Audiovisual gating and the time course of speech perception
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The time course of audiovisual information in speech perception was examined using a gating
paradigm. VCVs that evoked the McGurk effect were gated visually and auditorily. The visual
gating yielded a McGurk effect that increased in strength as a linear function of amount of visual
stimulus presented. The acoustic gating revealed a more nonlinear function in which the VC
information was considerably weaker than the CV portion of the VCV. The results suggest that the
flow of cross-modal information is quite complex during audiovisual speech perceptiod998®
Acoustical Society of AmericBS0001-496628)05406-X]

PACS numbers: 43.71.Ma, 43.71.B&'S]

INTRODUCTION ing. A number of studies have demonstrated that dynamic
Visual and auditory information both contribute to the Nformation extending over a syllable is important in vowel
natural perception of speedfor reviews see Summerfield Perception and normalization(Verbrugge etal, 1976;
(1992 and Massara1987)]. In noisy conditions, for ex- Suange, 1989 auditory speech perceptioikemezet al,
ample, intelligibility increases if the speaker's face can bet98%: visual perception of speedtRosenblum, 1994and
seen(Sumby and Pollack, 1954nd even under good listen- Perhaps audiovisual integrati¢vunhall et al, 1996. _
ing conditions a visual stimulus can influence the identifica-  1€re are many indications that the dynamic information
tion of an auditory tokeMcGurk and MacDonald, 1976 from the visual and au.d|tory. modallt.les -has a complicated
In the present paper, we present evidence concerning tning structure. T'he visual '|nf0rmat|on itself is asynchro-
time course of both visual and auditory information for con-nous. The upper lip, lower lip and jaw, for example, have
sonants. Specifically, we independently gated visual and agmilar time functions but are shifted in phase with respect to
ditory stimuli that elicit the McGurk effect to examine the €ach other(Gracco, 1988 In addition, the spans of visual
temporal development of the audiovisual percept. and auditory information are not equal or coincident in time
The McGurk effect is an audiovisual illusion in which Since there is frequently articulator motion before there is an
one speech stimulus is presented auditoféyg., /bij and  acoustic consequen¢Bell-Berti and Harris, 19811 This can
another is presented in synchrony visualéyg., /gij. Sub- be seen in preparatory adjustments for articulation or in the
jects frequently report hearing a third sougedg., /dij. This ~ motion during the acoustic silence associated with the pro-
effect has been useful as a tool for the study of audiovisuadluction of stop consonantkofqvist and Gracco, 1996the
integration in speech perception. While there have been ndongue, jaw, and lips move continuously during oral clo-
merous replications of McGurk and MacDonald’s original Sures. These acoustic/articulatory timing patterns often allow
finding (e.g., Green and Kuhl, 1989; Greest al, 1988, subjects to have access to visual information about place of
1991; MacDonald and McGurk, 1978; Manutlal, 1983; articulation before the auditory information is available, e.qg.,
Massaro, 1987; Massaro and Cohen, 1983; Munégdl. before the silent interval for a stop is complgtgathiard
1996; Sekiyama and Tohkura, 1991; Summerfield anct al, 1996; Green and Gerdman, 1995; Smeele, 1994
McGrath, 1984, a great deal is still unknown about the nec-  In two experiments, we examined the relative timing of
essary and sufficient conditions required to produce audiovithe information in the visual and auditory modalities. Fur-
sual integration in speech. In this paper we explore how auther, we tested whether subjects can make use of the infor-
ditory and visual information for consonants unfolds overmation available within a modality at any point in time. In
time. the experiments we use a gating techni¢Geosjean, 1980,
The process of speech perception is necessarily extendd®96 in which increasing larger segments of the target
in time because the information for individual sounds doesstimulus are presented incrementally across trials. This is
not occur at any single instafitibermanet al, 1967. Both ~ done by constructing a continuum in which the duration of
acoustic analyses and perceptual experiments have showine segment of the stimulus starting from the onset is in-
this extended span of perceptual information. From the proereased in steps up to the full target stimulus duration. The
duction side this can be attributed to the overlap of speecinterpretation of the results of gating experiments can be
gesturege.g., Chman, 1967; Fowler, 1977and to the fact controversial. While some feel that the techniques show con-
that individual speech gestures take a set amount of time. Otinuous perceptual uptake.g., Grosjean, 1996thers feel
the perceptual side, the temporal extent of perceptual prahat gating is not an on-line task and that subjects are simply
cessing is partly due to the nature of the information itselfrequired to guess based on partial informatiGatler, 1995.
and partly due to the time course of the information processOur experiments did not address this issue; rather, our aim
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was to examine the availability of information in the auditory only (experiment 1 and auditory-onlyexperiment 2control
and visual modalities at a point in time. conditions. Order of presentation of the two control condi-
In our studies we separately gated the stimuli from thetions was balanced across subjects. Ten different subjects
two modalities to study their individual contributions to the participated in a third baseline group in which no gating
percept. In addition, we used stimuli in these gating studiestimuli were presented. A between subject design was cho-
that evoke the McGurk effect. The use of these contradictorgen for this experiment because pilot studies have shown that
stimuli allows us to test the separate contributions of thehe magnitude of the McGurk effect is greatly influenced by
auditory and visual modalities. In the first experiment, thesubjects’ experience with the auditory stimuli in auditory-
amount of visual information was varied while in the secondonly conditions. Thus different subjects were used for the
experiment the amount of acoustic information was gated. lrmuditory-only and audiovisual gating conditions. All subjects
combination, the two studies allowed a comparison of thevere naive to the purpose of the experiments and hadn'’t
time course of audiovisual information available in McGurk served in a McGurk experiment before.
stimuli. In particular, the experiments allowed us to compare
the shape of gating functions obtained from the two modaliB. Stimulus materials

ties. . . -
b In both experiments, natural productions of VCV stimuli

The shape of the gating function indicates the impact o tour diff Ik d. The stimuli isted
equal temporal steps of information on perception and thu y four di _erent ta ers were used. e_stlm_u | consisted on
a face sayingatgae/ while the auditory stimuli were record-

can serve as an index of the temporal development of infor:

mation within a modality. Some theories of cross-modal per-'nglS of the same talkers sayingliee/. The visual stimuli

ception(e.g., Welch and Warren, 198@quire a strong cor- were stored on a videodisc recorded at Queen’s University.

relation between the information in the two modalities forThe auditory stimuli were digitized from the original sound

audiovisual integration to occur, for such a theory to work,traCtS at 22'k.HZ sampling rate using a 12-bit A/D board
(DataTranslation, DT2820

the temporal development of information should be similar
for vision and audition. Testing this class of models requires _
that the cross-modal timing of information be specified inC- Equipment

order to evaluate the temporal cohesion of the information  sypjects watched the displays on a 20-in. video monitor
across the two modalities. This includes determining the On(SOny PVM 191@ and the videodiscs were p|ayed on a Pio-
set of information associated with a given segment within gyeer(model LD-V8000 videodisc player. The acoustic sig-
modality as well as determining the time course of informa-na|s were amplified, filtered with a 10-kHz cutoff and played
tion within each modality. While we know that the visual through an MG Electronics Cabaret speaker that was placed
information precedes acoustic informatide.g., Smeele, directly below the monitor. Custom software was used to
1994, we know considerably less about the time course otontrol the videodisc trials, play the auditory stimuli syn-

information dEVE|Opment in the two modalities during aUdiO'Chronous|y with the VideO, and record Subjects’ responses
visual perception. One reason for this is that, with a fewfrom the keyboard.

notable exceptiongCathiard et al, 1996; Munhall et al,

1996,_ the visual stimuli in audioyisual speech perce_ptionD. Synchronization of stimuli

experiments are never characterized. It is common in the

field to be provided only with information about the gender ~ During the development of the experiments, the audio

of the speaker and nothing about the dynamics of facia@nd visual stimuli were synchronized using the original

movementMunhall and Vatikiotis-Bateson, 1998 sound track from the visual stimuli. We aligned the timing of
In the experiments presented here we provide an estfhe acoustic burst onset of the /g/ from the soundtrack of the

mate of oral kinematics for each of the visual stimuli and we/&g/ video with the burst onset of the acoustic stimulus,

separately gate the auditory and visual tokens. The pattern #/. This timing relation was considered synchronous and the

response or gating functions produced by subjects was uséXperimental software allowed this timing to be reliably re-

to estimate the available information within a modality. Produced(approximately 1-ms accurakcy

These gating functions for the two modalities establish the

temporal conditions faced by any theory of cross-modal perkE. Procedure

ception. The subjects were tested individually in a large labora-

tory room. Subjects were seated approximaim in front

. METHODS of the video monitor with a keyboard placed in front of them.
They were instructed to watch the faces of the speakers and
to listen to the acoustic output from the speaker and report

Seventy undergraduate students with self-reported nowhat the stimuli sounded like. They responded by choosing
mal hearing and normal or corrected to normal vision serveane of four labeled keys. Four consecutive keys on the key-
as subjects in the two experiments. All subjects were nativéoard were labeled B, D, G, and O. Order of key labels was
speakers of English. Twenty different subjects participated ifbalanced across subjects. The first three labels stand for the
the experimental conditions of each of the two experimentstops /b/, /d/, /g/, and the final label stands for “other.” “O”
(40 subjects in total An additional 20 subjects served in the was used when the subjects could not determine the conso-
control or baseline conditions of both experiments: Visual-nant, when the subjects perceived a consonant other than one

A. Subjects
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of the voiced stops, or when the did not hear a consonant at 301

all. Following the presentation of instructions, the subjects
were given a short practice session to familiarize them with
the experimental protocol. The experiments were response
paced with a new trial being presented two seconds follow-
ing the subject’'s response. Between trials the screen was
blackened. In the video gating conditions the screen was
blackened at the gated frame and remained black throughout

the rest of the trial.

= = = Talker1
Talker 2
————— Talker 3
Talker 4

20 1 '

104 Y
Il. EXPERIMENT 1 ;'
Previous work on gating audiovisual stim{Cathiard

Vertical Lip Separation (pixels)

et al, 1996, Smeele, 1994as indicated that the visual com- Sl
ponent of the stimuli contains strong information for place of 0= d S ,
articulation and that this information precedes the acoustic 0 10 40 50
information in time. Smeel€1994 found that for CV stimuli Frames

the visual information was useful up to 150 ms prior to G. 1. Vertical ion of the lios in the visual stimuli produced by th
. P -G, L. ertical separation o e lIps In the visual stimull proauce y the

acoustic onset _for the Sy”able' Slmll_ar results have been r our talkers. The vertical line indicates the frame containing the acoustic

ported by Cathiaret al. (1998. In their study of V=V tran-  rejease burst. The shaded region indicates the range covered by the gating.

sitions, subjects were able to use gated visual information for

vowel rounding up to 100 ms prior to the acoustic onset Ofi,g which oral release occurs. Thus the gated stimuli

the vowel. _ . spanned the minimum aperture for the consonant and the
In the first experiment, we explored the time course of o ement toward the peak opening for the second vowel.

the perception of the visual information in McGurk stimuli.

The subjects viewed stimuli in which the visual intervocalic B. Results

consonant was gated. In a typical trial, a subject would view
a visual stimulus from stimulus onset to the gate location at  Four responses were available to the subjects and the

which point the screen would go black for the rest of theoverall distribution of these responses can be seen in Fig. 2.
trial. Different subjects served in the audiovisual and visualThe pattern of responses is influenced by the gating time

only conditions and gate durations were presented in randowith distinctly different patterns being observed for the four
responses. In the audiovisual condition the “B” response

order.
- decreases as the gate moves from four frames before to four
A. Stimuli . . P .
frames after the intervocalic burst. “D” responses increase

The audio stimuluseba was always played in its en- over the same interval while “G” and “O” response rates
tirety on each trial. As will be shown in experiment 2, the did not differ as a function of gate. The video-only control
auditory stimuli were highly intelligible. The visual stimuli conditions are also plotted in each panel of Fig. 2. The “D”
were gated in one frame steps from four frames before tand “G” responses show an increase as a function of gate
four frames after the time of the acoustic burst. One framealuration while the “B” responses are very infrequent and
equaled approximately 33 ms. In total, nine gate durationsesponse rate is not influenced by gating time. The “O”
were used: From the beginning of the VCV to four, three,decreases as a function of gate duration reflecting subjects’
two, or one frame before the intervocalic burst, from theinability to detect a consonant for the early gates.
beginning of the VCV tdbut not including the intervocalic ANOVAs were computed independently for each re-
burst and from the beginning of the VCV to one, two, three,sponse. Main effects of modalitaudiovisual versus video-
or four frames after the burst. The subjects were shown 166nly) were found for three of the respondé(1,38)
trials in the experimenit4 talkers<4 repetitions<10 stimuli  =175.1, 9.2, 99.8p<0.01 for “B”, “D"”, and “Q”, re-

(9 gated stimuli-ungated stimulug. spectivelyl indicating that the percentage of “B” and “D”

The gates were equal in duration for all talkers indepentesponses were higher in the audiovisual condition than the
dent of the timing of their facial movements. Figure 1 showsvisual only. The percentage of “O” responses was higher in
the kinematics of oral opening for the four talkers and thethe visual-only than the audiovisual condition. Modality by
location of the gates. In order to estimate the time course ofate time interactions were observed for three of the re-
the visual information, frame-by-frame measures of the versponses|[F(9,342)=15.8, 5.5, 21.2,p<0.01 for “B”,
tical separation between the lips were recorded using a com'G”, and “O”, respectively; the gate time factor tests the

puterized image measurement sysi@hede, 1994 For all  nine gate times plus the ungated stimgluBhese interac-
talkers, the lips were in a closed position at the beginning ofions indicate that the size of the differences between audio-
the trial, followed by a peak openin@pproximately frame visual and visual-only conditions changed as a function of
15) for the first vowel. The oral aperture closes somewhat fothe gate time. For example, the rate of “O” responses is
the intervocalic /g/ and opens again for the second vowemuch greater in the visual-only condition a4 frames than
(approximately frame 30 Finally, the oral aperture closes +4 frames(Fig. 2). Trend analyses were carried out to char-
after the bisyllable. The vertical line indicates the frame dur-acterized the gating response functions in the audiovisual
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FIG. 2. Percentage of responses as a function of visual gate durati¢a ftB” responses,(b) “D” responses,(c) “G” responses, andd) “O” or other
responses. The boxes correspond to the audiovisual condition and the circles to the video-only condition.

condition. The “B” and “D” response options showed However, the response functions from all 4 talkers were gen-
strong linear trends with no quadratic or cubic trengs ( erally similar; they all showed a large linear trend with no
<0.0001. The primarily linear functions for the visual con- obvious higher order trend.
ditions reflect the dynamical nature of the visual information. The two talkers whose stimuli produced the largest
We are unable to determine from the gating techniqueMicGurk effects(talker 2 and 4 had the largest movement
whether the information is processed continuousle Cut- associated with the intervocalic consonant. The decrease in
ler, 1995 but it is clear that the information is incremental aperture for the /g/ for talkers 1 and 3 was relatively modest
and is continuously available. compared to talkers 2 and 4. It should be noted that there was
The stimulus set used in the experiment was produced substantial amount of articulator movement prior to the
by four different talkers whose tokens differed in the qualityfirst gate, particularly for talkers 2 and 4. The use of this
of visual and auditory information. Some talkers producevisual information might account for the substantial McGurk
stimuli that yielded much stronger McGurk effects than oth-effects produced at the earliest gate. However, there does not
ers(Munhallet al, 1996. By examining the gating functions seem to be any relationship between key events in the oral
for each talker we tested whether the average gating timkinematics and the shape of the gating function. As can be
function was observed for the individual talkdr®., for dif-  seen by comparing Figs. 1 and 3, there is not a discontinuity
ferent levels of audiovisual integratipand whether the un- in the response pattern at displacement or velocity peaks.
derlying pattern of visual intelligibility for the different talk-
ers |_n_fluenced the McGurk effect. In the visual only Il EXPERIMENT 2
condition the number of reported “B” responses was con-
sistently low for all talkers across gate durati¢fgg. 3a)]. In the second experiment, we examined the time course
The percentage of “D” responsdgig. 3b)], however, is  of audiovisual VCV perception by gating the auditory signal
somewhat higher for talker 1 and especially talker 4. TheGrosjean, 1980at the same time points as used in experi-
percentage of “B” and “D” responses in the audiovisual ment 1 before and after the intervocalic consonant burst. By
condition differ markedly for different talkef§ig. 3(c), (d)]. presenting the auditory stimulus in increments we could as-
Stimuli from talkers 2 and 4 evoked fewer “B” responses sess the timing of the use of auditory information and the
and more “D” responses than stimuli from talkers 1 and 3.role the auditory information played in intermodal percep-
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FIG. 3. Percentage of responses as a function of visual gate duration for the stimuli from the four @Ik&sresponses in the visual only conditiortb)
“D” responses in the visual only conditior(t) “B” responses in the audiovisual conditiolg) “D” responses in the audiovisual condition.

tion. Previous studies have shown that gating technique to b&he pattern of responses is influenced by the gating time
a robust(Cotton and Grosjean, 1984nd valid(Tyler and  with distinctly different patterns being observed for the four
Wessels, 1985tool for exploring the auditory perceptual responses. In the audiovisual condition the “O” response
information. decreased as the gate moved from 120 ms before to 120 ms
In this experiment we compared the perception of gatedifter the intervocalic burst. The other three responses
auditory stimuli in an auditory-only condition to gated audi- (“B, D, G” ) increased over the same interval with “B”
tory stimuli in an audiovisual condition to examine how theand “D” increasing more than “G”. All four responses
auditory contribution to the perceptual event grew over timeshowed major changes in response rate between the gates at
The different gate durations were presented in random ordehe intervocalic burst and the gate 30 ms later. The auditory-
within a modality condition. Different individuals served as only control conditions are also plotted in Fig. 4. The “B”
subjects in the auditory-only and audiovisual conditions. and “O” responses showed a similar pattern, while the “D”
and “G” responses were very infrequent and response rate
A. Stimuli was not influenced by gating time.
The video stimuli were played in their entirety on each ANOVA.S were computedllndependently for each. re-
. X - L sponse. Main effects of modalifaudiovisual versus audio-
trial. The auditory stimuli were presented in nine gate dura-
were found for all four responseqF(1,38)

o N only)
tions: From the beginning of the VCV to 120, 90, 60, and 30_ 168.1, 70.2, 18.0, 11.3<0.01 for “B”, “D”, “G",

ms before the intervocalic burst, from the beginning of the — ) ) . . .
VCV to (but not including the intervocalic burst and from and “O", respectively. Modality by gate time interactions
the beginning of the VCV to 30, 60, 90, and 120 ms after theVer® observed for all four . rf’as‘p‘)ogssili(g,342)

burst. These gate intervals corresponded approximately tE 142 458, 4.1, 6.6p<0.01 for "B, "D", “G", and

the timing of gates of one frame used in the visual gating in ~ * respectively]. . .
- Trend analyses were carried out to characterize the gat-
experiment 1. . . . . o .
ing response functions in the audiovisual condition. Unlike
the pattern observed in experiment 1 for visual information,
B. Results D .
the pattern was significantly nonlinear. Three of four re-

Four responses were available to the subjects and thgponse optiongwith “G” being the exception showed
overall distribution of these responses can be seen in Fig. 4trong linear and cubic trend$<0.0001. In large part, this
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FIG. 4. Percentage of responses as a function of auditory gate durati@) f&" responses,(b) “D” responses,(c) “G” responses, andd) “O” or other
responses. The boxes correspond to the audiovisual condition and the triangles to the auditory-only condition.

pattern was determined by the particular gate locations usealuditory only condition of talker 3 showed a distinctly dif-
with these stimuli. The gating manipulation in this experi- ferent pattern than the other three talkgfiy. 5a)]. How-
ment was carried out using gate steps of equal duration fagver, all talkers showed a similar nonlinear pattern in the
all four talkers’ stimuli, chosen to roughly correspond with audiovisual conditiofiFig. 5(b) and(c)]. While the auditory
the timing of visual gates used in experimerti.&., approxi-  information may contain dynamical cues, it appears to be
mately 1 video frame Table | shows the durations of the punctuated by discontinuities that have different degrees of
acoustic intervals in the four talkersebz/ productions. perceptual impact. The visual stimuli in this task provided
Two things should be noted about the data in this table. Firsgontinuous information over time while auditory perception
the stimuli were not all equal in duration and this means thafyas marked by instants or time windows of greater or lesser
the gates were not always in equivalent positions. Seco”‘i‘mformation(cf. Blumstein and Stevens, 1980

the gates preceding the burst occurred mostly during oral  The pattern of response in the auditory-only condition
closure for the /b/. Voicing was apparent during all of they a5 consistent with previous findings on the perception of
talkers’ closures but the subjects did not make use of thgionocalic consonantDormanet al, 1979; Householder,
closure information until the duration of the interval was 1956 cited in Byrd, 1992, Streeter and Nigro, 1979While
signaled. Thus,.the acoustic s?imuli seem to be di'vided in,tc?nformation for the consonant may be present in both VC
VC and CV portions by the gating. The one gxcephon to thISand the CV portions of the bisyllable, information in the CV
pattern was talker 3, whose closure was quite short and th ortion appears to be much more salient. Subjects did not

the gates preceding the burst occurred mostly during the fir rteport a large number of “B” responses in the auditory-only

vowel. Interestingly, the percentage of /b/s reported for thecondition until they heard the release buigate 30 ms after
the burst. The discontinuity in the response functions reflect
TABLE I. Durations of the acoustic stimuli used in experiments 1 and 2. the differential strength of the VC versus CV cues.

The pattern of responses in the audiovisual condition

Talker Vowel 1 Closure VOT Vowel 2 ) .
largely mirrored the pattern observed for the auditory only.
1 139.8 1195 11.0 2333 For example, “B” and “O” response functions were similar
g iég:i’ 123:2 Z:g gig:g in shape for the audiovisual and auditory-only conditions.
4 244.9 115.8 5.7 323.9 The largest difference between the two conditions and the

largest interaction effect was observed for “D” responses.
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entire perception of /b/ while the stimuli for talker 2 produced the

highest perception of /b/. The stimuli for these two talkers
showed the strongest McGurk effect ovefdig. 5c)].

) 2 1004 In Fig. 4, the_ pe_zrcentage of “B” responses given when
O g0 the ungated audiovisual stimulus was played is shown. Both
2 god ] the value in this experiment and the value reported for the
g 70 same condition in experiment 1 are higher than we usually
§ 60~ observe for stimuli of this kind. To verify this we tested an
A 50 additional 10 subjects who were only shown the complete
- 404 N audiovisual McGurk stimulii.e., no gated stimuli were pre-
§0 307 o sented. Figure 6 shows the average responses for these sub-
s 20 H up”n H
5 1ol  a jects. The percentage of “B”s reported by these subjects
g g5 — (7.3%), for example, is much lower than reported in experi-

120 -9 -60 -30 burst 30 60 90 120  entre  ments 1(35.999 and 2(27.2%. It would appear either that
the gated stimuli induced a bias or that sampling differences
Gate Location in Milliseconds from Burst produced this pattern of resu'(tsee b8|OV)I.

FIG. 5. Percentage of responses as a function of auditory gate duration for
the stimuli from the four talkers(a) “B” responses in the auditory only IV. GENERAL DISCUSSION

condition; (b) “B” responses in the audiovisual conditiorit) “D” re- . — .
sponses in the audiovisual condition. The data from the two experiments show distinct differ-

ences between the visual and auditory signals and how they

are processed. The auditory information for the intervocalic
This is interesting in that it suggests that until there is suffi-consonant appears to be much stronger in the CV portion of
cient auditory information to support a strong “B” response the bisyllable than in the VC portion. As a result auditory
(or at least to support the perception of a consonémt  consonant identification was quite poor until after the inter-
McGurk effect cannot be observed. vocalic release burst was heard. The perception of the visual

As in experiment 1, we examined the patterns of re-information, on the other hand, was more continuous. The

sponses for stimuli produced by the different talkers. Figurepercentage of /b/s reported in the audiovisual condition of
5 shows the percentage of /b/ and /d/ responses for the athe visual gating experimeriexp. ) changed as a linear
diovisual condition and the percentage of /b/ responses fdiunction of the amount of the visual stimulus presented.
the auditory-only condition. The /b/ responses for theThese patterns of results were observed for three groups of
auditory-only condition[Fig. 5(a)] reveal that accuracy for subjects and were observed for stimuli produced by four dif-
stimuli from all talkers reached ceiling at the first gate be-ferent talkers.
yond the intervocalic burst. While perception of the /b/ var- This pattern suggests that visual information unfolds
ied for different talkers before the burst, there was little dif-smoothly with the dynamics of articulation but that the
ference among the four talkers’ asymptotic response levelacoustic information does not always directly reflect these
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smooth kinematics. Rather, the acoustics are punctuated by Two studies may provide counterevidence to the sugges-
instants of greater information value. This can occur for ation that visual information that follows auditory information
number of reasons. Some acoustic instants may be highiy time does not produce context effects on auditory percep-
salient because the cues at a point in time are robust. Fdion. Green and Gerdemdth995 have shown that the mag-
example, the burst of a stop which extends over a smalhitude of the McGurk effect is influenced by whether the
temporal span is very informative. A second source of nonfollowing visual vowel matches the auditory vowel. Green
linearity in the acoustic information is the perceptual use ofand Miller (1985 showed that the voicing boundary in an
temporal intervals. A stretch of silence has little or no infor-auditory /bi—pi/ continuum was influenced by the visual
mation value until it is completed. Only at the end of the speaking rate for the bilabial. One of the primary differences
interval can the duration indicate the manner and style obetween speaking rates was the duration of the visual vow-
articulation. els. However, in both of these studies that were also visual
Previous research on the time course of audiovisuatues for speaking rate or vowel context that preceded the
speech perception has indicated that the visual cues for pla@uditory information for the consonant. The visual informa-
of articulation can precede the acoustic information by mordion for different speaking rates is based in the dynamics of
than 100 mge.g., Smeele, 1994This research, in conjunc- articulation which are apparent throughout the visual syl-
tion with the present findings, suggests that the flow of crosslable. For example, velocities of speech movement can
modal information is quite complex. Information from the change with speaking rate and peak velocities occur quite
visual and auditory modalities is not synchronous and doesarly within a gesture. Similarly, the articulation of conso-
not unfold continuously at the same rate. Thus it seems umants is influenced quite early by following vowels and
likely that the perceptual system uses temporal coincidenctherefore, the coarticulation effect reported by Green and
or any tight cross-modal timing as the basis of audiovisualGerdeman(1995 may not be due to visual information that
integration. Studies in which the synchrony of the auditoryfollows the consonant. Thus it is possible to interpret even
and visual signals was directly manipulated support this conthese studies as instances of visual priming of the auditory
clusion (e.g., Abryet al, 1996; Massaro and Cohen, 1993; judgment.
Munhall et al, 1996; Tillmanet al, 1984. For example, It should be noted that the pattern of results for the vi-
Munhall et al. found that the acoustic signal could be de-sual gating experiment indicates that the visual information
layed up to 180 ms from normal audiovisual timing without is continuously available and incrementally useful to the per-
a significant decrease in the strength of the McGurk effect.ceiver but it does not speak to the issue of the continuity of
While the perceptual system is quite tolerant of desyn-uptake of the visual information. The gating paradigm re-
chrony of audiovisual information, there are limitations. Thisquires subjects to guess on the basis of the available infor-
is particularly true when the acoustic information is ad-mation for each gate duration. The observed results do not
vanced in time relative to the visual stimulus. A number ofindicate that the time course of the normal perceptual deci-
experiments have shown that sound-lead is not tolerated ason process mirrors the gating function.
well as sound-lade.g., Abryet al, 1996; Dixon and Spitz, The kinematics of the lip movements shown in Fig. 1
1980; Munhallet al., 1996; Smeeleet al, 1992; Tillman represent only a part of the complex visual stimulus provided
et al, 1984; but cf. Gerdeman, 19R4Abry et al. suggest by the moving facelsee Munhall and Vatikiotis-Bateson
that the tolerance for advancing the sound is limited by th€1998 for a review of facial dynamics during speéctt is
natural audiovisual timing relationship. Articulatory move- clear even from this crude measure, however, that the face is
ments naturally precede the acoustics and the sound can bentinuously varying during speech production. This time-
advanced only until the point at which the acoustic informa-varying visual information signals the rate of speaking
tion would precede the gestures. This cross-modal timingGreen, 1987; Green and Miller, 198%s well as indicating
boundary might suggest a limited perceptual span ovesegmental structure and segmental categdBesnmerfield,
which the information from the two modalities must be 1987. A number of years ago Reme al. (1981 showed
linked and thus some temporal dependence in cross-mod#iat time-varying acoustic information is sufficient to signal
perception. In our view a more likely explanation is that thethe phonetic structure of an utterance. In a previous paper
limitation is not timeper sebut rather the information pro- (Munhall et al,, 1996 we suggested that this dynamic infor-
cessing of the auditory information; visual information might mation may play a crucial role in audiovisual integration.
not influence perceptual categorization if the auditory infor-The complexity of the timing data in the present studies
mation has reached a criterion threshold. The more naturahises the possibility that the dynamic information is ex-
temporal precedence of visual information may have led to d&racted separately for each modality before the information
priming role for the visual signal in normal audiovisual per- from vision and audition is merged. Recently, Gresral.
ception. Samet al. (1991 have also concluded that the vi- (1991 and Massar¢1987 have argued similarly that audi-
sual stimuli may prime the auditory stimuli based on theirtory and visual information is processed to some degree be-
magnetoencephalographic study of the McGurk effect. Whildore integration takes place. While Greehal. argue only
auditory segmental context effedis which later occurring that talker characteristics may be processed, Massaro pro-
information influences the category judgment for a precedingoses that the auditory and visual information are completely
segmentare numerouse.g., Mann and Repp, 198Wisual  processed prior to integration.
information may not produce similar effects on auditory per- One of the intriguing observations in these experiments
ception. is that subjects who were presented only with complete au-
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