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Our large-scale audiovisual gating study extended 
previous research on this topic by 1) using a set of 
words that included all possible initial consonants in
English in three vowel contexts, 2) tracking the 
information processing for individual words not
only across modalities, but also over time, and 3)
testing quantitative models of the time-course of
multimodal word recognition.

ABSTRACT

This study investigates the time-course of
information processing in both visual as well as in
the auditory speech as used for word identification
in face-to-face communication. It extends the
limited previous research on this topic and provides 
a valuable database for future research in
audiovisual speech perception. An evaluation of
models of speech perception by ear and eye in their 
ability to account for the audiovisual gating data
shows a superior role of the fuzzy logical model of
perception (FLMP) [1] over additive models of 
perception. A new dynamic version of the FLMP 
seems to be a promising model to account for the
complex interplay of perceptual and cognitive 
information in audiovisual spoken word recognition. 

1. INTRODUCTION 

2. METHOD 

Participants. One hundred and eleven monolingual
native English speakers who reported no hearing, 
vision, or language deficit participated for course
credit or pay. All were undergraduate students at the
University of California, Santa Cruz. 

In face-to-face communication, information from
both the face as well as from the voice contributes to
the identification of the spoken words. The 
information these two sources provide, however, is 
not completely redundant, but complementary. For 
consonants, the visual signal is most informative
about their place of articulation, whereas the
auditory signal is most informative about manner of
articulation and voicing [2]. Overall, the visual 
signal is less informative than the auditory signal in
speech perception [3,4].

The time-course of when this information becomes
available can also differ for the two modalities [5,6].
For example, visual information about the labial 
place of articulation of stop consonants in terms of a 
visible closure of the lips is available before the 
release and hence before the auditory signal [5].
Therefore, both modality differences and their time-
course are important in investigation of the
identification of words in face-to-face
communication.

Materials. Sixty-six monosyllabic English words
with a consonant-vowel-consonant structure were 
presented after the context word A / / at each of six 
gates. Gates were created proportionally to the 
duration of the initial consonant for the first three
gates and of the vowel for the last three gates. Gates 
increased by a third of the duration of these
segments. Recordings were made using a computer-
animated talking head, Baldi 1 that has been shown 
to be almost comparable to a natural speaker in its
visible speech, here driven by the Neospeech TTS 
engine [7]. Recordings were made at 60 frames/sec.
(previous studies used only 30 frames /sec). The 
gated words were presented auditorily, visually, or
audiovisually. The words were chosen to represent 
three occurrences of each of the 22 possible initial
consonants in English. The three occurrences
differed in their subsequent vowel (/ /,/ / / / / /,
chosen so that their vowels were visually dissimilar.

Procedure. Participants were first familiarized with 
all words by seeing and hearing the complete word 
once. They were instructed to listen and to look at

1 Baldi is a registered trademark of Dominic W. Massaro.
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the screen during the stimulus presentation and to 
choose what they thought best matched the 
presented stimulus from a list of all sixty-six words 
presented as buttons on the screen after each 
stimulus presentation. The 1,188 experimental trials 
were presented in three equal sized blocks. The
allocation of trials to the three blocks was pseudo-
randomized so that each block contained an equal 
proportion of trials for each word, each modality,
and each gate. The order of presentation within each
block was randomized for each participant. The 
order of blocks was alternated according to a latin 
square design. 
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RESULTS AND DISCUSSION

Results showed an advantage in word accuracy for
audiovisual speech over just auditory or just visual 
speech. Auditory speech was much more
informative than visual speech and the benefit of 
audiovisual speech over auditory speech decreased 
with longer gates. Overall, performance on visual 
alone trials was well above chance reaching its peak 
at 13% at the final gate for word accuracy. Analyses
based on the recognition of the initial phoneme or 
viseme showed similar results. Performance based 
on initial viseme averaged about 35% and clearly
showed that visual information is used at all gates in 
word identification. 

Information theoretic feature analyses of the 
confusion matrices [2] revealed that the auditory
signal is highly informative about voicing, manner,
frication, duration, and place of articulation. Visual 
speech is mostly informative about place of 
articulation, but also frication and duration. The
feature analysis indicated that the auditory signal 
provided more information about the place of 
articulation for back consonants, whereas the visual
signal provided more information for the labial 
consonants.

Although the observed data were not at an ideal 
informative range, since performance for auditory
only trials reaches ceiling, while performance for 
visual only trials was near chance, the data were 
sufficient to discriminate among different models of 
audiovisual word recognition. The fuzzy logical 
model of perception (FLMP) [1] gave a better 
account of the confusion matrix data than additive 
models of perception. A dynamic version of the 
FLMP was developed to account for the evaluation 
and integration of bimodal information over time.
This dynamic FLMP also provided a better 
description of the data than additive dynamic
models.

CONCLUSION

Information in both auditory and visual speech 
contribute over time to word identification. The
perceptual information available at a point in time
constrains the potential candidate set. The present 
study provides a good foundation to investigate the 
role of this complex interplay between stimulus
information and the structure of the lexicon, and 
provides an important step in building a formal
representation of a lexical dynamic FLMP that can
account not only for the time-course of speech
information and its perceptual processing, but also
for lexical influences. 
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