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Abstract - Given a dynamic environment, observing motion is
essential for the timing of behavior. Apparent motion clearly
represents spatiotemporal characteristics of movement with
respect to observing motion. We investigated an effect of visual
motion perception on temporal processing in audiovisual
integration. Participants performed audiovisual temporal order
judgment (TOJ) task under apparent motion condition and
normal condition and also random-order presentation condition.
As a result, the PSS and JND in the apparent motion condition
differed from the results of those in the normal condition
regardless of prediction. Therefore, this findings show that
motion perception has a different multisensory mechanism
relative to non-motion perception. Especially, we suggest that the
area MT may contribute to the audiovisual temporal processing
with visual motion information.

Index Terms — Apparent Motion, Motion Perception,
Temporal Perception, Audiovisual Simultaneity

|. INTRODUCTION

The relationship between motion and temporal perception
is essential for a dynamic environment. Motion can be
separated into temporal and spatial elements in which we
observe movement. Observing motion is essential for
determining the timing of behavior. But the correlation
between motion and temporal perception is not fully clarified
concerning multisensory integration. In this study, we focused
on the temporal perception during the observation of motion
in multisensory integration.

Apparent motion is an important phenomenon in which
spatiotemporal characteristics of movement are clearly
represented with respect to observing motion. Apparent
motion is an optical phenomenon that makes motion appear by
an appropriate spatiotemporal interval even despite two
discrete stimuli [1], [2], [3], [4] and has been studied in a wide
range of fields from psychophysics to brain function [5], [6].
Psychophysical aspects have been studied to elucidate the
cognitive or perceptual characteristics of apparent motion and
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spatiotemporal factors are considered to be important. In the
physiological aspect, the response to apparent motion is
typically equivalent to the response to real motion in the
physiological mechanisms and passes through the dorsal
stream associated with motion processing [7], [8].

With respect to temporal perception, the important
question is how multiple senses are integrated in the time
dimension. In particular, it is important to examine the
temporal characteristics between external stimuli and internal
perception. Temporal order judgment (TOJ) task is known as
a psychophysical study to examine the temporal relationship
between external stimuli and internal perception in
multisensory processing [9], [10], [11]. Point of subjective
simultaneity (PSS) and just noticeable difference (JND) are
used as the methods of measurement. The PSS represents the
interval between the application of stimuli to two senses at
which both are perceived by the senses to occur the same time,
which makes it possible to detect which sensory information
was captured early or late. The JND has been used as an
indicator that discriminates the temporal resolution in cross-
modality [12]. However, although the temporal perception of
motion is essential for the dynamic environment, the reports
involved in the motion perception are insufficient [12], [13],
[14]. Therefore, we focused on the relationship between
motion perception and temporal perception through apparent
motion and TOJ task.

The purpose of the present study is to investigate an effect of
visual motion perception on temporal processing in audiovisual
integration. We examined two types of TOJ task experiments. In
experiment 1, participants conducted TOJ task in apparent
motion condition and normal condition with single flash on
audiovisual simultaneity to examine how visual apparent motion
affects audiovisual TOJ task. Also, because there remained the
specific prediction by constant temporal intervals in apparent
motion condition, in experiment 2, we examined supplemental
experiment to eliminate the influence of prediction by presenting
two visual stimuli in a random order.
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Il. METHODS

A. Participants

Sixteen participants (15 males and one female, with a mean
age of 24.3 years) participated in experiment 1. Twelve
participants (11 males and one female, with a mean age of 23.5
years) took part in experiment 2. All participants had normal
hearing and normal or corrected-to-normal visual acuity and
were naive as to the purpose of the experiment. Participants
were paid for taking part in the experiment and written informed
consent was obtained. This experiment was approved by the
ethics committee of the Tokyo Institute of Technology.

B. Apparatus and Stimuli

All TOJ task experiments were conducted in a dark and
soundproof room. Visual stimulation was provided by a 27-
inch LCD display (Samsung S27A950D) with a screen
resolution of 1920 x 1080 pixels, and a refresh rate of 120
Hz. The display was operated by a PC workstation (Mac pro,
3.2GHz Quad-Core Intel Xeon, ATl Radeon HD 5770 graphic
card, 1GB GDDR5 memory) and placed in front of the
subjects. Their head position was fixed by a chin rest at a
viewing distance of 100 cm. A white cross of 2 cm in length
was displayed as a fixation point in the center of the screen.
Visual stimuli consisted of one or two white disks 3.2 cm in

(A) Apparent motion condition

Judgment

800ms

(C) Random-order presentation

Judgment

Blank

SOA of 137ms

diameter on a black background. The visual angle was 2.8° for
the single stimulus and 5.6° for the two stimuli. Sound stimuli
were presented as mono sounds (65dB, 1,000Hz) delivered
via two speakers (MM-SPWD3BK, Sanwa supply). The
speakers were located on top of the screen. These visual and
auditory stimuli were developed and operated by a computer
program (Matlab and Psychtoolbox-3).

C. Procedure

In experiment 1, the participant sat on a chair in front of the
stimulation and a constant head position was maintained by
chin-rest. The audio-visual TOJ tasks were performed over two
sessions with visual stimuli: TOJ task under apparent motion
condition and normal condition. Figure 1 illustrates the
procedure for experiment 1. In the apparent motion condition
(Fig. 1(A)), each trial started with the fixation cross for 1.5
seconds, and a dark blank screen was followed for 800 ms.
Next, one white circle for the first visual stimulus showed up for
30 ms and after 137 ms as Stimulus onset asynchrony (SOA),
the second stimulus was presented for 30 ms [15]. To assess the
temporal discrimination of the auditory and visual stimuli pairs,
one brief sound (30ms) as an auditory stimulus was presented
with the second visual stimulus.

(B) Normal condition

Judgment

137ms

Blank 800ms

SOA of 137,300
and 500ms

800ms

Fig. 1 Schematic illustration of experiment 1 and experiment 2. The two conditions in experiment 1: Apparent motion
condition (A) and Normal condition (B). Random-order presentation (C) in experiment 2.
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The subjects were instructed to conduct a TOJ task
between the second visual frame and the brief sound. The
onset time of the auditory stimulus paired with visual stimulus
was randomly selected from the following SOA values: -120, -
90, -60, -30, 0, +30, +60, +90, and +120 ms (where the
negative values indicate that the auditory stimulus preceded
the visual stimulus).

Then the participant made a forced-choice judgment with
respect to the order between the audio-visual stimuli by
answering the question ‘which one was first?” as question
mark. The answers consisted of ‘light first” which was chosen
by pressing the Z key and ‘sound first” which corresponded to
the X key. As a way to answer, ‘light first’ was selected when
the flash was ahead of the sound, and vice versa with ‘sound
first’. In normal condition (Fig. 1(B)), the procedure of single
flash condition was the same as TOJ task under apparent
motion condition. However, only the second frame in apparent
motion condition was shown in this session, so the first visual
frame was not presented. Then, the procedure for evaluating
the temporal discrimination between sound and flash, and the
SOA values were the same as those used for apparent motion
condition. The experiment 1 consisted of 270 trials (2 visual
conditions x 9 audiovisual SOAs x 15 repeats) with
counterbalanced order. Participants performed 27 trials (9
audiovisual SOAs x 3 repeats) as one block for each
condition.

In experiment 2, apparatus, stimuli, and procedure were
the same as in experiment 1, with the following exceptions.
In experiment 2 only the apparent motion condition was
studied. Participants conducted the TOJ tasks with SOAs
between the visual stimuli of 137 ms, 300 ms and 500ms
presented in a random order. Timing of the auditory stimulus
relative to the second flash was the same as in experiment 1.
The participants were instructed to judge the order of the
second visual frame and the brief sound. The experiment 2
consisted of 432 trials (3 visual conditions x 9 audiovisual
SOAs x 16 repeats) with counterbalanced order. Participants
performed 54 trials (3 visual conditions x 9 audiovisual
SOAs x 2 repeats) as one block for each condition and only
the data of apparent motion was calculated in experiment 2.
The practice of each experiment was conducted and the total
performance took about one and a half hours in each
experiment.

Prior to the experimental session, we examined whether
the participants perceived motion between two flashes and
also confirmed that the motion was perceived during the
experiment after the experimental session.

D. Data Analysis

The ratio of the answers indicating the earlier
presentation of the auditory stimulus was calculated for
each SOA. We conducted logistic regressions using a
generalized linear model with the ratio data of each
experiment [16]. The following equation was applied to
the regression analysis:
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where & represents the estimated PSS, X denotes SOA.
JND is defined as shown in the following:

JIND =
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(2)

where X p epresents the SOA with P percent of ‘auditory

first” responses.

We determined the JND and PSS values for each
participant using regression analyses (Equation (1) and (2))
and processed the data statistically to obtain mean and
standard error values.

I1l. RESULTS

A. Experiment 1

Fig. 2 presents the results of experiment 1. As shown in
Fig. 2(B), the PSS in the normal condition had a positive
value, 12.47 ms (SE = 6.45), but the PSS in the apparent
motion condition shifted to a negative value, —-4.90 ms (SE =
5.84). The PSS of the negative value indicates that the
audiovisual stimulus pairs were perceived as simultaneous
when the auditory stimuli preceded the visual stimuli. A paired
t-test of PSSs indicated significant difference between the TOJ
task in the apparent motion condition and that in the normal
condition (t(15) = -2.33, P < 0.05). In addition, the JND in the
apparent motion condition was smaller than that in the normal
condition (see Fig. 2(C)), and the JND values were 35.72 ms
(SE = 3.96) and 48.23 ms (SE = 5.17), respectively. A
significant difference between the JNDs was observed in the
paired t-test (t(15) = -3.57, P < 0.01).

B. Experiment 2

In experiment 2, all participants performed the TOJ task
with the intervals between the visual stimuli in a random
order, and only the results of the apparent motion condition
were extracted. The participants perceived continuous motion,
and the PSSs and JNDs were computed as in experiment 1.
Fig. 3 shows the results of experiment 2, Fig. 3(B) and 3(C)
show the results for PSSs and JNDs in experiment 2. The
values of PSS and JND in the apparent motion condition in
experiment 2 were almost the same as those of the apparent
motion condition in experiment 1. An unpaired t-test of PSSs
and JNDs of the TOJ tasks in the apparent motion condition
indicated no significant difference between experiment 1 and
experiment 2 (t(26) = -0.11, P = 0.92, t(26) = -0.12, P =
0.91).
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Fig. 2 The results of experiment 1. (A) Psychometric curves fitted to the distribution of the mean TOJ data in Experiment 1. (B), (C)
Mean PSSs and JNDs in the apparent motion condition and normal condition in experiment 1. Error bars represent the standard

error of the means.

V. DISCUSSION

We found that the PSS was shifted to a sound-lead
stimulus and JND was smaller in apparent motion condition.
The sound-lead value of PSS means that visual processing was
faster and smaller JND indicates that the temporal resolution
between audiovisual stimuli was greater. Also, similar results
of PSS and JND were obtained in Experiment 2 regardless of
prediction. Previous studies have reported that PSS usually
shifts toward visual-lead stimulus within the range of 20-
40ms, and therefore simultaneity is maximally perceived if
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light comes slightly before sound [17], [18], [19], [20].
However, the PSS in apparent motion condition was shifted to
a sound-lead stimulus that is the opposite result in normal
condition. It is the opposite tendency with audiovisual
perceptual characteristics in the temporal domain. With
respect to temporal resolution, JND is known as the range of
30-60 ms in audiovisual TOJ task [21], [22], [23]. We
however found visual apparent motion resulted in the higher
temporal discrimination. This finding suggests that visual
motion information contributes to faster visual processing and
greater temporal resolution regardless of prediction.
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Fig. 3 The results of experiment 2. (A) Psychometric curves fitted to the distribution of the mean TOJ data in Experiment 2. (B), (C)
Mean PSSs and JNDs from nonrandom-order presentation (apparent motion condition in experiment 1) and random-order
presentation (apparent motion condition in experiment 2). Error bars represent the standard error of the means.

Our findings show that motion perception influences the
temporal perception on audiovisual processing. There is a
need to examine whether motion information affects the
temporal perception in multisensory integration. In unisensory
processing, it has been reported that motion was perceived
faster than non-motion information [24], [25]. For example,
there is a robust illusory phenomenon called flash-lag effect,
which motion perceived faster than single flash [24], [26].
When a moving target and a flash are aligned and when they
are appeared in the same location the moving target was
perceived as more slightly shifted in the direction of motion
relative to the flash. The flash-lag effect support our findings
but our findings lead to new evidence that motion affects
temporal perception in multisensory integration.

71

With respect to processing of audiovisual integration,
functional imaging studies have found the brain areas of
audiovisual integration and, especially superior temporal
sulcus (STS) have been suggested as an audiovisual
association area [27], [28], [29], [30]. However, in recent
years, with the growing interest in the multisensory property of
motion, some researchers have raised the possibility that there
exist different mechanisms by motion information in
multisensory processing [31], [32]. So, several functional
imaging have also showed the evidences that the audiovisual
integration engaged area MT is related to visual motion
processing [33], [34].

The area MT in the dorsal stream plays an important role
in motion processing [35] and has a function which
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comprehensively processes the whole motion information of
objects by integrating the information of local motion [36]. In
addition, the area MT is greatly implicated in precise
spatiotemporal encoding with respect to the timing and
interval of visual stimuli [37], [38], [39], [40]. Although the
area MT has been known as a level in hierarchy of visual
processing, since it has recently reported that it is not only the
hierarchy of visual pathways and it could be affected by
auditory stimulation [34], [41], [42], [43], the reports suggest
that the area MT is implicated in multisensory processing.
Also, the area MT has the fastest response latencies in visual
response in macaque cerebral cortex and TPO corresponding
to the STS, which has slower response latencies relative to the
area MT [44]. Along with the results of PSS in the present
study, we suggest that there exist the difference between the
multisensory characteristics of visual motion information and
non-visual motion information, and especially the area MT
may contribute to the audiovisual temporal processing with
motion information.
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