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ABSTRACT

Background. We used functional MRI to examine the functional anatomy of inner speech and
different forms of auditory verbal imagery (imagining speech) in normal volunteers. We
hypothesized that generating inner speech and auditory verbal imagery would be associated with
left inferior frontal activation, and that generating auditory verbal imagery would involve
additional activation in the lateral temporal cortices.

Methods. Subjects were scanned, while performing inner speech and auditory verbal imagery tasks,
using a 1.5 Tesla magnet.

Results. The generation of inner speech was associated with activation in the left inferior
frontal}insula region, the left temporo-parietal cortex, right cerebellum and the supplementary
motor area. Auditory verbal imagery in general, as indexed by the three imagery tasks combined,
was associated with activation in the areas engaged during the inner speech task, plus the left
precentral and superior temporal gyri (STG), and the right homologues of all these areas.

Conclusions. These results are consistent with the use of the ‘articulatory loop’ during both inner
speech and auditory verbal imagery, and the greater engagement of verbal self-monitoring during
auditory verbal imagery.

INTRODUCTION

Auditory verbal imagery refers to the process of
imagining speech. This can occur naturally, e.g.
when attempting to recall what someone said,
but can also be deliberate, e.g. when consciously
recalling the sound of someone’s voice. Auditory
imagery has been relatively understudied in
comparison with the burgeoning psychological
and functional neuroimaging literature on visual
imagery, and there are even less data on auditory
verbal imagery. Functional neuroimaging
studies using single photon emission com-
puterized tomography (SPECT) indicate that
imagining non-verbal sounds, such as the bark-
ing of a dog, is associated with activation in the
right temporal cortex (Goldenberg et al. 1991)
and lesions in the right temporal cortex impair
musical imagery (Zatorre & Halpern, 1993).
Psychological studies (Reisberg et al. 1991;
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Smith et al. 1995) suggest that the interaction
between ‘ inner ’ speech and the ‘ inner ear ’ is
crucial for effective auditory verbal imagery.
The only neuroimaging study of auditory verbal
imagery (AVI) to date used Positron Emission
Tomography (PET) and found that imagining
another person’s speech, relative to generating
inner speech in one’s own voice, was associated
with activation in the supplementary motor,
anterior cingulate and precentral cortex, the
fronto-parietal operculum, and the left superior
temporal gyrus (McGuire et al. 1996).

Auditory verbal imagery is of particular
interest because of its putative relationship with
auditory verbal hallucinations. Cognitive models
propose that auditory verbal hallucinations
(AVH) are derived from inner speech that the
patient has mis-identified as alien (Frith &
Done, 1989). Auditory verbal imagery bears
some resemblance to an AVH, in that the
subject perceives the sound of another person’s
speech in the absence of an external stimulus.
However, while normal inner speech seems to be
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experienced mainly in the first person (e.g. ‘I
will …’; Hulbert et al. 1994), AVH in schizo-
phrenia are usually in the second or third person
e.g. ‘You will …’ or ‘He will …’ (Nyani &
David, 1996). The reason for this apparent
disparity between the grammatical forms of
inner speech and AVH is unclear. One way of
approaching this issue is to examine the re-
lationship between the neural correlates of AVI
in the first, second and third person. Inner
speech and first person auditory verbal imagery
are likely to differ from imagery in the second
and third person because imagining another
person’s voice places greater demands on the
generation and monitoring of inner speech
(McGuire et al. 1996). Furthermore, there may
also be differential engagement of visuospatial
imagery; first person imagery involves only the
subject, second person involves a speaker ad-
dressing the subject, while third person imagery
involves a speaker referring to the subject as if in
conversation with a third person.

In this study, we examined the neural corre-
lates of auditory verbal imagery in normal
subjects using functional magnetic resonance
imaging (fMRI); this permitted a more powerful
and sophisticated design than was previously
possible using PET. Subjects performed four
tasks: (a) the silent articulation of sentences ; (b)
imagining speech in their own voice (first person
imagery) ; (c) imagining sentences spoken in
another’s voice, addressed to the subject (second
person imagery) ; and (d ) imagining sentences
spoken by another about them (third person
imagery).

We predicted the following.
1 All tasks would be associated with ac-

tivation in the left inferior frontal gyrus}insula ;
corresponding to a common component of silent
articulation (Paulesu et al. 1993; McGuire et al.
1996).

2 Auditory verbal imagery (in general) would
be associated with activation in the lateral
temporal cortex, corresponding to the moni-
toring of inner speech (McGuire et al. 1996).

3 Second and third person imagery would be
associated with more activation in the left frontal
and temporal cortex than imagining one’s own
speech, as imagining ‘alien’ speech places greater
demands on the generation and monitoring of
inner speech (McGuire et al. 1996).

4 Second and third person imagery would

also be associated with activation in the posterior
parietal cortex, associated with the visuospatial
imagery of the speaker in relation to another
listener (Corbetta et al. 1993, 1995).

METHOD

Subjects

Eight male volunteers, right-handed according
to Annett’s (1970) scale, aged 26–37 years (mean
age 33) participated in the study. They did not
suffer from medical or psychiatric disorders and
were not receiving medication, and had no
family history of psychiatric disorder. Their
mean IQ, estimated with the National Adult
Reading Test (NART) (Nelson, 1981) was 114
(range 100–120). Potential subjects were assessed
on their ability to perform the tasks (detailed
below) outside the scanner. They rated their
ability to perform each task on a visual analogue
scale and were included if, after training, they
consistently scored above 8}10 on this scale on
all tasks. Subjects gave written informed consent
to the study, which had been approved by the
local hospital ethical committee.

Tasks performed during fMRI

All tasks required that subjects listened to single
words presented every 3 s in the neutral voice
that they had heard during training. The words
consisted of nouns and adjectives that could
readily complete a sentence of the form ‘I
like …’, or ‘I like being …’. The words were
matched for familiarity, frequency of occurrence
and imageability across conditions. Each task
comprised an ‘active ’ and a baseline condition.
Before the baseline condition, subjects heard the
prompt ‘now listen’, while the ‘active ’ con-
ditions were preceded by ‘ imagine’. Speech was
presented via pneumatically driven headphones,
incorporated within ear defenders, specifically
designed for functional MRI (Quiet Muff 29
Earmuffs, Avotec, Jensen Beach, FL, USA).
These reduced unattenuated noise from our
gradient switching frequency for EPI (1 kHz)
from 109 dB to approximately 68 dB. Attenu-
ated noise at the second, third and fourth
harmonics (2, 3, 4 kHz) was approximately
44–56 dB. Subjects had their eyes closed during
scanning.

Four ‘active ’ conditions were each compared
with the same baseline condition. Each task
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involved 10 alternating 30 s blocks of each
condition, lasting a total of 5 min. Task order
was counterbalanced across subjects.

Baseline

Subjects were instructed to listen to each word
carefully.

Inner speech

On hearing each word, subjects were asked to
silently articulate a sentence of the form ‘I
like …’, or ‘I like being …’, ending in the
presented word.

First person imagery

The instructions were identical to the inner
speech condition, except that subjects had to
imagine the sentence being spoken in their own
voice.

Second person imagery

Subjects were asked to complete a sentence in
the form ‘You like …’, or ‘You like being …’,
ending in the presented word, and to imagine
this spoken to them in the voice they had heard
on the training tape.

Third person imagery

The instructions were identical to the second
person imagery condition, except that the sen-
tence was in the form ‘He likes …’, or ‘He likes
being …’, as if spoken about the subject.

After completing each task, subjects rated
their ability to perform it as instructed, using a
visual analogue scale. In order to reduce
potentially confounding effects of poor per-
formance on activation, due to the distraction of
being in the scanning environment, only data
from subjects who provided ratings of greater
than 5}10 on all tasks were analysed.

Image acquisition

Gradient-echo echoplanar MR images were
acquired using a 1±5 Tesla GE Signa System
(General Electric, Milwaukee, WI, USA) fitted
with Advanced NMR hardware and software
(ANMR, Woburn, MA, USA) at the Maudsley
Hospital, London. A quadrature birdcage head
coil was used for RF transmission and reception.
In each of 14 non-contiguous planes parallel to
the inter-commissural (AC–PC) plane, 100 T2*-
weighted MR images depicting BOLD contrast

(Ogawa et al. 1990) were acquired with TE
¯ 40 ms, TR¯ 3000 ms, in-plane resolution¯
3±1 mm, slice thickness¯ 7 mm, slice skip¯
0±7 mm. Head movement was limited by foam
padding within the head coil and a restraining
band across the forehead. At the same session, a
43 slice, high-resolution inversion recovery echo-
planar image of the whole brain was acquired in
the AC–PC plane with TE¯ 73 ms, TI¯
180 ms, TR¯ 16000 ms, in-plane resolution¯
1±5 mm, slice thickness¯ 3 mm.

Generic brain activation mapping

Following correction of movement-related
effects (Bullmore et al. 1999a), the power of
periodic signal change at the (fundamental)
ON–OFF frequency of stimulation was esti-
mated by iterated least squares fitting a sinus-
oidal regression model to the motion-corrected
time series at each voxel of all images. The
fundamental power quotient (FPQ¯ funda-
mental power divided by its standard error) was
estimated at each voxel and represented in a
statistical map. Each observed fMRI time series
was then randomly permuted 10 times, and FPQ
re-estimated after each permutation. This
resulted in 10 parametric maps (for each subject
at each plane) of FPQ estimated under the null
hypothesis that FPQ is not determined by
experimental design (Bullmore et al. 1996). All
parametric maps of FPQ were then registered in
the standard space of Talairach & Tournoux
(1988). This was achieved in two stages, using
realignment algorithms similar to those pre-
viously used for movement correction. First, the
set of FPQ maps observed in each subject was
registered with that subject’s high resolution
EPI dataset ; then registered and re-scaled
relative to a Talairach template image. Identical
transformations were applied to the randomized
FPQ maps obtained for each subject. After
spatial normalization, the observed and
randomized FPQ maps from each subject were
identically smoothed with a Gaussian filter (full
width half maximum¯ 7 mm) to accommodate
variability in gyral anatomy and error of voxel
displacement during normalization. Generic ac-
tivation was then decided by computing the
median value of FPQ at each voxel of the
observed parametric maps, and comparing it to
a null distribution of median FPQ values
computed from the randomized parametric
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maps. If the observed median FPQ exceeded the
critical value of randomized median FPQ, for a
test of size α¯ 2±5¬10−%, then that voxel was
considered generically activated with probability
of false positive activation¯α. Generically
activated voxels were coloured and super-
imposed on the grey scale Talairach template, to
create generic brain activation maps (GBAMs)
(Brammer et al. 1997). The timing of the signal
increase relative to the input function was
ascertained and activated voxels with signal
maximum during the active task were coloured
red; activated voxels with signal maximum
during baseline task were coloured blue.

The GBAMs for the imagery tasks were
combined, taking the mean activation over all
three imagery conditions versus baseline, to
identify the consistent correlates of auditory
verbal imagery. To estimate the between-task
differences in the power of the physiological
response to the experimental tasks, the follow-
ing repeated measures analysis of variance
(ANOVA) model was fitted at each intracerebral
voxel in standard space:

FPQ
i,j

¯β
!
β

"
Task

j
e

i,j
.

Here, FPQ
i,j

denotes standardized power at the
ith voxel in the jth member of the group; β

!
denotes the overall mean power, and e

i,j
is a

residual quantity. Task is a factor coding for
task (is or 1st and 2nd or 3rd). The null
hypothesis of zero between-group difference in
mean power of responsewas tested by comparing
the coefficient to its non-parametrically
ascertained null distribution. To do this the
elements of Task were randomly permuted 10
times at each voxel, taking account of the
repeated measures nature of the data
(Edgington, 1980), β

"
was estimated after each

permutation, and these estimates were pooled
over all intracerebral voxels to sample the
permutation distribution of β

"
. Critical values of

a 2-tailed test of size P¯ 0±01 were the
100.(p}2)th and 100.(1®p}2)th percentiles of
this distribution (Edgington, 1980; Bullmore et
al. 1996, 1999b). Note that this relatively lenient
probability threshold was used only to test a
restricted search volume comprising those voxels
that were generically activated by the task in one
or both groups. Comparisons were made be-
tween: (a) inner speech and first person imagery
(to examine the substrate of imagery), and (b)

first person imagery and combined second and
third person imagery (to examine the correlates
of ‘self ’ versus ‘alien’ imagery).

RESULTS

Auditory verbal imagery ratings

Two individuals originally recruited for the
study were unable to adequately perform the
imagery tasks when inside the scanner, reporting
that scanner noise made concentration difficult,
and rating their performance on some tasks as
less than 5}10. The data from these subjects was
not analysed. The remaining six subjects
reported that they were able to perform the
tasks as instructed and scored above 5}10 on all
tasks. They gave lower ratings for the tasks that
involved imagining another person’s voice, (se-
cond person imagery – mean score 7±0 (range
6±5–9±0) and third person imagery – mean score
6±5 (range 6±0–9±0)), than those that involved
their own voice (inner speech – mean 9±0 (range
8±5–10±0) and first person imagery – mean 8±5
(range 8±0–9±5)) ; significantly different at
P! 0±005 (t¯ 5±6, 95% CI 1±1 to 3±1) (Fig. 1).

Imaging data

Inner speech

Compared to baseline, the inner speech con-
dition was associated with left-sided activation
in the inferior frontal gyrus, insula, the junction
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F. 1. The subjective ratings (scale 0–10), on the vertical axis, for
each of the four conditions (on the horizontal axis) ; inner speech (is),
first person (1st), second person (2nd) and third person (3rd).
Boxplot displaying the mean value (bold line) with 95% confidence
intervals (shaded area) and range (whiskers).
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F. 2. Areas activated during: (i) inner speech relative to baseline ; (ii) first person imagery relative to baseline ; (iii) second person
imagery relative to baseline ; and (iv) third person imagery relative to baseline. Activation maps were rendered onto a template,
generated from the coregistered structural MRIs from all six subjects, and correspond to Talairach space. Selected axial slices are
displayed parallel to the anterior commissure–posterior commissure plane and the left side of the figure represents the right side of
the subjects and vice versa. Areas shown in red depict clusters significantly activated during the first condition, while blue depicts
regions activated during the baseline condition.

of the superior temporal gyrus (STG) and
inferior parietal lobule, and the superior parietal
lobule (Fig. 2). Activation was also evident in
the supplementary motor area (SMA) and the
right posterior cerebellar cortex. There were
responses in phase with the baseline condition in
the postcentral gyri, the medial prefrontal and
parietal cortex and in the posterior cingulate
gyrus (Table 1).

Imagining first person speech

Areas activated in phase with imagining one’s
own speech included the left insula, the pre-
central, postcentral and middle temporal gyri
and the inferior parietal lobule (Fig. 2). Ac-
tivation was also evident in the SMA, posterior
cerebellar cortex bilaterally and the right inferior
frontal gyrus, inferior parietal lobule, fusiform
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Table 1. Main foci of activation inner speech task

Region of activation during Voxels N X Y Z Max FPQ P

Inner speech
L STG}Inf parietal cortex (BA 22}39) 13 ®52 ®53 26 2±4 0±000005
R Posterior cerebellar cortex 29 26 ®64 ®18 2±2 0±000005
SMA (BA 6) 42 0 0 53 2±0 0±000015
L Sup parietal lobule (BA 7) 13 ®26 ®53 42 2±0 0±000015
L Inf frontal gyrus (BA 44)* 6 ®46 11 26 1±9 0±00005
L Insula 7 ®38 14 4 1±7 0±0005

Baseline
Med frontal gyrus (BA 10) 24 0 56 4 2±2 0±000005
Post-cingulate gyrus (BA 31) 32 0 ®42 37 2±1 0±000005
Med parietal cortex (BA 7) 26 3 ®56 37 2±1 0±00001
R Post-central gyrus (BA 1, 2, 3) 6 52 ®22 42 2±0 0±00002
L Post-central gyrus (BA 3) 4 ®49 ®14 42 1±9 0±00003

X, Y, Z, the coordinates of maximal response in the atlas of Talairach & Tournoux (1988).
Voxels N, number of suprathreshold voxels in cluster focused at this coordinate.
Max FPQ, Maximal value of the fundamental power quotient.
BA, Brodmann’s Area; L, left ; R, right ; Inf, inferior ; Sup, superior ; STG, superior temporal gyrus ; MTG, middle temporal gyrus ; Ant,

anterior ; Med, medial ; Mid, middle.
*Region of activation evident in the PET study of McGuire et al. (1996).

Table 2. Main foci of activation, first person auditory verbal imagery

Region Voxels N X Y Z Max FPQ P

Activation during imagining own speech
SMA 21 3 ®3 53 2±3 0±000005
L Inf parietal lobule (BA 40) 16 ®49 ®42 26 2±3 0±000005
R Posterior cerebellar cortex 10 26 ®69 ®13 2±3 0±000005
R Fusiform gyrus (BA 37) 22 29 ®58 ®7 2±2 0±000005
L Pre-central gyrus (BA 4) 19 ®43 ®11 48 2±2 0±000005
L Posterior cerebellar cortex 27 ®23 ®69 ®13 2±1 0±00002
L Post-central gyrus (BA 1, 2, 3) 19 ®43 ®19 42 2±1 0±000015
L Mid-temporal gyrus (BA 21) 11 ®52 ®39 4 2±1 0±000005
R Inf parietal lobule (BA 40) 16 49 ®31 42 2±0 0±00005
R Thalamus 14 12 ®17 4 1±9 0±000075
R Inf frontal gyrus (BA 44) 10 49 3 20 1±8 0±00025
L Insula 6 ®38 14 4 1±8 0±00025

Activation during baseline
R Mid-frontal gyrus (BA 9) 7 49 8 42 2±3 0±000005
Medial frontal gyrus (BA 10) 17 3 53 9 2±1 0±000025
Post-cingulate gyrus}Med parietal cortex (BA 31}7) 13 6 ®53 37 2±1 0±000005
Post-cingulate gyrus (BA 31) 12 3 ®33 31 2±1 0±000005
L Lingual gyrus (BA 18) 7 ®12 ®83 ®13 2±1 0±000015
Post-cingulate gyrus (BA 30) 20 3 ®50 9 2±0 0±00005
R Hippocampus 11 23 ®36 ®2 2±0 0±00006

For explanation of abbreviations, see footnote to Table 1.

gyrus and thalamus. There were responses in
phase with the baseline condition in the left
lingual gyrus, the posterior cingulate}medial
parietal cortex, the medial frontal gyrus and in
the right middle frontal gyrus and hippocampus
(Table 2).

Imagining second person speech

Regions activated in phase with imagining
speech in the second person included the left
inferior frontal, middle frontal and precentral

gyri, the area around the junction of the left
STG}inferior parietal lobule and the left pos-
terior cerebellar cortex (Fig. 2). There was
extensive activation of the SMA and responses
in the right inferior frontal and superior tem-
poral gyri. Responses in phase with the baseline
condition were evident in the left cuneus and
cerebellar vermis, the anterior cingulate gyrus,
the area around the junction of the posterior
cingulate gyrus and paracentral lobule, and in
the medial parietal cortex (Table 3).
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Table 3. Main foci of activation, second person auditory verbal imagery

Region Voxels N X Y Z Max FPQ P

Activation during second person speech
SMA (BA 6)* 169 3 ®3 48 3±0 0±000005
L STG}Inf parietal lobule (BA 22}40)* 34 ®52 ®44 26 2±3 0±000005
L Middle frontal gyrus (BA 9) 17 ®43 11 31 2±1 0±000005
L Pre-central gyrus (BA 4)* 17 ®43 ®8 48 2±1 0±000005
L Cuneus (BA 17) 14 ®6 ®72 9 2±0 0±000005
R Inf frontal gyrus (BA 44)* 8 52 8 26 2±0 0±000005
L Inf frontal gyrus (BA 45)* 12 ®38 19 4 1±9 0±000025
L Posterior cerebellar cortex 3 ®9 ®72 ®7 1±8 0±000005
R Sup temporal gyrus (BA 22) 2 46 ®25 9 1±6 0±00015

Activation during baseline
Med parietal cortex (BA 7) 33 0 ®61 42 2±8 0±000005
Ant cingulate gyrus (BA 32) 28 9 42 9 2±3 0±000005
Post-cingulate gyrus}Para-central lobule (BA 31}5) 54 6 ®31 42 2±2 0±000005
Post-cingulate gyrus}Para-central lobule (BA 31}5) 30 0 ®42 37 2±1 0±000005
L Cuneus (BA 19) 20 ®26 ®78 20 2±0 0±000005
L Cerebellar vermis 8 ®9 ®75 ®18 2±0 0±000005

For explanation of abbreviations, see footnote to Table 1.
* Region of activation evident in the PET study of McGuire et al. (1996).

Table 4. Main foci of activation, third person auditory verbal imagery

Region Voxels N X Y Z Max FPQ P

Activation during third person imagery
L Pre-central gyrus (BA 4) 60 ®40 ®14 53 2±5 0±000005
SMA (BA 6) 46 3 ®3 53 2±4 0±000005
L Post-central gyrus (BA 1, 2, 3) 23 ®52 ®19 31 2±3 0±000005
R STG (BA 22) 28 49 ®36 9 2±1 0±00001
R Posterior cerebellar cortex 24 32 ®64 ®13 2±1 0±000005
L Inf parietal lobule (BA 40) 18 ®52 ®44 26 2±1 0±000005
L STG (BA 42) 17 ®58 ®31 9 2±1 0±000015
L Insula 9 ®40 17 4 2±1 0±00001
R Pre-central gyrus}Inf frontal gyrus (BA 6}44) 19 55 6 31 2±0 0±000075
R STG (BA 38) 8 46 3 ®13 1±9 0±000175

Activation during baseline
Posterior cingulate gyrus}medial parietal cortex (BA 31}7) 17 ®3 ®67 26 2±1 0±000015
Rostralant cingulate cortex (BA 32) 12 3 44 15 2±1 0±00002
Post-cingulate gyrus (BA 23) 12 3 ®42 26 2±0 0±000075

For explanation of abbreviations, see footnote to Table 1.

Imagining third person speech

Imagining speech in the third person was
associated with left sided activation in the insula,
pre- and post-central gyri, STG and the inferior
parietal lobule (Fig. 2). Further responses were
evident in the SMA, the area around the junction
of the right inferior and middle frontal gyri, the
right STG and the right posterior cerebellar
cortex. Responses in phase with the baseline
condition were apparent in the anterior and
posterior cingulate gyri, and around the junction
of the posterior cingulate gyrus and medial
parietal cortex (Table 4).

Auditory verbal imagery (first, second and
third person imagery combined )

Activation in phase with the combined imagery
conditions was evident in the left inferior frontal
and precentral gyri, and around the junction of
the left STG with the inferior parietal lobule
(Fig. 3). Midline activation was evident in the
SMA, and there were right-sided responses in
the inferior frontal, precentral and superior
temporal gyri, the inferior parietal lobule and
the posterior cerebellar cortex. Responses in
phase with the baseline task were evident in the
medial prefrontal cortex, around the junction of
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F. 3. Areas activated during auditory verbal imagery (first, second and third person imagery combined, relative to baseline).
Activation maps were rendered onto a template, generated from the coregistered structural MRIs from all six subjects, and
correspond to Talairach space. Selected axial slices are displayed parallel to the anterior commisure–posterior commisure plane and
the left side of the figure represents the right side of the subjects and vice versa. Areas shown in red depict clusters significantly
activated during the first condition, while blue depicts regions activated during the baseline condition.

Table 5. Main foci of activation, during combined imagining speech

Region Voxels N X Y Z Max FPQ P

Activation during combined imagining speech
SMA (BA 6) 87 3 ®3 53 2±5 0±000005
L STG}Inf parietal lobule (BA 22}40) 36 ®49 ®42 26 2±3 0±000005
L Inf frontal gyrus (BA 45) 14 ®43 17 4 2±1 0±00001
L Pre-central gyrus (BA 4) 41 ®40 ®8 48 2±0 0±000005
R Inf frontal gyrus (BA 44) 20 52 8 26 1±7 0±000005
R Cerebellar cortex 18 26 ®58 ®13 1±7 0±000005
R STG (BA 22) 15 46 ®36 4 1±7 0±000005
L Pre-central gyrus (BA 6) 14 ®40 ®3 37 1±7 0±000005
L Inferior parietal lobule (BA 40) 12 ®38 ®39 48 1±7 0±000005
R Inf parietal lobule (BA 40) 11 46 ®31 37 1±6 0±00002
R Pre-central gyrus (BA 6) 8 43 3 37 1±6 0±00001

Activation during baseline
R Inf parietal lobule (BA 40) 15 58 ®28 26 1±8 0±000005
Medial frontal lobe (BA 10) 26 6 50 ®2 1±8 0±000005
Post-cingulate gyrus (BA 23) 31 3 ®33 42 1±8 0±000005
Posterior cingulate gyrus}Medial parietal cortex (BA 31}7) 52 0 ®64 20 1±7 0±000005

For explanation of abbreviations, see footnote to Table 1.

the posterior cingulate gyrus and in the medial
parietal cortex, and the right inferior parietal
lobule (Table 5).

Differences between tasks

Only differences significant at P! 0±005 are
reported.

First person imagery versus inner speech

There was a greater response during imagining
one’s own voice, relative to inner speech, in the
left insula, precentral gyrus and lingual gyrus
and bilaterally in the middle temporal gyri and
posterior cerebellar cortex (Fig. 4). Right-sided
changes were evident in the middle frontal
gyrus, inferior parietal lobule, fusiform gyrus,
the hippocampus and the thalamus. During the

inner speech condition there was a greater
response in the SMA, during the active task, and
in the medial frontal gyrus, anterior and pos-
terior cingulate gyri and the medial parietal
lobule in phase with the baseline condition in the
frontal pole, right middle frontal gyrus, left
lingual and posterior cingulate gyri.

Second and third person imagery combined
versus first person imagery

Imagery of another’s (second and third person
imagery combined) voice was associated with
greater activation in the SMA, the left precentral
and middle temporal gyri and inferior parietal
lobule, and right superior temporal gyrus and
posterior cerebellar cortex (Fig. 4). Second and
third person imagery combined was also
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F. 4. Areas activated during combined second and third person imagery relative to first person. Selected axial slices are displayed
parallel to the anterior commisure–posterior commisure plane and the left side of the figure represents the right side of the subjects
and vice versa. Areas shown in red depict clusters significantly activated during the first condition.

Table 6. Combined second and third person imagery versus first person imagery

Region Voxels N X Y Z Max β
"

P

SMA (BA6) 73 3 11 53 0±5 0±000005
L Pre-central gyrus (BA 4) 17 ®40 ®11 53 0±5 0±000005
R Posterior cerebellar cortex 9 35 ®58 ®13 0±5 0±000005
L MTG (BA 21) 7 ®58 ®44 9 0±5 0±000005
L Inf parietal lobule (BA 40) 7 ®55 ®36 26 0±5 0±000005
R STG (BA 22) 4 49 ®25 4 0±5 0±000005
Medial parietal lobule (BA 7)* 9 ®3 ®58 42 0±7 0±000005
Post-cingulate gyrus (BA 31)* 16 6 ®33 37 0±6 0±000005

For explanation of abbreviations, see footnote to Table 1.
Bold type indicates : greater activation during first task.

* Greater activation in phase with baseline}(‘decrease’) during the active condition.

associated with greater responses in the medial
parietal lobule and posterior cingulate gyrus
during the baseline condition (Table 6).

DISCUSSION

Methodology

The aim of this study was to use fMRI to
identify the neural correlates of inner speech and
different forms of auditory verbal imagery. The
inner speech and imagery tasks required subjects
to generate and silently articulate}imagine
sentences from cue words. The baseline con-
dition (listening to the cue words) was designed
to eliminate activation related to processing the
cue, isolating responses specific to inner speech
and auditory verbal imagery. The use of a
stereotyped sentence prevented variation in the
form of sentence construction beyond that
specified by the task instructions.

Although all the original subjects were able to
perform the tasks when outside the scanner, two
proved unable to do so once lying inside it ; their

fMRI data was therefore not analysed. The
remaining subjects reported that the scanner
noise (which was reduced to circa 60 db by ear
defenders) was occasionally a distraction but did
not interfere with task execution. Although
scanner noise can also influence the BOLD
response in lateral temporal cortex (Bandettini
et al. 1998; Amaro et al. 1999) significant, task-
related, temporal cortical responses were still
evident in this study, presumably because con-
founding effects of background noise were
reduced by its constancy across conditions.
Previous fMRI studies using the same magnet
have also detected temporal cortical activation
both in response to external speech (Woodruff et
al. 1997) and during tasks engaging covert
verbal processing (Calvert et al. 1997). Ideally,
functional imaging studies of cognitive tasks
should involve the measurement of behavioural
performance ‘on-line’, to assess how well sub-
jects are carrying them out during scanning.
However, auditory verbal imagery is a subjective
phenomenon, and as such is not easily amenable
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to objective monitoring of performance. We
thus sought to minimize the influence of vari-
ation in performance by training subjects on the
tasks prior to scanning, obtaining ratings of
their performance immediately after each task,
and excluding those who reported marked
difficulties with task execution.

Verbal generation and silent articulation

As predicted, the inner speech condition, which
entailed the silent generation and articulation of
speech, was associated with activation in the left
inferior frontal cortex and insula. However,
there was also activation in several regions that
were not activated in our previous PET study of
auditory verbal imagery (McGuire et al. 1996),
such as the SMA, the left superior temporal}
inferior parietal region, and the right posterior
cerebellar cortex. This probably reflects the
greater statistical power of the present study
which, because it employed fMRI, involved 400
images per subject as opposed to 12. While the
inner speech condition involved semantic and
grammatical processing that could have con-
tributed to this pattern of activation, the use of
a stereotyped sentence stem meant that the main
demands were on covert generation}articulation
and verbal working memory. Moreover, similar
areas have previously been activated with other
tasks that have engaged verbal working memory
(Paulesu et al. 1993) and silent articulation
implicitly (Warburton et al. 1996; Curtis et al.
1998). The role of the right cerebellum in
language and verbal working memory tasks has
become more apparent with the increased use of
functional neuroimaging, reviewed by Desmond
& Fiez (1998) ; they suggest that the cerebellum
displays activation both during cognitive
manipulations requiring verbal working memory
and those involving articulatory rehearsal. The
same set of regions were also engaged during
first, second and third person imagery, consistent
with the notion that inner speech and auditory
verbal imagery share a common component of
verbal working memory and covert generation}
articulation (Smith et al. 1995; McGuire et al.
1996).

Auditory verbal imagery

The auditory verbal imagery tasks probably
placed greater demands on both covert gen-
eration and articulation and auditory attentional

engagement than the inner speech task, because
the subject had to reproduce an internal rep-
resentation of speech with a particular sound
(McGuire et al. 1996). This would be consistent
with our subjects rating the imagery tasks as
subjectively more difficult than the inner speech
task. Imagining speech is thought to entail
retrieval of the voice to be imagined from
memory and the internal reproduction and
‘ inspection’ of the auditory image (Reisberg et
al. 1991). Auditory verbal imagery in general, as
indexed by the three imagery tasks combined,
was associated with activation in the set of areas
engaged during the inner speech task (left
inferior frontal and parietal cortex and SMA),
plus the left precentral and superior temporal
gyri, and the right homologues of all these areas.
Similar regions were activated, albeit less ex-
tensively, in the comparison between first person
imagery and inner speech. We predicted the
lateral temporal activation because this region is
implicated in verbal monitoring, which is greater
during auditory verbal imagery than inner
speech (Wise et al. 1991; Zatorre & Halpern,
1993; McGuire et al. 1996) ; while the en-
gagement of the left inferior frontal gyrus}insula
and precentral cortex during auditory verbal
imagery was predicted because imagining speech
places increased demands on silent articulation
(McGuire et al. 1996; Paulescu, 1993; Price et
al. 1996). The additional engagement of the
right-sided analogues of these areas suggests
that they may play a role in retrieving and
processing the prosody of the imagined speech,
as they are activated when comparing melodies
with matched non-melodic sequences, making
pitch judgements on syllables (Zatorre &
Sampson, 1991; Zatorre et al. 1992), assessing
emotional prosody in spoken sentences (George
et al. 1996) and implicated in imagery of familiar
tunes (Halpern & Zatorre, 1999). The latter PET
study of musical imagery also suggested that
right frontal lobe activation was associated with
retrieval from musical semantic memory, and
confirmed the involvement of the SMA in image
generation, proposing that it may be related to
motor code in this process. These regions have
also been associated with deficits in processing
verbal prosody in lesion studies (Ross &
Mesulam, 1979; Pell, 1998). However, an alter-
native, more general, explanation could be that
increased task demands led to the recruitment of
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contralateral homologous regions, as evident
in a recent fMRI study of mental rotation
(Carpenter et al. 1999).

Imagining alien speech

The combined second and third person imagery,
relative to first person imagery, was associated
with activation in the left premotor, middle
temporal and inferior parietal cortex, and in the
SMA. The greater engagement of the premotor,
inferior parietal and temporal cortex are con-
sistent with the notion that imagining another’s
voice places more demands on covert articu-
lation, engagement of auditory attention and on
verbal monitoring, than imagining one’s own
(McGuire et al. 1996).

There was no evidence to support the hy-
pothesis of greater activation of cortical visuo-
spatial areas during imagery of ‘alien’ auditory
imagery. The most likely reason for this failure
is that the instructions did not require subjects
to evoke any visual imagery during these tasks.

Baseline responses

Although there were differences in the extent to
which they were engaged, the medial parietal
and posterior cingulate cortex showed responses
during the baseline of all the tasks. These changes
may reflect a net shift of attention from
visuospatial to language processing during the
active condition such that resources are diverted
away from areas irrelevant to the active task
(McGuire et al. 1996). Analogous changes, in
the opposite direction, have been reported in the
auditory cortex, during visual paradigms (Haxby
et al. 1994). A similar mechanism may account
for the baseline responses we observed in the
medial frontal cortex, as increased baseline
activity in this region has also been noted during
auditory verbal memory tasks (Grasby et al.
1994).

Auditory verbal hallucinations

The areas engaged during inner speech and
auditory verbal imagery in this study, par-
ticularly the inferior frontal}insular, lateral
temporal and inferior parietal cortex, are similar
to those identified in functional imaging studies
of auditory verbal hallucinations (McGuire et
al. 1993, 1996; Silbersweig et al. 1995; Shergill et
al. 2000a). This is consistent with the notion
that verbal hallucinations are derived from a

lack of awareness of the subject’s normal inner
speech (Frith, 1992). However, patients with
hallucinations are not usually conscious of
generating the experience, whereas when
volunteers imagine other people’s speech they
have no difficulty in recognizing this as self-
generated. In the present study, both the SMA
and cerebellum were strongly activated during
the inner speech and auditory verbal imagery
tasks, particularly when subjects imagined
‘alien’ speech, but it appears to be relatively
weakly engaged during auditory verbal hallu-
cinations (Silbersweig et al. 1995; Dierks et al.
1999; Shergill et al. 2000a). The SMA is thought
to be the source of the Bereitschaft potential,
which precedes the awareness of willed action
(Deeke et al. 1969; Deeke, 1987), and lesions in
this region are associated with alien limb
syndrome, in which the patient seems to lose
awareness that his movements are self-generated
(Gasquoine, 1993). Similarly, both lesion and
neuroimaging studies suggest that the cerebellum
normally acts as a ‘comparator’ in both motor
(Blakemore et al. 1998) and verbal tasks
(Desmond et al. 1997), comparing intended with
actual performance and modulating cerebral
cortical activity appropriately (Andreasen et al.
1998). These observations suggest activation in
the SMA or the cerebellum may be a correlate of
the subject being aware that an auditory verbal
percept is self-generated. Conversely, a lack of
SMA or cerebellar activation, as seems to occur,
during auditory hallucinations might be related
to a loss of this awareness. This is consistent
with a case report of a patient with right lateral
cerebellar damage, which resulted in an inability
to correct verbal errors, of which the patient was
often unaware (Fiez et al. 1992). Similarly, a
functional neuroimaging study of auditory ima-
gery in patients with schizophrenia, in remission,
demonstrated hypoactivity within the cerebel-
lum, as well as other regions (Shergill et al.
2000b).
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