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ABSTRACT

To investigate the nature of facial information
involved in visual and audiovisual speech
perception, we examined the influence of brightness
reversal on speechreading and the McGurk effect.
Brightness reversed (photonegative) images are
harder to ‘read as faces’ than images with normal
brightness relations, but, when animated, maintain
all the movement information of a speaking face. If
speechreading were dependent solely on analysis of
the dynamic features of a speaking face, this
manipulation should have little effect on
susceptibility to McGurk fusion illusions.
Conversely, if speechreading made use primarily of
visual end-state forms (‘key frames’), then this
manipulation should profoundly reduce
susceptibility to McGurk illusions. Although the
brightness reversed static images of non-labial
articulations were hard to identify correctly, natural
movement of brightness-reversed faces generated a
McGurk effect, although it was weaker than for
normal brightness faces. These results suggest that
both dynamic (time-varying) and image quality (not
time-varying) are involved in the visual perception
of spoken language and that the strength of their
relative influence depends on the demands of the
task.

1. INTRODUCTION

When a person talks in a whisper, we can see to
some extent what the person is saying. In addition,
when a person talks in a loud voice, we can
understand how the person’s lips should move to
match what’s heard. Speechreading is not only an

important way for people to communicate with deaf
people, but is also a relevant way for normal
hearing people to perform language processing. In
fact, speechreading is known to improve auditory
speech perception under noisy environments [1].

However, when inconsistent auditory and visual
information is presented, this may compel listeners
to perceive different sounds [2]. For example, an
auditory /ba/ dubbed onto a visual image of /ga/
results in an audiovisual stimulus that can induce
the percept /da/. This phenomenon is known as the
McGurk effect.

Much research has been conducted on
speechreading and audiovisual speech perception,
but relatively little is known about how facial
information is involved in the perception of spoken
languages [3, 4].

During normal face-to-face interaction, substantial
changes can occur in the visual appearance of a
speaker’s face. In such cases, what is the nature of
the visual information that is available for visual
and audiovisual speech perception? It seems
obvious that the reading of speech involves both an
analysis of visual forms and an analysis of the
dynamic characteristics of the visible articulators.
For example, although still images of a face can
induce the McGurk effect, the observation of facial
movements results in a stronger McGurk effect [5].

Rosenblum and Saldana [6] showed that point-light
displays of a moving face can nevertheless affect
the report of auditory tokens synchronized to the
displays. This shows that time-varying aspects of
seen speech are important for audiovisual speech
perception. It may not mean that no facial image
information at all is construed from the display. The
disposition of the points in such a display (mouth
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corners, tongue, teeth) often leads to the perception
of a mouth-like form -- even in a still frame. Under
these conditions, it is possible that the point light
demonstration may not always dissociate facial
information involving visual

Figure 1: Examples of visual stimuli.

forms and dynamic characteristics completely.
Another point about such displays is that they
cannot deliver all the changing-state information
about the face-speech event since only a limited
number of points on the face are used (typically up
to 30). Perhaps the reduced McGurk effect with
such displays reflects the relative poverty of time-
varying information delivered by pointlights?

In the present study, we used a different technique
to explore this issue. We investigated brightness
reversed images. As shown in Figure 1, it can be
hard to see relevant speech-form details in
brightness reversed images (ie, in key-frames).
Brightness reversed images, however, can maintain
all of the movement information of a speaking face
without any corresponding loss in the visual forms.
This offers a technique other than the pointlight
approach to examine the effects of motion of the
face on the perception of heard speech. Because all
the visual texture of the facial image is maintained,
a fuller range of time-varying features may be
presented.

It is possible to identify some speech patterns, for
example point-vowels and some labio-dental
distinctions, from the static image of the face alone
[7]. If dynamic information from the face were
relatively less important than the non-time-varying
image features, then we would predict that the
brightness reversal manipulation, which can destroy
the ability to perceive facial qualities, should be
very deleterious to visual speech. A contrasting
view, based on the proposal that the time-varying
properties of the face in action are the prime source
of visual speech [6], would suggest that natural
movement could overcome the effects of the face

brightness reversal for speechreading. This has been
shown to occur for face identification [8]. If this
were so, then speechreading and the McGurk effect
should be similar for brightness reversed and for
normal facial displays.

The effect of auditory noise on speechreading and
the McGurk effect can be used to develop this point.
A previous study found that the presence of
auditory noise induces a stronger McGurk effect
(greater reliance on visual information [9]).

Thus, any effects of brightness reversal may be
expected to interact with a main effect of auditory
noise. We predict that adding auditory noise should
increase McGurk susceptibility. If brightness
reversal does affect McGurk susceptibility we
predict that adding noise should not make subjects
more reliant on vision. But if brightness reversal has
no effect, then brightness-reversed like untreated
images should generate greater McGurk
susceptibility under noisy conditions.

We compared the effect of auditory noise on
auditory, visual, and audiovisual speech perception.

2.METHODS

The subjects were 18 undergraduate students who
were paid for their participation. None of the
subjects reported any history of hearing disorders,
and all had normal or corrected-to-normal vision.
All were native Japanese speakers.

The stimuli were digitized versions of videotaped
utterances of a single Japanese male speaking three
Japanese syllables: /ba/, /da/, and /ga/. Monochrome
half-tone images were used, derived by adjustment
of saturation of the color images. Brightness-
reversed images were achieved by reversal of
solarization of the monochrome images. (Image
processing used the color effect tool of Avid Media
Compose.7.1).

Each face image was videotaped to show a three-
quarter-view face (45 degrees). The height of the
facial images, when shown on a 20-inch video
monitor (Sony Trinitron color video monitor PVM-
2054Q), was approximately 25 cm. Auditory speech
was recorded from a microphone positioned in front
of the speaker.

The three audio signals and three visual signals on a
BETACAM tape were combined on a computer
(Power Macintosh 9500/132). The auditory signals
were digitized at a 44.1 kHz sampling rate and 16-



bit resolution on the computer. The audio and video
signals were precisely synchronized by adjusting
the dubbing timing with a 33ms frame unit.

For each brightness condition, three audio and three
video stimuli were combined, resulting in nine
audiovisual stimuli. Each audiovisual stimulus was
arranged in a 7-sec unit, which included a 3-sec
period of no face shown and a 4-sec period of a
talking face.

In addition, stimulus sequences were created for
audio-alone presentation and visual-alone
presentation. Three auditory stimuli with blank
frames on the video channel were presented for the
audio-alone presentation. Three visual stimuli with
no syllables on the audio channel were presented for
each brightness condition for the visual-alone
presentation.

Two identical sets of audiovisual, audio-alone, and
video-alone stimuli were made. White noise (S/N
ratio=0) was added to one set. These stimuli were
copied onto the BETACAM videotape for use in the
experiments.

Each subject participated in a two-hour session. The
subject was presented with two audiovisual blocks,
one audio-alone block, and two visual-alone blocks
for each noise condition (noise-free and with
auditory noise).

For the audiovisual blocks, the tests were conducted
for each brightness condition. Nine audiovisual
stimuli under one brightness condition were
presented six times in random order. The order of
the two blocks was counterbalanced across the
subjects. For the audio-alone block, the three
auditory syllables were presented six times each in
random order. In the same manner, for the visual-
alone block, the three visual syllables were
presented six times each in random order. This
design gave a total of six observations per
participant for each audiovisual, audio, and visual
stimulus.

The subjects were individually tested in a dimly lit
room, seated on a chair approximately 1.5 m from
the video monitor. Initially, each subject
participated in the test for the audiovisual blocks.
The subjects were instructed to watch and to listen
to each audiovisual stimulus, and to report what
they had heard. Thus, the subjects completed a
open-set response-task. For the audio-alone test, the
subjects were asked to listen to each syllable and to

identify it. For the visual-alone test, the subjects
answered what they thought the speaker had uttered.
These tests were run with 5-minute break periods
between blocks.

3. RESULTS

Audio-alone task: Figure 2(a) shows the results of
the audio-alone task under two listening conditions.
The bars indicate incorrect responses (in
percentage) in 78 observations (13 subjects x 6
repetitions) for each auditory syllable. Less than
10% of the responses were incorrect for all of the
stimuli. The intelligibility of the auditory stimuli
did not decrease with noise. There were no
significant differences between the syllables and
noise conditions. There was no interaction between
syllables and noise conditions.

Vision-alone task: Figure 2 shows the response
distributions (%) of visual stimuli for each
brightness level under the two noise conditions.
These were analyzed separately for each syllable.
/ba/ was identified with 90% (or greater) accuracy
at each brightness level, and there was no effect
either of noise or of brightness reversal. Reports of
/da/ were off-ceiling. They showed a significant
effect of brightness reversal and a non-significant
effect of (auditory) noise with no interaction. A
similar pattern of results was obtained for the
syllable /ga/.

Audiovisual task: Figure 3 shows the incorrect
identifications (%) of auditory stimuli for each
brightness level under the two noise conditions. The
incorrect identifications include the responses that
were neither /ba/, /da/, or /ga/. These responses
were, however, obtained in very few trials. The
McGurk effect (influence of vision on audition)
occurs for auditory and visual stimuli that differed
in place of articulation (visual /da/ or /ga/ with
auditory /ba/; visual /ba/ with auditory /da/ and /ga/;
also visual /ga/ with auditory /da/).

Visual /da/ with auditory /ba/ was sensitive to
brightness reversal. That is, brightness reversed
images showed less McGurk sensitivity in this
combination. In the other conditions, although
brightness reversed images showed less visual
influence than normal ones, effects did not reach
significance.
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Figure 2: Results of three tasks: (a) Responses of incorrect
identifications in percentage (%) in audio-alone task. (b)
Responses of correct visual identification in percentage (%) in
visual-alone task. (c) Responses of incorrect auditory speech
perception in percentage (%) in audiovisual task.

Auditory noise significantly increased McGurk
effect for most of the combinations, but was
significant only for visual /ba/, auditory /da/, and for
visual /ga/ and auditory /da/. There was no
interaction between brightness and auditory
intelligibility in any condition.

4. DISCUSSION

Both auditory noise and brightness reversal affected
the report of audiovisual syllables under these
particular experimental conditions. However, since
visual /ba/ is not susceptible to brightness reversal
(it showed no drop-off in the vision-only condition)

and since auditory /ba/ was little affected by noise,
the conditions for interplay between the factors
were limited. Nevertheless the findings do show
that while effects of noise and of brightness reversal
are largely independent rather than interactive, there
are conditions where each factor may influence the
other. In particular adding noise to /da/ or /ga/
reduces the effect of brightness reversal on McGurk
sensitivity. In general, the findings suggest that
when information about visual form is degraded,
while time-varying information across the whole
face surface is maintained (brightness reversal),
some aspects of visual speech processing may be
impaired. For speechreading, however, this
manipulation appears to have a relatively small
effect in contrast to reports on its catastrophic effect
on (for instance) the recognition of facial identity.

This must necessarily be an interim conclusion.
Further explorations are needed to (a) test the effect
of brightness reversal on identification of keyframes
(stilled images) from the current set, (b) test the
effect of using different speakers whose visual
characteristics may be more amenable to disruption
by brightness reversal. For example, Campbell [10]
reports that a bearded speaker is particularly hard to
speechread under brightness-reversed conditions.

Processes of visual dynamic analysis are likely to
hold an important clue to the mechanisms of
speechreading: the disruption of brightness-relations
in a halftone moving image did not greatly disrupt
McGurk sensitivity under either noise-free or noisy
conditions.
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