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Abstract

Patients with first-rank symptom@&RS) of schizophrenia do not experience all of their actions and personal states
as their own. FRS may be associated with an impaired ability to correctly attribute an action to its origin. In the
present study, we examined regional cerebral blood fld®BF) with positron emission tomography during an action-
attribution task in a group of patients with FRS. We used a device previously used with healthy subjects that allows
the experimenter to modulate the subject’s degree of movement céatblthus action attributionof a virtual hand
presented on a screen. In healthy subjects, the activity of the right angular gyrus and the insula cortex appeared to
be modulated by the subject’'s degree of movement control of the virtual hand. In the present study, the schizophrenic
patients did not show this pattern. We found an aberrant relationship between the subject’s degree of control of the
movements and rCBF in the right angular gyrus and no modulation in the insular cortex. The implications of these
results for understanding pathological conditions such as schizophrenia are discussed.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction frequent in schizophrenia. Kurt Schneidg959
classified these experiences as first-rank symptoms
One of the most disconcerting sensations (FRS and considered them as the consequences
encountered by patients with schizophrenia is the of a loss of boundaries between the self and others.
feeling that their actions and personal states are nolndeed, he stated that major FRS had to be
longer under their own control. Symptoms such as interpreted as the consequence of an impaired
auditory hallucinations, thought insertion, thought selfness, leading to the sensation of being con-
broadcasting and the influence of others on the trolled by the others. It has been proposed that
patient's thoughts, actions or emotions are very these symptoms may reflect a problem with the
mponding author. Tel.+ 33-4-37-01-12-46; fax-+ recognition of the person’s own actions or thoughts
33-4-37-91-12-10. and to a perturbed sense of ageritlye sense that
E-mail address: farrer@isc.cnrs.f(C. Farre). I am the one who is causing an action; Gallagher,
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2000, leading patients to misattribute their own inferior parietal lobule when patients with schizo-
actions to another agent. Experimental evidence phrenia experienced alien control during a move-
for this hypothesis comes from studies that tested ment selection task. Delusions of control may arise
source monitoring(i.e. the ability to attribute an  because of a disconnection between frontal brain
action or an event to its correct aggriBentall et regions, where actions are initiated, and parietal
al., 1991; Daprati et al., 1997; Morrison and regions, where the current and predicted states of
Haddock, 1997; Baker and Morrison, 1998; Johns limbs are represente€Frith, 1996; Frith et al.,
and McGuire, 1999; Brebion et al., 2000; Johns et 2000).
al., 2000 and other studies that distorted the In normal subjects, attribution of action judg-
feedback of patients’ actions to evaluate their ment has been shown to involve different brain
capacity to detect the distortiofCahill et al., areas. When subjects feel in control of an action
1996; Johns and McGuire, 1999; Blakemore et al., and thus attribute it to themselves, activation in
2000; Franck et al., 2001 The results from these the insular cortex is observedarrer and Frith,
studies showed that patients currently experiencing 2002). However, when they do not feel in control
hallucinations angdior delusions of control were and attribute the action to another agent, the right
not only impaired at detecting the distortion of inferior parietal lobule is activatedRuby and
their own movements, but also tended to misattri- Decety 2001; Decety et al., 2002; Farrer and Frith,
bute their own actions to another agent. 2002. Furthermore, a study by Farrer et @003

The presence of FRS is associated with abnor- suggests that the feeling of being in control of an
mal over-activation in specific brain regions. Some action is not an all or none state. It varies contin-
studies have found an association between hallu-uously on the basis of the various action-related
cinatory phenomenon and activation in primary signals concerned with sensatigkinesthetic, visu-
sensory areas of the auditory cortex and in brain al) and motor contro(motor commands In this
areas involved in the generation and understandingstudy visual feedback was distorted by varying
of speech(McGuire et al., 1993; Silbersweig et degrees up to the point where the movements seen
al., 1995; David et al., 1996; Woodruff et al., 1997 were completely unrelated to those executed. The
Dierks et al., 1999; Bentaleb et al., 2002t has results showed that the level of activity in the
been proposed that the hyperactivation that occursareas known to be activated during attribution
during hallucinations arises from a failure in the judgments(e.g. posterior parietal cortex and insu-
neural processes subserving self-generated actiona) co-varied continuously with the feeling of
(Frith, 1996; Frith and Dolan, 1996 Studies on being in control of the action.
willed action in normal subjects have shown that The studies reviewed above indicate that
self-generated movements involved an inhibitory patients with FRS are impaired in attributing
process(from prefrontal and cingular corticgsin actions to their respective authors and that these
the areas involved in the processing of the sensory symptoms are associated with neurofunctional
consequences of the actiofMuller-Preuss and  abnormalities. Studies with normal subjects have
Jurgens, 1976; Muller-Preuss and Ploog, 1981; associated attribution of action judgments with
Frith et al., 1991a,b; Blakemore et al., 1998 activations in the right inferior parietal cortex and
Auditory hallucinations may be explained by a the insula. In the present study we went one step
deficit in inhibitory processes leading to an over- further and examined the neural correlates of the
activation of those areas normally involved in the same attribution judgments in a group of patients
reception of verbal messagéSilbersweig et al.,  suffering from FRS. We aimed at determining
1995. Increased activity in those regions might whether the attribution deficit observed in such
lead to incorrect agency judgments. The same patients is linked to abnormal neurofunctional
explanation can be applied to delusions of control. processes. We considered FRS as a whole and
Patients experiencing this symptom feel that some patients were included according to the presence
outside force is creating their own actions. Spence of at least one such symptom. Each of them was
et al. (1997 found hyperactivity in the right considered equivalent in the present study, since
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our hypothesis was that all of them would be graphically similar in terms of age and level of
related to the same impairment of action attribu- education. None of the patients had localized
tion. We did not attempt to evaluate the neural cerebral lesions on magnetic resonance imaging
correlates of these symptoms while they occurred, (MRI) scans. The patients underwent clinical
but rather mechanisms that favor their production. assessment with the Scale for the Assessment of
We expected that the weakening of action attribu- Positive Symptom$¢SAPS; Andreasen, 1984ind

tion processes could produce conditions necessarythe Scale for the Assessment of Negative Symp-

for FRS production. Thus we sought to find

evidence of trait markers rather than state markers.
We selected patients who experienced FRS fre-

quently, but we did not try to record cerebral blood
flow during the presence of FRS.

We used a device previously used in a group of
normal subjectdFarrer et al., 200Bthat allows
modulation of the feeling of being in control of
the movementgand thus action attributionof a
virtual hand presented on a screen. This feeling

toms (SANS; Andreasen, 1983 Mean scores
were: 40.88-16.14 for the SAPS and
27.63+16.16 for the SANS. The mean duration
of illness was 10.1211.87 years. Patients were
selected, for the presence of FRS in the weeks
before the experimenti.e. verbal hallucinations,
impressions that another agent was controlling
actions and thoughts, that thoughts have been
stolen or introduced in the patient's mind or that
someone else knows his thoughtsiowever, the

was modulated across the different experimental patients did not manifest these symptoms during

conditions by introducing a distortion between the
executed movements and their indirect visualiza-
tion. The higher the distortion, the more the sub-
jects felt that they were not controlling the

movements on the screen. The maximal distortion

the scanning sessions. A Schneiderian score was
calculated for each patient according to seven
items from the SAP%item 2: voices commenting;
item 3: voices conversing; item 15: delusions of
control; item 16: delusions of mind reading; item

was obtained when they executed movements and17: thought broadcasting; item 18: though inser-

saw the movements of another agétite experi-
mented. In normal subjects the activity of two
main brain areasthe right angular gyrus and the
insula cortex appeared to be modulated by the
subject’s degree of control of the movements of
the virtual hand(Farrer et al., 2008 The present
study aimed at evaluating whether the feeling of
being in control of one’s action was correlated
with activation in the angular and insular areas in
a group of patients with Schneiderian symptoms.

2. Methods

We studied eight healthy right-handed male
subjects(mean age 34 6.71 years, mean years of
education 12-3.26) and eight right-handed male
medicated patients with DSM-IV diagnos@stab-
lished according to clinical consensusf schizo-
phrenia(mean age 36.2569.57 years; mean years
education 10.2%2.96). Exclusion criteria were
visual and auditory disorders, history of neurolog-

tion; item 19: thought withdrawal The mean
Schneiderian score was 6.8%.67. All patients
were under antipsychotic treatmefitisperidone,
olanzapine, clozapine, haloperidol or levomeprom-
azine), but one of them also received prazepam
(benzodiazepineand another one valproaftmood
stabilizep. All were clinically stable at the time of
testing and gave written informed consent to par-
ticipate in the study, which had been approved by
the local Ethics Committeel CCPPRB, Centre
Léon Berard, Lyoi.

The subjects underwent 12 perfusion scans with
positron emission tomograph§PET) in a single
session. Subjects lay in the scanner with head
movements minimised by a mask. Radioactivity
was administered as an intravenous injection of
H,O™ by a plastic canula placed in the left cubital
vein. The subjects held a joystick with their right
hand and were instructed to execute random move-
ments at a constant rate throughout the 70-s block.
This task is very similar to that used by Spence et

ical illness or trauma, alcohol and drug dependence al. (1997) to demonstrate parietal overactivity in

according to the DSM-IV criteria, and age above
70 and below 18. The two groups were demo-

patients with delusions of control. They were
requested to move the joystick back to the center
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after each excursion in the chosen direction. This  Two low-level control conditions(‘C1’ and
procedure ensured that the movements were similar‘C2’) were also included. In condition ‘C1’ the
across conditions and subjects. The movements ofsubjects had to execute random movements with-
the joystick controlled an image of a virtual hand out seeing anything on the screen. In condition
holding a joystick. This system provided a dynam- ‘C2’ they had to watch the virtual hand moving
ic representation of the movements of the joystick by itself without doing anything.
held by the subjects with an intrinsic delay of less At the beginning of the experiment subjects
than 30 ms(Franck et al., 2001 undertook a practice session in order to get
The joystick was attached to a table above the acquainted with the device and to experience
bed of the scanner. The image of the virtual hand generating random movements. They sat in front
holding the joystick was projected onto a mirror Of the monitor and executed random movements
placed in front of the subject. The angle of visual- in three different conditions: 0 condition, ‘Dis-
isation of the image in the mirror was adjusted so torted’ condition (the deviation was 33 and
as to coincide with the real position of the joystick Other’ condition. When the subjects were lying
actually held by the subjects. The position of the In the scanner, they had a second practice session
subject's forearm was adjusted so as to coincide SO that they could familiarize themselves with the
with the direction of the virtual forearm seen in N€w angle of visualization caused by their supine
the mirror. A black cloth was then hung above the POSition. Only the ‘0" and the "Distorted” condi-
subject’s forearm so as to prevent him from seeing tions were performed in this final practice session.

his forearm and the device controlled by the ex-
perimenter.

Angular distortions could be introduced into this
system, modifying the direction of the movement
actually performed by the subjects with respect to
the movement displayed on the computer screen.
The experiment involved four experimental con-
ditions. In the first condition(‘0°" condition) the
subjects could see the movements of the virtual
hand in perfect concordance with their movements
made with the joystick. In the second condition
(‘25 condition), they saw the movements of the
virtual hand deviating by 25from their hand’'s
actual trajectory. In the third conditiorf'50°
condition) the value of the deviation was %0in
the latter two conditions, the deviation was to the
right on half of the sessions and to the left on the
other half. In the fourth conditiof‘Other’ condi-
tion), the subjects saw the movements of the
joystick controlled by another agefithe experi-
mente).

During each session subjects were asked to
direct their attention to the origin of the movement
they saw. They had to give a verbal response to
indicate whether it was their own movement
(‘Self’ response, their own movement distorted
(‘Distorted’ responsgor the movement of another
agent(‘Other’ responsg

The PET scanning comprised two blocks of
each of the six conditions of 70 s each. The
interval between each start time was 8 min. The
order of the conditions was randomised and
reversed within and between subjects. Each trial
was initiated by an auditory stimulus.

2.1. Image acquisition

The PET images were acquired using a Siemens
CTI HR+ (63 slices, 15.2-cm axial field of view
PET tomograph with collimating septa retracted
operating in 3D mode. Relative rCBF was meas-
ured by recording the regional distribution of
cerebral radioactivity using H® as a tracer. After
a 9-mCi bolus injection of Bl & , scanning started
when the brain radioactive count rate reached a
threshold value and continued for 60 s. Integrated
radioactivity accumulated in 60 s of scanning was
used as an index of rCBF. A transmission scan
collected before the first emission scan permitted
correcting for radiation attenuation.

2.2. Data analysis

2.2.1. Image analysis: pre-processing
The data were analysed with SPM@®&ellcome
Department of Cognitive Neurology, London, QK
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Each subject’'s PET data were realigned to the each subject in each condition. These measures
first scan of the time series. The estimates extract- were modeled as confounds in the analysis so as
ed from the rigid body transformatiofdescribed to remove variations in blood flow that were
as three translationéx, y, z) and three rotations related to the amount of movement.
about the axe@swere used to realign the images  The analysis of regionally specific effects was
and to perform a mathematical adjustméntin- realized using the general linear model. We spec-
imising the sum of the squares of differences in ified the following six effects of interest: 0
intensity between each image and the refergnce ‘25°, ‘50, ‘Other’, ‘C1’ and ‘C2'. The ‘25" and
to remove movement-related components. The ‘50 effects of interest grouped together the trials
images were then spatially normalised into the in the two directions of deviatiofto the left and
system of reference of Talairach and Tournoux to the righ). We were interested in finding brain
(1989 using as the template a representative brain areas showing significant variatiofse, increased
from the Montreal Neurological InstitutéMNI) or decreased rCBFas a function of the discrep-
series(Evans et al., 1994 The first step of spatial  ancy between the movements made by the subjects
normalisation was to determine the optimal affine and the movements of the virtual hand on the
transformation(correction for variation in position  screen. To achieve this aim, the four experimental
and size that mapped the brain image onto the conditions (‘0%, ‘25, ‘50° and ‘Other’) were
template (minimisation of first the sum of the modeled as independent covariates and two con-
squares of the differences between those two imag-junction analyses(Price and Friston, 1997 of
es and also the squared distance between thethree contrasts each were performed. The first one
parameters and their known expectaj)idResidual  was designed to identify brain areas showing
differences between each pair of images were increased rCBF with increasing distortion from the
corrected using nonlinear basis functioffiston ‘0% condition to the ‘Other’ condition((‘25°'—
et al., 1995. The normalization parameters were ‘0°') in conjunction with(‘50°'-‘25°") and (‘Oth-
subsequently applied to the PET images. Finally, er-50)). The second analysis allowed us to
PET images were filtered with the use of a low- determine brain areas showing decreased rCBF
pass Gaussian filtdFWHM=11.1, 13.2, and 14.5 with increasing distortion from the °0 condition
mm) to reduce noise and maximise signal. The to the ‘Other’ condition((‘0°’-‘25°") in conjunc-
smoothness was achieved by forcing the deforma- tion with (‘25°—'50°") and (‘50'—‘Other’)). An
tions to consist of a linear combination of pre- exclusive masking procedure with the contrast

defined smooth spatial basis functions. ((‘0” +25” +'50% +‘Other’) - ‘C1') was
applied to each conjunction analysis to eliminate
2.2.2. Statistical model and inference hemodynamic activity related to visual feedback

The data were modeled so as to partition the and eye movements. In the ‘C1’ condition the
rCBF of each voxel into components of interest, patients were requested to move the joystick while
confounds of no interest and an error term. The fixating the center of the blank screen. Thus the
data were first adjusted for the effect of global contrast ((‘0°’ +‘25° +'50° +‘Other’) — ‘C1")
image signal with the proportional scaling method. allowed us to obtain brain activity related to visual
The fraction of mean signal over the whole brain feedback and eye movements.
was specified for thresholding signal intensities = Complementary simple contrast analyses within
above the grey matter value. Since the subjectsthe patient group and comparisons between the
were requested to move the joystick freely, there patients and the normal subjects were realized to
were some differences in the amount of movement assess, respectively, differences in brain activation
between subjects and between conditions. To elim- between the effects of interest and differences in
inate this bias, the co-ordinates of the position of the magnitude of activation effects between
the joystick were recorded so as to obtain a groups.
measure of the distance covered by the joystick. Finally, to examine whether brain activations
This reflected the amount of movement made by were related to symptomatology, we computed the
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correlations between effects of interest and the time, another person was doing exactly the same
Schneiderian score and between these effects andnovement. Further questioning of the patients

the SANS score.

The different models were framed in terms of a
statistical parametric map of ravalue SPM{ T3}
for the conjunction analysis and of a SP{M}
transformed into SPMZ) for the simple contrasts.
Since we were interested in brain activity in the
right inferior parietal cortex and in the insula and
we had strong a priori hypotheses, we first defined
search volume corrections in a region involving
the inferior parietal lobule and the intraparietal
sulcus and in a second region involving the insula

and the circular insular sulcus. These regions were

delimited with MRICRO, a software package. To
look for other brain activations that were not
predicted, we analyzed the SPMs thresholded a
P <0.0001 uncorrected for multiple comparisons
at the voxel level or thresholded &t<0.05 cor-
rected at the cluster level. Only activations with a
Z>3.70 were taken into account. Finally, brain
activity localization was identified using the atlas
of neuroanatomy by Duverno§1992).

3. Results
3.1. Behavioural results

After each experimental condition the patients

were first requested to indicate whether the move-

revealed that these impressions only occurred once
and were very brief. Indeed these patients reported
that they knew they controlled the virtual hand.
These patients were included in the analyses.
Analyses of the behavioral responses showed
that patients tended to perform well;zgest for
independent comparisons on the percentage of
correct responses for each condition did not reveal
any significant differences between the patients
and the controls. There was, however, a trend for
the patients to perform worse on the “2and on
the ‘50” trials. Patients gave 100% correct
responses for the “0and the ‘Other’ trials. How-

t €ver, errors were observed in the Distortion con-

ditions. Errors were found in 31% of cas€Self’
responsg for the ‘25” trials and in 9% of cases
(‘Self responsg¢ and 6% of cases(‘Other
responsg for the ‘50" trials. T-tests for pairwise
comparisons revealed significant differences
between the different types of responses for the
‘0%, '560°" and ‘Other’ trials. However, there were
no significant differences between ‘Self’ and ‘Dis-
torted’ responses for the ‘25trials. This result
indicates that patients did not easily recognize a
perturbation of 2%

ments they saw on the screen exactly corresponded?-2- Functional imaging data

to their executed movementSSelf’ responsg,
whether they had deviatedDistorted’ responsg
or whether they were controlled by the experi-
menter(‘Other’ responsg Secondly patients were

questioned about their impressions and feelings

during the trial.
This debriefing showed that patients did not

manifest any passivity phenomena, such as feeling

that they were being controlled by another agent,
or hallucinating. One patient reported during & ‘0

3.2.1. All experimental conditions vs. observation
control condition (‘C2")

Contrasting all experimental conditions with the
observation control conditioffC2’) revealed sig-
nificant activation(P<0.001 corrected for multi-
ple comparisons at the voxel leyein the right
ventral premotor cortexPMv) and the left poste-
rior insula. At the cluster level, significant activa-

trial that another person was controlling the move- 110ns were observed in the left sensorimotor cortex.
ments of the virtual hand at the end of the session, Additional activations that did not survive correc-
This same patient also reported during a>*2fal tion for multiple comparisons were found in the

that another person was controlling, but that he left PMv, the right sensorimotor cortex, the right
was able to get back the control very rapidly. dorsolateral prefrontal cortex and the left cerebel-

Another patient reported during a>Grial that he lum. The co-ordinates of these areas, fealues
was controlling the movements, but at the same and the probability scores are shown in Table 1.
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Table 1

Brain areas activated during all the experimental conditions contrasted to the ‘Observation’ control cdf@ion

Area x y b4 z P

R ventral premotor cortex* 56 8 8 4.79 0.031
L posterior insula* -32 16 8 471 0.044
L sensorimotor cortex** -38 -32 52 4.57 <0.0001
L ventral premotor cortex —42 6 24 4.24 <0.0001
R dorsolateral prefrontal cortex 44 34 28 4.18 <0.0001
R sensorimotor cortex 52 —-28 52 3.78 <0.0001
L cerebellum -30 —-54 -34 3.73 <0.0001

*P<0.05 corrected at the voxel level.
** P<0.05 corrected at the cluster level.
All other areas are reported for/a<0.0001 uncorrected at the voxel level; voxel extent thresholdZt03.70.

3.2.2. All experimental conditions vs. execution contrasting the two extreme experimental condi-

control condition (‘CI") tions (‘Other'—'0°") revealed significant activation
Contrasting all experimental conditions with the in the right inferior parietal lobésee Fig. 1, with

execution control condition revealed significant a peak activation in the right angular gyr(B<

activation (P <0.001 corrected for multiple com- 0.001 corrected for multiple comparisons at the

parisong in brain areas associated with visual voxel leve). This angular activation was also

perception. Activation was observed with a peak

in the right striate cortex extending into the pre-

cuneus, the inferior occipital cortex, the medial Right inferior parietal lobule

occipital cortex and the superior occipital cortex ; s ; S 7 3

bilaterally.

3.2.3. Brain areas increasing their activity as a
Sfunction of the degree of discordance between the
executed and the seen movements in controls
subjects and patients

The main interest of the present study was to
test whether patients with FRS present a modula-
tion of brain activation as a function of the degree
of the discordance and thus of the sense of agency.
Increased brain activity as a function of the
increased discordance was tested with a conjunc-
tion analysis between the contragf$25>—‘0°");
(‘560°-25°") and (‘Other’'=‘50°")). In the normal
subjects, increased discordance was associated
with increased brain activity in the right angular
gyrus (Farrer et al., 200B However, in schizo-
phrenic patients, we did not find any co-variation
between the subject's degree of control of the
movements and rCBF, in either the right angular
gyrus or in other brain areas.

Although we did not find any co-variation Fig. 1. Brain activations for the contraéOther—'0°"). The

between brain activity and the degree of discor- spwm is thresholded a<0.0001 (uncorrectedl and superim-
dance between executed and seen movementSposed on axial sectiordrom z=10 to 70.
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Fig. 2. Interaction between the sense of agefi@ther—'0’°) and the Schneiderian score revealed peak activation in the right
angular gyrusx=64,y= —56, z=24, Z=3.67). When patients attributed the movements of the virtual hand to the experimenter,
activity in the right angular gyrus increased as a function of the Schneiderian score.

positively correlated with the Schneiderian score
(P<0.001 uncorrected for multiple comparisons,
Z=23.67) but not with the SANS scorésee Fig.
2). Additional activations were found in the rostral
part of the right dorsal premotor cortéprePMd
(P<0.001 corrected at the cluster leyethe left
precuneus and the left orbital gyr(g>3.70;P <
0.001 uncorrected for multiple comparisorsee
Table 2.

25°-0°
50°-25°
. A
Right angular
gyrus
Other - 50°

Fig. 3. Brain areas with increased activity in the different con-
trast: (‘25°-'0%"); (‘50°-'25°") and (‘Other'=‘50°"). Con-
trasting the ‘Other’ condition with the ‘50condition revealed
activation in the right angular gyrus, however, this was not the
peak activation, which was localized in the left pre-SMA

Contrasting the other condition with the 50
condition also revealed activation in the right
angular gyrus; however, this effect was weak=
3.90, P <0.001 uncorrectedand was not the peak
activation, which was localized in the left pre-
supplementary motor areg@re-SMA). No suffi-
ciently significant activation was found in the two

rCBF in the right angular gyrus

-5

Fig. 4. rCBF in the right angular gyrusc=56; y= —56; z=

36) across the four experimental conditiofi®*’, ‘25, ‘50,
‘Other’) for schizophrenic patientéP) and normal subjects
(C). This graph clearly shows systematically increased rCBF
in the right inferior parietal lobe from the °Othrough to the
‘Other’ conditions in the normal subjects. In the patients,
increased activation is only seen for the ‘other’ condition. Sig-
nificant differences between the two groups were observed for
the ‘0 and ‘25 conditions. *P <0.05.
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Table 2

Brain areas activated during ‘Other’ condition compared with ¢@ndition

Area X y z Z P

R angular gyrus* 54 —52 22 4.59 0.02
R rostral dorsal premotor cortex 44 10 38 4.43 <0.0001
L precuneus -4 —46 56 4.07 <0.0001
L orbital gyrus —44 42 -2 3.94 <0.0001

*P<0.05 corrected at the voxel level.
All other areas are reported fér<0.0001 uncorrected at the voxel level; voxel extent thresholdZt03.70.

other contrasts:('25°—‘0°") and (‘50°'-'25°") region involving the insula and the circular insular
(see Fig. 3. sulcus. Only the right cingulate gyrus was found
activated(Z>3.80,P <0.001 uncorrected for mul-
3.2.4. Comparison of schizophrenic patients with tiple comparisonk however, since this activation
controls was not predicted and was not significantPat

Since Schizophrenic patients 0n|y showed Sig_ 0.001 Corrected, we will not consider it in further
nificant activation in the right angular gyrus in discussion. The other contrasts between the differ-
contrasts of the two extreme conditions, we com- €nt experimental conditions did not reveal activa-
pared rCBF in the right angular gyrus for each tions significant enough to be taken into account.
condition between the two groups. Atest for
independent variables revealed significantly greater 4. Discussion
activity in the patients for the 0 condition (r=

—2.08, d.f=14, P=0.09. Interestingly, the ten- This study aimed at evaluating whether the
dency reversed at ‘25 (+=2.16, d.f=14, P= feeling of being in control of one’s action was
0.09), with a significantly lower activity in the  correlated with brain activity in a group of patients
schizophrenic group. For the ‘80and ‘Other’  jth FRS. This feeling was modulated across the

conditions there were no significant differences different experimental conditions by introducing a
between the group&ee Fig. 4. This result shows  gistortion between the executed movements and
that the patients’ lack of increase in activation thejr indirect visualization. The higher the distor-
with increasing distortion was associated with an tjon, the more the subjects felt that they were not
abnormally high level of activation in the zero controlling the movements on the screen. The
distortion Condition, with an increase in aCtiVity maximal distortion was obtained when they exe-

only appearing for the ‘Other’ condition. cuted movements and saw the movements of
another agenfthe experimenter In this case, they
3.2.5. Brain areas decreasing their activity as a did not feel in control of the movements and
function of the degree of discordance between the attributed them to the experimenter. Our results
executed and the seen movements in controls showed that, contrary to the results of our study
subjects and patients in normal subjectsFarrer et al., 2008 we did
Decreased brain activity in the right posterior not find any co-variation between the degree of
insula ((‘0°-‘25°") in conjunction with (‘25%— distortion and rCBF in either of the brain areas

‘60°") and (‘50”-'Other’)) was observed in the that were predictedright inferior parietal lobule
controls (Farrer et al.,, 2008 but not in schizo- and the insular cortex nor in other brain areas.
phrenics, in either the insular cortex or in other However, contrasting the two extreme conditions
brain areas. Furthermore, we did not obtain signif- (‘Other’ with ‘0% condition) revealed activation
icant activation in the insular cortex when contrast- in the right angular gyrus.

ing the ‘0" condition with the ‘Other’ condition, Before going into the interpretation of these
even when using a search volume correction in a main results, we will briefly interpret the motor
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activations we obtained when contrasting”,0
‘25%, '50°" and ‘other’ conditions with the C2
control condition (passive observation of the
movements of the joystiok This contrast revealed
activation in brain areas typically associated with
motor tasks involving the right handbilateral
sensorimotor cortex, left cerebellum, right dorso-
lateral prefrontal cortex and bilateral ventral pre-
motor cortey. However, these activations were
not very high since most of them do not survive
correction for multiple comparisons at the voxel
level. Two explanations can account for this result.
First, previous studies have shown that during

simple and complex finger movements, patients schizophrenia with delusions of control

with schizophrenia present reduced activation in

C. Farrer et al. / Psychiatry Research:

Neuroimaging 131 (2004) 31—44

absence or weakness of activations usually asso-
ciated with action execution when contrasting the
conditions where the patients execute and visualize
the movements of the virtual hands with a condi-
tion where they passively observe these move-
ments.

Behavioral results showed that patients did not
fully distinguish between the 0 and the ‘25
conditions, since they did not always recognize a
deviation of their movements of 25T his impaired
recognition, which was not found in normal sub-
jects (Farrer et al., 2008 echoes a previous
finding by Franck et al(2001) that patients with
are
impaired in the recognition of their own actions.

motor areas such as sensorimotor cortex and SMA These patients tended to recognize a distortion of

(Guenther et al.,, 1994; Schroder et al., 1995;
Spence et al., 1997; Schroder et al., 1999ow-

their own movements with a 30bias, whereas
normal subjects and patients with schizophrenia

ever, these results are not consistent since somewho do not report delusions of control recognized

studies did not find any differences in sensorimotor
cortex and SMA activations between patients with
schizophrenia and control8uckley et al., 1997;
Miller et al., 2002. It should be noted that all

our patients were under antipsychotic treatment,

and thus medication could also account for this

a distortion of 158. Such a result is consistent with
the body of studies showing that patients with
Schneiderian symptoms are impaired in source
monitoring (Bentall et al., 1991; Brebion et al.,
2000; Baker and Morrison, 1998; Morrison and
Haddock, 1997; Daprati et al., 1997; Johns and

difference. Indeed it has been proposed that deac-McGuire 1999; Johns et al., 20D1lt has been

tivation may not be related to schizophrenia, but
rather to drug or treatment effect®raus et al.,
1999, 2000. Even so, the studies by Buckley et
al. (1997 and Muller et al.(2002 did not find
any differences in motor activation between unme-

postulated that distinguishing between one’s own
actions and another’'s actions depends upon an
internal forward model of the action. Forward
modeling allows the central nervous system to
represent the predicted sensory consequences of a

dicated, patients with schizophrenia, medicated movement(Kawato et al., 1987; Wolpert et al.,
patients with schizophrenia and controls. On the 1995. Such a prediction is derived from a copy

contrary, Schroder et all1999 found activation

of the motor command, the so-called ‘efference

changes to be more pronounced in an unmedicatedcopy’ (von Holst and Mittelstaedt, 1930and can

patient than in medicated patients and control
subjects. Another potential explanation of the

be compared to the reafferent signéi. signals
arising as a consequence of the movement self

weakness of these activations could be the choicelf the sensory changes are correlated with the

of the control condition(*C2’) where patients had

predicted sensory feedback, they are registered as

to observe passively the movements of the virtual consequences of one’s own action. If not, by
hand. Several studies have shown a functional contrast, they are registered as originating from an
equivalence between action generation and obser-external sourc€von Holst and Mittelstaedt, 1950;

vation of action(Jeannerod, 1994 Activations in

Frith, 1992; Wolpert et al., 1995; Blakemore et al.,

motor areas such as SMA and the dorsal premotor 1999. Frith et al. (2000 have proposed that
cortex have been observed both when subjectspatients with delusions of control suffer from a
execute an action and when they observe an actiondeficit in the awareness of the predicted sensory

(see Grezes and Decety, 2001 for a revieWhese

consequences of their own actions. This hypothesis

common motor representations may explain the is supported by experiments that involve distor-



C. Farrer et al. / Psychiatry Research: Neuroimaging 131 (2004) 31-44 41

tions of the sensory feedback of the patient's acting (Ruby and Decety, 2001; Decety et al.,
actions. Studies show that patients with hallucina- 2002; Farrer and Frith, 2002; Farrer et al., 2D03
tions tend to attribute their own distorted speech In patients with schizophrenia, activity in this
to another agent more than non-hallucinated region is high when the action is clearly self-
patients and normal subject€abhill et al., 1996; generated, but this is accompanied by a lack of
Johns and McGuire, 1999 Recently, Blakemore  modulation by discrepancies between expected and
et al. (2000 have shown that patients with Schnei- observed consequences of self-action. In those
derian symptoms failed to show a difference patients for whom such modulation still occurs,
between the perception of self-produced and exter- activity is more likely to go above the threshold
nally produced tactile sensations. This result dem- which signals that someone else is acting. Hence
onstrates that these patients might be abnormallyit is these patients who are most likely to attribute
aware of the sensory consequences of their owntheir own actions to another.
movements. Anomalous integration of the different It has been hypothesized that hallucinations and
action-related signals might explain inaccurate rec- delusions are best understood in terms of abnormal
ognition of their own actions and misattributions interactions or integration between different corti-
of their actions to others. At the physiological cal areas. This dysfunctional integration is
level it has been shown that patients with delusions expressed at a physiological level as abnormal
of control show over-activity in right inferior connectivity and at a cognitive level as a failure
parietal cortex when making voluntary movements to integrate perception and actioffFriston and
(Spence et al., 1997 Similar over-activity is also  Frith, 1999. The failed integration of perception
seen in normal volunteers who, through hypnosis, and action proposed by Friston and Fri{th995)
believe that they are not the authors of their arm at the cognitive level is very similar to the mech-
movements(Blakemore et al., 2003 Both psy- anism we have discussed above, that is, the com-
chiatric and neurological patients with abnormal parison process between sensory feedback of an
experience of agency show abnormal hyperactivity action and its predicted sensory consequences
in right inferior parietal cortex(Franck et al., derived from the motor command. At the physio-
2002; Simeon et al.,, 20000n the other hand, logical level, several studies have revealed a dis-
patients with hallucinations show over-activity in connection between frontal regions and more
temporal cortex when speakiri§ord et al., 2001 posterior regions in patients with schizophrenia
In the present study, we also observed over- (Dolan et al., 1999; Fletcher et al., 1999, for
activity in parietal cortex in the condition with review). Specifically, this disconnection will dis-
zero distortion in patients who had reported recent rupt the modulation by frontal regions of those
experiences of FRS. In addition these patients more posterior brain areas involved in the process-
failed to show the normal increased parietal activ- ing of the sensory consequences of an actkenith
ity with increasing distortion between made and and Dolan, 1996; Frith et al., 20D0This will
observed movement&Farrer et al., 2008 This make it difficult to identify the source of the
lack of change at a physiological level could perceptions as interndiself) or external(othen
explain the patients’ relative difficulty in distin-  (Frith and Dolan, 1996
guishing between O trials and ‘25 trials. The absence of modulation obtained in the
Only in the case of extreme discrepancies where present study can be explained in this framework.
the movements seen on the screen were actuallyAttributing an action to its correct origin requires

controlled by another agefithe ‘other’ condition a comparison process between the different action-
did the patients show an increase in parietal activ- related signals. In a previous study we showed
ity significantly above that seen in the®'Qcondi- that brain areas involved in such attribution judg-

tion. This increase was significantly greater in ments show a modulation of their activation as a
those patients who were most prone to experiencefunction of the mismatch between these different
FRS. In the normal case high activity in this region signals. If this process is impaired, it will lead at
of parietal cortex indicates that another agent is the cognitive level to misattribution judgments and



42 C. Farrer et al. / Psychiatry Research: Neuroimaging 131 (2004) 31—44

at the physiological level to abnormal activations, Acknowledgments

e.g. an aberrant modulation of brain activity as we

found in the present study. This work was supported by Europe Union
It is worth noting that this abnormal neural (Fifth Framework Programme Quality of life and

integration can also account for the hypothesis by management of living resources RTD activities of

Georgieff and Jeannerodl998 explaining mis- a generic nature 9 Neurosciences Proposal No.

attributions judgments. This hypothesis relies on QLRT-2001-00748 We thank Nicolas Costes,

the observation that the generation of an action Franck Lavenne and Christian Pierre for their

and the observation of an action performed by technical support at the CERMEP where the PET

another agent, respectively, are subserved by dis-was conducted. We thank Rick Henson for his

tinct neural networks, which partially overlap. help concerning the statistical analyses. We thank

Monitoring the activation of these respective neu- Halima Zeroug-Vial for her help in the selection

ral networks would be the basis for correctly of the patients. Chloe Farrer was supported by the

attributing the corresponding action to its proper Medical Research FoundatidiFRM), and Chris

agent. However, changes in the pattern of cortical D. Frith is supported by the Wellcome Trust.

connectivity could alter the form of the network

corresponding to different representations, or the References

relative intensity of activation in the areas com-

posing these networks. The degree of overlap Andreasen, N.C., 1983. Scale for the Assessment of Negative

between these representations may increase in such SYMPOMS(SANS). University of lowa, lowa City. .

a way that the representations would become Andreasen, N.C., 1984. Scale for the Assessment of Positive

L ) . . Symptoms(SAPS. University of lowa, lowa City.
undistinguishable from each other, leading to mis- paker, c.A, Morrison, AP, 1998. Cognitive processes in

attribution judgmentgJeannerod et al., 2003 auditory hallucinations: attributional biases and metacogni-
Activation in the right inferior parietal lobule in tion. Psychological Medicine 28, 1199-1208.
the ‘other condition compared with the “Ocon- Bentaleb, L.A, Beauregard, M, Liddle, P, Stip, E., 2002.

.. . . Cerebral activity associated with auditory verbal hallucina-
dition showed that when these patients did not tions: a functional magnetic resonance imaging case study.

manifest symptomatology, there was not an  joumal of Psychiatry and Neuroscience 27 (2), 110-115.
absence of modulation but rather an abnormal Bentall, R.P., Baker, G.A., Havers, S., 1991. Reality monitoring
neurofunctional process that underlies the feeling and psychotic hallucinations. British Journal of Clinical
of being in control of an action. In addition, Psychology 30 (Pt 3), 213-222.

behavi | It h d that tient fectl Blakemore, S.J., Wolpert, D., Frith, C.D., 1998. Central can-
€havioral resufts showe al patents pertectly  cejation of self-produced tickle sensation. Nature Neuro-

distinguished the ‘O and the ‘other’ conditions science 1, 635-640.

since they gave 100% correct respong&self’ Blakemore, S.J., Frith, C.D., Wolpert, D.M., 1999. Spatio-

responses for O condition and ‘Other’ responses temporal prediction modulates the perception of self-pro-

for the ‘Other’ condition duced stimuli. Journal of Cognitive Neuroscience 11 (5),
) 551-559.

The abe_rrant mO_dUIatlon can h{irdly be "."tmbUt' Blakemore, S.J., Smith, J., Steel, R., Johnstone, E.C., Frith,
able to antipsychotic or other medication, since we  c.D., 2000. The perception of self-produced sensory stimuli
found an activation of the angular gyrus in the in patients with auditory hallucinations and passivity expe-
‘Other’ condition compared with the “Ocondition riences: evidence for a breakdown in self-monitoring. Psy-
that correlated with the Schneiderian score. This B|°h°|°g'°al Medicine 30, 1131-1139. .

. . . . akemore, S.J., Oakley, D.A., Frith, C.D., 2003. Delusions of
result shows that patients with Schneiderian symp-  ajien control in the normal brain. Neuropsychologia 41 (8),
toms, even when their symptoms are not currently  1058-1067.
manifest, differ from controls for subtle modula- Braus, D.F., Ende, G., Weber-Fahr, W, Sartorius, A., Krier, A.,
tions of brain activity, but not for greater differ- ~ Hubrich-Ungureanu, P., Ruf, M. Stuck, S., Henn, FA.,
hat needs to be discovered is how these 1999. Antlpsyphotlc drug eﬁects on motqr act!vatlpn meas-
ences. W . ured by functional magnetic resonance imaging in schizo-
abnormalities become exaggerated so that they phrenic patients. Schizophrenia Research 39 (1), 19-29.
lead to the manifestation of symptoms. Braus, D.F, Ende, G., Hubrich-Ungureanu, P., Henn, FA.,



C. Farrer et al. / Psychiatry Research:

2000. Cortical response to motor stimulation in neuroleptic-
naive first episode schizophrenics. Psychiatry Research:
Neuroimaging 98 (3), 145-154.

Brebion, G., Amador, X., David, A., Malaspina, D., Sharif, Z.,
Gorman, J.M., 2000. Positive symptomatology and source
monitoring failure in schizophrenia: an analysis of symptom
specific effects. Psychiatry Research 95 (2), 119-131.

Buckley, P.F., Friedman, L., Wu, D., Lai, S., Meltzer, H.Y.,
Haacke, E.M., Miller, D., Lewin, J.S., 1997. Functional
magnetic resonance imaging in schizophrenia: initial meth-
odology and evaluation of the motor cortex. Psychiatry
Research: Neuroimaging 74 (1), 13-23.

Cahill, C., Silbersweig, D., Frith, C.D., 1996. Psychotic expe-
riences induced in deluded patients using distorted auditory
feedback. Cognitive Neuropsychiatry 1 (3), 201-211.

Daprati, E., Franck, N., Georgieff, N., Proust, J., Pacherie, E.,
Dalery, J., Jeannerod, M., 1997. Looking for agent: an
investigation into consciousness of action and self-con-
sciousness in schizophrenic patients. Cognition 65, 71-86.

David, A.S., Woodruff, PW., Howard, R., Mellers, J.D., Bram-
mer, M., Bullmore, E., Wright, I., Andrew, C., Williams,
S.C., 1996. Auditory hallucinations inhibit exogenous acti-
vation of auditory association cortex. Neuroreport 7 (4),
932-936.

Decety, J., Chaminade, T., Grezes, J., Meltzoff, A.N., 2002. A
PET exploration of the neural mechanisms involved in
reciprocal imitation. Neuroimage 15 (1), 265-272.

Dierks, T., Linden, D.E., Jandl, M., Formisano, E., Goebel,
R., Lanfermann, H., Singer, W., 1999. Activation of Heschl's
gyrus during auditory hallucinations. Neuron 22 (3),
615-621.

Dolan, R.J., Fletcher, P.C., McKenna, P., Friston, K.J, Frith,
C.D., 1999. Abnormal neural integration related to cognition
in schizophrenia. Acta Psychiatrica Scandinavica Supple-
ment 395, 58-67.

Duvernoy, M., 1992. Le Cerveau Humain. Spinger and Verlag,
Paris.

Evans, A.C., Kamber, M, Collins, D.L., MacDonald, D., 1994.
An MRI-based probabilistic atlas of neuroanatomy. In:
Shorvon, S., Fish, D., Andermann, F,, Bydder, G.M., Stefan,
H. (Eds), Magnetic Resonance Scanning and Epilepsy, Vol.
264. NATO ASI series A, Life Sciences, Plenum, New
York, pp. 263-274.

Farrer, C., Frith, C.D., 2002. Experiencing oneself vs. another

Neuroimaging 131 (2004) 31-44 43

Franck, N., Farrer, C., Georgieff, N., Marie-Cardine, M.,
Dalery, J., d’Amato, T., Jeannerod, M., 2001. Defective
recognition of one’s own actions in patients with schizo-
phrenia. American Journal of Psychiatry 158, 454—459.

Franck, N., O’'Leary, D.S., Flaum, M., Hichwa, R.D, Andreas-
en, N.C., 2002. Cerebral blood flow changes associated with
Schneiderian first-rank symptoms in schizophrenia. Journal
of Neuropsychiatry and Clinical Neuroscience 14 (3),
277-282.

Friston, K.J., Frith, C.D., 1995. Schizophrenia: a disconnection
syndrome? Clinical Neurosciences 3 (2), 89-97.

Friston, K.J., Ashburner, J., Frith, C.D., Poline, J.B., Heather,
J.D., Frackowiak, R.S.J., 1995. Spatial registration and
normalisation of images. Human Brain Mapping 2, 165-189.

Frith, C.D, Friston, K., Liddle, P.F, Frackowiak, R.S., 1991a.
Willed action and the prefrontal cortex in man: a study with
PET. Proceedings of the Royal Society of London B
Biological Sciences 244 (1311), 241-246.

Frith, C.D., Friston, K.J., Liddle, P.F.,, Frackowiak, R.S.J.,
1991b. A PET study of word finding. Neuropsychologia 29
(12), 1137-1148.

Frith, C.D., 1992. The Cognitive Neuropsychology of Schiz-
ophrenia. Lawrence Erlbaum Associates, Hove, UK.

Frith, C.D., 1996. The prefrontal cortex in self-consciousness.
Philosophical Transactions of the Royal Society of London
B 351, 1505-1512.

Frith, C.D., Dolan, R., 1996. The role of the prefrontal cortex
in higher cognitive functions. Brain Research: Cognitive
Brain Research 5 (1-2), 175-181.

Frith, C.D., Blakemore, S., Wolpert, D., 2000. Explaining the
symptoms of schizophrenia: abnormalities in the awareness
of action. Brain Research Reviews 31, 357-363.

Gallagher, S., 2000. Philosophical conceptions of the self:
implications for cognitive science. Trends in Cognitive
Sciences 4 (1), 14-21.

Georgieff, N., Jeannerod, M., 1998. Beyond consciousness of
external reality. A ‘Who'’ system for consciousness of action
and self-consciousness. Consciousness and Cognition 7,
465-477.

Grezes, J., Decety, J., 2001. Functional anatomy of execution,
mental simulation, observation, and verb generation of
actions: a meta-analysis. Human Brain Mapping 12 (1),
1-19.

Guenther, W., Brodie, J.D., Bartlett, E.J., Dewey, S.L., Henn,

person as being the cause of an action: the neural correlates F.A., Volkow, N.D., Alper, K., Wolkin, A., Cancro, R., Wolf,

of the experience of agency. Neuroimage 15 (3), 596-603.

Farrer, C., Franck, N., Georgieff, N., Frith, C.D., Decety, J.,
Jeannerod, M., 2003. Modulating the experience of agency.
Neuroimage 18 (2), 324-333.

Fletcher, P., McKenna, P.J., Friston, K.J., Frith, C.D., Dolan,
R.J., 1999. Abnormal cingulate modulation of fronto-tem-
poral connectivity in schizophrenia. Neuroimage 9 (3),
337-342.

Ford, J.M., Mathalon, D.H., Kalba, S., Whitfield, S., Faustman,
W.0., Roth, W.T., 2001. Cortical responsiveness during
talking and listening in schizophrenia: an event-related brain
potential study. Biological Psychiatry 50 (7), 540-549.

A.P., 1994. Diminished cerebral metabolic response to motor
stimulation in schizophrenics: a PET study. European
Archives of Psychiatry and Clinical Neuroscience 244 (3),
115-125.

von Holst, E., Mittelstaedt, H., 1950. Das reafferenzprinzip.

Wechselwirkungen zwischen zentralnervensystem und peri-
pherie. Naturwissenschaften 37, 464—476.

Jeannerod, M., 1994. The representing brain. Neural correlates

of motor intention and imagery. Behavioral Brain Sciences
17, 187-245.

Jeannerod, M., Farrer, C., Franck, N., Fourneret, P., Daprati,

E., Georgieff, N., 2003. Action recognition in normal and



44

schizophrenic subjects. In: David, AEd.), Self and Schiz-
ophrenia. Cambridge University Press, London.

Johns, L.C., McGuire, P.K., 1999. Verbal self-monitoring and
auditory hallucinations in schizophrenia. Lancet 353 (9151),
469-470.

Johns, L.C., Rossell, S., Frith, C., Ahmad, F., Hemsley, D.,
Kuipers, E., McGuire, P.K., 2001. Verbal self-monitoring
and auditory verbal hallucinations in patients with schizo-
phrenia. Psychological Medecine 31 (4), 705-715.

Kawato, M., Furakawa, K., Suzuki, R., 1987. A hierarchical
neural-network model for control and learning of voluntary
movement. Biological Cybernetics 57 (3), 169-185.

McGuire, P.K., Shah, G.M., Murray, R.M., 1993. Increased
blood flow in Broca’s area during auditory hallucinations in
schizophrenia. Lancet 342, 703—-706.

Morrison, A.P, Haddock, G., 1997. Cognitive factors in source
monitoring and auditory hallucinations. Psychological
Medecine 27 (3), 669-679.

Mdller, J.L., Roder, C., Schuierer, G., Klein, H.E., 2002.
Subcortical overactivation in untreated schizophrenic
patients: a functional magnetic resonance image finger-
tapping study. Psychiatry and Clinical Neurosciences 56 (1),
77-84.

Muller-Preuss, P., Jurgens, U., 1976. Projections from the
‘cingular’ vocalization area in the squirrel monkey. Brain
Research 103 (1), 29-43.

Muller-Preuss, P., Ploog, D., 1981. Inhibition of auditory
cortical neurons during phonation. Brain Research 215,
61-76.

Price, C.J., Friston, K.J., 1997. Cognitive conjunction: a new
approach to brain activation experiments. Neuroimage 5 (4),
261-270.

Ruby, P., Decety, J., 2001. Effect of subjective perspective
taking during simulation of action: a PET investigation of
agency. Nature Neuroscience 4 (5), 546-550.

C. Farrer et al. / Psychiatry Research:

Neuroimaging 131 (2004) 31—44

Schneider, K., 1959. Clinical Psychopathology. Grune and
Stratton, New York.

Schroder, J., Wenz, F, Schad, L.R., Baudendistel, K., Knopp,
M.V., 1995. Sensorimotor cortex and supplementary motor
area changes in schizophrenia. A study with functional
magnetic resonance imaging. British Journal of Psychiatry
167 (2), 197-201.

Schroder, J., Essig, M., Baudendistel, K., Jahn, T., Gerdsen,
I., Stockert, A., Schad, L.R, Knopp, M.V,, 1999. Motor
dysfunction and sensorimotor cortex activation changes in
schizophrenia: a study with functional magnetic resonance
imaging. Neuroimage 9 (1), 81-87.

Silbersweig, D.A., Stern, E., Frith, C.D., Cahill, C., Holmes,
A., Grootoonk, S., Seaward, J., McKenna, P., Chua, S.E.,
Schnorr, L., Jones, T., Frackowiak, R.S.J., 1995. A function-
al neuroanatomy of hallucinations in schizophrenia. Nature
378 (6553), 176-179.

Simeon, D., Guralnik, O., Hazlett, E.A., Spiegel-Cohen, J.,
Hollander, E., Buchsbaum, M.S., 2000. Feeling unreal: a
PET study of depersonalisation disorder. American Journal
of Psychiatry 157 (11), 1782—-1788.

Spence, S.A., Brooks, D.J., Hirsch, S.R., Liddle, P.F., Meehan,
J., Grasby, P.M., 1997. A PET study of voluntary movement
in schizophrenic patients experiencing passivity phenomena
(delusions of alien contrdpl Brain 120@, 1997—-2011.

Talairach, J., Tournoux, P., 1988. Coplanar Stereotaxic Atlas
of the Human Brain. Thieme Medical, New York.

Wolpert, D.M., Ghahramani, Z., Jordan, M.1., 1995. An internal
model for sensorimotor integration. Science 269, 1880—
1882.

Woodruff, P.W., Wright, 1.C., Bullmore, E.T., Brammer, M.,
Howard, R.J., Williams, S.C., Shapleske, J., Rossell, S.,
David, A.S., McGuire, P.K., Murray, R.M., 1997. Auditory
hallucinations and the temporal cortical response to speech
in schizophrenia: a functional magnetic resonance imaging
study. American Journal of Psychiatry 154 (12), 1676-1682.



	Neural correlates of action attribution in schizophrenia
	Introduction
	Methods
	Image acquisition
	Data analysis
	Image analysis: pre-processing
	Statistical model and inference


	Results
	Behavioural results
	Functional imaging data
	All experimental conditions vs. observation control condition (`C2;s')
	All experimental conditions vs. execution control condition (`C1;s')
	Brain areas increasing their activity as a function of the degree of discordance between the executed and the seen movement ...
	Comparison of schizophrenic patients with controls
	Brain areas decreasing their activity as a function of the degree of discordance between the executed and the seen movement ...


	Discussion
	Acknowledgements
	References


