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Abstract
In this study, we measured detection and tolerance thresholds

of auditory-visual asynchrony between time-expanded speech

and a moving image of the talker’s face. During experiments,

words were presented under two conditions: asynchrony by

time-expanded speech (expansion condition: EXP) and sim-

ple timing shift (asynchronous condition: ASYN). We used 16

Japanese shorter words (four morae) and 20 Japanese longer

words (seven or eight morae). All auditory speech was pre-

sented in pink noise to avoid the ceiling effect. The SNRs

for shorter and longer words were respectively set to −10 dB

and −3.5 dB. For EXP, auditory speech signals were analyzed

and resynthesized using STRAIGHT to change the words’ du-

ration (Kawahara et al., 1998). The resynthesized auditory sig-

nals were combined with the visual signals so that the onset

of the utterance was synchronous. For ASYN, the auditory

speech signal was simply lagged behind the visual speech sig-

nal. Results showed that detection and tolerance thresholds in

longer words were higher than those for shorter words. How-

ever, when the threshold was recalculated as a function of the

ratio of the expansion rate to word duration, these differences

were not observed. These results suggest that detection and tol-

erance thresholds for auditory-visual asynchrony between time-

expanded speech and a moving image of talker’s face might de-

pend on the ratio of the expansion rate to word duration.

Index Terms: Auditory-visual asynchrony, Time-expanded

speech, Detection and tolerance thresholds

1. Introduction

“Speaking slowly” is a good way to speak to older adults, es-

pecially under noisy conditions. This effect has been investi-

gated by many studies. Tanaka et al. showed that intelligibility

increased in younger and older adults when the speech signal

length was extended [1]. Based on this knowledge, a speech rate

conversion technique has been proposed and applied to broad-

casting systems [2].

The synchrony between the speech sound and moving im-

age of talker’s face is broken only if the speech sound is ex-

tended. A previous study showed that sentence intelligibility

decreases when the time lag between auditory and visual speech

signals becomes greater than 200 ms [3]. Consequently, im-

provement by the effect of lip-reading might be decreased. For

that reason, it is important to investigate how people integrate

speech sounds and the moving image of the talker’s face.

Our previous studies revealed the effect of speed difference

between time-expanded speech and a moving image of a talker’s

face on spoken word recognition [4, 5]. Figure 1 shows the

time course of the stimulus used in these studies. In these stud-

ies, visual images enhanced speech intelligibility, even when

the lag between auditory-visual information was 400 ms. How-

ever, it remains unclear whether the participants noticed the

lag between auditory-visual stimuli. The possibility exists that

the subjective impression received from these stimuli affects

speech recognition, although the intelligibility was better when

the speech was time-expanded.

In this study, we measured detection and tolerance thresh-

olds of auditory-visual asynchrony between time-expanded

speech and a moving image of the talker’s face.

2. Measurement of detection and tolerance
thresholds for shorter words

2.1. Methods

2.1.1. Participants

Participants were 10 undergraduate and graduate students

(20.1 ± 1.2 years old). All had normal or corrected-to-normal

vision and normal hearing (mean hearing level: 8.0 ± 2.6 dB).

All were native Japanese speakers.

2.1.2. Stimuli

As shorter words, we used 16 Japanese 4-mora words selected

from a database of lexical properties of Japanese [6]. Mean

familiarity (rated between 1 (low) and 7 (high)) of the words

was 4.88. All words were of the same pitch-accent type (type 0

(flat) accent). A trained female speaker pronounced the words

in an anechoic room. The utterance was recorded using a dig-

ital video camera (AG-DVX100A; Panasonic Inc.). Auditory

Figure 1: Time course of stimulus used in previous studies [4, 5]
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speech was digitally recorded using a 1/2-inch condenser mi-

crophone (Type 4165; Bruel & Kjaer) and the DV camera. The

mean speech rate was 6.9 morae/s. Auditory speech was digi-

tized at 48 kHz, with 16-bit quantization resolution. Visual sig-

nals were digitally recorded at a frame rate of 29.97 frames/s

(1 frame=33.33 ms). All auditory speech was presented in

pink noise to avoid the ceiling effect. The SNR was set to

−10 dB. For expansion conditions (EXP), auditory speech sig-

nals were analyzed and resynthesized to change the duration of

the words using STRAIGHT [7]. The auditory signals were

time-expanded so that they were between 0 ms and 400 ms

longer than the original signals. Synthesized speech signals

were combined with the visual signals using a nonlinear editing

system (Avid Xpress Pro/Mojo; Avid Technology Inc.) so that

the onset of the utterance was synchronous. Consequently, au-

ditory and visual speech signals were synchronous at the onset

of the stimuli and asynchronous at the offset of the stimuli ac-

cording to the amount of the expansion. For asynchronous con-

ditions (ASYN), the auditory speech signal was simply lagged

behind the visual speech signal between 0 ms and 400 ms.

2.1.3. Experimental condition

In expansion conditions (EXP), the auditory speech was time-

expanded. Therefore, the rate of presentation was slower in

auditory modality than in visual modality. In asynchronous

conditions (ASYN), the auditory speech signal lagged the vi-

sual speech signal. The rate of presentation was maintained

as constant between modalities, leading to a fixed audiovisual

time lag. The auditory and visual signals themselves were un-

changed, except the timing relation of these signals.

Table 1 shows experimental conditions for the determina-

tion of detection and tolerance thresholds. In the detection

threshold measurement, 17 experimental conditions were used:

8 EXP, 8 ASYN, and 1 control condition. Regarding tolerance

threshold measurements, 15 experimental conditions were used:

7 EXP, 7 ASYN, and 1 control condition. The control condition

in all experimental conditions was 0-ms expansion.

2.1.4. Procedure

Figure 2 shows the experimental setup. Participants were

seated facing a display in a soundproof room designed accord-

ing to the ITU-R BS.1116-1 criteria. Auditory signals were

presented through a pair of loudspeakers (N-803; Bowers &

Wilkins) located on right and left sides of the display at 60 dB

(A-weighted equivalent continuous sound pressure level) using

a DV tape deck (DSR-30; Sony Corp.) through an amplifier

(AX-9; Yamaha). Visual signals were presented on a 42-inch

flat plasma display (TH-42PWD4;Panasonic Inc.). The hori-

zontal width of the talker’s mouth was about 4.5◦ of the visual

angle.

Every word was presented five times at each condition.

Therefore, the total amount of the presentation was 1,360 (16

Table 1: Experimental conditions for detection and tolerance

threshold measurements (shorter words)
Cond. Expansion/Auditory delay [ms]

Detection EXP 40 80 120 160 200 240 280 320
Threshold SYNC 40 80 120 160 200 240 280 320

Tolerance EXP 160 200 240 280 320 360 400
Threshold SYNC 160 200 240 280 320 360 400

Figure 2: Experimental setup
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Figure 3: Detection and tolerance rates for shorter words

words × 5 times × 17 conditions) for measurement of the de-

tection threshold and 1,200 (16 words× 5 times × 15 condi-

tions) for measurement of tolerance threshold. Each measure-

ment consisted of five sessions (272 trials or 240 trials each). In

each trial, the inter-trial interval was 6 s. The order of the ses-

sions and that of words within each session were randomized.

No feedback was provided.

Participants were asked whether or not they were able to de-

tect the lag between auditory and visual signals in the detection

threshold measurement. They were asked whether or not they

were able to tolerate the lag in the tolerance threshold measure-

ment. A cumulative distribution function was fitted to the data

and detection and tolerance thresholds were defined as 50% of

the proportion of the “detection” response and that of the “tol-

erance” response.

2.2. Results

Figure 3 shows the detection and the tolerance rates in all con-

ditions. Calculated detection thresholds were 227.56 ms for

EXP and 202.82 ms for ASYN. Calculated tolerance thresh-

olds were 333.27 ms for EXP and 318.38 ms for ASYN. These

thresholds were slightly higher in the expansion condition than

in the asynchronous condition. A two-way repeated measures

ANOVA with stimulus type (EXP or ASYN) and measurement

type (detection or tolerance threshold) revealed a significant

main effect of measurement type (F (1, 9) = 64.07, p < .01).
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3. Measurement of detection and tolerance
thresholds for longer words

3.1. Methods

Almost all methods were identical to those of measurement of

detection and tolerance thresholds for shorter words, except as

described below.

3.1.1. Participants

Participants were 10 undergraduate and graduate students

(20.7 ± 2.4 years old). All had normal or corrected-to-normal

vision and normal hearing (mean hearing level: 7.0 ± 2.6 dB).

All were native Japanese speakers.

3.1.2. Stimuli

As longer words, we used 20 Japanese words. Ten consisted of

seven morae; the remaining ten consisted of eight morae. These

words were selected from the same database. Mean familiar-

ity of the words used was 4.8. All words were of the same

pitch-accent type (type 0 (flat) accent). The speaker and equip-

ment of recording were the same as those used in the previous

experiment. The mean speech rate was 7.16 morae/s. All au-

ditory speech was presented in pink noise. The SNR was set

to −3.5 dB. For expansion conditions (EXP), the auditory sig-

nals were time-expanded so that they were between 0 ms and

800 ms longer than the original signals. For asynchronous con-

ditions (ASYN), the auditory speech signal was simply lagged

behind the visual speech signal between 0 ms and 480 ms.

3.1.3. Experimental condition

Table 2 shows experimental conditions used for the determina-

tion of detection and tolerance thresholds. In detection thresh-

old measurement, 13 experimental conditions were used: seven

EXP, five ASYN, and one control condition. In tolerance

threshold measurement, 15 experimental conditions were used:

nine EXP, five ASYN, and one control condition. The control

condition in all the experimental conditions was 0-ms expan-

sion.

3.1.4. Procedure

Every word was presented three times at each condition. There-

fore, the total amount of presentation was 780 (20 words × 3

times × 13 conditions) for measurement of detection threshold

and 900 (20 words × 3 times × 15 conditions) for measure-

ment of tolerance threshold, respectively. Each measurement

consisted of three sessions (260 trials or 300 trials each). In

each trial, the inter-trial interval was 4 s. The order of the ses-

sions and that of words within each session were randomized.

No feedback was provided.

Table 2: Experimental conditions for detection and tolerance

threshold measurements (longer words)

Cond. Expansion/Auditory delay [ms]

Detection EXP 80 160 240 320 400 480 560
Threshold ASYN 160 240 320 400 480

Tolerance EXP 160 240 320 400 480 560 640 720 800
Threshold SYNC 160 240 320 400 480
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Figure 4: Detection and tolerance rates for longer words

3.2. Results

Figure 4 shows the detection and the tolerance rates in all con-

ditions. Calculated detection thresholds were 406.55 ms for

EXP and 265.96 ms for ASYN. Calculated tolerance thresh-

olds were 574.04 ms for EXP and 373.54 ms for ASYN.

These thresholds were higher in the expansion condition than

in the asynchronous condition. A two-way repeated measures

ANOVA with stimulus type and measurement type revealed

a significant interaction between these factors (F (1, 18) =
52.62, p < .01). Post-hoc analysis showed that the simple main

effect of stimulus type was statistically significant in both the

detection threshold (F (1, 18) = 52.62, p < .01) and the toler-

ance threshold (F (1, 18) = 107.03, p < .01).

4. Discussion

The results of two experiments showed that detection and tol-

erance thresholds were greater in ASYN than that in EXP. In

ASYN, the onset of visual and auditory information is asyn-

chronous, whereas it is almost synchronous in the expansion

condition. The human brain can detect the change at the begin-

ning of the stimulus more easily than that at the end of the stim-

ulus [8]. Moreover, humans cannot perceive gradual changes

easily (i.e. change blindness [9, 10]). The lag between audi-

tory and visual speech signals increases gradually according to

the degree of the expansion in EXP. These factors might explain

the difference of detection and tolerance thresholds between the

expansion condition and the asynchronous condition.

We proceeded to a combined analysis between two experi-

ments to investigate the difference of thresholds between shorter

and longer words. Figure 5 shows the difference of detection

and tolerance thresholds between shorter and longer words. A

three-way ANOVA with word length (short or long), stimulus

type (EXP or ASYN) and measurement type (detection or tol-

erance threshold) revealed a significant interaction among three

factors (F (1, 18) = 10.62, p < .01). The simple main ef-

fect of word length in each stimulus type and in each measure-

ment type was statistically significant (detection threshold for

EXP: F (1, 72) = 52.56, p < .01, tolerance threshold for EXP:

F (1, 72) = 95.11, p < .01, detection threshold for ASYN:

F (1, 72) = 6.54, p < .05, tolerance threshold for ASYN:

F (1, 72) = 4.99, p < .05). These results show that word

length affects detection and tolerance thresholds.
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Figure 5: Detection and tolerance thresholds between shorter

and longer words

We calculated the detection and tolerance thresholds as

functions of the ratio of the expansion rate to word duration to

investigate further the relation between word length and thresh-

olds (Fig. 6). A two-way repeated measures ANOVA with

word length (short or long) and measurement type (detection

or tolerance threshold) revealed a significant main effect of

measurement type (F (1, 9) = 77.70, p < .01). However,

the main effect of word length was not statistically significant

(F (1, 9) = 0.46, n.s.).

Consequently, these results are explainable in terms of the

ratio of the expansion rate to word duration. In other words,

detection and tolerance thresholds follow Fechner’s law (as a

function of word length). However, another possibility remains.

The lag increment in each mora position might also explain the

different thresholds between shorter and longer words; if this

account is correct, it is predicted that detection and tolerance

thresholds would be lower in 7-mora or 8-mora words than in

4-mora words, given equal duration. At present, we cannot sep-

arate these possibilities, which is a very interesting problem. We

plan to conduct some experiments to evaluate these possibilities

in the near future.

5. Conclusions

In this study, we measured detection and tolerance thresholds

of auditory-visual asynchrony for time-expanded speech and a

moving image of the talker’s face. The results suggest that de-

tection and tolerance thresholds for auditory-visual asynchrony

between time-expanded speech and a moving image of talker’s
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Figure 6: Detection and tolerance thresholds as functions of the

ratio of the expansion rate to word duration

face might depend on the ratio of the expansion rate to word

duration.
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