; Gallagher, 2005; Kircher & David, 2003;
Tsakiris & Haggard, 2005). Observations from psychiatry and
neurology show that the unity of the self is not as obvious as it may
appear if judged solely by the experiences of healthy persons (see
Blanke, Landis, Spinelli, & Seeck, 2004; Brugger, Regard, &
Landis, 1997; Churchland, 2002; Farrer et al., 2004; Frith &
Corcoran, 1996; Kircher & David, 2003, for recent accounts).
Along the schizophrenia spectrum, disturbances in self-agency
(Farrer et al., 2004; Lindner, Thier, Kircher, Haarmeier, & Leube,
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2005; Spence et al., 1997), self—other distinction (Gallup, Ander-
son, & Platek, 2003; Platek & Gallup, 2002), theory of mind (Frith
& Corcoran, 1996; Langdon & Coltheart, 1999), and visual-
perspective taking (Langdon & Coltheart, 2001) have been re-
ported. With specific reference to an integrated bodily self-
experience, distorted body perceptions have been discussed as an
important feature in both schizophrenia (Angyal, 1936; Bleuler,
1950; Chapman, Chapman, & Raulin, 1978) and healthy schizo-
typy (Lenzenweger, 2000; Meehl, 1990; Rado, 1960). Moreover,
high as compared with low schizotypal individuals have been
found to be more susceptible to experimental distortions of cor-
poreal awareness (Burrack & Brugger, 2005).

Studies targeting disturbed feelings of self-processing in schizo-
phrenia have highlighted the importance of the cortex at the
junction of the temporal and parietal lobes (temporo—parietal junc-
tion or TPJ; Farrer et al., 2004; Spence et al., 1997). In a PET
study, Spence et al. (1997) asked patients with passivity symptoms
(loss of agency, alien control) to move a joystick with the right
hand to the sound of auditory stimuli. When compared with
healthy controls as well as to patients without passivity symptoms,
this patient population revealed a hyperactivation of the right TPJ
and the cingulate gyrus during hand movements. In another PET
study, Farrer et al. (2004) tested action attribution in patients with
Schneiderian first-rank symptoms (e.g., auditory hallucinations,
thought intrusions, delusions). Participants made self—other deci-
sions about seen hand movements on a screen. The spatial match
between one’s own hand position and the one seen on the screen
was gradually distorted. Supporting previous reports that the right
TPJ is involved in the attribution of action to another agent (e.g.,
Ruby & Decety, 2001), healthy participants’ brain activation at
this locus increased with increasing deviance of seen and felt hand
positions. In first-rank patients, this relationship was absent or
much weaker and was associated with patients’ first-rank symp-
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toms. The authors also reported that these patients’ lack of increase
in activation with increasing distortion was associated with an
abnormally high level of activation in the perfectly matching
condition. Thus, the patients showed high activity in the right
angular gyrus when they experienced being the agent of their
actions, whereas this activation in healthy controls is only seen
when agency is allocated to another person. The role of this brain
region in self and bodily processing is further supported by func-
tional imaging studies in healthy individuals (Astafiev, Stanley,
Shulman, & Corbetta, 2004; Bonda, Petrides, Frey, & Evans,
1995; Calvert, Campbell, & Brammer, 2000; Lobel, Kleine, Bihan,
Leroy-Willig, & Berthoz, 1998; Uddin, Kaplan, Molnar-Szakacs,
Zaidel, & Iacoboni, 2005) and by patients with focal brain lesions
(e.g., Apperly, Samson, Chiavarino, & Humphreys, 2004; Scep-
kowski & Cronin-Golomb, 2003; Semenza, 1988).

Of specific interest to the present study are individuals who have
had an out-of-body experience (OBE), a striking distortion in the
experienced spatial unity of self and body. These individuals
experience the transient, but highly veridical, impression that their
self is located outside of their physical body boundaries and that
both the world and the physical body is seen from this elevated
spatial position (Blanke & Mohr, 2005, for a recent overview). In
line with the role of the TPJ in self- and own-body processing,
respectively, this brain site has been associated with OBEs of
neurological origin (Blanke et al., 2004, 2005; Blanke & Mohr,
2005; Blanke, Ortigue, Landis, & Seeck, 2002). Given that self-
processing deficits along the schizophrenia spectrum and the gen-
eration of OBE have been associated with the same brain site,
some authors have suggested that these phenomena underlie a
common cerebral denominator (Mohr & Blanke, 2005; Uddin et
al., 2005). Phenomenologically, such a suggestion would also be
supported by findings from McCreery and Claridge (1995, 2002),
who observed that OBE individuals have higher positive schizo-
typy scores than individuals who have never experienced an OBE.
Unfortunately, OBEs are rare and occur spontaneously in the
healthy as well as clinical populations, making their experimental
investigation difficult. However, it has been suggested that brain
processes during the mental transformation of one’s own body
might engage similar brain mechanisms as those activated during
OBEs (Amorim, 2003; Blackmore, 1982; Brugger, 2002; Cook &
Irwin, 1983). Findings from an event-related potential (ERP) study
and a transcranial magnetic stimulation (TMS) study testing inde-
pendent healthy participants as well as a patient with epilepsy
confirmed that the TPJ is predominantly implicated in both the
mental transformation of one’s own body and OBEs (Blanke et al.,
2005). In more detail, the ERP study showed the selective activa-
tion of the TPJ at 330—400 ms after stimulus onset when healthy
volunteers imagined themselves in the position and visual perspec-
tive that is generally reported by people experiencing spontaneous
OBEs. The TMS study showed that interference with the TPJ by
TMS at this time impaired mental transformation of the own body
in healthy volunteers relative to TMS over a control site at the
intraparietal sulcus. No such inference was observed for imagined
spatial transformations of external objects suggesting the selective
implication of the TPJ in mental imagery of one’s own body.
Finally, in an epileptic patient with OBEs originating from the
TPJ, it was shown that partial activation of the seizure focus during
mental transformations of her body and visual perspective mim-
icking her OBE percept. These results suggested that the TPJ is a

crucial structure for the conscious experience of the normal self-
mediating spatial unity of self and body.

The present study set out to investigate whether schizotypal
individuals, in particular those showing aberrant bodily experi-
ences during their everyday lives, might show impaired perfor-
mance in mental own-body transformations as compared with
nonschizotypal individuals (see Mohr & Blanke, 2005, for further
details on generation of this study question). More specifically,
healthy right-handed participants completed the 35-item self-
report perceptual aberration (PA) scale by Chapman et al. (1978)
and performed the same mental own-body transformation task as
used before (Blanke et al., 2005). In this task, individuals are asked
to imagine themselves in the position of the schematic human
figure and to report whether the salient right or left hand in the
picture corresponds to their actual right or left hand (see Figure 1).
The use of the PA scale seems particularly appropriate for three
reasons. First, PA taps most closely on bodily aberrations com-
pared with other schizotypal dimensions. Second, individuals high
in PA might have an enhanced risk of developing psychosis
(Chapman, Chapman, Kwapil, Eckblad, & Zinser, 1994). Third,
such individuals were found to show similar neuropsychological
deficits as described in patients with schizophrenia (e.g., Lenzen-
weger, 1994; Park, 1999; Tallent & Gooding, 1999). Here, we
predicted that the ability to adopt an imagined, disembodied per-
spective, that is, to perform a mental own-body transformation in
space, would be hampered as a function of increasing scores on the
PA scale. Such a finding would support the assumption of a
common cerebral denominator in both body aberrations along the
schizophrenia spectrum and OBEs (Mohr & Blanke, 2005).

Figure 1. Stimuli used in the mental own-body transformation task. A
gray glove and a black ring always mark one hand. The correct responses
are indicated with letters (L = left; R = right).
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Method
Participants

Seventy-nine healthy volunteers (43 women) with a mean age of 20.5
years (SD = £ 2.7 years, range = 18-37 years) took part in the study. Half
of the participants were undergraduate students receiving course credit for
their participation, whereas the remaining participants were undergraduate
students from various faculties. The affiliation of the latter participants
remained anonymous, as each undergraduate student of the local Psychol-
ogy Department was asked only to recruit an additional undergraduate
student of the opposite sex to balance gender differences (70% of the
psychology students were women). Prior to the experiment, which was
approved by the local Ethical Committee of the University of Bristol, all
participants provided written, informed consent. Testing took place at
several sessions in a classroom setting.

Stimuli and Procedure

Stimuli. We used stimuli modified from those used in previous studies
testing mental own-body transformations (Blanke et al., 2005; Parsons,
1987; Zacks, Rypma, Gabrieli, Tversky, & Glover, 1999). The schematic
human figure faced either toward or away from the volunteer. Front- and
back-facing figures had the same outline and differed only in the rendering
of the clothing of the figure and the presence of a face (front facing) or the
back of a head (back facing, Figure 1). The figure’s hands were marked
such that one hand was perceptually salient and appeared as wearing a gray
glove and a black ring at the wrist. The salient hand could appear on either
the right or left hand (see Figure 1).

Procedure. Participants were asked to perform right-left judgments
about the schematic figures after having imagined themselves to be in the
figure’s body position and to have the respective visuospatial perspective
(see Figure 1). By button press on a keyboard, participants had to indicate
whether the salient hand of the figure (see below) would be the right or left
hand given that they were in the figure’s position. Stimuli were presented
in the center of the computer screen (5.0° X 6.1° of visual angle) until a
response was provided. The interstimulus interval was 1,000 ms. Partici-
pants were instructed to respond as quickly and precisely as possible, but
to always perform the mental transformation of their body prior to giving
their response. The experimenters instructed half of the participants to use
the right hand for responding and instructed the remaining participants to
use the left hand for responding. Left judgments were indicated by button
presses of the index finger, and right judgments were indicated by button
presses of the middle finger. The experimental block included a total of 120
trials, which consisted of 30 presentations of each stimulus in a randomized
order. We calculated mean reaction times for correct responses. Response
latencies faster than 200 ms and slower than 5,000 ms were discarded from
further analysis (see Harris, Harris, & Caine, 2002).

Questionnaires

After the experiment, participants completed a standardized handedness
questionnaire (Oldfield, 1971) and the 35-item true—false self-report PA
Scale (Chapman et al., 1978). Typical items of this latter scale are “Oc-
casionally I have felt as though my body did not exist” (keyed true) and “I
have never felt that my arms or legs have momentarily grown in size”
(keyed false). Additional literature concerning reliable and valid use of the
PA scale in the study of schizotypy can be found elsewhere (e.g., Chapman
et al., 1994; Lenzenweger, 1994; Park, 1999; Tallent & Gooding, 1999).
Individuals were also asked about their previous neurological or psychiat-
ric history. Additionally, we asked participants whether they had consumed
any psychoactive substances within the previous 2 months. It was clear to
volunteers that participation was anonymous, as the only personal infor-
mation they provided on the questionnaires was their gender and age. Apart
from this information, the questionnaires and the behavioral results were

coded by numerical values devoid of any personal information about the
participant.

Data Analysis

Seven participants were excluded because of non-right-handedness (n =
3; 2 men), psychoactive substance use within the previous 2 months
according to self-report (n = 3; 2 women), or a low number of correct
responses in the computer task (n = 3; 2 women). The 3 participants with
low accuracy were clear outliers; they had on average (= SD) 8 (* 7.9)
correct responses for the back-facing and 8 (* 8.9) correct responses for
front-facing figures, whereas those with high accuracy had on average 57.1
(%= 4.2) correct responses for back-facing and 56.9 (* 4.4) correct re-
sponses for front-facing figures. Note that one of the excluded women was
non-right-handed and had a low number of correct responses, and a second
woman had a previous drug history and a low number of correct responses.
Thus, the analyses reported below are based on a sample of 72 participants
(n = 40 women).

To test for a general influence of gender on task performance, we
conducted two separate repeated measures analyses of variance
(ANOVAs), with the body stimuli (back facing vs. front facing) as the
repeated measures factor and gender (men vs. women) as a between
subjects factor, on the number of correct responses and the reaction times
for correct responses. Moreover, we used Pearson correlation analyses to
correlate the number of correct responses and the respective reaction times
for front-facing and back-facing figures with individuals’ PA scores for the
whole sample as well as for the two gender groups separately.
Kolmogorov—Smirnov statistics confirmed that all variables (PA scores,
response latencies for front- and back-facing figures, respectively) were
normally distributed (all ds < .16, all ps > .05). All p values are two-tailed,
and the significance level was set to o = .05.

Results
Participants

The mean ( = SD) age (in years) did not differ between women
(20.4 = 2.8) and men (20.6 = 3.9), #«(70) = .31, p = .76. In line
with previous reports (Brugger & Graves, 1997; Chapman, Edell,
& Chapman, 1980; Jaspers-Fayer & Peters, 2005; Weinstein &
Graves, 2001; but see Meyer & Hautzinger, 1999), positive schizo-
typy scores were higher in female (6.4 = 5.1) as compared with
male participants (4.0 = 4.6), 1(70) = 2.11, p = .04.

Mental Own-Body Transformation Task

The ANOVA on reaction times for correct decisions replicated
previous findings (Blanke et al., 2005; Zacks et al., 1999), that is,
response latencies were longer for front-facing (950.0 £ 257.5)
than back-facing (782.0 * 158.8) figures, F(1, 70) = 123.48,p <
.0001. Neither the main effect for gender, F(1, 70) = 0.69, p =
41, nor the interaction between gender and position, F(1, 70) =
0.29, p = .59, were significant. The ANOVA on the number of
correct responses was not significant for gender, F(1, 70) = 0.00,
p = .99, body position, F(1,70) = 0.18, p = .67, or the interaction
between gender and body position, F(1, 70) = 2.14, p = .15.

Relationship Between PA Scores and Task Performance

For the whole sample, increasing PA scores correlated with
increasing reaction times for front-facing figures (r = .26, p = .03)
and back-facing figures (r = .26, p = .03). The same analyses for
the gender groups separately indicated that these significant cor-
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relations reflected male (front facing: r = .39, p = .03; back
facing: r = .41, p = .02), but not female performance (front
facing: r = .22, p = .18; back facing: r = .18, p = .27; see
Figure 2).

For the whole sample, the number of correct responses in both
the front-facing (r = .13, p = .27) and back-facing (r = —.00, p =
.99) position was unrelated to PA scores. The same was true for the
female participants (back facing r = .17, p = .30, front facing r =
.15, p = .34) and male participants (back facing r = .10, p = .58;
front facing r = —.22, p = .23) separately.

Discussion

The present study investigated the idea that positive schizotypal
individuals, in particular those endorsing perceptual aberrations,
might be impaired in the performance of mental own-body trans-
formations (Mohr & Blanke, 2005). This suggestion was based on
several previous research findings. First, self-processing (includ-
ing the experience of a unified self and body) has been found to be
impaired along the schizophrenia spectrum (e.g., Farrer et al.,
2004; Frith & Corcoran, 1996; Gallup et al., 2003; Langdon &
Coltheart, 1999, 2001; Lindner et al., 2005; Platek & Gallup, 2002;
Spence et al., 1997). Second, high as compared with low schizo-
typal individuals were found to be more susceptible to distortions
of body schema (Burrack & Brugger, 2005) and to be specifically
impaired in egocentric visuospatial perspective taking (Langdon &
Coltheart, 2001). The findings of the present study confirmed this
proposition, but only for our healthy right-handed male
participants.

In the mental own-body transformation task, individuals were
required to take the position of a presented schematic human figure
and to decide whether the salient right or left hand would be their
own right or left hand after having imagined that they were in the
position of the figure (see Figure 1). Across participants, we
replicated previous observations of longer reaction times to front-
facing as compared with back-facing figures (Blanke et al., 2005;
Parsons, 1987; Ratcliff, 1979; Zacks et al., 1999). This overall
finding is well in agreement with previous observations regarding
mental rotation of objects (Shepard & Metzler, 1971;
Wohlschldger & Wohlschlidger, 1998) and body parts (Bonda et
al., 1995; Cooper & Shepard, 1975; Petit, Pegna, Mayer, & Hauert,
2003): reaction times are longer when the position of a stimulus
(the own-body position in the present case) does not match that of
the target stimulus (front-facing figures in the present case).
Across participants, we also found that response latencies for
right-left decisions for both front-facing and back-facing figures
increased with increasing PA scores (see Figure 2). The compa-
rable observation for front-facing and back-facing figures supports
previous observations that spatial mental own-body transforma-
tions are not only performed for the more cognitively demanding
front-facing figures but also for the back-facing figures, which
spatially match the own actual body position (Blanke et al., 2005;
Zacks et al., 1999).

We chose the present mental own-body transformation task for
two reasons. First, previous research has found that this task taps
into brain processes implicated in the generation of an aberrant
self-experience, that is, OBEs (Blanke et al., 2005). Second, a
common brain denominator can be suggested phenomenologically
and anatomically for individuals with OBEs and along the schizo-
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Figure 2. Reaction times (in ms) for back-facing (black dots) and front-
facing (gray crosses) schematic human figures as a function of individuals’
perceptual aberration scores for men (top panel) and women (bottom panel)
separately.

phrenia spectrum, respectively. For instance, positive schizotypy
(McCreery & Claridge, 1995) and paranormal belief (Tobacyk &
Mitchell, 1987) have previously been shown to be higher in
individuals reporting OBEs. Impaired self-processing in both in-
dividuals along the schizophrenia spectrum and those with OBEs
has been related to a dysfunctional integration of information at the
TPJ (e.g., Blanke et al., 2004; Blanke & Mohr, 2005; Farrer et al.,
2004; Spence et al., 1997). This latter observation would be in line
with independent research testing healthy participants showing
that the TPJ is important in mental transformation of body parts
(Bonda et al., 1995) as well as in the mental transformation of the
entire body (Blanke et al., 2005; Ratcliff, 1979; Zacks et al., 1999).
Consequently, we conjecture that the relatively slower reaction
times in the present task with increasing PA scores might reflect
relatively impaired integration of bodily information in brain areas
around the TPJ. We also conjecture such a relationship for a
healthy population, free of neuroleptic medication or illness-
related side effects (e.g., duration of illness, medication). Thus, a
link between PAs and the TPJ could be suggested for healthy
individuals and seems to be independent of acute psychotic illness.
The processing of information with respect to the body and self has
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been linked to several other brain areas mediating different iso-
lated aspects of the self, including prefrontal cortex, anterior
cingulate, postcentral gyrus, precuneus, occipito—temporal junc-
tion, insula, and superior parietal lobule (e.g., Blanke et al., 2004;
Decety & Sommerville, 2003; Jeannerod, 2001; Ruby & Decety,
2001; Vogeley & Fink, 2003). It is thus likely that the here
observed correlations might also extend to other brain regions.

The specificity of these findings in our male participants needs
further explanation. As a first speculation, the sex difference might
have emerged because of a different hemispheric specialization in
men and women. Impairments in schizophrenia have been found to
be more pronounced in male than female patients (Hafner, 2003;
Kumari, Aasen, & Sharma, 2004), in particular when hemispheric
laterality is considered (Falkai et al., 1992; Ragland, Gur, Klimas,
McGrady, & Gur, 1999). The same holds true for hemispheric
functions in healthy individuals in general (McGlone, 1980; Mein-
schaefer, Hausmann, & Giintiirkiin, 1999) and healthy schizotypal
individuals in particular (Mohr, Rohrenbach, Laska, & Brugger,
2001). We asked participants to imagine their body and perspec-
tive in the position of another person’s body in space, requiring
own-body imagery and spatial perspective taking. The spatial
perspective component of our task (taking another perspective)
might rely more on the right as compared with the left hemisphere
(Chaminade, Meltzoff, & Decety, 2005; Harris et al., 2002; Ruby
& Decety, 2001). In addition, both the own-body transformation
task used in the present study (Blanke et al., 2005) and the
occurrence of OBEs (Blanke & Mohr, 2005) appear to rely more
on the right than left hemisphere. It could be conjectured that a
relatively more asymmetrical hemispheric functioning in men and
a more symmetrical hemispheric functioning in women might have
rendered performance of women less dependent on an integrative
functioning of the right hemisphere.

Another explanation would focus on sex differences in mental
perspective taking. Men have frequently been reported to be su-
perior to women in spatial functions, in particular when mental
rotations are considered (Seurinck, Vingerhoets, de Lange, &
Achten, 2004, for recent overview). However, this sex difference
has been found to depend on variables such as gender role belief
(Massa, Mayer, & Bohon, 2005), time constraints (Peters, 2005),
guessing tendencies (Voyer & Saunders, 2004), and stimulus com-
plexity (Parsons et al., 2004). Moreover, different spatial transfor-
mation abilities and strategies have been dissociated (e.g., Hegarty
& Waller, 2004; Kosslyn, DiGirolamo, Thompson, & Alpert,
1998; Tomasino & Rumiati, 2004; Wraga, Shephard, Church,
Inati, & Kosslyn, 2005; Zacks et al., 1999; Zacks, Vettel, &
Michelon, 2003). It might have been the case that women and men
applied different strategies to take another egocentric perspective
in space. Massa et al. (2005) tested gender role beliefs in women
performing embedded figures tests. The authors found that women
with a more masculine gender role performed better when they
were told the task measured spatial ability, whereas women with a
more feminine gender role performed better when they were told
the task measured empathy. Empathy is thought to reflect another
form of perspective taking (Davis et al., 2004; Vogeley & Fink,
2003) and has been found to be higher in women than men
(Baron-Cohen & Wheelwright, 2004). It might have been the case
that women used more social than spatial perspective-taking abil-
ities, whereas men used more spatial than social perspective abil-
ities, and this might have led to the observed behavioral differ-

ences. Such a sex difference in task strategies might also explain
the male advantage when performing right—left decisions in gen-
eral and on human bodies in particular (Harris & Gitterman, 1978;
Ofte, 2002; Ofte & Hugdahl, 2002). We here acknowledge that
both explanations regarding the present sex difference are plausi-
ble and that the issue will have to be settled in further experimental
studies.

As a final note, we would like to mention two experimental
elements of the present study, which should be taken into account
when performing follow-up investigations. First, the study would
have profited from taking response hand into consideration. Self-
information has been found to result in faster responding with the
left than right hand in healthy participants (Keenan et al., 1999;
Platek & Gallup, 2002; Platek, Myers, Critton, & Gallup, 2003),
pointing to a right hemisphere advantage for self-information.
High schizotypal individuals, however, did not reveal this left-
hand advantage (Platek & Gallup, 2002; Platek et al., 2003). For
the present study, these findings would imply that the relationship
between PA scores and reaction times in the mental own-body
transformation might be a function of response hand. Accounting
for this variable would help to disentangle hemispheric contribu-
tions in the present findings, including the one on sex differences.
Second, the present study only accounted for one aspect of schizo-
typy. However, along the schizophrenia spectrum (including
healthy schizotypy) at least three symptom groups have been
dissociated (Venables & Rector, 2000, for overview). Future stud-
ies should thus investigate whether the observed relationship be-
tween task performance and schizotypal features is specific to per-
ceptual aberration (positive schizotypy) or to schizotypy in general
(including negative schizotypy and cognitive disorganization).

In conclusion, we showed that PA in healthy male participants
relates to delayed performance in a mental own-body transforma-
tion task. Given the previous evidence that this task taps on
multisensory integrative functioning of the TPJ (Blanke et al.,
2005), the present findings would support the idea that positive
schizotypal features might be associated with a disintegration of
multisensory bodily information at this brain site (Mohr & Blanke,
2005). It is suggested that mental own-body transformations are a
quickly and easily performed indirect measure to investigate such
complex brain processes as the integration of the self into a unitary
bodily reference frame.
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