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Hearing Sound Alters Seeing Light

Takahiro Kawabe

Abstract

This article introduces three audiovisual illusions in which hearing sound alters how light is seen: the
audiovisual tau effect, sound-induced visual motion, and attenuation of the sense of agency by sounds.
For each of them, we discuss a specific psychophysical mechanism called perceptual grouping that com-
monly underlies these illusions. Finally, we describe how scientific understanding of the audiovisual
mechanism is contributing to future information technologies.

1. Introduction

The brain tries to comprehend the external world by
interpreting sensory signals from each of the five
senses—sight, hearing, touch, smell, and taste—
which are also known by the scientific names: vision,
audition, tactition, olfaction, and taste. These senses
do not always work independently of each other.
There have been many reports of psychophysical
studies finding that an interpretation of sensory sig-
nals in one modality is strongly altered by sensory
signals in the other modality when two senses are
simultaneously stimulated. How are these senses able
to interact with each other? We still have no clear
answer to this question.

This article focuses on the interaction between
audition and vision, and it introduces several illusions
that reflect this interaction. We also discuss the idea
that perceptual grouping is a fundamental psycho-
physical mechanism underlying a broad range of
audiovisual interaction. Finally, we describe how an
understanding of the psychophysical mechanism for
sensory integration can contribute to future informa-
tion technologies in a novel and user-friendly man-
ner.

2. Vision and audition in space and time

Older studies assumed that vision is superior to
audition in space perception and that audition is supe-
rior to vision in time perception (modality appropri-
ateness hypothesis [1]). However, recent studies sug-
gest that this assumption is not always accurate.
Instead, the brain probably weights auditory and

visual signals according to the precision of each sig-
nal and judges an audiovisual event by relying on the
weighted average of the sensory signals.

Recent studies have also reported an audiovisual
illusion where vision and audition interact with each
other beyond space and time. For example, when a
sequence of flashes of light at constant space and time
intervals (Fig. 1(a)) is accompanied by a sequence of
tones at a non-constant time interval (Fig. 1(b)), the
flash sequence is perceived to have non-constant
space and time intervals (Fig. 1(c)). This illusion is
called the audiovisual tau effect [2]. Auditory time
can distort visual time judgments, and the distorted
visual time judgments also alter the visual space
judgments. Thus, the audiovisual tau effect is a kind
of bypassed distortion of visual spatial judgments by
auditory temporal information.

Interestingly, the effect is observed even in infancy.
When infants are exposed to a novel stimulus, they
continue to gaze upon it for a while. However, when
they are exposed to a familiar stimulus, they get bored
and exhibit less frequent gazes at it. By exploiting this
characteristic of infants, a previous study [3] investi-
gated whether the audiovisual tau effects occurs in
infancy. Specifically, infants were exposed to an
audiovisual stimulation that invokes the compelling
audiovisual tau effect in adults. After a prolonged
exposure to the stimulation, the infants were simulta-
neously presented with two spatial patterns: one
involving the audiovisual tau effect and the other not
involving it. The durations of gazes at each pattern
were measured and it was found that the infants
looked at the spatial pattern free of the audiovisual
tau effect for less time than the spatial pattern with the
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Fig. 1. Audiovisual tau effect.

effect, indicating that the audiovisual tau effect does
occur even in infancy. These results indicate that
audiovisual integration related to the audiovisual tau
effect is located at an early level of processing in the
brain, which is free from a knowledge-based interpre-
tation of the relationship between audiovisual signals
because it is implausible to assume that infants utilize
some kind of knowledge.

3. Perceptual grouping across senses

The initial interpretation was that the audiovisual
tau effect occurred because visual time representation
in the brain was modulated by sounds. On the other
hand, no study has ever demonstrated what kind of
change in neural representation corresponds to the
change in subjective experiences of time. Therefore,
we should propose an explanation for the audiovisual
tau effect without assuming modulation of the neural
time presentation through audiovisual integration.

We think that perceptual grouping is a promising
idea for sufficiently explaining the audiovisual tau
effect. Perceptual grouping refers to one of the brain’s
strategies for treating elements with high similarity or
high proximity as a group. As shown in Fig. 1(b),
when two among three tones are temporally proxi-
mate, they are perceptually grouped together and the
remaining one is perceptually assigned to another
group.

We think that perceptual grouping in the temporal
dimension affects perceptual grouping in the spatial
dimension (Fig. 1(d)). Previous studies have demon-
strated that elements within the same perceptual
group were judged to be spatially proximate more
than elements each belonging to different perceptual
groups even though the physical spatial distance was
identical [4]. Temporal grouping in audition might
dictate spatiotemporal grouping in vision, and this
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might cause the misjudgment of spatial intervals
between flashes, leading to the audiovisual tau
effect.

4. Sound alters visual motion perception

When viewing the alternate presentation of two
flashes at the right and left sides of a display, we per-
ceive the flashes to alternately move leftward and
rightward (see Fig. 2(a)). This is a visual illusion
called apparent motion. We see moving objects in the
display of television; this is due to apparent motion.
A recent study [5] discovered an interesting phenom-
enon whereby the apparent motion direction was
subjectively fixed by presenting sounds with a non-
uniform temporal interval (Figs. 2(b) and 2(c)). Spe-
cifically, a motion direction made of flashes that were
temporally proximate to sounds tended to be domi-
nant over the other. This phenomenon has been
explained in terms of neural timing modulation. Spe-
cifically, sound timing might alter the timing of
visual flashes, and the brain might determine the
motion direction by relying on the altered visual tim-
ing.

On the other hand, we believe that this phenomenon
can also be explained with perceptual grouping [6].
Our explanation is shown in Fig. 2(d). When tempo-
rally proximate sounds are grouped together (as rep-
resented by dotted ellipses), the grouping of sounds
dictates the temporal grouping between flashes, and
this consequently alters the spatiotemporal grouping
between flashes, leading to a unidirectional apparent
motion. The explanation based on perceptual group-
ing does not require modulation of the visual timing
by sounds. Rather, the judgment for spatiotemporal
nearness between flashes is affected by the grouping
of sounds.
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Fig. 2. Change in appearance of apparent motion direction caused by adding sounds.
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Fig. 3. Sound alters the sense of agency.

5. Sound alters the sense of agency

When you press a key on a computer keyboard, a
visual change is often triggered on the display. In this
situation, you feel as if there is a causal relationship
between the key press and the visual change on the
display. Counterintuitively, however, the sensation of
causal relationship is also an illusion (or a product of
mental processing). The sensation disappears when a

large temporal delay is inserted between the key press
and the visual change on the display even though
there is still a mechanical causal relationship between
them. The sensation that an agent’s action triggers a
change in the external world is called the sense of
agency (Fig. 3(a)) [7].

We found that adding sounds reduced the sense of
agency [8]. Specifically, when both the key press and
the visual change on the display were accompanied

NTT Technical Review



Feature Articles

by pure tones, the sense of agency decreased
(Fig. 3(b)). However, the sense of agency was not
affected when only one action—either the key press
or the visual change on the display—was accompa-
nied by a pure tone.

We would like to interpret the modulation of the
sense of agency by sounds in terms of perceptual
grouping. When both the key press and visual change
are accompanied by tones, the first tone is probably
grouped together with the key press while the second
tone is grouped together with the visual change
(Fig. 3(c)). Thus, the key press belongs to a different
perceptual group from the visual change, and this
may result in the reduction in the sense of agency.

So far, one previous study has proposed a sensory-
motor model for the sense of agency [9]. Specifically,
the model assumes that the brain first predicts the
outcome of an agent’s action and then compares the
prediction with actual sensory feedback. If the con-
sistency between the prediction and actual feedback
is low, the sense of agency is also decreased.

On the other hand, our results indicate that the
sense of agency involves not only sensory-motor pro-
cessing but also sensory processing. In particular,
perceptual grouping is a key mechanism for the sense
of agency. Investigating the interaction between sen-
sory-motor and sensory processing will lead to a bet-
ter understanding of the mechanism underlying the
sense of agency.

6. Conclusion

My colleagues and I in our research group are try-
ing to clarify psychophysical mechanisms for the
integration of multimodal sensory signals. The clari-
fied mechanism may be used to develop and/or
improve various types of user interfaces. For exam-
ple, the addition of sounds to silent video might
enable us to control subtle visual representation. The
temporal resolution of video in one-seg” or augment-
ed reality is often coarse, and the resultant subjective
smoothness of the video is not high enough. Adding
appropriate sounds to these videos may improve the
smoothness of object motion in them. Moreover, we
may be able to control the sense of agency by adding
sounds in the interface. By applying the phenomenon
that we have found, users can separate the informa-
tion relevant to their action from irrelevant informa-

*  One-seg. A TV broadcasting service using one segment of the
thirteen used for a high-definition television broadcast signal [10],
[11].
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tion. Through an understanding of the principle of
information processing in the brain, we would like to
propose unique, interesting, and user-friendly infor-
mation technology and devices in future.
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