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ABSTRACT 

An experiment is reported that extends the work of 
Grant & Seitz [1]. Grant and Seitz employed an 
elegant method for measuring AV effects using a 
detection paradigm, however the force of their 
results was diminished because: (i) they used only a 
small number of test sentences (three) and (ii) a key 
feature of their results, the relation of the magnitude 
of masking release with degree of correlation 
between aspects of speech (intensity) and vision (lip 
movement), was post hoc. In this paper we used 
eight stimuli that were explicitly selected to contrast 
the degree of correlation between speech intensity 
and lip movement. In order to minimize expectancy 
effects, the speech materials were in a language 
unknown to the participants and a method of 
constant stimuli was adopted. The results supported 
those of Grant and Seitz: seeing the face of the 
speaker facilitated detection and this facilitation was 
best for the stimuli where the correlation between F3 
and inter-lip distance was high. 

1. INTRODUCTION 
Human perception is inherently multisensory; our 
different senses receive correlated information about 
the same external objects or events, and this 
information can be used to orient attention and 
motor responses and to produce polysensory 
percepts. A primary goal of sensory integration is 
the development of consistent representation and 
interpretation of information from the different 
senses. 

At a basic level, for multisensory inputs to be 
ascribed to the same object, some common property 
in them must be perceived. That is, the processing 
system has to be able to discriminate related 
stimulation in the different modalities from 
unrelated stimulation. A key issue then, concerns the 
basis for the “triggering” of sensory integration. In 
order to appreciate the types of properties that may 
signal common visual and auditory speech events, it 
is useful to consider the nature of the speech signal 
and the visual properties of articulation. 
Speech sounds are produced in several ways and at 
several locations in the vocal tract. Typical sound 
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threshold for the AV matched condition relative to 
the other two conditions. It was shown that the size 
of this AV advantage was maximal for the sentence 
with the highest correlation between the area of 
mouth opening and local peaks in acoustic energy in 
the F2 and F3 regions (see also Grant [6]). 
In interpreting these effects Grant and Seitz referred 
to research by Stevens & House [6] that showed that 
speech intensity is proportional to mouth area (the 
cross-sectional area of the front of the vocal tract). It 
has been suggested that the association between AV 
facilitation and speech with a high correlation 
between variations in F2 root mean squared (rms) 
amplitude and area of mouth opening may be 
prompted by common properties in the auditory and 
visual signals: with a robust element of the visual 
component (the opening/closing of the lips) strongly 
correlated to a robust auditory feature (the signal 
power).  
This type of integration can be conceived of in terms 
of low-level sensory interactions, as it is broadly 
consistent with what might be expected on the basis 
of recent imaging studies of AV speech facilitation. 
For instance, it has been suggested that the 
perceptual improvements induced by synthesizing 
matched multisensory inputs are realised by 
reciprocal amplification of the signal intensity in 
participating unimodal cortices [7]. 

The data of Grant and Seitz are important as they 
suggest a link between the body of data concerned 
with describing the physiological basis of 
multimodal sensory interaction (e.g., [8]) and that 
concerned with multimodal perception and 
cognition [9]. However, it needs to be pointed out 
that the detailed interpretation of Grant and Seitz 
must be viewed with some degree of caution as they 
tested only three target sentences. The use of only a 
limited number of stimuli raises concerns about 
sentence-specific effects as it maximizes the 
participants' knowledge of the test materials and the 
influence of expectancy due to this knowledge. 
Furthermore, Grant & Seitz’s suggestion of a link 
between release from masking and the degree of 
correlation between F3-intensity and visible speech 
was based on a post hoc comparison of just two 
sentences.  
The current research attempts to address these 
potential shortcomings in the following fashion: The 
number of sentences to be used will be increased 
(eight sentences will be used); half the materials will 
be selected to have a high correlation between F3 
rms and inter-lip movement and the other half a low 
correlation. In addition, two further modifications 
will be made to the Grant and Seitz testing 
procedure in order to ensure that participant's 
knowledge of the target sentences will be minimized 
and thus unlikely to contribute to any effect. The 
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ten separate trials for each of the phrases and 
normalised averages were obtained. The second 
method, which was used as a check on the accuracy 
of the ELITE measures, was to measure the changes 
in lip-height from the video stimuli themselves 
using the Sigmascan pro 5 measurement software. 
The measurements from the two methods proved to 
be very highly correlated (greater than 0.9).  

The acoustic energy of the 16 phrases was measured 
for the original unfiltered utterances and also for 
three spectral regions that correspond broadly to the 
F1 (100–800 Hz), F2 (800–200 Hz), and F3 (2200–
6500 Hz) formant regions. The rms output from the 
filtered waveforms was computed for the sampling 
rate of the ELITE lip track data (100 Hz). The 
amplitude envelope from the F3 band was of interest 
because in the Grant and Seitz (2000) analysis it was 
this band of speech that had a high correlation with 
the cross-sectional area of the front of mouth cavity. 
The four phrases that had the highest correlation 
between the time-intensity (rms) F3 waveform and 
inter-lip distance and the four with the lowest were 
selected as stimuli in the experiment (the average 
cross-correlation was 0.76 for the high correlation 
sentences and 0.49 for the low set). Examples of the 
time-intensity-lip height traces are shown in Figure 
1 and 2. 

 
 

 
 
 
 
 
Figure 1: Examples of F3 (2200-6500 Hz) rms 
intensity as a function of inter-lip height for high 
correlation test phrases. 
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given item, the same sample of white noise was used 
for the signal/noise and noise alone stimuli. Over the 
course of the experiment, all items (the 8 phrases in 
each of the ten versions) were presented with both a 
moving and a still face (a total of 160 presentations). 

Procedure 
Four participants were tested individually and the 
experiment was conducted in a sound attenuated 
chamber. The thresholds of two participants 
(participants 1 and 2; tested five days before the 
main experiment) were determined by the adaptive 
procedure outlined above and these thresholds were 
used in selecting the base S/N ratios for the material 
of the main investigation. Stimulus presentation and 
response collection were controlled by computer 
(PIII 800 MHz processor with 64 Mg Ram and an 8 
Mg video card) using the DMDX software program 
devised by Forster and Forster [12], which has the 
capacity to display synchronized digitised audio and 
video sequences. Stimuli were presented on a 
ViewSonic 21” (G810) colour monitor with the 
frame of the presented video or still photo 
subtending approximately 10 degrees of visual 
angle. The auditory component of the stimuli was 
presented binaurally over headphones (Sennheiser 
HD414) at 60 dBA. 
The set trials comprised eight phrases: four in the 
High and four in the Low conditions (the terms 
High and Low refer to the correlation between F3 
intensity and inter-lip height as described earlier). 
Each trial consisted of the following events, first the 
word "ready" was presented for 800 ms then a 
signal/noise or noise alone stimulus followed by a 
800 ms gap and then the complementary noise alone 
or signal/noise stimulus. After this the word 
"respond" appeared and the participants had to 
identify the interval containing the target phrase 
(signal masked by noise) by pressing one of two 
numbered buttons. Half the trials began with a noise 
and signal stimulus and the other half with a noise 
stimulus. On half the trials the audio presentation 
was accompanied by a synchronized movie of the 
speaker (shown in both intervals); this will be 
referred to as the audio-visual Moving Face 
condition. On the other half of the trials, presented 
with the audio stimuli was a still photo of the 
speaker's face, the Still Face condition. The 
presentation of items was blocked into sets of 20 
trials of each phrase. Within a set of trials the 
presentation of still face and movie trials was at 
random, as was the order of the noise masked signal 
or noise intervals. 

2.2. Results 
Table 1 shows the average number of correct 
responses made for the Movie and the Still-Face 
conditions for all four participants over all of the 
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between F3 and lip movement, participants were 
more accurate when the face was not moving1. 

A simple model of why detection responses were 
better for the high correlation stimuli is that the co-
registration of multisensory inputs (the large-scale 
shifts in each modality, intensity changes in the 
auditory signal, mouth area volume changes in the 
visual signal) may enable reciprocal stimulus 
enhancement. This would have the effect of 
increasing the auditory signal when it is most 
intense and hence permitting it to emerge from the 
noise masker and be detected. The lack of 
facilitation (indeed, tendency for inhibition) in the 
Moving Face condition for the low correlation 
stimuli may be in part due to an illusion (noted by 
all participants) that in the Moving Face condition 
there often appeared to be speech in both intervals.  
The finding that multimodal facilitation of speech 
detection may result from rather low-level sensory 
coherence suggests links with the extensive 
literature on the behavioural outcomes of 
multimodal perception as regards orientation and 
attention (see, [8]; [13] for reviews). This literature 
is chiefly concerned with the implications of sub-
cortical neural integration in the superior colliculus 
(e.g., [14]) and comparatively little is known about 
the nature of the mechanisms that underpin 
multisensory integration of inputs for pattern 
recognition.  

3. IMPLICATION 
A further implication of this confirmation of Grant 
and Seitz’s findings is that it suggests that the 
variety of AV speech effects that have been 
demonstrated may rely upon the recruitment of 
different types of information (see [3]). Clearly, 
such findings call for a systematic investigation of 
the basis of audio-visual effects with different 
response tasks.   
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