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Previous research has shown that perceivers naturally integrate auditory and visual information in
face-to-face speech perception. Two experiments were carried out to study whether integration
would be disrupted by differences in the stimulus onset asynchrony (SOA), the temporal arrival of
the two sources of information. Synthetic visible and natural and synthetic auditory syllables /ba/,
Ival, 182/, and /da/ were used in an expanded factorial design to present all possible combinations
of the auditory and visual syllables, as well as the unimodal syllables. The fuzzy logical model of
perception (FLMP), which accurately describes integration, was used to measure the degree to
which integration of audible and visible speech occurred. These findings provide information about
the temporal window of integration and its apparent dependence on the range of speech events in the

test. © 1996 Acoustical Sociery of America.

PACS numbers: 43.71.An, 43.72.Ja, 43.71. Ma [RAF]

INTRODUCTION

Previous research has shown that seeing the talker’s face
can improve the intelligibility of speech, relative to the pre-
sentation of only auditory information. This improvement is
most easily demonstrated in situations in which the auditory
signal is degraded, e.g., due to a hearing impairment, the
presence of noise, or bandwidth filtering (Binnie et al. 1974;
Breeuwer and Plomp, 1984; Erber, 1972; Massaro, 1987;
McGrath and Summerfield, 1985; Sumby and Pollack, 1954;
Summerfield, 1979). Visual speech predominantly provides
information about place of articulation for consonants (Grant
and Walden, 1995), but also cues manner of articulation to
some extent. In addition, visible speech cues vowel identity
(Montgomery and Jackson, 1983) and probably also gives
information about segmentation and prosody (Risberg and
Lubker, 1978). Speech perception is superior in the presence
of additional visual information, whether the speech materi-
als presented are sentences (Reisberg er al., 1987; Risberg
and Lubker, 1978; Summerfield, 1979), meaningful words
(Campbell and Dodd, 1980), or nonsense syllables (Binnie
et al., 1974; Smeele and Sittig, 1990, 1991). The generality
of the results indicates that there is a contribution of vision to
speech perception regardless of lexical status or sentential
context.

Various models of how audible and visible sources of
information are utilized have been proposed. They can be
classified as either integration models or nonintegration mod-
els. Examples of integration models are the fuzzy logical
model of perception (FLMP, Massaro, 1987, 1989, 1990)
and the “‘prelabeling’’ integration model (Braida, 1991),
whereas an auditory dominance model (Sekiyama and Toh-
kura, 1991; Vroomen, 1992) and a single-channel model of
perception (Thompson and Massaro, 1989) can be regarded
as nonintegration models. The FLMP assumes multiple
sources of information—considered as continuously valued
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features—are evaluated, integrated, and matched against pro-
totype descriptions in memory. In the ‘‘prelabeling’” integra-
tion model, a multidimensional version of the theory of sig-
nal detection, continuously valued cues are combined across
sensory systems to produce a vector of cues (in a multidi-
mensional space) that is mapped onto a identification re-
sponse (Braida, 1991). The auditory dominance model as-
sumes that visible speech contributes only in situations when
the audible speech is not sufficiently informative. In the
single-channel model of perception. decisions are made on
each modality separately and the perceiver responds with the
decision of either modality with a certain probability.

To gain more insight into audiovisual speech perception.
and to discriminate among these models, experiments have
presented conflicting auditory and visual information (Green
and Kuhl, 1989; Massaro, 1987, 1989; Massaro and Cohen,
1983; McGurk and MacDonald, 1976; Mills and Thiem,
1980). These studies show that vision strongly influences
perception and, in certain cases, even leads to perception of
items that were presented neither auditorily nor visually. The
FLMP has consistently given the best description of results
from a wide variety of experiments (Massaro and Cohen,
1990: Massaro et al., 1993: Massaro et al., 1995).

In addition to providing conflicting information, it is
also valuable to manipulate the synchronization between the
audio and visual channels. This method can provide informa-
tion about the interval during which the auditory and visual
speech sources can be integrated. Koenig (1965) carried out
an early study with a single subject with low-pass filtered
speech consisting of isolated words and sentences. Perfor-
mance was not disrupted until the delay exceeded 240 ms.
Campbell and Dodd (1980) presented subjects with
consonant-vowel-consonant (CVC) words. They used desyn-
chronizations of 400, 800. and 1600 ms in which vision al-
ways preceded audition. Although phoneme identification
decreased somewhat when compared to the synchronous
condition, it was found that identification was invariably bet-
ter in the asynchronous bimodal conditions than in the audi-
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