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Abstract

The left superior temporal cortex, which supports linguistic functions, has consistently been reported to activate during
auditory–verbal hallucinations in schizophrenia patients. It has been suggested that auditory hallucinations and the
processing of normal external speech compete for common neurophysiological resources. We tested the hypothesis of a
negative relationship between the clinical severity of hallucinations and local brain activity in posterior linguistic regions
while patients were listening to external speech. Fifteen right-handed patients with schizophrenia and daily auditory
hallucinations for at least 3 months were studied with event-related fMRI while listening to sentences in French or to
silence. Severity of hallucinations, assessed using the auditory hallucination subscales of the Psychotic Symptom Rating
Scales (PSYRATS) and of the Scale for the Assessment of Positive Symptoms (SAPS-AH), negatively correlated with
activation in the left temporal superior region in the French minus silence condition. This finding supports the hypothesis
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that auditory hallucinations compete with normal external speech for processing sites within the temporal cortex in
schizophrenia.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Auditory verbal hallucinations, or perceptions of
external speech in the absence of any stimulus (i.e.,
“hearing voices” often conversing with or commenting
on the patient) are the most common symptoms of
schizophrenia, being reported by about 70% of patients
(Sartorius et al., 1986). Brain imaging studies have
revealed that the main areas activated during the
experience of auditory hallucinations are language-
related—for instance, the superior temporal cortex,
particularly in the left hemisphere. The superior
temporal cortex includes Wernicke's area and has been
classically implicated in language perception. Activa-
tions accompanying the hallucination phenomenon have
been less consistently reported in other regions, such as
Broca's area (McGuire et al., 1993; Shergill et al., 2000,
2004), anterior cingulate cortex (Copolov et al., 2003;
Shergill et al., 2000), basal ganglia (Silbersweig et al.,
1995), and medial or anterior temporal regions (Shergill
et al., 2000; Silbersweig et al., 1995). One limitation of
these investigations is that most patients do not have
sufficient insight into their hallucinatory symptoms and
their self-reports of hallucinations during scanning may
be unreliable.

An alternative approach is to investigate cortical
activation during language perception in patients with
chronic auditory hallucinations. These ‘cognitive
interference’ studies have attempted to identify the
cortical regions and corresponding cognitive process-
es associated with auditory hallucinations by demon-
strating dysfunction in established neurocognitive
networks of language. Lower temporal activation in
response to periodic exogenous auditory stimulation
has been highlighted by functional magnetic reso-
nance imaging (fMRI) in patients with schizophrenia
scanned during auditory hallucination and during a
non-hallucinating period. These findings suggest that
auditory hallucinations and the processing of ex-
ternal speech compete for common neurophysiolog-
ical resources (David et al., 1996, Woodruff et al.,
1997).

The present study investigated this hypothesis by
searching for a relation between auditory hallucination
severity and cerebral activation in functional MR
images in response to a language perception task. We
predicted that the more severe the auditory hallucina-
tions, the lower the activation of language-related areas,
particularly in the left superior temporal cortex.

2. Methods

2.1. Subjects

Fifteen subjects (9 women) fulfilling DSM-IV-R
criteria for schizophrenia with daily auditory hallucina-
tions for at least 3 months despite well-conducted
pharmacological treatment were studied. Other inclu-
sion criteria were French as maternal language and
right-handedness according to the Annett scale (Annett,
1970). Exclusion criteria included substance abuse or
dependence, affective disorder or any other DSM-IV-R
axis I diagnosis, severe head injury, neurological
disorders, and contraindications for MRI scanning
(including metal implants or claustrophobia). The
patients were assessed by interviews of the patients
and their psychiatrists and examination of the medical
records. Their mean±S.D. age was 34±10 years (range,
22–49 years), and the mean duration of illness was 12±
10 years (range, 3–28).

Symptomatology was assessed immediately after the
scan session by two independent senior psychiatrists
(JLM, MP; interrater reliability R=0.76). Severity of
auditory hallucinations was assessed using the auditory
hallucination subscale of the Psychotic Symptom Rating
Scales (PSYRATS, Haddock et al., 1999) and the
auditory hallucination items of the Scale for the
Assessment of Positive Symptoms (SAPS, Andreasen,
1983). The auditory hallucination subscale of the
PSYRATS has 11 items which tap general symptom
indices of frequency, duration, severity and intensity of
distress and also symptom-specific dimensions of
hallucination controllability, loudness, location, nega-
tive content, degree of negative content, beliefs about
origin of voices and disruption. A five-point ordinal
scale is used to rate symptom scores (0–4). Items were
rated after a semi-structured interview assessing the
severity items retrospectively in a 2-week period.
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The patients' mean±S.D. PSYRATS score was 30±6
(range 18–39).

The second measure for severity of hallucinations
was derived from the SAPS (Andreasen, 1983). We
pooled the three SAPS items “auditory hallucinations,”
“voices commenting” and “voices conversing” (each
ranging from 0 to 5) to create a single score for each
patient (SAPS-AH, Gaser et al., 2004). The patients'
mean SAPS-AH score was 10±3 (range 4–15). Severity
of clinical symptoms was also assessed using the SAPS
mean total score±S.D. (35±19), and the Scale for the
Assessment of Negative Symptoms (SANS, Andreasen,
1984) mean total score (34±31).

All patients were treated with usual or atypical
antipsychotic drugs (mean±S.D.=425±604 mg chlor-
promazine equivalent/day; Woods, 2003).

Participants were fully informed of the requirements
of the behavioral task and all demonstrated that they
understood the aims and demands of the experiment.
Ethical approval was obtained from the Paris-Pitié-
Salpétrière ethics committee. All subjects gave written
informed consent.

2.2. fMRI design

Event-related fMRI was performed while the parti-
cipants listened to 32 sentences in French, or to 32
silence periods (modified from Pallier et al., 2003),
randomly presented through headphones and a PC.
Sentences were selected from recordings by three
female speakers. All recordings had been made in the
same sound-proof room (sampling rate 64 kHz; low-
pass 20 kHz; 4× undersampling). The sentences, read
with natural intonation, were 16–21 syllables long and
did not contain any emotional content. All lasted
approximately the same time. The mean energies (rms)
of the stimuli were also equated. To ensure that the
subjects paid attention to the sentences, they were
required to perform a fragment detection task. Follow-
ing each 3 s sentence and after a 500 ms delay, a 500 ms
fragment was played. Subjects had to indicate whether
or not this fragment had appeared in the sentence by
pressing one of two response buttons: pressing the right
button with the right thumb if the fragment was
‘present’, and pressing the left button with the left
thumb if it was ‘absent’. The inter-trial interval was
5000 ms. The first four trials were excluded from the
analyses to allow for stability in magnetization. Before
scanning, subjects performed a training run of 12 trials
on this task. The fragment detection performance (i.e.,
response accuracy) was registered with the PC for each
patient.
2.3. Image acquisition

Auditory event presentation was randomized and
synchronized with functional MR image volume
acquisitions. During presentation of auditory stimuli, a
gradient-echo echo-planar imaging sequence sensitive
to brain oxygen level dependent (BOLD) contrast was
used (18 contiguous axial slices, 6 mm thickness, TR/
TE=2000/60 ms, FOV 24 cm, 64×64 matrix, voxel size
3.75×3.75×6 mm3) on a 1.5-T whole-body system
(Signa, General Electrics).

The stimuli were administered in two 10-min blocks,
each including 64 events. The sentences and silence
periods were presented in a different randomized order
for each subject. A total of 280×2 functional images
were acquired for each subject.

High-resolution T1 anatomical images were also
acquired with a SPGR sequence providing high contrast
between gray and white matter (3-D gradient-echo
inversion-recovery sequence, Ti = 2200 ms, TR=
2000 ms, flip angle 10°, FOV=24, 124 slices of
1.2 mm thickness, acquisition time 6 min).

2.4. Image processing

fMRI data and anatomical images were processed
using SPM99 software (Statistical Parametric Mapping,
Wellcome Department of Cognitive Neurology, Univer-
sity College London, UK) running on Matlab 6.1
(Kiebel et al., 1999). For fMRI analyses the following
steps were performed: slice timing, spatial normaliza-
tion and smoothing with a 5 mm Gaussian kernel.

2.5. Statistical analysis

The Spearman rank order correlation statistic was
used to search for correlations between clinical
variables. Correlations were computed between the
PSYRATS and the SAPS-AH scores. Correlations
were also sought between the auditory hallucination
severity score on the PSYRATS and demographic or
psychopathological variables (including age, duration
of illness, SAPS, SANS, and Annett total scores) in
order to determine whether auditory hallucinations
could be isolated from patients' other clinical dimen-
sions. In addition, a correlation between the PSY-
RATS score and the fragment detection performance
was calculated.

For the fMRI statistical analyses, a linear model was
generated defining two categories of events: French and
Silence. These categories were crossed with indicator
variables for the two conditions, yielding 4 onset
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vectors, which were convolved by an ideal hemody-
namic impulse response and its derivative (included to
model small temporal shifts).

Two voxel-based statistical analyses were performed
on the whole-brain fMRI images, completed by a
volume-of-interest confirmatory approach.

First, activation maps were obtained for individuals,
which identified a network of areas responsive to French
minus silence. Group activation was examined using a
random-effect procedure.

Second, the “simple regression (correlation)” SPM99
analysis was performed on the whole brain between the
PSYRATS scores and the individual activation maps
obtained for French minus silence. Both analyses were
examined at a voxelwise threshold of p<0.001
(uncorrected) and a threshold p<0.05 for the extent of
clusters.

A confirmatory “Small Volume Correction” proce-
dure (SVC) implemented in SPM99 was applied at a
p<0.05 threshold corrected for multiple comparisons,
for the regression between the SAPS-AH scores and
the group activation maps for French versus silence. A
5-mm radius sphere was defined on the coordinates of
the peak voxel detected in the regression with
PSYRATS.

3. Results

The auditory hallucination scores on the PSYRATS
and on the SAPS-AH correlated significantly (R=0.68,
p=0.01). No association was found between the
PSYRATS score and age (R=0.17, p=0.54), duration
of illness (R=0.02, p=0.91), SANS (R=0.05, p=0.86)
Fig. 1. Left: bivariate fit at voxel [−60, −48, 8; Talairach's coordinates] be
activity value for exogenous sentence perception compared to silence (R=0
between SAPS-AH hallucination score (abscissa) and BOLD adjusted activ
Correction procedure.
or SAPS total (R=0.39, p=0.14), or Annett laterality
scores (R=0.13, p=0.64).

No significant correlation was found between
performance on the detection task during fMRI and
the PSYRATS scores (R=0.01, p<0.95). The mean
performance during the fragment detection task was
85% correct responses, suggesting that most patients
maintained their attention during the task. No significant
correlation was found between the medication in mg
chlorpromazine equivalent and the PSYRATS scores
(R=0.015, p=0.96).

Whole-brain random-effect analysis showed in-
creased activity in several cortical regions during active
listening to French compared to silence. Two clusters of
voxels were centered bilaterally on the superior
temporal sulcus [Talairach's coordinates of left cluster
voxel-maximum at (−48, −28, 12), Z=4.98 (p<0.001),
extent: 774 voxels, extending to the inferior frontal
gyrus (Broca's area); right voxel-maximum at (52, −12,
−4), Z=5.51 (p<0.001), extent: 564 voxels]. The motor
cortex was activated bilaterally as the subjects had to
press response buttons after listening to sentences in
French [voxel maximum at (8, 8, 36) and (−4, 0, 40),
Z=4.90 (p<0.001), extent: 245 voxels]. These results
replicate data previously reported in healthy subjects
(Pallier et al., 2003).

The subsequent covariation analyses detected a
relationship between French minus silence activation
maps and the hallucination scores, with either voxel-
based (SPM) or region-of-interest (SVC) approaches.
The SPM regression analysis on whole-brain fMRI
images showed that only the posterior part of the left
superior temporal gyrus (Brodmann Area 22) covaried
tween PSYRATS hallucination score (abscissa), and BOLD adjusted
.82, F1,14=27, p=0.0002). Right: bivariate fit at voxel [−60, −44, 8]
ity (R=0.77, F1,14=19, p=0.0007), using the SPM99 Small Volume
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negatively with the auditory hallucination PSYRATS
scores [Talairach's coordinates of voxel maximum at
(−60, −48, 8), Z=3.75 (p<0.001), extent: 10 voxels,
voxel size: 4×4×4 mm; Fig. 1]. No other cluster was
detected. In addition, a negative covariation between the
SAPS-AH scores and French minus silence activation
maps was detected within a 5-mm radius sphere centred
on the voxel of maximum covariation with the
PSYRATS (Talairach's coordinates −60, −48, 8),
using the SVC. This covariation was significant using
corrected statistics (voxel maximum Z=3.38 (p=0.009),
extent: p=0.008).

Finally, we checked that no correlation between gray
matter density and the PSYRATS scores was found with
optimised Voxel Based Morphometry analysis (Good et
al., 2001), either at an uncorrected threshold of
p<0.001, or at a less stringent threshold (p<0.01).

4. Discussion

We used an event-related fMRI speech perception
task to assess temporal cortex activation in schizophren-
ic patients with chronic auditory hallucinations. A
negative correlation between the cortical response to
external speech and the severity of chronic auditory
hallucinations was found in the posterior part of the left
superior temporal gyrus; no other clusters were detected.

Our findings in the left superior temporal gyrus are
consistent with previous reports linking this region with
auditory hallucinations (Shergill et al., 2000, 2004;
Copolov et al., 2003; Bentaleb et al., 2002; Lennox et
al., 2000; Stephane et al., 2000; Silbersweig et al., 1995;
Suzuki et al., 1993; DeLisi et al., 1989). They should be
seen in the context of the putative dysfunction of a larger
network involved in the neural correlates of hallucina-
tions, including Broca's area (McGuire et al., 1993;
Shergill et al., 2000, 2004) and anterior cingulate cortex
(Copolov et al., 2003; Shergill et al., 2000). This
network may underlie the mechanism that predicts the
outcome of intended actions (the “forward model”;
Frith, 2005). Such prediction requires integration of
information about intended actions generated in frontal
cortex (for example, inner speech in Broca's area) with
language processing in posterior regions of the brain
(e.g., Wernicke's area); also, the activation of the
anterior cingulate cortex differs according to whether
the stimuli are self- or non-self-referent (Northoff and
Bermpohl, 2004). Measures of functional (Lawrie et al.,
2002) and anatomical (Hubl et al., 2004) connectivity
suggest that long-range interactions between frontal and
posterior language-related areas are abnormal in patients
with auditory hallucinations. The impairment in this
network may result in abnormal activation of temporal
regions processing external speech.

Auditory hallucinations in this clinically homoge-
neous sample were rated with the PSYRATS, a subscale
specifically designed for their assessment (Haddock et
al., 1999). This scale correlated with a composite score
pooling the three items of the SAPS related to auditory
hallucinations (SAPS-AH, Gaser et al., 2004). There-
fore, the correlation analyses within the present sample
suggest that the more severe the chronic auditory
hallucinations, the lower the response of the left
temporal cortex to external speech. This region
corresponds to Wernicke's area, which is related to
speech perception and comprehension (Wernicke, 1874;
Hickok and Poeppel, 2000). These results support the
hypothesis that auditory hallucinations compete with
normal external speech for processing sites within the
temporal cortex in schizophrenia (David et al., 1996;
Woodruff et al., 1997).

The objective of the study was not to specifically
examine the putative covariation between fMRI BOLD-
EPI signal and the current presence of hallucinations.
Rather, we searched for a link between brain activity
during external speech processing and auditory symp-
toms scores assessed globally by external raters, in
patients with chronic auditory verbal hallucinations,
independently of whether they were experiencing
hallucinations at the time of the fMRI. We chose this
approach for practical reasons. Indeed, deciding whether
auditory hallucinations are present solely on the basis of
the fMRI activation maps probably lacks sensitivity and
specificity (Lennox et al., 2000; Van de Ven et al.,
2005). Furthermore, it may be inappropriate to rely on
the patient's response (e.g., pressing a button) to
designate the presence of hallucinations, since in many
patients psychotic phenomena may be accompanied by
anosognosia.

Alternatively, our results might be attributed to the
attention engaged in speech perception. Attention has
been shown to modulate neuronal activation in response
to speech perception, since the temporal lobe presents
more activation during active listening than during
passive listening (Hugdahl et al., 2003). As the co-
occurrence of auditory hallucinations may compete for
attention resources during cognitive tasks, we sought to
determine whether patients maintained their attention to
stimuli. We measured this indirectly, by adding, within
each fMRI-event, a fragment of each sentence which the
patient had to detect. Patients' response accuracy did not
correlate with the hallucination scores, and their number
of errors was low, suggesting that they performed the
task correctly.
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In conclusion, our language-related fMRI results
support the hypothesis that the posterior area of the left
superior temporal gyrus forms part of the brain network
associated with the perception of auditory hallucinations
in patients with schizophrenia. Specifically, our findings
indicate that activity in this cortical region may be
related to hallucination severity.
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