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ABSTRACT

While many researches on this phenomenon exist in the case of the sound sources located on the horizontal plane, little
is known about the behavior of the precedence effect with the location of sound sources located not on the horizontal
plane. In order to investigate the behavior of the precedence effect for the various location of the sound sources, an
hearing experiment was carried out with one of the sound sources located at the front, and the other one located on the
mid-coronal plane. The directions of the sound source arranged in the mid-coronal plane are seven (0◦, ±30◦, ±60◦,
±90◦, 0◦ defined as the vertex of the subjects’ head). As a result, it was found that the behavior of the precedence effect
is clearly different due to the position of the sound source on the mid-coronal plane, i.e. the shift of a fused sound image
toward the direction of the that sound source becomes small as its directional angle decreases.

INTRODUCTION

Perception of sound image(s) produced by multiple sound sources
is more complicated than perception of image(s) generated by
a single sound source. As a simple example, the case of two
sound sources producing similar sound stimuli is considered.
In this case, three types of sound images can be perceived,
according to the time lag between the sound sources. If the
time lag is long enough, the sound stimuli from the two sound
sources are individually perceived. This phenomenon is known
as ‘echo’. The echo threshold changes greatly from 2 ms to
100 ms, according not only to the type of sound stimulus (e.g.,
click, broadband noise and or speech), but also to the defini-
tion adopted as the echo threshold [1–3]. In the case of the
time lag shorter than the echo threshold, the sound stimuli
from two sound sources generate a single sound image, ref-
ered to as a “fused image” [4, 5]. When the time lag is very
small, the perceived direction of a fused image is decided de-
pending on a weighted averaging of the information from both
sound sources. This phenomenon is called ‘summing localiza-
tion.’ As the time lag increases, a fused image gradually shifts
toward the direction of preceding sound source. The shift to
the direction of preceding sound source is completed at a lag of
0.63 - 1 ms [6, 7]. For time lags between this value and the echo
threshold, the perceived direction of the fused image depends
only on information from the preceding sound source. This spe-
cific localization phenomenon is called the ‘precedence effect’
[8–10].

This effect is also referred to as the law of the first wave front,
which gives the human sound localization at the position of
the original sound source located in the ordinary room with
many reflections. Because of its property, the precedence ef-
fect is often used for the public-address system [11, 12]. In
ordinary space, the loudspeakers used for public-address sys-
tem is arranged on the ceiling or wall. In particular, the ceiling
installation of loudspeaker is often used for sound reinforce-
ment in a wide space. Nevertheless, the studies on the behav-
ior of the precedence effect with the location of sound sources
located not on the horizontal plane is a little [13, 14]. As a par-
ticular three-dimensional arrangement, there is a case where

the sound sources is arranged in a median plane. From our
preliminary investigation, the precedence effect in the median
plane was slightly different from that in the horizontal plane.
One of the differences is to generate the precedence effect only
when a sound from a loudspeaker in front preceeds that from
another. Moreover, when one of the two sound sources was ar-
ranged rear side, the localization of the sound image became
unstable. In this report, it is examined how the behavior of the
precedence effect changes in the space between the horizontal
and the median plane. Therefore, we arranged a loudspeaker in
front of the subject, and the other one on the mid-coronal plane.
The finding obtained for this examination might usefully con-
tribute to the development of effective public-address systems.

EXPERIMENTAL CONDITION

The purpose of this experiment is to clear the behavior of prece-
dence effect generated by two sound source with three-dimensional
arrangement. For this purpose, we adopted an experiment to an-
swer the perceived direction of a fused image produced by two
sound source. This experiment was conducted in an anechoic
room with dimensions as follows: W: 7.5 m×D: 6.0 m×H:
4.5m. Each subject sat on a chair at the center of the room.
Eight loudspeakers (Bose 101MM) were 1.5 m from the sub-
ject (See Figure1). One loudspeaker was fixed in front of sub-
ject. (Figure1 (a)). This loudspeaker is called a ‘frontal loud-
speaker’. Other seven loudspeakers were arranged on the mid-
coronal plane of a subject (Figure1 (b)). An interval between
adjacent loudspeakers was 30 degrees. The angles of each loud-
speaker wereθ = 0◦, ±30◦, ±60◦ and±90◦ (0 degree corre-
sponds to the right above direction of a subject). These loud-
speakers are called ‘coronal loudspeakers’.

A white noise with duration of 200 ms was used for the sound
stimulus. In each trial, the sound stimulus was presented from
the frontal loudspeaker and one of a set of coronal loudspeak-
ers. A time pattern of sound stimuli is shown on Figure2.
The time delay set between these sound sources was defined
as the time lag. The time lag was defined positive when a
sound from the coronal loudspeakers precedes that from the
frontal one. The time lags set are shown in Table1, along with
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Figure 1: Arrangement of sound sources

the corresponding number of trials. In a certain trial, sound
stimulus were repeated five times with 200 ms interval. The
order of selection of time lags and coronal loudspeaker used
to present the sound stimulus was randomized. Subjects were
asked to answer the perceived direction of the fused image
produced by sound stimulus. A handmade answer device was
used to acquire the subject’s answer of the perceived direction.
A laser pointer and three dimensional sensor module are built
into this answer device. Subjects were asked to point laser to
the perceived direction. The elevation and azimuthal angle of
perceive direction were obtained from the three dimensional
sensor module (Vitec TDS01V) built in answer device. The
data of perceived direction were compensated, since the po-
sition of the answer device was not a center of the subject’s
head. The subjects were four males and one female, with nor-
mal hearing.

RESULTS AND DISCUSSION

To visually show the behavior of the precedence effect in two
sound sources of three-dimensional arrangement, evaluation
planes were defined. The evaluation plane was a plane where
the frontal loudspeaker, one of the coronal loudspeaker and
subject’s head were all included. Therefore, the number of the
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Figure 2:Time pattern of experimental sound stimuli

Table 1:Time lag between two loudspeakers

Time lag [ms] Number of trials
0.0 5
±0.5 5
±1.0 5
±1.5 5
±2.0 5
±3.0 5
±4.0 5

evaluation planes was seven. In this report, each evaluation
plane was identified by the angleθ . When the angleθ is 0
degree, the evaluation plane is identical with the median plane.
The evaluation plane is equivalent to the horizontal plane when
the angleθ is ±90 degrees. For each evaluation plane, angles
φ andψ were respectively calculated from the percived direc-
tion. As an example, the relationship between the anglesφ , ψ
and the perceived direction was shown in Figure3, whenθ is
60◦. As shown in Figure3, the angleφ shows what degree the
fused image shifts toward the coronal loudspeaker side, and the
angleψ shows the amount that the perceived direction deviates
from the evaluation plane.

The obtained anglesφ andψ are plotted against time lag as
shown in Figure4 - 8. However, note that angleφ was trans-
formed into−φ when the angleθ was positive. The reason
for this transformation is to confirm whether the behavior of
the precedence effect is bilaterally symmetric. The upper four
panels show the relationship between the angleφ and the time
lags, and the lower three panels show the change of the angleψ.
The rows in each figure indicate the evaluative plane (θ = 0◦

or±30◦ or±60◦ or±90◦).

Whenθ is 0 degree, angleφ of almost subjects was compar-
atively small regardless of the time lag condition. This means
that a fused image was perceived near the frontal loudspeaker
irrespective of the time lags. And, the angleφ has been a little
biased to a positive direction. This means the fused sound im-
age is generated above the position of the frontal loudspeaker
even though a sound from the frontal loudspeaker. Moreover,
when the time lag is positive, the localization tend to become
vague (Subs. A and C).

Whenθ is ±90 degrees, all loudspeakers used to present the
sound stimulus are arranged on a horizontal plane. If the prece-
dence effect was clearly occured,φ was almost±90 degrees
when the time lag is positive, andφ was about 0 degree when
the time lag is negative. As shown in Figures4, 5 and6, the
precedence effect was observed for subjects A, B and C, though
it was a little unstable. The angleψ falls within the range from
0 to 30 degrees. Therefore, the fused sound image has been per-
ceived above the plane where the sound source was arranged
(horizontal plane). However, the precedence effect was not ob-
served for subjects D and E, and the reason is unknown. There
is room for argument on this cause, but it is not my present pur-
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Figure 3: Relationship between anglesφ , ψ and the perceived
direction on the evaluative plane (θ = 0◦)

pose to explore this problem because the purpose of this report
is to clarify how behavior of the precedence effect changes by
angleθ .

Panels of anglesθ =±60◦ for subjects A, B and C was roughly
similar to the results of anglesθ = ±90◦. This means that the
precedence effect is effective even if one side of two sound
sources is not arranged in a horizontal plane. However, the ten-
dency that the perceived direction of the fused sound image
deviates from the evaluation plane has strengthened (See angle
ψ in Figure4, when the time lags is positive). As shown in Fig-
ure4, 5 and6, the precedence effect under the angleφ =±30◦

is weak compared with that under the anglesφ = ±60◦, ±90◦.
This shows that the precedence effect becomes weak asθ be-
comes small. These results suggest that spectral cue provided
by the sound source arranged on the mid-coronal plane may
not contribute to the precedence effect, when sound stimulus
is presented without time lag.

SUMMARY

In order to clarify the behavior of the precedence effect gen-
erated by two sound source with three-dimensional arrange-
ment, the experiment to answer the perceived direction of a
fused image was carried out. Our experimental results show
that the precedence effect is effective under the condition that
two sound sources are arranged in three dimensions, except
when both sound sources are arranged on the median plane.
On the other hand, when the sound sources was arranged on
the median plane, the fused sound image was located in front
of the subjects regardless of the time lag. This results suggest
that not spectrum cue but the interaural time difference of each
sound source is necessary to generate the precedence effect.
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Figure 4: Relationship between time lag and localized direction (Sub. A)
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Figure 5: Relationship between time lag and localized direction (Sub. B)
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Figure 6: Relationship between time lag and localized direction (Sub. C)
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Figure 7: Relationship between time lag and localized direction (Sub. D)
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Figure 8: Relationship between time lag and localized direction (Sub. E)
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