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Abstract 
Auditory speech perception is faster and more accurate when 
combined with visual speech. We attempted to replicate 
previous findings that suggested visual speech facilitates 
auditory processing when speech is paired with matching 
video and interferes with processing when paired with 
mismatched videos. Crucially we employed button presses 
instead of a vocal response to determine if previous results 
could be attributed to the specific nature of the task. Stimuli 
consisted of  the sounds 'apa’, 'aka' and 'ata', with matched and 
mismatched videos that showed the talker’s whole face or 
upper face (control). The percentage of matched AV videos 
was set at 85% in the congruent condition and 15% in the 
incongruent condition. The results show that speeded 
identification decisions influence auditory processing. 
Furthermore, this influence is moderated by (a) visual speech 
acting as a temporal cue to the acoustic signal and (b) 
resolving the perceived differences between visual and 
auditory modalities. The current study builds on previous 
results suggesting visual speech plays a role in the termporal 
processing of auditory speech. 

1. Introduction 
Seeing a talker’s articulating face (visual speech) 

influences the perception of auditory speech. Although the 
effect of visual speech on auditory identification has been 
extensively studied (as in the McGurk effect [1]), few studies 
have looked at how the timing of auditory processing might 
be affected. Determining whether visual speech alters the 
speed of speech processing could provide an insight into how 
auditory and visual information combine to facilitate speech 
perception. Indeed, results from recent neurophysiological 
studies [2, 3] indicate that visual speech can directly speed up 
the cortical responses associated with the processing of 
auditory speech.  

Electrophysiological measures of cortical activity provide 
a direct method for probing the time-course of neural 
processing. In this regard, the N100 waveform (an event 
related potential generated from auditory cortical neurons that 
occurs approximately 100 ms after an auditory event) provides 
a useful index of the activation of the auditory cortex.  
Research has shown that auditory speech with the addition of 
visual speech can speed up the occurrence of the N100 [2, 3]. 
Furthermore, the degree to which the N100 is sped up appears 
to depend on how well the visual information predicts the 
auditory signal. That is, in [2], highly salient lip movements 
(e.g. ‘pa’) lead to a larger temporal facilitation than less 
salient movements (e.g. ‘ka’).  This effect may derive from 
the perceiver’s ability to exploit the temporal order of speech 
production [4], since visual information can be available up to 
150ms prior to any auditory signal [5].  

Recently, we conducted a series of experiments [6] that 
attempted to determine whether the results of [2] could be 
replicated in a behavioural paradigm. We measured the speed 
of verbal responses to Auditory-Only (AO) and Audio-Visual 

(AV) speech stimuli and employed two context conditions; a 
congruent context (85% matched AV stimuli) and an 
incongruent context (85% mismatched). By including a 
majority of mismatched videos, the incongruent context would 
be a better measure of visual influence on auditory processing 
as opposed to visual speech acting as a cue to identification 
Furthermore these contexts could be compared to see if any 
visual effects were moderated by visual speech validity. We 
hypothesised that if visual speech influences the speed of 
auditory processes, then this should occur even if participants 
are encouraged not to attend to the visual stimulus 
(incongruent context). Results showed that participants were 
faster to respond to matched AV stimuli than AO baseline or 
mismatched AV stimuli. As per [2], it was found that more 
salient visual speech (larger lip movements) resulted in greater 
facilitation than less salient visual speech. Similarly, we found 
that for mismatched AV stimuli, more salient visual speech 
lead to a greater lengthening of response times. What was 
impressive was that these visual facilitation and interference 
effects on auditory responses occurred in both the congruent 
and incongruent AV contexts. This shows that even when 
visual information was overwhelmingly unhelpful 
(incongruent context) it still influenced auditory processing.  
This result suggests that visual speech affects the speed of 
auditory processing regardless of whether subjects are 
attending to the visual speech. 

Visual facilitation and interference of auditory processing 
may have been influenced by the speeded vocal response task. 
In the previous study, the incongruent context was designed to 
dissuade participants from using visual speech to identify the 
auditory sounds and thus would be a good measure of 
auditory processing alone.  Yet, visual speech alone may 
influence responses via activation of the motor system, and 
thus vocal responses would not be a good measure of auditory 
processes. 

It has been shown that visual speech can activate the motor 
system, priming speech production [e.g. 7]. Thus, the results 
of [6] may have been due to visual speech priming motor 
commands, and not the hypothesised speeding of auditory 
processes. Evidence consistent with this latter interpretation 
comes from recent TMS and fMRI studies that have shown 
that that passive listening to speech is sufficient to activate 
speech motor areas; indeed one study showed that the 
threshold for motor evoked potentials in the tongue and lips is 
reduced when watching concordant mouth articulation [7] 
thus, priming the mouth for speech production. Furthermore, 
[8] has demonstrated using a behavioural measure that 
viewing visual speech affects speech production. This study 
showed that visual speech speeds up vocal responses in a 
word comprehension task by a margin of 15% over auditory 
stimuli alone. Consequently it is possible that speeded vocal 
identification is influenced by motor processes that are 
activated by AV speech and may not be indicative of feedback 
from visual to auditory areas as seen in [2].  
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In order to determine whether our previous results were 
due to the method of response, the present study employed 
button presses to record reaction times and accuracy. If the 
same pattern of response is seen with a different measure then 
this supports the hypothesis that visual speech influences the 
speed of auditory processing. However if the same result is 
not found then it is likely that the vocal response task was 
responsible for the observed facilitation of verbal responses to 
auditory speech. 

2. Method 

2.1. Participants 

Five postgraduate students from the University of Western 
Sydney (UWS) voluntarily participated in the study (MAge = 25 
years). All were fluent speakers of Australian English and had 
self reported normal or corrected-to-normal vision and no 
history of hearing loss.  

2.2. Materials 

The auditory stimuli used in the study consisted of the 
syllables ‘aKa’, ‘aPa’, and ‘aTa’.  These were produced by a 
single native male speaker of Australian English (Age = 28 
years) and were recorded in a well-lit, sound attenuated room 
using a Sony TRV19E digital video camera (25 fps), with 
audio captured using an externally connected lapel 
microphone (44.1 kHz, 16-bit mono).  

For each video, the auditory onset of the consonant (i.e., 
‘p’. ‘k’ or ‘t’) occurred at 1000ms (see Figure 1). Each video 
was clipped to 50 frames in length (2 seconds) and the initial 
mouth opening was set to occur on the 6th frame (240ms). The 
reason for this was to control for the length of time visual 
information was available before the auditory onset.  The 
three types of auditory stimuli, ‘aKa‘, ‘aPa’ and ‘aTa’ (to be 
referred to as Ak, Ap, At) were the only auditory stimuli used 
throughout the experiment. These sounds were dubbed onto 
matching videos; VkAk, VpAp and VtAt or onto mismatched 
videos; VkAp, VkAt, VpAt, VpAk, VtAk, VtAp in the congruent 
context condition with the addition of VhAp, VhAt, VngAt, 
VshAp, VthAk, VthAp, VvAk, VwAp, VwAk, VwAt used in the 
incongruent condition. Upper face videos were created with 
lower half of the face was removed (from the tip of the nose, 
down) at the 18th frame (280 ms before the onset of the auditory 
consonant). These videos were chosen as control stimuli as 
they had many of the same properties of the AV full face 
videos but provided very little, if any articulatory information. 
All videos were processed with VirtualDub [9]. 

2.3. Procedure 

Participants were tested individually in a sound-attenuated 
booth, with stimuli presented on a 17” CRT computer monitor. 
The experiment was broken into three blocks that were 
completed on different days to reduce participant fatigue. The 
order of presentation of the videos for the experiment were 
pseudo-randomized so that the ratio of matched to mismatched 
stimuli was constant throughout the experiment.  
 
 

 

  Figure 1. Auditory and visual representation of both 
upper face and AV stimuli. 

 
 
In the congruent context condition, 85% of AV videos had 
matched AV speech and 15% had mismatched AV speech. In 
the incongruent context condition 85% of videos were 
mismatched. Note that the ratio of matched versus mismatch 
videos do not include upper-face videos as these did not 
present any visual articulatory information. In each block a 
practice set of 20 items established the ratio of matched and 
mismatched videos before any test trials were recorded.  

Each block lasted approximately 30 minutes and consisted 
of a congruent condition (186 trials; including 138 matched, 
24 mismatched and 24 control videos) and an incongruent 
condition (including 24 matched, 138 mismatched and 24 
upper-face control videos). Participants were asked to listen to 
the auditory stimuli and respond by quickly and accurately 
pressing one of the three corresponding buttons on the 
keyboard  that were mapped to the three sounds in the 
experiment. DMDX [10] was used to present videos and 
record responses.  

 

3. Results  
Before analysing the RT data, we conducted an analysis of the 
errors made across different conditions. The overall error rate 
was 9% and there were no significant differences for any 
planned comparison between the experimental conditions.   It 
should be noted that for ‘McGurk’ stimuli (VkAp; where 
participants commonly report the percept ‘ta’), there was no 
significant increase in errors relative to baseline. A consequent 
control experiment was run that indicated that the participants 
in this experiment were not susceptible to the McGurk effect. 
In analysing the data, response times 2 SD above or below the 
participants mean response time (RT) were removed (4.5%). 
Mean response time in the baseline (upper-face) condition was 
341 ms; this was equal across context conditions (note that 
RTs were measured from the onset of the auditory signal, 1000 
ms).  

Repeated measure t-tests showed Ap responses were on 
average 60 ms faster than Ak and At (t(4) = 3.26, p < 0.05; t(4) 
= 3.09, p < 0.05, respectively).  

Figure 2 shows mean reaction times for matched videos 
relative to baseline for congruent and incongruent contexts. 
For matched videos (i.e. VpAp), participants responded on 
average 33 ms faster relative to baseline (t(4) = 4.65, p < 0.05). 
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Figure 2. Graph of mean response times (ms) for matched 

combinations of Ap, Ak and At in both congruent and 
incongruent contexts. Negative response times represent faster 
responses relative to baseline (upper face) videos for the same 
acoustic stimuli. Error bars represent the standard error of 
the mean. 

. 
 
Using repeated measure t-tests, both VpAp and VtAt were 

significantly faster than baseline in the incongruent context 
(t(4) = 3.83, p < 0.05 & t(4) = 4.14, p < 0.05 respectively). In 
the congruent context only VtAt was significantly faster than 
baseline (t(4) = 3.73, p < 0.05).  

A test of the interaction between salience and difference 
between AV and baseline (Visual Influence) showed that in 
the incongruent context VpAp responses were significantly 
faster (relative to baseline) than either VtAt or VkAk (F(1,4) = 
29.94, p < 0.05). This result was not significant in the 
congruent context (F(1,4) = 0.35, p > 0.05).  The interaction 
between salience and visual influence did not differ between 
context conditions (F(1,4) = 2.21, p > 0.05)  

Figure 3 shows mean reaction times for mismatched 
videos relative to baseline for congruent and incongruent 
contexts. Due to the similarity between mismatched stimuli, 
videos with the same audio (e.g. VpAk & V tAk) were averaged 
to create a single RT measure for each auditory stimulus. 

For mismatched videos on average, participants responses 
were not significantly different from baseline in either context 
condition (t(4) = 0.24, p > 0.05).  In the incongruent context, 
responses to VpAk and VtAk, were significantly faster than 
corresponding baseline videos (i.e. Ak) (t(4) = 8.31, p < 0.05; 
t(4) = 3.69, p < 0.05 respectively). VkAp and VtAp were 
significantly slower than baseline (t(4) = 8.31, p < 0.05  t(4) = 
3.69, p < 0.05 respectively). In the congruent context VpAt and 
VtAk responses were significantly faster than baseline (t(4) = 
4.12, p < 0.05; t(4) = 3.26, p < 0.05 respectively), while VkAp 
responses were significantly slower (t(4) = 5.94, p < 0.05). 

A test of the Salience x Visual Influence interaction  
showed for the incongruent context; mismatched Ap videos 
were significantly more affected by mismatched visual speech 
than Ak or At (F(1,4) = 82.2, p < 0.05; F(1,4) = 75.44, p < 0.05 
respectively). Similarly for the congruent context; mismatched 
Ap videos were significantly more affected by mismatched 
visual speech (F(1,4) = 121.3, p < 0.05; F(1,4) = 20.76, p < 
0.05 respectively). This interaction was not moderated by 
context (F(1,4) = 0.312, p > 0.05).  

 

 
 
Figure 3. Graph of mean response times (ms) for 

mismatched combinations of Ap, Ak and At.  
 

4. Discussion 
The current experiment aimed to determine whether 

visual speech would speed up responses to matched spoken 
syllables in a button pressing task. We hypothesised that if the 
speeding up of responses to spoken syllables by visual speech 
seen in our previous findings [6] was dependant on the vocal 
response task used, then the current experiment would not 
show such an effect. The results showed that the provision of 
visual speech did speed up responses to the matched auditory 
stimuli. However unlike the previous experiment, the effect of 
mismatched visual speech depended on the phoneme, either 
interfering or facilitating response times.  

In order to investigate how response patterns differed as a 
function of response type, we will consider the results for both 
matched and mismatched stimuli in more detail. As mentioned, 
response times to the AV matched videos were faster than that 
to AO stimuli and the size of this facilitation was similar to the 
previous experiment (up to 60ms). Previous findings [6] also 
showed that more salient visual speech lead to a greater 
facilitation of responses than less salient. This effect was 
somewhat apparent in the current study as the largest visual 
facilitation occurred for Vp videos, however only for the 
incongruent context. 

Previous research [2, 6] also suggests that more salient 
visual speech would lead to greater auditory interference when 
visual and auditory speech are mismatched. This result was 
found in the previous vocal response study where the size of 
visual interference was much greater for Vp videos than to Vt 
or Vk videos. Furthermore, this effect did not depend on the 
sound with which the visual speech was paired. The results of 
the current experiment however were very different. Again, 
salience appears to be a factor; however instead of Vp videos 
resulting in the greatest interference, Ap videos showed the 
greatest interference, regardless of which visual speech 
syllable it was paired with. Moreover, the less salient Ak 
videos actually showed response facilitation (compared to the 
AO condition). Across the two response types, facilitation of 
matched videos suggest similar underlying processes. 
However, different responses to the mismatched videos 
suggest that different processes were involved.  This different 
set of results indicates that there may indeed be underlying 
differences between the two tasks. 

The different pattern of response for the mismatched video 
across the two experiments might be explained by a more 
general salience effect. Visual speech not only provides 
information about the identification of a phoneme but also acts 
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as a cue to alert participants to the upcoming acoustic event. In 
the current study, visually salient speech (Vp) produced the 
fastest responses, regardless of which auditory stimuli the 
visual speech was paired with. Furthermore, mismatched 
videos with salient visual speech (VpAk) did not show 
interference effects as it did in the vocal response experiment. 
This suggests that in processing mismatched AV speech in the 
current button pressing task, salient visual speech was used 
primarily as a cue to response preparation with the more 
salient visual speech acting as a better cue.  

Although the above account goes some way to explaining 
the facilitation of mismatched Ak videos, it does not explain 
why mismatched Ap videos were much slower than baseline. 
One possibility for why this was the case was information 
from the auditory and visual modality are integrated 
differently for each phoneme. In AV integration, information 
from the auditory and visual modalities are combined in a 
probabilistic way. According to the fuzzy logic model of 
perception [11], different factors such as attention, noise and 
signal strength affect the relative weighting of a signal from a 
specific modality. This information weighting has the effect 
that less weight is placed on a noisy visual signal, for example, 
leading to a greater reliance on the auditory modality during 
integration. With the spirit of this idea, we propose that for 
less salient videos such as Vk there is relatively little visual 
information to combine with the auditory signal, and thus less 
weight is placed on the visual modality when integrating both 
streams of information. Conversely Vp is visually salient and 
so greater weight is placed upon the visual modality. 
Consequently, the visual modality plays a greater role during 
AV integration for Ap than Ak. Given this basic setup, then 
mismatched Ap videos would result in slower reaction times 
due to the larger amount of processing required to reconcile 
the difference between the two streams of information. For Ak 
on the other hand, the visual modality is less likely to be 
strongly integrated and consequently differences between the 
auditory and visual stream can be easily reconciled in favour 
of the auditory modality.   

Of course, caution must be exercised when comparing 
results across this experiment and the previous one as there 
were differences between them. Most notably, in contrast to 
our previous findings [6], there was no effect of the overall 
congruent/incongruent context in the current experiment. In 
the vocal response experiment, there were clear differences 
between incongruent and congruent conditions in terms of the 
size of the visual interference and facilitation as well as in the 
overall response times. In the congruent context the facilitation 
was small and interference was large, whereas in the 
incongruent context the opposite pattern occurred: facilitation 
was large and interference small. The current results showed 
near identical patterns of response across contexts. This may 
indicate that the context manipulation was ineffective and 
participants did not use visual speech as a reliable cue in the 
congruent context and as an unreliable cue in the incongruent 
context As the experiment was counterbalanced across 
contexts each participant was exposed to each context three 
times and this may have been sufficient to learn that overall, 
visual speech is only sometimes helpful.  

To assess whether a vocal response task influences 
responses via priming of the motor system we need to observe 
the difference in mismatched responses.  In the vocal response 
task, mismatched Vp responses lead to large interference 
effects. Whereas in the current experiment mismatched Vp 
responses were facilitated. This could mean that visual speech 
information is only processed as a temporal cue, with little 
identification information in the button pressing task. However 
in the vocal response task it takes longer to resolve the 

difference between mismatched stimuli. It is possible that this 
is due to priming of the motor system to respond to the visual 
signal as it would take longer to change a motor command 
from the visual signal to the mismatched auditory syllable. 
Given this possibility, more research is needed to determine 
whether the role of the motor system in vocal responses 
influences the temporal processing of speech. However this 
study provides evidence that for mismatched videos, a button 
pressing task processes visual speech in a different way to 
vocal responses, leading to different visual speech facilitation 
and interference effects on auditory processing. This finding 
that different response task produce different results strikes a 
note of caution for those that ignore considerations of task 
when interpreting AV speech results. 
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