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Abstract

Schizophrenia is characterized by an altered sense of the reality, associated with hallucinations and delusions. Some theories
suggest that schizophrenia is related to a deficiency of the system that generates information about the sensory consequences of the
actions realized by the subject. This system monitors the reafferent information resulting from an action and allows its anticipation.
In the present study, we examined visual-event-related potentials (ERPs) generated by a sensorimotor task in 15 patients with
schizophrenia and 15 normal controls. The visual feedback from hand movements performed by the subjects was experimentally
distorted. Behavioral results showed that patients were impaired in recognizing their own movements. The ERP signal in patients
also differed from those of control subjects. In patients, the ERP waveform was affected during the early part of the response
(200 ms). This early effect in schizophrenic patients reveals a modified processing of the visual consequence of their actions. To
cite this article: A. Posada et al., C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Altération du feedback sensorimoteur dans la schizophrénie. La schizophrénie est caractérisée par des hallucinations et des
idées délirantes quant à l’attribution des propres mouvements du sujet, ce qui peut s’expliquer par un déficit de l’anticipation des
conséquences de leurs actions. Les potentiels évoqués en réponse à l’exécution d’un mouvement ont été enregistrés chez 15 schizo-
phrènes et 15 sujets normaux. Le feedback visuel résultant des mouvements exécutés par ces sujets a été modifié au cours d’essais
successifs, de telle sorte que les sujets voyaient une image de leurs mouvements déviée par rapport à leur direction réelle. La dé-
viation pouvait être de 0◦, 15◦, 30◦ et 60◦. Les sujets devaient répondre, par oui ou par non, à la question de savoir si l’image qu’ils
voyaient correspondait au mouvement qu’ils avaient exécuté. Les résultats comportementaux ont confirmé des travaux antérieurs
utilisant la même technique, en ce sens que les malades schizophrènes reconnaissent moins bien leurs propres mouvements que
les sujets normaux. Les sujets normaux répondaient au hasard (50% de réponses OUI) pour une déviation angulaire de 15◦. Les
schizophrènes n’atteignaient cette valeur de 50% qu’entre 30◦ et 60◦. Les potentiels évoqués ont montré des différences entre les
essais, avec différents degrés de déviation dans des fenêtres temporelles différentes chez les sujets normaux et chez les malades.
Chez les sujets normaux, la modulation du potentiel évoqué en fonction de la déviation était présente dans les composantes tardives
de la réponse (500–900 ms), ce qui plaide en faveur d’une modulation du traitement cognitif du stimulus. Chez les malades, cette
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modulation était absente dans la composante tardive, mais était en revanche très marquée dans une fenêtre temporelle précoce
(100–300 ms). Ces résultats suggèrent que le trouble de la reconnaissance des actions chez le malade schizophrène pourrait être
dû à une altération du traitement précoce du stimulus visuel, celui qui permet la reconnaissance du stimulus et non son traitement
cognitif. Pour citer cet article : A. Posada et al., C. R. Biologies 330 (2007).
© 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Schizophrenia is a complex and potentially severe
mental illness, characterized by its heterogeneous clini-
cal presentation [1]. Several authors attempted to isolate
an essential trouble that may underlie its main symp-
toms. In an assay to facilitate diagnosis, Kurt Schnei-
der [2] defined first-rank symptoms that he claimed
were specific to schizophrenia. The first-rank symp-
toms relate to an abnormal recognition of one’s own
action, and an abnormal attribution of one’s actions
to others (see [3] for review). Patients describe their
symptoms as experiences consecutive to the influence
of alien forces or other people on their own thoughts
(made thoughts, thought broadcasting, withdrawal, or
insertion), actions (made actions) or emotions (made
feelings). Other symptoms are described as very extra-
neous experiences, like auditory verbal hallucinations,
e.g., sentences that seem to be pronounced around the
subject.

This impaired attribution of action has been inter-
preted as an abnormal matching between information
related to voluntarily generated actions and their sen-
sory consequences [4]. This effect could be caused by
a deterioration of the forward model [5,6] responsi-
ble for the prediction of the consequences of voluntary
acts. Numerous studies have evaluated the capacity of
action attribution of patients with schizophrenia [7–9].
In general, they used experimental paradigms based on
the alteration of the sensory feedback associated with
voluntary actions (hand gesture or language) to deter-
mine whether subjects were able to recognize their own
actions. Globally, patients with schizophrenia show a
reduced accuracy in discriminating between their own
action and a foreign, or modified, action [10,11].

Neuroimaging studies in control subjects have shown
that the activity of the inferior part of the right pari-
etal lobe is modulated by the degree of discrepancy
between an executed movement and its observed con-
sequences: the larger the discrepancy, the greater the
activation [12]. In schizophrenic patients, the activity in
this same parietal area is poorly modulated by the de-
gree of discrepancy [13]. These studies, although they
provide valuable information about brain areas involved
in action recognition, fail to describe the chronology
of brain events. This aspect is particularly important,
since an abnormal time course of events could account
for the main symptoms that have been described in
schizophrenic patients [14]. The Event-Related Poten-
tial (ERP) technique is an adequate method for the study
of the temporal aspects of cognitive processes, due to its
high temporal resolution. In the context of action recog-
nition, it can provide a physiological marker associated
with the processing of the sensory consequence of a vol-
untary movement.

We carried out an ERP experiment in 15 patients
with schizophrenia and 15 normal subjects using a task
designed to evaluate action recognition and attribut-
ion [9]. In this task, subjects moved a joystick while
observing a virtual image of their hand holding a joy-
stick. The movement of the virtual image could corre-
spond, or not, to the real movement. We measured ERP
associated with the display of the virtual image corre-
sponding to the end-result of the movements made by
the subjects.

2. Material and methods

2.1. Subjects

Fifteen right-handed patients (13 males, 2 females)
diagnosed with schizophrenia according to DSM-IV
were recruited from the Le-Vinatier Hospital in Lyons,
France. They had a mean age of 32.7 ± 10 years. All
were exempted of any neurological antecedent. Their
clinical status was evaluated with the Scale for Assess-
ment of Positive Symptoms SAPS [15] and the Scale
for Assessment Negative Symptoms SANS [16]. The
mean total SAPS and SANS scores (±SD) were respec-
tively 30.9 (24.2) and 38.3 (21.2). The mean duration
of illness was 9.4 ± 9.2 years. All patients were under
stable second-generation antipsychotic treatment during
the experiment.



384 A. Posada et al. / C. R. Biologies 330 (2007) 382–388
Fifteen right-handed subjects (8 males and 7 fe-
males) with a mean age of age of 26.8 years ± 6.3
without psychiatric and neurological antecedents have
been included. They formed the control group.

This experiment was approved by the local ethical
committee.

2.2. Stimuli and task

A realistic image of a virtual right hand holding
a joystick was generated on a computer using specific
software. Simultaneously, the subject held a real joy-
stick fixed on a table, 66 cm away from the screen. The
real hand was hidden by a black cloth so that the sub-
jects could only see the movement of the virtual hand
on the screen. In normal trials, the virtual image exactly
followed the hand movements made by the subjects.
A variable angular bias could be introduced electroni-
cally between the movements of the real hand and those
of the virtual hand.

The experiment included 160 trials. For every trial,
the task consisted to perform a straight movement of
the joystick in any direction (free choice of the subject)
after the display of a yellow cross in the centre of the
screen. Subjects were instructed to maintain the position
at the end of the movement and to avoid returning to the
starting position of the joystick. 500 ms after the end
of the movement, the image of the virtual hand hold-
ing the joystick was displayed. This image remained for
2000 ms and was replaced by a screen with the ques-
tion: “Did the picture that you just saw correspond to
the end of the movement you made?”; the subject re-
sponded verbally by yes or no whether the image cor-
responded or not to the movement. The verbal response
was recorded by the experimenter (see Fig. 1 for a de-
scription of the protocol). Trials involved either no bias
(0 degree) or biases of 15, 30, or 60 degrees. Forty trials
in each condition were used. The order of presentation
was pseudo-random; the same bias was never repeated
more than two times in a row.

2.3. EEG recording

Scalp voltage was collected with 65 channels Geo-
desic Sensor Net through AC coupled high-input-
impedance amplifiers (200 M�, Net Amps, Electri-
cal Geodesics Inc., Eugene, OR, USA). The net had
silver/silver chloride (Ag/AgCl) electrodes. Amplified
analogue voltages (0.1–200 Hz bandwidth) were sam-
pled at 500 Hz. The electrode impedance was kept be-
low 50 k�. An electrode placed in the neck and another
one placed in the vertex served as ground and record
reference, respectively.

Trials contaminated by eye blinks or eye movements
were rejected offline from the analysis using an al-
gorithm developed by Electrical Geodesic Inc, which
detects fast and high voltage variations. The same al-
gorithm, but with lower thresholds, was also used to
remove artefacts. We used a criterion of rejection for
all segments with a voltage higher than ±100 µV. All
channels with more than 50 percent of artefacts were re-
moved from the analysis. In total, 20% of the segments
were eliminated in the patients group and 14% in the
control group.

2.4. EEG analysis

EEG records were segmented aligned to the display
of the image of the virtual hand showing the end-result
of the movement. ERPs of each bias were calculated by
averaging the segments. A baseline correction was ap-
plied by subtracting the average value of the −200 ms
segment before the display of the stimulus. The ERPs
of the 65 channels were averaged in nine symmetri-
cal regions on the scalp. For the analysis of the differ-
ent ERP components, we averaged the waveform using
Fig. 1. Temporal description of the different events succeeding in one trial of the task.
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three temporal windows: 100–300 ms, 300–500 ms, and
500–900 ms.

The statistical analysis was carried on with a four-
level repeated measures ANOVA Group (patients, con-
trols) × bias (four modes: 0, 15, 30, and 60 degrees) ×
Ant-Post (anterior, central, posterior) × Laterality (left,
middle, right) for each temporal window. The Huynh–
Feldt correction was applied for the repeated measures
of the ANOVA analysis.

3. Results

3.1. Behavioural data

The percentage of yes responses for each value of
bias is presented in Fig. 2. In each group of subjects,
the percentages of yes responses decreased when the
angular bias was increased. However, the two groups
differed in the value of the bias for which the sub-
jects responded at a chance level (50% yes responses).
In the control group, the chance level approximately
corresponded to a bias of 15◦, whereas in the patients
group, the chance level was attained for larger biases
(beyond 30◦).

A statistical analysis was carried on with a two-level
repeated-measure ANOVA group (patients, controls) ×
bias (0◦, 15◦, 30◦, 60◦). The analysis of variance re-
vealed a group effect (F(1,28) = 8.16, p = 0.008),
a bias effect (F(1.64,84) = 53.8, p < 0.0001), but
no significant interaction group × bias (F(1.64,84) =
2.8, p = 0.076). However, a direct analysis (1 factor
ANOVA) clearly revealed that the proportion of yes re-
sponses significantly differed between the two groups
for the 15◦ bias (p = 0.025) and the 30◦ bias (p =
0.001).

Fig. 2. Percentage of yes responses for each value of the angular bias
in the patient and the control groups.
3.2. ERP data

Figs. 3B–C and 4B–C show the pattern of ERPs ob-
tained in control and patient groups in the posterior–
middle and the central–middle regions of the scalp, re-
spectively. Although the global pattern of the responses
appears to be relatively similar in the two groups, signif-
icant differences between groups were revealed by the
statistical analysis of the waveform of responses to the
different values of the bias, according to the three time
windows.

The statistical analysis of the average ERP volt-
age in the 100–300-ms time window (Fig. 3D) re-
vealed an interaction group × bias (F(2.95,84) = 3.7,
p = 0.016) and an interaction group × bias × antero-
posterior (F(3.5,168) = 3.3, p = 0.018). The post-hoc
analysis showed ERP waveform differences in the pa-
tient group, between the 0◦ and the 30◦ biases (p =
0.0003), between the 15◦ and the 30◦ biases (p = 0.01),
and between the 30◦ and the 60◦ biases (p = 0.002),
especially in the posterior region of the scalp. No such
differences were found for this time window in the con-
trol group.

Similar results were found in the 300–500-ms time
window. The same interaction group × bias × antero-
posterior was present (F(3.9,168) = 3.501, p = 0.011).
Again, the post-hoc analysis showed ERP waveform
differences in the patient group between 0◦–30◦ biases
(p = 0.03), but this time in the central region of the
scalp.

Different results were found in statistical analysis of
ERP waveforms in the late time window (500–900 ms)
(Fig. 4D). The ANOVA also revealed an interaction
group × bias × antero-posterior (F(3.66,168) = 2.76,
p = 0.036), but the post-hoc analysis revealed different
effects. Post-hoc comparisons showed differences in the
control group only, between the 0◦ and the 15◦ biases
(p = 0.02), the 15◦ and the 60◦ biases (p = 0.01) and
the 30◦ and the 60◦ biases (p = 0.03) in the central re-
gion of the scalp.

4. Discussion

In this study, we measured the brain activity (us-
ing the ERP technique) associated with the recognition
of one’s own movements in patients with schizophre-
nia. The subjects had to identify (by a yes/no response)
whether the end-result they saw corresponded to the
movement they had made. A stepwise distortion of the
visual feedback of their movement was produced by
introducing angular biases. The proportion of 50% of
yes responses represents the level of discrepancy at
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Fig. 3. Example of the ERP activity in the posterior–middle region of the scalp. (A) Scalp location of the averaged electrodes. (B–C) ERP waveform
for each bias in the control and patients group; 0 corresponds to the visual feedback display. (D) Histogram with the values of the ERP amplitude
averaged in the 100–300-ms time window for each bias in each group.
which the subject could not determine whether the end-
result corresponded, or not, to his/her movement, and
responded at chance. In terms of the ability to attribute
correctly a movement to its author, the 50% value may
therefore be considered as the threshold that separates
a self-attributed movement from a movement perceived
as originating from another agent. According to the be-
havioural data recorded in the present experiment, this
threshold value was found to be higher in patients (be-
yond the 30◦ bias) than in control subjects (around
the 15◦ bias). This result confirms previous results by
Franck et al. [9].

The main result of the present study was that the
ERP waveform recorded during identification of the
end-result of a movement was modified according to the
threshold values in each group of subjects. This modi-
fication, however, was observed in different time win-
dows for each group. Let us first examine the pattern
of ERPs in control and patient groups for the late time
window (500–900 ms). In subjects of the control group,
a clear and significant difference was observed between
the ERPs obtained during the ‘unambiguous’ trials, i.e.,
those trials with no bias (0◦) or with a large bias (60◦),
where the vast majority of responses were either yes or
no, and the ‘ambiguous’ trials (15◦), where responses
were at chance. The late ERP component correspond-
ing to these ‘ambiguous’ trials showed increased ampli-
tude in comparison with the ‘unambiguous’ ones. The
late ERP components are usually associated with the
manipulation of the cognitive parameters of the stim-
ulus (for example, introducing syntactic errors in a sen-
tence [17]). It may be suggested that, in the present sit-
uation, the difficulty to evaluate the difference between
the visual feedback and the movement during ‘ambigu-
ous’ trials yielded, in the control group, a deeper cogni-
tive analysis of the sensory information, which resulted
in an increase of the ERP activity. This was not present
in the patient group. Note that the absence of modula-
tion of the late ERP components by cognitive manip-
ulations is a common finding in schizophrenic patients
(e.g., unlike normal controls, they do not show a N400
component for unexpected words or mismatch negativ-
ity for unexpected auditory stimuli [18–20]).

The ERP waveform of the patients also showed
a modulation according to the degree of bias, but in
a time window (around 200 ms) earlier than that of the
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Fig. 4. Example of the ERP activity in the central–middle region of the scalp. (A) Scalp location of the averaged electrodes. (B–C) ERP waveform
for each bias in the control and patients group. (D) Histogram with the values of the ERP amplitude averaged in the 500–900-ms time window for
each bias in each group.
control group. The ERP amplitude was larger for the
30◦ bias, in comparison to the others. As in the con-
trol group, this corresponds to the ‘ambiguous’ trials,
those for which the patients responded at chance. In
the ERP literature, the early components reflect process-
ing of stimulus characteristics, rather than its cognitive
content. For example, the N170 component (latency
170 ms) is associated with the processing of face im-
ages [21]. Similarly, the burst of EEG oscillations at the
gamma frequency appearing 280 ms after the display of
a stimulus is associated with the elaboration of a final
coherent representation of the stimulus [22], and the in-
tegrated representation can be manipulated by cognitive
processes only after this step [23].

The fact that in the schizophrenic patients, the ERP
change triggered by the sensorimotor conflict was ob-
served in a time window that is generally considered as
corresponding to the sensory stage of processing, con-
trary to the control subjects who showed a change in
their later, ‘cognitive’ window, is a novel and interest-
ing finding. This result suggests an impaired processing
of the basic aspects of a visual stimulus, i.e., those as-
pects that are critical for shape recognition. Having not
properly analyzed the visual display of their hand po-
sition, they would not notice the discrepancy between
this position and their movement until the mismatch
becomes very large. This interpretation raises the ques-
tion of a possible role of the antipsychotic drugs that
the patients received at the time of the experiment, in
perturbing their visual sensory processing. This role is
unlikely, however, if one considers the fact that the diffi-
culty of schizophrenic patients in recognizing their own
movements is present (and even worse) at the acute
stage of their disease, i.e., before they have received
any treatment. It seems more reasonable to assume that
the deficit in action recognition observed in our patients,
and the concomitant changes in their ERP responses, is
a genuine aspect of their pathology.

The significance of the present results showing an
altered ERP response to a sensorimotor conflict in
schizophrenic patients is still a matter of speculation.
Sensorimotor conflicts like the one used in the present
study are known to modulate the activity of the posterior
parietal cortex [12,24]. As we saw in the Introduction,
according to Farrer et al. [12], posterior parietal activ-
ity covariates with the degree of conflict, being higher
when the degree of conflict increases. Interestingly,
this modulation tends to disappear in schizophrenic pa-
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tients [13]. The relation between these two facts (the
change in parietal cortex activity and the change in ERP
responses during a sensorimotor conflict) can be inter-
preted in two ways. According to one interpretation, the
lack of modulation of parietal cortex activity can be seen
as the consequence of the impaired early visual process-
ing. Alternatively, the change in parietal cortex activity
can be seen as the primary factor, the impaired ERP re-
sponse being a consequence of a perturbed top–down
modulation of visual cortex by parietal cortex. In sup-
port to the second interpretation is the general idea of
a disruption of frontal cortex activity in schizophrenia
(see review in [25]), with the correlative disinhibition
of more posterior cortical areas, including posterior
parietal cortex. Whichever is the correct one, the two
interpretations would equally well account for the pa-
tients difficulty in recognizing their own movements.
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