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Abstract
Synchronous tapping to simultaneously presented asyn-
chronous visual sequence and auditory sequence is more at-
tracted to the concurrently presented auditory sequences than
the reverse. This we will call the auditory capture effect (ACE).
This study examined ACE over a wide range of sequence IOI
(500 ms, 1000 ms, 1500 ms). Moreover, a model fitting the re-
sponse time (RT) data was considered. The model best fit was
the Gabor function, which is the product of a sine and a Gaus-
sian. The model was shown to have a good fit with the variety
of the RT data transition. The psychological meaning of the
model and the model’s prediction of the fluctuation of taps will
be discussed.
Index Terms: model fitting, synchronous tapping, crossmodal
integration, Gabor function

1. Introduction
The crossmodal integration of different sensory modalities is
important for a seamless perception of the environment. Among
other senses, the visual and the auditory sense play an impor-
tant role in getting information from the outside world. In
the past, research concerning the auditory-visual integration has
mostly focused on spatial aspects (e.g., the ventriloquist effect).
In recent years, however, temporal aspects of the auditory-
visual integration has got more attention in psychology (e.g.,
[1, 4, 6, 7, 8, 11, 12]).

Synchronous tapping to simultaneously presented asyn-
chronous visual sequence and auditory sequence is more at-
tracted to the concurrently presented auditory sequences than
the reverse. This is called the auditory capture effect (ACE)
[4, 8]. The ACE is explained in terms of the modality appropri-
ateness hypothesis [2, 13]: The ACE occurs because temporal
processing of audition is more accurate than that of vision.

There are two important characteristics of ACE. First, there
exists an auditory dominance over vision (asymmetry between
those two modalities) [1, 7]. Second, the ACE occurs if a
auditory-visual temporal asynchrony falls within a certain range
of a temporal window [7]. These two characteristics of the ACE
were also observed between a single sound and a single flash of
light presented in isolation [12]. It seems that these are common
features for the auditory-visual temporal interaction. However,
the precise mechanism of the ACE remains uncertain.

In the previous research concerning ACE [1, 6, 7], the
auditory-visual stimulus-onset asynchrony (SOA) and the inter-
onset interval (IOI) of stimulus sequences were somewhat lim-
ited. This study examined ACE over a wide range of auditory-
visual SOA and sequence IOI.

The three experiments in this paper have already been re-
ported at the previous JSMPC conference [9, 10] and one of
them (Experiment 1) has already been published [8]. This time,
the model fitting the tapping data of all the three experiments

was considered. Repp and Penel attempted to create a model
to fit the response time data in a bimodal synchronous tapping
experiment [7]. However, their model is merely a polynomial
function which does not have any psychological meanings. The
purpose of this study was to construct a psychologically mean-
ingful model. How well the model predicts the fluctuation of
taps was also investigated.

2. Method
In three experiments, visual and auditory isochronous se-
quences were presented in bimodal conditions and an unimodal
(control) condition. In the bimodal conditions, participants
tapped their finger in synchrony with auditory and visual se-
quences containing a constant SOA between the two modalities.
In the unimodal condition, either visual or auditory sequences
were presented.

In Experiment 1, SOAs were -300 ms, -200 ms, -100 ms,
-50 ms, 0 ms, 50 ms, 100 ms, 200 ms, 300 ms (9 conditions).
In Experiment 2 and 3, SOAs were -200 ms, -150 ms, -100
ms, -50 ms, 0 ms, 50 ms, 100 ms, 150 ms, 200 ms (9 condi-
tions). A stimulus sequence was composed of 60 isochronous
visual or auditory stimulus in each experimental trial. The IOI
of the stimulus sequence was 1000ms, 500ms and 1500ms in
Experiment 1, 2, 3, respectively. Subjects performed all the ex-
perimental conditions in each experimental session. One ses-
sion consisted of 2 modalities (visual and auditory) × 9 bi-
modal conditions (9 different SOAs) and one unimodal condi-
tion. Subjects repeated each session two times (Experiment 1
and 2) or only one time (Experiment 3). A number of trials per
subject were 40 trials (Experiment 1 and 2) or 20 trials (Exper-
iment 3). There were 60 taps in each trial. The presentation or-
der of two modalities was counter-balanced across subjects. In
the bimodal condition, the presentation order of the each SOA
condition was randomized across trials.

The visual stimulus was a 3.8 cm × 3.8 cm white brief flash
of light (2.6 cd/m2). It was displayed on a black CRT screen
(0 cd/m2). The brightness of the visual stimulus was subjec-
tively matched with the loudness of the auditory stimulus in the
preliminary experiment. The duration of the visual stimulus
was about 33 ms (2 frames of 60 Hz refresh rate CRT). Sub-
jects viewed the screen from a distance of about 50 cm without
a chin rest. The auditory stimulus was a 1000 Hz pure tone. It
was presented via headphones (88 dB SPL). The duration of the
tone was 32 ms (containing 6 ms rise/fall time).

Response time (RT) of each tap was defined as a difference
between the tap onset time and the stimulus onset time. The
RT were recorded using a hand-made tapping device which de-
tects the sounds of the taps. The stimulus presentation and the
response detection was controlled by a general PC/AT personal
computer. The temporal resolution of the stimulus control and
the response detection was about 1 ms.

Auditory-Visual Speech Processing
2007 (AVSP2007)

Hilvarenbeek, The Netherlands
August 31 -- September 3, 2007

ISCAArchive
http://www.isca-speech.org/archive



The number of the subjects who participated in Experiment
1, 2 and 3 were 10, 9 and 10 respectively. All subjects had
normal auditory function and normal or corrected-to-normal vi-
sion. They were given a sufficient explanation about the ex-
periments. Informed consent was obtained from each of the
subjects.

3. Results and discussion
3.1. Mean response time data

Among the 60 RT data in each experimental trial, the first 5 RT
data were eliminated from the analysis since these taps were
unstable. Moreover, the remaining 55 RT data were preliminary
analyzed to check for obvious outliers. These outliers were also
eliminated from the following analysis.

The RT data were averaged across each subject. Figure 1
shows the mean-RT data in each of the SOA conditions in the
three experiments. A negative SOA means a distractor precedes
a target and a positive SOA means a distractor follows a target.

In Experiment 1 and 2, a strong ACE was observed within
the range of -100ms to 100ms SOA. There is a linear increase
of the mean-RT in the visual condition but the mean-RT is al-
most flat in the auditory condition (Figure 1a and 1b). This
means that the auditory stimulus strongly attracts the tap from
the visual stimulus but the reverse effect is very weak. At above
200 ms SOA or below -200 ms SOA, however, ACE almost dis-
appeared. The mean-RT returns to near the baseline level (the
level of unimodal condition) under the visual condition.

In Experiment 3, however, a slightly different pattern of re-
sults was obtained in contrast with Experiment 1 and 2. First,
the ACE was very small under the visual condition. The slope of
the mean-RT transition nearby 0 ms SOA is more gradual than
that in Experiment 1 and 2. Second, the transition of mean-RT
is almost the same form in both the visual condition and the au-
ditory condition. An asymmetry between vision and audition
almost disappeared (Figure 1c).

3.2. Fitting a Gabor function to the observed mean-RT data

To give an systematic explanation of these results, a model func-
tion was fitted for the mean-RT curve. All the statistical analysis
were done by the statistical software R version 2.4.0 [5].

There might be two mechanisms to control a finger tapping.
One is a control of tapping periodicity and the other is a control
of synchronization between taps and pacing stimulus. There-
fore, it is desirable that the model contains both a periodic term
and a temporally localized term.

A Gabor function is one of the well-known functions which
have a periodic term and a temporally localized term. It is better
suited for the model function. A nonlinear least squares estima-
tion was done to fit the model function to the mean-RT data.
The Gabor model fitting the data is

R̂(t) = p0 +p1 sin

„

2π(t − p2)

T

«
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ˆ
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˜

,

(1)
where t is the SOA between the target and the distractor, R̂(t)
is the estimated mean response time, T is the IOI of the stim-
ulus sequence and pn (n = 0, 1, 2, 3) are the parameters to be
estimated.

In the nonlinear fitting, parameter p3 was constrained as
p3 ≥ 0, and also the objective function was weighted by the
inverse variance of the mean-RT across subjects in each SOA.

-160

-140

-120

-100

-80

-60

-40

-20

 0

 20

 40

 60

300200100500-50-100-200-300Unimodal

M
ea

n 
R

es
po

ns
e 

Ti
m

e 
(m

s)

SOA between Targets and Distractors (ms)

IOI = 1000 msVisual
Auditory

(a) Experiment 1

-160

-140

-120

-100

-80

-60

-40

-20

 0

 20

 40

 60

200150100500-50-100-150-200Unimodal

M
ea

n 
R

es
po

ns
e 

Ti
m

e 
(m

s)

SOA between Targets and Distractors (ms)

IOI = 500 msVisual
Auditory
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(c) Experiment 3

Figure 1: Mean response time under the visual (open circle) and
the auditory (filled circle) conditions. Fitted lines represent the
estimated Gabor functions under the visual (solid line) and the
auditory (dashed line) conditions. The error bar represents the
standard error of mean (N = 10, 9 and 10 in Experiment 1, 2
and 3 respectively).



Table 1: Estimated parameters of the Gabor model for the
mean-RT data and the root-mean-square of residuals of the
model (RMS).

Exp. IOI p0 p1 p2 p3 RMS
Visual

1 1000 -37.8 140.9 27.6 0.00795 6.1
2 500 -36.7 64.4 30.1 0.00000 9.6
3 1500 7.5 106.9 92.2 0.00588 8.3

Auditory
1 1000 -85.2 37.8 -99.7 0.00000 7.7
2 500 -51.3 10.5 -74.4 0.00000 3.5
3 1500 -31.6 69.1 27.4 0.00422 9.8

The estimated parameters and the root-mean-square (RMS)
of the model are shown in Table 1. This model were shown
to have a good fit with a observed data in all the experiments.
It must be noted that if p3 is estimated as zero, the estimated
function consists of only the sine term.

The sine term in the Gabor model has interesting charac-
teristics. It predicts that the distractor attracts the tap if the
auditory-visual asynchrony falls within the range of ±π/2 rel-
ative phase (a slope of the function is positive). In contrast,
it predicts that the distractor repels the tap if the asynchrony
is out of that range (the slope is negative). The attraction of
taps implies that the auditory-visual bimodal sequence are per-
ceived as an unified temporal pattern. In contrast, the repulsion
of taps implies that the auditory-visual bimodal sequences are
perceived as a separated temporal pattern. Therefore, it seems
reasonable to suppose that the sine term reflects a ”pattern in-
tegration or segregation” between the visual and the auditory
bimodal sequence.

On the other hand, a function of the Gaussian term in the
Gabor model is easy to understand. The Gaussian term is tem-
porally localized. It plays a role in limiting an attraction force to
a certain range of auditory-visual asynchrony. Thus, the Gaus-
sian term is relevant to a “temporal window” in crossmodal in-
tegration between vision and audition.

3.3. Predictability of the tap fluctuations by the model
derivative

A slope of the fitted curve, say, a differential coefficient of the
model function, might reflect how much the taps are influenced
by the distractor stimulus. It seems reasonable to say that an
influence by the distractor closely corresponds to the fluctuation
of taps. To be more precise, if the taps are attracted to the timing
of the distractor (differential coefficient is positive), the taps are
stable. In contrast, if the taps are repelled from the timing of
the distractor (differential coefficient is negative), the taps are
unstable. Thus, it might be said that the model derivative is
inversely correlated to the amount of fluctuation of taps.

In this section, a predictability of the amount of fluctuation
of the taps by the model derivative was investigated. According
to the equation (1), the model derivative is
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The fluctuation of taps in each SOA conditions were eval-
uated by the mean within-subjects standard deviation of the re-
sponse times, S(t).

S(t) =

v

u

u

t

1

N

N
X

i=1

σ2

i
(t) , (3)

where N is a number of the subjects, σ2

i (t) is the variance of
RT within subject (i) in each SOA condition (t).

A linear fitting was done to predict the within-subjects stan-
dard deviation of RT (equation 3) by the negative model deriva-
tive (equation 2). The linear fitting model is

Ŝ(t) = c0 + c1

 

−
dR̂(t)

dt

!

, (4)

where c0 and c1 are the parameters to be estimated. Since the
estimated value of c0 and c1 are not important here, these values
are not shown.

The fitted curves are shown in Figure 2. In the visual con-
dition, R2s of this linear fitting were 0.70, 0.89, 0.21 in Exper-
iment 1, 2 and 3 respectively. In the auditory condition, R2s
were 0.04, 0.01, 0.12 in Experiment 1, 2 and 3 respectively.

The R2s were not so high except for the visual condition in
Experiment 1 (R2 = 0.70) and Experiment 2 (R2 = 0.89). In
these two cases, there were discriminative large changes of S(t)
across each SOA (Figure 2a and 2b). In particular, the negative
derivative of the Gabor model accurately predicted a M-shaped
(Figure 2a) or U-shaped (Figure 2b) function of S(t) in these
two cases. The M-shaped function of variability is known as
“seagull effect”, which is characterized by minimum variabil-
ity at zero and ±π relative phase in a bimanual coordination
experiment [3]. These relative phases are two intrinsic modes
of sensorimotor coordination, which minimize the variability of
the performance. It should be noted that the model clearly de-
scribed important characteristics such as the fluctuation of the
sensory-motor coordination.

4. Conclusions
The Gabor model proficiently fitted the transition of the mean
response time across the auditory-visual asynchronies in all the
three experiments. It is important that the variety of the data can
be explained by such a simple model. Moreover, the negative
derivative of the Gabor model nicely predicted the M-shaped or
U-shaped function of the fluctuation of taps across SOAs.

The sine term in the Gabor model predicts an attraction or
a repulsion of taps dependent to an auditory-visual asynchrony.
Therefore, it seems that the sine term reflects a “pattern integra-
tion or segregation” of the auditory-visual bimodal sequences.
On the other hand, the Gaussian term in the Gabor model has a
temporally localized characteristic. It is interpreted as a “tem-
poral window” of auditory-visual integration.

In sum, a model-fitting is one of the effective approaches for
investigating the auditory-visual integration in a sensorimotor
coordination.
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(c) Experiment 3

Figure 2: Mean within-subjects standard deviation of the re-
sponse time under the visual (open circle) and the auditory
(filled circle) conditions. Fitted lines represent the estimated
curve by the negative derivative of the Gabor model under the
visual (solid line) and the auditory (dashed line) conditions.
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