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ABSTRACT

Although the impact that visual information can have on
speech perception is well known, we do not yet have an
adequate description of the neural mechanisms involved.
We asked subjects to identify consonants produced by a
speaker they both saw and heard while we acquired
functional magnetic resonance images (fMRI) of their
brain. During one experimental condition the acoustics
were synchronous with the visual image of the speaker’s
face movements, in another they were delayed by 250 ms.
With respect to unimodal control conditions, we found
more extensive enhanced activity in the superior temporal
gyrus and sulcus (STG/STS), bilaterally, when the
audiovisual stimuli were synchronous than when the
sound was delayed. When we directly compared these two
experimental conditions, we found more activity in the
right premotor cortex and inferior parietal lobule (IPL)
when the acoustics were delayed. The results indicate that
polymodal regions of the STS and IPL play important but
different roles in audiovisual speech perception.

1. INTRODUCTION

A long line of research has demonstrated the powerful
influence information available from a visible face can
have on speech perception. For example, watching a
speaker’s face significantly enhances the intelligibility of
an acoustic speech signal that is degraded or masked by
noise [1]. However, the nervous system does not only rely
on visual information when the auditory environment is
not conducive to auditory speech perception; it also uses
visual information when the acoustics are intelligible. For
example, McGurk and MacDonald [2] showed that
presenting a face articulating a speech sound such as /ga/,
in synchrony with a different but clearly audible speech
sound such as /ba/, often causes listeners to perceive a
sound not presented (/da/).

We know a great deal about the conditions under which
cross-modal information is combined. For nonspeech
events, the nervous system relies on at least two basic
rules for integration: temporal and spatial coincidence [3].
By contrast, integration of audiovisual speech information
occurs despite large spatial [4] and temporal [5]
discrepancies, suggesting distinct neural mechanisms may
be involved. The purpose of the present study was to
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when listeners are permitted to see a speaker’s face
listening to the voice [6], [7], [8]. In addition,

tion in the STS and areas typically associated with
ry processing has even been shown to be active
subjects are engaged in a speechreading task [9],

cf. [11]).

ting evidence suggests that the STS plays a very
tant role in audiovisual integration in general as well
audiovisual speech perception. However, a recent
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in activation using fMRI. Specifically, subjects saw
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t of phase. In addition to finding a relationship

en the level of perceptual integration and activation
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posterior parietal cortex when subjects saw auditory
sual stimuli that were incongruent.

pecific role of parietal regions in audiovisual speech
tion is unknown. The posterior parietal cortex is a
odal region that appears to have sensorimotor as

s attentional functions. The binding of auditory and
information for nonspeech events has been linked to
tion in a network of areas including parietal cortex
More relevant to speech is a finding that the IPL is
ed in a functional network responsible for both
perception and imitation of observed lip gestures

oal of the present study was to localize areas of the
integral in the integration of auditory and visual

h signals that are congruent. Subjects watched and
a speaker say VCV’s while activity in their brain
easured using fMRI. The acoustics were either

ted synchronously with the video or delayed by 250
ased on previous work [5], we hypothesized that

ing the acoustic signal 250 ms would reduce the



amount of cross-modal integration that occurred, thus
allowing us to determine those regions important for
audiovisual speech integration.

2. METHODS

Subjects: Seven men between the age of 23 and 42 years
(mean age = 30 years) participated. The subjects were all
native English speakers and right-handed. The
experimental procedures were approved by the ATR
Human Subject Review Committee and all subjects gave
written consent before participation.

Stimuli and Design: A male, native speaker of English
was asked to say the VCV syllables /aba/, /ada/, /aga/,
/atha/ and /ava/. Each production began and ended in a
neutral, closed mouth position. The utterances were
videotaped and segmented for inclusion in this study.

There were five conditions in the experiment. During the
Auditory Only condition, a still frame of the speaker with
a neutral mouth posture was presented while the subjects
heard the VCV’s. In contrast, during the Visual Only
condition subjects saw the speaker’s face uttering the
VCV but did not hear the acoustic speech signal. These
two conditions were used to determine the brain activity
underlying the processing of unimodally presented speech
information.

There were also two audiovisual conditions. In the
Synchronous condition, subjects heard the speaker’s voice
while they simultaneously viewed the speaker’s
synchronous facial movements. In the Delay condition, the
speaker’s voice was delayed 250 ms relative to his face
movements. The final condition was a static face condition
included as a baseline condition. During this condition,
subjects merely saw a still image of the speaker’s face.

Procedure: The four experimental conditions and the
baseline condition were presented to subjects during a
single session in a block design. Each condition was
presented during three, 30 second long blocks. Thus,
subjects experienced 15 blocks and the order of the blocks
was randomized across subjects. During each block
(except during the baseline condition), subjects saw each
of the five VCV’s two times.

The subjects were instructed to carefully watch and listen
to the speaker and detect the consonant being articulated.
To ensure that subjects attended to the task, each subject
was assigned one of the five consonants as a target
consonant. Subjects pressed one button on a button-box
when they detected the target and another button when the
consonant they heard was not the target. The left-right
assignment and the target consonant were partially
counterbalanced across the seven subjects.

fMRI Data Collection: Structural and functional brain
images were acquired at the Brain Activity Imaging
Center at ATR International using a Marconi’s Magnex
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nce was used to acquire the functional T2* weighted
s covering the cortex and cerebellum (echo time, 49
epetition time, 3000 ms; flip angle, 90). Thirty
uous axial slices were acquired at a 4x4x5-mm
resolution.

Analysis: The preprocessing and analysis of the
data was performed using SPM99 (Wellcome

tment of Cognitive Neurology, London, U.K.). The
nces in acquisition time between brain slices were

nted for. Movement artifacts were then eliminated
ressing the time course of each voxel on a periodic
on of estimated movement parameters. All the
onal images were spatially normalized to a standard
defined by a template echo-planar image from the
eal Neurological Institute and resampled every 3
sing sinc interpolation. The images were then

thed with a 10-mm (full-width at half maximum)
pic Gaussian kernel.

d-effects analysis was used to assess the level of
activation across the seven subjects during the

imental task. The analyses implicitly modeled the
face, baseline condition. Activation at each voxel

stimated using a general linear model with a boxcar
on convolved with a typical hemodynamic response
on. The data were filtered to remove any high
ncy noise. In addition, global normalization and
mean scaling were carried out. Significant voxel

tion was determined using t statistics. The threshold
nificance was set at p < .05, corrected for multiple
risons.

3. RESULTS

rain activity observed during both the Synchronous
elayed conditions was generally similar to brain

ty observed in previous studies [6], [8]. Figure 1a
 regions of brain activity during the Synchronous

1. Statistical parametric maps (p < 0.05, corrected)
g brain activity (red) during the (a) Synchronous and
layed condition which was greater than the Auditory
nd Visual Only control conditions combined.



condition above that observed during the Auditory Only
and Visual Only control conditions combined. As one
would predict based on previous reports, enhanced
bilateral activation of temporal cortex was observed
during this audiovisual condition when compared to the
two, unimodal conditions. This enhanced activation
included the STS and STG in the left hemisphere. Similar
regions of enhanced activity were observed in the right
temporal region including the STS and STG as well as the
middle and inferior temporal gyri. In addition, enhanced
activation in the occipital cortex [Brodmann areas (BA) 17
and 18] and an area associated with the processing of
visual motion, the occipital-temporal junction (V5; BA 19
and 37), was bilaterally observed. Finally, a region of the
right superior frontal gyrus and cingulate gyrus was also
much more active during the Synchronous condition than
the Auditory Only and Visual Only control conditions.

Comparable observations were made when the Delay
condition was similarly compared to the two, unimodal
control conditions (see Figure 1b). Again, there was
enhanced activation in bilateral STS and STG. However,
the extent of activation in this region was much less
compared to that observed for the Synchronous condition.
There were also similar activations in occipital cortex
(middle and inferior occipital gyri, and V5) and the
superior frontal gyrus. One area that was more active in
the Delayed condition than the Synchronous condition was
lobule VI of the cerebellum.

Figure 2. Statistical parametric maps (p < 0.05, corrected)
showing brain activity (red) that was (a) greater in the
Synchronous condition compared to the Delayed condition
and (b) greater in the Delayed condition compared to the
Synchronous condition.

Figure 2 shows regions of the brain that were more active
during the Synchronous condition than during the Delayed
condition, and vice versa, when the two conditions were
directly contrasted. Compared to the Delayed condition,
more activity was observed in the right inferior temporal
gyrus (BA 20) and the left middle frontal gyrus (BA 10
and 11) during the Synchronous condition. On the other
hand, the Delayed condition showed more activation in the
right inferior frontal gyrus (BA 45) and right precentral
gyrus (BA 6 and 8). Additionally, a broad region of the
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4. DISCUSSION

urpose of the present study was to identify regions
brain important for the integration of auditory and
speech information. It was presumed, based on

us research [5], that delaying the acoustic speech
with respect to the video of a speaker would cause

ed audiovisual integration. Significant voxels were
ved in the temporal cortex (particularly STS and

when the auditory and visual stimuli were
ronous compared to Auditory Only and Visual Only
tions. The extent of temporal cortical activation was
in the Synchronous condition than when the same

arison was performed for the Delayed condition. By
st, stronger activations were observed in the
llum (lobule VI) for the Delayed condition than the
ronous condition. When the Synchronous and
ed conditions were contrasted directly, a region of
ontal lobe and inferior temporal gyrus showed
icantly stronger activation when the audiovisual
li were synchronous. When the acoustic speech
l was delayed by 250 ms, significantly more
tion was observed in the right precentral and inferior
l gyri and IPL than when the acoustic and visual
ation were presented in synchrony.

wing literature implicates the STS as a multimodal
or example, Calvert, Campbell and Brammer [6]

ted finding enhanced activity in the STS when
ts saw and heard a speaker reading a passage as
ed to just hearing the speaker’s voice or just
ing the speaker’s face, or experiencing audiovisual
li that did not match. The more extensive STS
tion we observed when the audiovisual speech

li were presented in synchrony may be a product of
-additivity’ or indicative of a primarily multimodal

ssing function [6]. It is clear that dissociating the
ry and visual information by separating them in time
d activity in this cortical region.

erebellar activity we observed when the acoustic
was delayed may indicate that the cerebellum plays
in mapping between visual speech events and

ry and articulatory speech events. It has been
sted that a primary function of the cerebellum is
ng motor movements to their perceptual
quences [15] and it is possible that this perceptual-
linkage may be utilized for speech perception [14].

ity in lobule VI of the cerebellum has previously
associated with lip and tongue movement [16]. The
sed activity observed in the Delayed condition may
ore have resulted from larger neural resources
sary for the integration of the temporally disparate
ry signals and visual speech gestures.

igher levels of activation we found in the right
tor areas and right IPL in the Delayed condition



compared to the Synchronous condition were similar to
the pattern of activity we found in a previous study when
the auditory and visual speech stimuli were mismatched
but presented in synchrony [8]. However, it should be
noted that this right-hemisphere activation could be related
to the subjects’ task. Although both the task and the
response were the same in all the experimental conditions,
it is possible that delaying the acoustic stimuli also meant
that the subjects’ responses were delayed slightly.
Therefore, we cannot be entirely certain that the premotor
and posterior parietal activation observed was unrelated to
the task rather than audiovisual speech processing.

Nevertheless, other studies in our laboratory have
demonstrated that premotor activity increases when the
intelligibility of auditory speech is reduced but visual
information is present [14]. It seems that activity in the
premotor cortex is related to situations where integrating
the auditory and visual signals may be difficult. In
addition, as previously mentioned, the IPL appears to be
part of a functional neural network that includes the
premotor cortex and is involved in a both visual
perception and imitation of observed lip gestures [13]. The
activation pattern we observed when the Delay condition
was compared to the Synchronous condition indicates that
this same network may be involved in the combination of
auditory and visual speech information.
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