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Abstract

We examined whether monitoring asynchronous audiovisual speech induces a general temporal recalibration of auditory and visual

sensory processing. Participants monitored a videotape featuring a speaker pronouncing a list of words (Experiments 1 and 3) or a hand

playing a musical pattern on a piano (Experiment 2). The auditory and visual channels were either presented in synchrony, or else

asynchronously (with the visual signal leading the auditory signal by 300 ms; Experiments 1 and 2). While performing the monitoring

task, participants were asked to judge the temporal order of pairs of auditory (white noise bursts) and visual stimuli (flashes) that were

presented at varying stimulus onset asynchronies (SOAs) during the session. The results showed that, while monitoring desynchronized

speech or music, participants required a longer interval between the auditory and visual stimuli in order to perceive their temporal order

correctly, suggesting a widening of the temporal window for audiovisual integration. The fact that no such recalibration occurred when

we used a longer asynchrony (1000 ms) that exceeded the temporal window for audiovisual integration (Experiment 3) supports this

conclusion.
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1. Introduction

One of the best examples of human multisensory

integration is provided by audiovisual speech perception

(see [6]). The integration of audiovisual speech information

occurs automatically whenever both acoustic and visual (lip

movement) information are available simultaneously, even

if this results in an illusory percept. This is perhaps best

illustrated by the so-called McGurk effect, whereby the

observer experiences hearing /da/ when presented with the
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sound /ba/ while viewing the lip movements associated with

/ga/ (e.g., [22]; see also [33]).

Temporal coincidence has been identified as one of the

most important factors determining whether or not

multisensory integration takes place (see [6,8,31], for

reviews). For instance, the audiovisual integration of

speech breaks down if the asynchrony between the visual

lip movements and the auditory speech sounds becomes

too great (e.g., [9,13,19,20,24]). However, strict temporal

overlap is not necessary, as the perceptual system can

accommodate some degree of asynchrony, especially

between correlated multisensory inputs (i.e., the lips

match the sounds). This supports the idea that there is

a temporal window within which multisensory integration

can take place (e.g., [34,40]). The McGurk illusion, for
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1 Given that temporal recalibration effects are smaller when the adaptor

stimuli and test stimuli (used to measure temporal after-effects) are different

(see [12]), we decided to present the speech monitoring and TOJ tasks

simultaneously (i.e., rather than sequentially as in many studies of post-

exposure after-effects; cf. [12,42]).
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example, persists even when the visual information leads

(by up to 240 ms), or lags (by up to 60 ms) the auditory

input [9,24]. Similarly, modern technology can also lead

to asynchronous audiovisual stimulus presentation as, for

example, with satellite TV broadcasts, in which there is

often a lag between the auditory and visual signals (cf.

[18,29,30]). The ability of the human perceptual system

to reconcile small temporal asynchronies suggests a

certain flexibility in the underlying mechanisms of

multisensory integration.

Here, we investigated the nature of this temporal

flexibility by addressing whether exposure to a continuous

stream of complex audiovisual stimuli (such as speech or a

recording of a hand playing a piano) presented asynchro-

nously can induce a general temporal recalibration between

audition and vision. Across three experiments, we analyzed

the effects of monitoring asynchronous speech or music on

performance in a temporal order judgment (TOJ) task

where participants had to judge which of two events, a

light flash and a burst of white noise, had been presented

first (see [16]).

Several recent studies provide evidence for a temporal

equivalent of the well-known spatial ventriloquism effect.

In its spatial version, the location of a sound source is

illusorily misplaced toward the position of a concurrent

visual stimulus (e.g., [17]; see [3] for a recent review). In

a recent demonstration of the existence of the temporal

analogue of the ventriloquism effect, Morein-Zamir, Soto-

Faraco, and Kingstone [23] reported that the perceived

onset time of a light can be attracted temporally toward

the onset time of a sound that is presented slightly later

(see also [1,2,10,28,41]). Moreover, recent studies have

also shown that it is possible to induce temporal

recalibration after-effects by exposing the observer to a

continuous stream of desynchronized audiovisual stimuli

(e.g., tones and lights) [12,42]. In the present study, we

investigated whether it is possible to demonstrate

temporal recalibration using an online adaptation method

during exposure to more complex and ecologically valid

stimuli, such as a face talking or a hand playing notes on

a piano. We measured the transfer of any temporal

recalibration effect caused by exposure to desynchronized

complex stimuli (speech or music) to the perception of a

different kind of stimuli, consisting of a simple flash of

light and a burst of white noise (cf. [12]).

We used a videotaped recording of a speaker

pronouncing a list of words or a hand playing a piano.

In half of the experimental blocks, the auditory signal

was delayed relative to the visual signal, whereas in the

remainder of the blocks, the auditory and visual stimuli

were presented in synchrony (see Fig. 1). While

monitoring the speech (or music) stream for targets

(male first names or a break in the musical pattern,

respectively), participants were asked to judge the order

in which a pair of stimuli (a burst of white noise and a

briefly flashing LED) was presented (i.e., they performed
an audiovisual TOJ task).1 We predicted that if any

adaptation to the asynchronous complex audiovisual

stream were to take place, then it might be possible to

find a general temporal recalibration of audiovisual

processing (cf. [12]), thus leading to an influence in

TOJ performance for light flashes and noise bursts.

In particular, the occurrence of adaptation might affect

the just noticeable difference (JND), and/or the point of

subjective simultaneity (PSS) in the TOJ task. The JND

refers the smallest temporal interval between two stimuli

needed for participants to be able to judge correctly which

one was presented first on 75% of trials. Our prediction

was that monitoring the complex asynchronous stimuli

(either audiovisual speech or a hand playing a piano) might

modify the perceiver’s Fonline_ temporal resolution (i.e., a

widening of the audiovisual temporal window for integra-

tion), thus participants would require a longer interval in

the TOJ task to decide whether the light or the sound came

first (i.e., the JND should be larger). The PSS indicates

how much time one stimulus has to lead the other in order

for the two to be judged as occurring simultaneously (i.e.,

the average SOA at which participants make each response

equally often), and is sensitive to differences in neural

processing latencies between auditory and visual stimuli

[34]. In the present study, any shift in the PSS would

presumably reflect a realignment in the temporal processing

of one sensory modality relative to the other, consequent on

the brain’s ability to adapt to audiovisual asynchrony.
2. Experiment 1

2.1. Materials and methods

2.1.1. Participants

Twelve participants took part in this experiment. All

were naive as to the purpose of the experiment and all

reported normal hearing and normal or corrected-to-

normal vision. All of the participants gave their informed

consent prior taking part in the study, and the majority

received a U5 (UK Sterling) gift voucher in return for

their participation. All of the experiments reported in this

study were non-invasive, were conducted in accordance

with the Declaration of Helsinki, and had ethical approval

from the Department of Experimental Psychology, Uni-

versity of Oxford, UK.

2.1.2. Apparatus and materials

We used an 18-min videotaped recording of a male

speaker (consisting of a close-up of the mouth area, from the



Fig. 1. In the synchronous condition (Experiments 1–3), the auditory and visual signals were presented in synchrony. In the asynchronous condition, the visual

signal was presented 300 ms before the sound in Experiments 1 and 2, and 1000 ms before the sound in Experiment 3. In Experiments 1 and 3, the stimulus

consisted of a continuous audiovisual speech stream, while in Experiment 2, it consisted of a recording of a hand playing a simple melody on three adjacent

piano keys. As in Experiment 1, the image of the hand was presented 300 ms before the sound in the asynchronous condition and simultaneously in the

synchronous condition.
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upper part of the nose to approximately 3 cm below the

chin) reading a list of 1000 words at a rate of approximately

60 words/min. One hundred of these 1000 words were target

words (consisting of male first names: e.g., John, Peter, etc.)

and were inserted pseudo-randomly into the list. The

videotape was replayed on a videorecorder and presented

on a 35-cm-wide television monitor located in a dark sound-

attenuated booth. The speech signal from the videotape was

presented through television speakers (centrally located

above and below the monitor, 13 cm from the center of

the screen) at approximately 78 dB(A) (as measured from

participant’s head position). The videotape was rewound

during 3 pauses inserted between blocks. A video delay box

(Pixel Instruments Corporation, AD 2100; Los Gatos,

California) was interfaced with the video player in order

to manipulate the asynchrony between the auditory and

visual channels. White noise was presented continuously at

75 dB(A) from two additional loudspeakers (100% corre-

lated), located 43 cm to either side of the television,

throughout the experimental blocks. The white noise was

introduced in order to reduce the intelligibility of the
auditory input and, consequently, to enhance the partic-

ipant’s reliance on visual lip movements [14,20]. Note,

however, that the speech signal, presented at a speech-to-

noise ratio of +3 dB, was intelligible (see [37]).

A red light-emitting diode (LED) (luminance of 64.3

cd/m2) was attached to the front of the television screen to

present the visual stimuli in the TOJ task. In Experiment 1, the

LED was located 2 cm below the speaker’s lower lip, and did

not cover any relevant part of the image needed for visual

speech perception. Two identical loudspeakers (Audax,

VE100AO) were placed 5 cm to either side of the television

monitor and were used to present the auditory stimuli for the

TOJ task, which consisted of 9-ms bursts of white noise [82

dB(A), as measured from the participant’s head position].

These auditory stimuli were perfectly audible during the

experiment. The loudspeakers (which delivered a coherent

output) produced a sound that was perceived centrally by the

participants, at approximately the same location as the LED,

thus reducing the possibility of participants using redundant

spatial cues to facilitate their TOJ performance (see

[35,43,44]). A hand-held response pad with two response
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keys placed horizontally (i.e., one to the left of the other) was

used to record the participant’s responses in the TOJ task. The

left key was used to respond when the white noise burst was

presented first, while the right key was used to respond when

the onset of the LED occurred first. The auxiliary LEDs

located at the bottom right hand corner of the television

screen were used to inform participants that their manual

response had been registered. The experimental protocol was

controlled by a computer program written in Turbo Pascal

6.0. The participant’s eye position wasmonitored via a CCTV

infrared camera (Panasonic, BP310) attached to the top of the

television screen, and connected to a monitor outside the

booth. The experimenter checked the monitor periodically

throughout the session to ensure that the participants were

directing their gaze to the screen as instructed.

2.1.3. Procedure

The experiment was conducted in a completely dark

sound-attenuated booth. The participants sat in front of the

monitor (at a distance of approximately 125 cm) and were

instructed to fixate the screen throughout each block of

experimental trials. The experimental session consisted of

eight blocks (each lasting approximately 5 min) in which

participants monitored the spoken list for male first names

which they were instructed to count. At the same time (i.e.,

online), the participants performed 80 TOJ trials. The

participants first completed three practice blocks. First,

speech monitoring only, then a second practice block of 15

TOJ trials in which the SOAs were twice as large as those

used in the actual experiment (in order to familiarize

participants with the task), and finally a third practice block

of combined video monitoring with 15 TOJ trials, again

with the SOAs doubled. The LED placed on the screen was

illuminated at the beginning of each block of trials and acted

as a warning signal. In the TOJ task, participants had to

press a key with their (left or right) thumb in the TOJ task

according to which stimulus (sound or light) came first. One

stimulus was presented 750 ms after the offset of the

warning light. The other stimulus was presented at one of

ten different SOAs (�500 ms, �350 ms, �250 ms, �150

ms, �50 ms, 50 ms, 150 ms, 250 ms, 350 ms, 500 ms;2

negative SOAs indicate that the auditory stimulus was

presented first, whereas positive values indicate that the

visual stimulus was presented first) using the method of

constant stimuli (e.g., [35]). The task was unspeeded, and

participants were informed that they should respond when

confident of their response (although within the 3500 ms

allowed before the termination of the trial). If participants

responded prior to the onset of the first TOJ stimulus, or

failed to respond before the trial was terminated (less than

1% of trials), error feedback (consisting of the flickering of

the fixation light for 1000 ms) was presented. Otherwise, the
2 We used a broader range of SOAs than that used in many previous TOJ

studies (e.g., [32,35]) given that pilot testing using SOAs of T50 ms, T100

ms, T150 ms, T250 ms, T350 ms yielded error rates in excess of 30%.
participant’s response was indicated by the illumination of

one of the feedback lights located at the bottom right hand

corner of the television screen for 500 ms after their

response was detected. The warning light was illuminated to

indicate the start of the next trial 750 ms after the end of the

preceding trial.

At the end of each block of trials, the participants were

instructed to report the number of male first names that they

had detected in the preceding block (the actual number

varied between 15 and 25). If the number of first names

reported by participants was more than 3 names over or

below the number of names that were actually presented,

then the experimenter verbally reminded the participant of

the importance of performing the monitoring task accu-

rately. In general, performance in this task was maintained

within this limit of T3 names.

The auditory speech signal was delayed by 300 ms

(relative to the visual speech signal) in half (i.e., 4) of the

experimental blocks, while the audiovisual speech signal

was presented synchronously in the remainder of the blocks.

The synchronous and asynchronous speech conditions were

alternated on a block-by-block basis, with the starting block

(synchronous vs. asynchronous) counterbalanced across

participants.

2.2. Results

The proportion of Flight first_ responses in the TOJ task

was converted to their equivalent Z scores assuming a

cumulative normal distribution (see [11]). The intermediate

eight SOAs were used to calculate a best-fitting straight line

for each participant and condition.3 The slopes and

intercepts from these best-fitting lines were used to calculate

the JND (JND = 0.675/slope since T0.675 point corresponds

to the 75% and 25% points on the cumulative normal

distribution) and the PSS (PSS = �slope/intercept) for each

participant and synchrony condition (see [7]).

The JND and PSS data (see Table 1) were submitted to

paired-samples t tests to compare TOJ performance during

exposure to the synchronous and asynchronous conditions.

The analysis of the JND data revealed a statistically

significant difference [t(11) = �2.61, P = .034], with

participants requiring a shorter time interval (i.e., a smaller

JND) to correctly perceive the order of sound and light

while monitoring synchronous speech (mean JND = 120

ms) than while monitoring asynchronous speech (mean

JND = 145 ms; see Table 1). Thus, our data suggest that the

temporal window for audiovisual integration became larger

as a result of monitoring the asynchronous speech stream.

This finding supports the central prediction of our study,
The T500-ms points were excluded from this computation because most

participants performed nearly perfectly at this interval; hence, no additional

variance was accounted for by these points, and their inclusion in the data

analysis would actually have resulted in an artifactual reduction in the slope

(see [35] on this point).



Table 1

Participant’s performance on the TOJ task in Experiments 1–3

Experiment Condition JND

(mean)

JND

(SE)

PSS

(mean)

PSS

(SE)

Experiment 1

(speech)

Synchronous 120 8.03 �22 17.47

Asynchronous

(300 ms)

145 11.31 �15 22.51

Experiment 2

(piano)

Synchronous 116 14.57 �26 19.16

Asynchronous

(300 ms)

125 15.77 �23 28.74

Experiment 3

(speech)

Synchronous 137 11.06 �7 24.27

Asynchronous

(1000 ms)

129 12.98 �10 25.85

Note. The mean JND and PSS values (in milliseconds), and their standard

errors in the TOJ were obtained while participants monitored either

synchronous or asynchronous speech (Experiments 1 and 3), or else a hand

playing a piano (Experiment 2). Significant differences in the JND between

the synchronous and the asynchronous conditions were demonstrated when

the visual stream led the auditory stream by 300 ms (Experiments 1 and 2),

but not when it led by 1000 ms (i.e., when the stimuli fell outside the

window of audiovisual integration). There was no effect of the synchrony

factor on the PSS in any of the experiments.
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namely, that adaptation to desynchronized audiovisual

complex stimuli (i.e., speech) can influence the temporal

resolution in the perception of simple stimuli (i.e., light

flashes and noise bursts).

A paired-samples t test revealed no significant differences

between the mean PSS reported when participants monitored

synchronous versus asynchronous speech [t(11) =�.741, P =

.474], suggesting that monitoring asynchronous speech did

not result in a temporal realignment (such as a systematic

delay) of the information from one sensory modality relative

to the other. In line with several previous studies (e.g.,

[12,38]), our data indicate that, in general, the auditory

stimuli had to lead the visual stimuli by approximately 20 ms

for the PSS to be achieved in the TOJ task (though see [43,44]

for a different pattern of results).

Thus far, our results suggest that the monitoring of an

asynchronous audiovisual speech stream can lead to a

temporal recalibration that can affect the perception of

simple non-speech stimuli. Given the debate over the

question of whether speech may represent a special case of

multisensory integration (see [21,39]), we attempted in our

second experiment to generalize this adaptation effect to

another type of complex stimulus (in particular, music) that

can also be, in some circumstances, experienced audiovi-

sually. The similarities and differences, in terms of brain

processing, between music and speech have been studied

intensively (see [4,25,27,45]). Some cues (such as pitch and

timing patterns) present both in music and prosodic aspects

of speech are thought to be processed in the same brain areas

(i.e., the right parietal cortex and the right frontal lobe; e.g.,

[25,27]). Interestingly, the planum temporale, a brain area

associated with lipreading, has also been shown to be

activated in trained piano players when watching melodies

being played on a piano in the absence of any piano-related

sound [15].
3. Experiment 2

3.1. Materials and methods

3.1.1. Participants

Six new participants took part in this experiment. As in

Experiment 1, all of the participants were naive as to the

purpose of the study, and all reported normal hearing and

normal or corrected-to-normal vision.

3.1.2. Apparatus and materials

We used a 35-min videotape of a hand repeating a simple

musical pattern in which 3 fingers of one hand pressed 3

contiguous keys on the piano keyboard at a constant rhythm

(approximately 65 times/min). The videotape was rewound

during a pause inserted between blocks. Approximately 150

targets (changes to this pattern) were inserted pseudo-

randomly into the sequence. Targets consisted of all three

fingers forcefully pressing down on the three keys at the

same time. Apart from these changes, the apparatus and

materials were exactly the same as those used in the

previous experiment.

3.1.3. Procedure

The procedure was identical to that used in Experiment

1 with the following exceptions: The video monitoring task

now consisted of counting changes in a musical pattern

executed by a hand on the keys of a piano, and participants

did not receive any feedback concerning their performance.

As in Experiment 1, participants also performed an online

TOJ task regarding the LED and the burst of white noise.

The LED did not cover any of the relevant parts of the

image, being placed on the lower central part of the screen.

The instructions explicitly asked participants to focus their

gaze on the fingers playing the piano, rather than on the

LED.

3.2. Results

The JND values obtained in the synchronous and

asynchronous conditions of Experiment 2 (see Table 1)

were submitted to a paired-samples t test, resulting in a

statistically significant difference [t(5) = �2.984, P =

.031]. When participants monitored the synchronous

stimulus their temporal resolution in the audiovisual

TOJ task was better (mean JND = 116 ms) than when

they monitored the asynchronous stream (mean JND =

125 ms), just as in Experiment 1. This finding is in line

with the temporal recalibration hypothesis whereby the

temporal window of integration for audiovisual inputs

becomes wider (cf. [36]). The PSS data in Experiment 2

indicated that simultaneous perception of the audiovisual

stimulus pairs required the auditory stimulus to lead by

25 ms. A paired-samples t test comparing the PSS while

monitoring the asynchronous piano playing (mean PSS =

�26 ms) to the synchronous condition (mean PSS = �23
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ms) again revealed no significant differences [t(5) = �.209,

P = .842].

The results of Experiment 2 generalize the finding of

Experiment 1, in support of the idea that exposure to

either class of complex asynchronous audiovisual stimuli

can affect the window of perceived simultaneity for any

pair of (unrelated) audiovisual events. These results also

suggest that even when the monitoring task could be

performed unimodally (e.g., by concentrating visually on

when the hand broke the pattern), participants perceived

both visual and auditory aspects of the stimulus and

integrated them into a single percept (as indicated by the

temporal recalibration effect). However, another explan-

ation of the results should also be considered. In

particular, one could argue that participants in Experi-

ments 1 and 2 may have been less accurate in the TOJ

task while monitoring the asynchronous stream (and,

consequently, needed more time between the light and

the sound to judge which one came first) simply because

they were being exposed to an unnatural stimulus that

was perhaps distracting and/or attention-grabbing, thereby

producing a general decrease in their ability to concentrate

on the TOJ task. We conducted a final experiment to

address this possibility.

The goal of Experiment 3 was to study whether the

temporal recalibration reported in Experiments 1 and 2

would still occur if the temporal interval between the

auditory and visual inputs clearly exceeded the temporal

interval for successful audiovisual integration. In contrast

to Experiments 1 and 2, in which the asynchrony was at

the limit of the temporal window for audiovisual integra-

tion (see [10,24,40]), the visual input was presented 1000

ms before the auditory input in the asynchronous condition

in Experiment 3 (see Fig. 1) to ensure that participants

were not able to match the visual and the auditory word

streams (namely, to recalibrate in time). Yet, as in Experi-

ment 1, participants were still clearly exposed to audio-

visually non-coincident stimuli (thus, equally unnatural and

putatively attention-grabbing). According to the temporal

recalibration hypothesis, when the asynchrony exceeds the

window for successful audiovisual integration [24], no

recalibration, and therefore no change in TOJ performance

should occur. If, on the other hand, the effects reported in

Experiments 1 and 2 simply reflect the increased difficulty

of monitoring the somewhat unnatural (i.e., mismatching)

signal, then the effect found on JND should, once again, be

observed.
4. Experiment 3

4.1. Materials and methods

4.1.1. Participants

Eleven new participants with normal hearing and normal

or corrected-to-normal vision participated in this experiment.
4.1.2. Materials, apparatus, and procedure

These were the same as in Experiment 1, with the

following exception: In the asynchronous condition, the

visual information was presented 1000 ms before the

auditory information (instead of 300 ms before as in

Experiments 1 and 2). In the asynchronous condition, the

heard and visually mouthed words were completely

mismatched in terms of content (sound vs. lip movement

did not correspond). Moreover, they did not perfectly

match in terms of onset/offset time, as the length of the

words did not coincide. This manipulation should make

the asynchronous condition of this experiment look at least

as unnatural as the asynchronous condition of Experiment

2, but prevent any possible integration from occurring. As

in Experiment 2, participants did not receive feedback

regarding their performance (i.e., which response they had

made).

4.2. Results

As in Experiments 1 and 2, the JND and PSS were

obtained for each participant in each condition. One

participant performed well below average (i.e., near to

chance levels even at the long SOAs; e.g., 60% correct at

the 250-ms SOA), and his data were therefore removed

from the analyses. A paired-samples t test did not reveal

any significant difference in JND between the synchro-

nous (mean JND = 137 ms) and asynchronous (mean

JND = 129 ms) conditions [t(9) = 1.012, P = .338] (note

that the trend here, toward worse performance in the

synchronous condition was actually the opposite of that

seen in the two previous experiments). A second paired t

test on the PSS data also failed to reveal any significant

differences between the synchronous and asynchronous

conditions [t(9) = .163, P = .874].

In order to compare the effects of monitoring small

(300 ms) versus large audiovisual asynchronies (1000

ms) on TOJ performance, a mixed design analysis of

variance (ANOVA) was performed on the JND data

including one between-participants factor, Experiment (1

vs. 3), and one within-participants factor, Synchrony

(Synchronous vs. Asynchronous). No significant effects

of synchrony [F(1,21) = 1.793, P = .196] or experiment

(F < 1) were found but, critically, the analysis revealed

a significant interaction between the two factors

[F(1,21) = 6.068, P = .023]. This interaction indicates

that in Experiment 1, monitoring speech with an

asynchrony of 300 ms induced larger JNDs than the

synchronous speech condition, whereas participants in

Experiment 3, who monitored the speech with a large

asynchrony (1000 ms), had equivalent JNDs in both

synchronous and asynchronous conditions (see Table 1).

This pattern of data supports the view that the effects

reported in Experiments 1 and 2 resulted from a

temporal recalibration effect, and not from some kind

of distraction effect caused by mere exposure to
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uncorrelated (i.e., as opposed to correlated) audiovisual

input.4
5. Discussion

The results of the present study suggest that monitoring

complex asynchronous audiovisual signals (such as speech

or the playing of a musical instrument) results in a

significant modulation in the temporal processing of

audiovisual stimuli. Our findings are consistent with the

idea that the temporal window for audiovisual integration

widens as a consequence of adaptation to asynchronous

signals. However, the results of Experiment 3 reveal that

this temporal widening does not always occur. It seems that

the audiovisual asynchrony must remain within certain

temporal limits which, in our case, coincided with the so-

called temporal window of integration of speech. Several

studies have shown that effective audiovisual speech

integration breaks down when the asynchrony is larger

than about 300 ms; e.g., [9,13]. The present recalibration

effect supports recent claims about the existence of a

synchrony detection mechanism [12], which would be

critical to the binding across sensory modalities (e.g., [5]).

It will be interesting to investigate the particular neural
4 The overall poor performance on the TOJ task in the present study, as

reflected by the large JNDs, when compared with that reported in many

previous studies (e.g., [32,35]), probably reflects the result of some overall

dual-task cost and/or the presentation of complex (and perhaps attentionally

demanding) stimuli such as speech or music, as well as the broad range of

SOAs used (relative to previous studies). In a follow-up experiment, 15

participants performed the same TOJ task as that reported here under the

same display conditions but without the instruction to monitor the speech

stream for targets (i.e., under single task conditions). As in Experiment 1,

the (now irrelevant) speech stream could either be presented in synchrony

or with the auditory stream delayed by 300 ms. We found that JNDs (mean

JND = 95 ms, in the synchronous speech condition, and 88 ms in the

asynchronous speech condition) were significantly smaller than those

reported in Experiment 1 [ F(1,26) = 5.971, P = .022, for the synchronous

condition, and F(1,26) = 22.449, P = .0001, for the asynchronous

condition]. These results suggest that the overall large JNDs reported in

Experiment 1 were at least in part a consequence of the attentional cost

associated with participants having to perform two tasks at the same time

(i.e., a dual task deficit). We also compared the JNDs obtained in our

Experiment 1 (under conditions of synchronous monitoring) with the JNDs

obtained in the first 80 trials (mean JND = 79 ms) of a similar previous

study by Zampini et al. [43] (see Experiment 1; same position) where no

extra audiovisual streams were present (i.e., we matched the number of

trials analyzed for the two studies to compensate for any practice effects

that may have been present). We found a significant difference between the

JNDs reported in Experiment 1 and those reported in Zampini et al.’s study

[ F(1,20) = 7.489, P = .013] (thus again reflecting the dual-task cost).

However, we did not find a statistical difference between the JNDs in our

follow-up experiment (no speech monitoring) and Zampini et al.’s results

[ F(1,23) = 1.309, P = .265]. Taken together, this pattern of results clearly

indicates that the larger JNDs reported in Experiment 1 were primarily

caused by an attentional cost due to dual-task or speech monitoring.

However, the critical point is that, despite the fact that the JNDs reported in

the present study were quite large, we nevertheless still found (and

replicated) a robust temporal recalibration effect.
mechanisms underlying the phasic changes involved this

temporal recalibration effect across sensory modalities

(cf. [5,26]).

The fact that exposure to one kind of complex stimulus

(i.e., speech) produces recalibration effects that can affect

one’s perception of other kinds of stimuli (i.e., light

flashes and noise bursts) is consistent with a general

(rather than stimulus-specific) perspective on audiovisual

integration (see [39]). An additional question for future

research, in order to clarify this matter further, will be to

investigate systematically whether the exposure to asyn-

chrony in any kind of information (e.g., complex or

simple) can affect the concomitant perception of any other

kind of complex or simple multisensory stimuli. The

occurrence of such an effect would provide more robust

evidence concerning the existence of general, rather than

specific, processes for the temporal aspects of audiovisual

integration.

Fujisaki et al. [12] (see also Vroomen et al. [42])

recently reported that repeated exposure to temporally

misaligned audiovisual stimuli (such as brief tones and

light flashes) can induce a transient shift in the PSS

between the auditory and visual modalities. In Fujisaki et

al.’s study [12], the temporal recalibration was investigated

by measuring after-effects (i.e., participant’s performance

was measured after exposure to asynchronous stimuli)

using both direct and indirect measures of temporal

perception (e.g., TOJ tasks and judging whether two balls

streamed through one another, or else bounced; cf. [31]).

Interestingly, Fujisaki et al.’s findings were also demon-

strated when the type of stimuli used during adaptation was

different to the test stimuli (showing that the effects were

not stimulus-specific, as also seen in the present study).

However, in this latter case, the recalibration was smaller

than when the nature of the adaptation and the test stimuli

was similar, perhaps explaining the small size of the effects

found in the present study. In order to increase the

opportunities of capturing Fcross-stimulus_ temporal recali-

bration effects (that Fujisaki et al. found tend to be small;

[12]), we used a different experimental paradigm where

possible temporal recalibration effects were measured

online (during exposure to the asynchronous stimulus). It

remains an interesting question for future research to

determine why we found that the monitoring of asynchro-

nous audiovisual stimuli always led to an increase in the

JND but no change in the PSS, whereas Fujisaki et al. [12]

found the opposite pattern of results when using adaptation

after-effects. An obvious difference between the two studies

is the time at which the TOJ measures were taken (online

effects vs. after-effects, respectively). This raises one

intriguing but at the present time necessarily speculative

possibility. Namely, that the mechanism by which temporal

recalibration occurs may involve an initial widening of the

temporal window for audiovisual integration (producing the

increase in the JND) followed by a temporal realignment of

the two modalities (indicated by a shift in the PSS), and
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perhaps ending up with a narrowing of the window for

integration centered around this new PSS.
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