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ABSTRACT 

The goal of this study was to localize, using fMRI, 
the neural processes involved with visual aspects of 
speech perception under conditions of degraded 
auditory information. Brain activity underlying 
aspects of visual speech processing was determined 
by comparing conditions with visual speech 
information to appropriate auditory only conditions. 
Consistent with the idea of a ‘mirror neuron 
system,’ results suggest that speech motor areas 
(Broca’s area) of the brain may be involved with the 
recognition of phonetic gestures inherent in the 
visual speech signal under conditions of degraded 
auditory information.  

1. INTRODUCTION 
It is known that observation of visual speech 
behavior that is concordant with the auditory signal 
can enhance intelligibility especially under 
conditions in which the auditory signal is degraded 
by noise [1]. In a previous case study [2] it was 
found using EEG that the visual enhancement of 
speech intelligibility in noise involves high 
frequency activity in the superior temporal gyrus. 
The EEG current source density was localized on 
the surface of the cortex using low-resolution 
tomography (LORETA) constrained by individual 
specific volume conductor and source models 
constructed from anatomical MRI data. This finding 
is consistent with functional imaging studies of 
silent speechreading [3,4] and concordant 
audiovisual speech perception [5]. The EEG case 
study [2] also revealed the visual enhancement 
effect to involve a distributed functional network 
including parietal, occipital, temporal, frontal, and 
sensorimotor areas representing orofacial structures.  
The finding that the visual enhancement effect 
includes areas of the brain involved with speech 
production is interesting given recent studies 
concerning the ‘mirror neuron system’ [6]. Mirror 
neurons are thought to contribute to processes 
underlying both observation and execution of motor 
action. Interestingly, a mirror neuron system for 
hand movement imitation has been found to involve 
Broca’s area [6]. It has been proposed that a mirror 
neuron system (including Broca’s area) for gesture 
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2. METHODS 

2.1. Subjects 
Four right-handed male native English speakers 
participated in this study. Subjects were between 30 
and 35 years of age. All subjects volunteered to 
participate in the study and gave informed consent. 

2.2. Stimuli 
The stimuli were similar to those used in [2]. The 
stimuli consisted of 96 different monosyllabic 
English words for each of the five conditions (audio 
only (AO), audio only with noise (AON), 
audiovisual (AV), audiovisual with noise (AVN), 
visual only (VO)). The words were spoken by a 
female native English speaker and were of the form: 
initial consonant cluster + vowel + final consonant 
cluster. The words for each condition were 
controlled for frequency, initial consonant, vowel, 
and final consonant. Each presentation was one 
second in duration including facial motion prior to 
and following the audio speech signal for the word. 
The words were recorded onto video laser disk for 
later stimulus presentation. One second of a static 
face (the same face shown during concordant AV 
conditions) with slight head movement was used for 
control and all audio only conditions. It is possible 
that presentation of audio speech with a face that is 
not moving in concordance may cause alteration of 
normal auditory speech processing. Further 
experiments need to be conducted to examine this 
issue.  
Audio noise used in the experiment consisted of 
multispeaker babble that was mixed with the speech 
signal. Multispeaker babble was selected to degrade 
the auditory signal because its main energy is in the 
same frequency range as the word stimuli. 

2.3. Procedure 
A block design was used in which 12 words from 
the same condition were presented (approximately 
85-90 dB SPL) at a rate of one every three seconds 
(inter-stimulus interval equals two seconds). This 
was followed by presentation of 12 words from 
another condition and so on. The order of conditions 
was kept fixed (VO-AO-AVN-control-AON-AV) to 
increase the fMRI signal sensitivity. Randomization 
decreases sensitivity by distributing the variance of 
the task paradigm over multiple frequencies [14]. 
This pattern was repeated twice for each session. In 
total there were four sessions. Each session was 
approximately seven and a half minutes. The task 
was to identify the word presented. All subjects had 
practice with the various types of stimuli prior to 
fMRI scanning. Behavioral results were recorded 
separately one week after fMRI scanning. For this 
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comparisons (corrected T=3.58, p <0.05, df=1056). 
Brain activity involved with the contribution of 
visual aspects of speech perception was assessed by 
inclusively masking (p<0.05) the AV, AVN, and 
VO contrasts with the statistical contrast of the 
condition at hand compared with the appropriate 
audio only conditions (AV inclusively masked by 
AV-AO; AVN inclusively masked by AVN-AON; 
VO inclusively masked by VO-AO). 

3. RESULTS 

3.1. Behavioral Performance 
Behavioral performance for each subject was 
assessed for word identification as well as phoneme 
cluster identification for all five conditions. The 
results (Figures 1A-B) indicate an enhancement in 
identification performance in noise by concordant 
visual speech information. The results also indicate 
that although word identification performance is 
poor for the visual only condition, there are a fair 
number of phonemes identified correctly. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: A. Percent correct word identification performance. B. 
Percent correct phoneme identification performance.  

3.2. fMRI Analysis 
Regional brain activity determined by SPM for the 
five conditions relative to the control condition are 
shown in Figure 2. All conditions including the 
visual only condition show a great deal of activity 
bilaterally in the superior and middle temporal areas 
(Brodmann area BA 22, 41, 42, and 21). The 
conditions containing visual speech stimuli (AV, 
AVN, VO) show additional activity in the right 
inferiorposterior temporal lobe (BA 37) and to a 
lesser degree in BA 19. This is confirmed by 
inclusive masking (AV inclusively masked by AV-
AO; AVN inclusively masked by AVN-AON; VO 
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Figure 3: Regional brain activity for conditions containing 
visual speech stimuli inclusively masked by the statistical 
contrast of the condition at hand compared with the appropriate 
audio only conditions. Brodmann areas are labeled. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Regional brain activity for conditions containing 
visual speech stimuli inclusively masked by the statistical 
contrast of the condition at hand compared with AON, AO, and 
AV conditions. Brodman areas are labeled. 
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results are consistent with findings implicating BA 
37 as a multimodal processing area [15]. 

The finding of primary interest was the presence of 
activity in Broca’s area (BA 44-45) in the AVN 
(inclusively masked by AVN-AON, AVN-AO, and 
AVN-AV) and the VO (inclusively masked by VO-
AON, VO-AO, and VO-AV) conditions (Figure 4). 
It should also be noted that activity in Broca’s area 
was also present in the AON compared to the 
control contrast. Consistent with the idea of a 
‘mirror neuron system’ [6,7] the results suggest that 
speech motor areas of the brain may be involved 
with the recognition of phonetic gestures inherent in 
the visual speech signal under conditions in which 
the audio signal is degraded. The activation of 
Broca’s area for the AVN and VO conditions 
(Figure 4) cannot be explained by task difficulty 
alone since behavioral results indicate that the AON 
condition is more difficult than the AVN condition. 
In addition to BA 44 the VO condition (Figure 4) 
also shows unique activity in other speech motor 
areas (BA 6, 45, 47, anterior insula, and SMA), 
some of which have been found to be involved with 
speech perception and multimodal processing 
[2,3,5,11,16].  
One possible explanation for why Broca’s area BA 
44 was found to be active in this study but not in 
other studies involving silent speechreading may be 
because in this study the task required identification 
of a monosyllabic word (out of hundreds of potential 
English words) rather than merely identifying a 
spoken number between one and ten [3,4]. It is 
likely that the speechreading task used in this study 
requires greater phonetic processing, which may 
invoke greater activation of Broca’s area, than the 
task used in other studies. 
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