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ABSTRACT

In order to prevent traffic accidents caused by drivers’ inattention, various driving
assistance systems have been developed. These systems alert the drivers through
sound and warning displays. However, since the type of sound and the location of
the sound differs depending on the car model, if the driver does not pay attention,
may miss the warning signs. This study examines a method to support drivers’ per-
ception of danger by presenting auditory stimuli to promote visual awareness of an
arbitrary location. A previous study showed that when a simple visual task was used,
the presentation of stimulus sound accelerated the selection of the next fixation tar-
get. There were differences in confirmatory behavior toward the target depending
on the direction of sound production. Based on these results, we hypothesized that
when watching actual driving images, the differences in gaze behavior would emerge
depending on whether sounds were presented from the target direction and the type
of sound and measured subjects’ gaze. The results obtained indicate that it is possible
that auditory stimuli can induce gaze. However, the effect tends to be stronger when
an eye-catching object appears in front of the eyes, and it is not clear whether stim-
ulus sound alone is sufficient to control the eye’s gaze in detail. And, it is difficult to
compare the differences in induction effects among the four different stimulus sounds
since the results also suggest that visual information is preferred for attention in this
study. In a subjective evaluation conducted after the experiment, more than half of the
subjects responded that their attention was directed toward the direction of the sound
presentation. Based on the responses of the subjects to the questionnaire, we would
like to investigate the future relationship between sound representation methods and
features of visual stimuli and induction effects.
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INTRODUCTION

The number of casualties in traffic accidents has decreased by the growth
of Advanced Driver-Assistance Systems (ADAS). However, the total number
of traffic accidents remains high, and moreover, it is reported that acci-
dents caused by drivers’ inattention, such as careless driving, account for
approximately half of the total number, according to Cabinet Office (Cabinet
Office).
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Providing audible warnings of detected hazards based on information
acquired by sensors is a common approach in driver assistance systems.
Another approach is to visually present the danger by displaying warning
lights or warning text on the meter panel. However, the warning methods
of these support systems differ by vehicle type in terms of warning display
position, the type of warning sound, and the location of the warning sound
generation. In addition, while warning displays have the advantage of easily
communicating the content of warnings to drivers, there is the problem that
they are difficult to notice when drivers themselves are not paying attention
to their surroundings, such as when they are driving while looking aside, and
there is the possibility that they may miss the warning. Therefore, this study
examines an approach that supports the perception of danger by guiding the
driver’s gaze through the representation of sound.

Eye movements and human attention are thought to be closely related,
and there has been considerable research on these relationships. Shifts in the
line of sight are caused by rotational movements of the eyeball caused by the
external eye muscles (eye movements). Saccadic eye movement is a type of eye
movement that consists of two movements: an eye movement called a sac-
cade and a gazing behavior called a fixation. During fixation, the observer
is thought to be simultaneously observing the gaze target and determining
the next saccade target. In particular, for the latter, it is inferred that peo-
ple evaluate visual information and determine the next fixation position to
be the one that they judge to have the highest priority for attention (John,
M. F. and Iain, D. G. (2006)). Moreover, the effect of auditory stimuli on
eye movements has been studied in fundamental research areas. In a simple
visual search task, previous studies have confirmed that the presentation of
stimulus sounds and auditory cues speeds up the reaction time for saccades
to the gazing target (Douglas, P. Munoz, B. D. (1995)) and that there are dif-
ferences in the confirmation behavior toward the gazing target depending on
the direction of the sound presentation (Ito, K., Yamanaka, T., Goto, M. and
Miki, Y. (2014)).

Therefore, we consider that it may be possible to direct the gaze to an
arbitrary position to which we wish to direct attention by presenting sensory
stimuli before the saccade localization position is determined during fixation.
In this study, we will investigate whether auditory stimuli can promote visual
awareness of the object to which we wish to direct attention.

METHOD

Referring to previous studies, we hypothesize that differences in gaze behav-
ior will emerge depending on the presence or absence of sound presentation
from the target direction and the type of sound, and conduct experiments.
To measure eye behavior under conditions similar to the actual driving envi-
ronment, subjects watch driving videos taken from the driver’s seat. Eye
line-of-sight measurements are taken twice for each running video: One con-
dition with stimulus sound and another condition without stimulus sound.
Stimulus sounds are presented in the direction of the target that requires
attention. Eye movements are measured using Tobii Pro Glass 3 (sampling
rate 100 Hz, Tobii).
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In the experiment, four different stimulus sounds are used to compare the
differences in gaze behavior with and without sound presentation. Then, we
analyze based on saccadic eye movements, whether differences in gaze behav-
ior are produced by the presence or absence of stimulus sounds, and whether
there are differences in the effects of different types of stimulus sounds on
gaze behavior.

Figure 1 shows the layout of the interior of the soundproof chamber where
the experiments will be performed. All Subjects (10 men, aged 21-24 years)
hold a driver’s license. All subjects are tested to ensure that they have normal
hearing and the necessary visual acuity for driving to ensure that there are
no obstacles to experimenting. Also, if subjects use vision correction devices,
limit them to contact lenses only, to reduce measurement error in the eye-
tracking camera used.

Figure 1: Experiment environment.

The conditions used in the experiment are shown in Table 1. Four types of
stimulus sounds will be used. They are white noise (8 kHz LPF) and synthetic
waves (1.1 kHz square wave and 2.2 kHz sine wave), which have been shown
in previous studies to have good localization properties (Morikawa, D. Shi-
makura and N. Hirahara, T. (2009)) (Ito, K., Yamanaka, T., Goto, M. and
Miki, Y. (2014)); sine waves (2 kHz) and instrumental sound, glockenspiel
(2.1 kHz), which are sounds with frequencies near 2 kHz and are thought
to be less likely to cause hearing loss due to aging and masking (Association
for Electric Home Appliances. (2018)). The stimulus sound is presented for
1 second, 700 ms before the time at which the gaze should begin, and the
volume is set to 60 dB.

Table 1. A table of experimental conditions.

Driving video 1 Driving video 2 Driving video 3 Driving video 4

auditory stimulus
presentation
conditions
(speaker number)

no stimulus no stimulus no stimulus no stimulus

white noise (5) sine wave (3) synthetic waves (5) glockenspiel (3)
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Driving videos will be edited from those published by JAF on YouTube.
One driving video contains six different dangerous scenes (JAF).

The eye gaze is measured when four different stimulus sounds are pre-
sented, but when the same content is viewed several times, the subject’s gaze
may be guided by the memory of the images. Therefore, the following three
measures shall be taken.

1. Driving videos with completely different content are used for each stim-
ulus sound. (Therefore, eye movement has measured a total of eight
times.)

2. The same driving video is not presented two times straight.
3. Only one of the six danger scenes in the driving video is used for analysis:

content related to “jump-out”. This is not told to the subjects.

The data obtained from the measurements is used for comparison between
stimulus presentation condition and no stimulus condition. The two compari-
son categories are saccade frequency and induction time. Saccade frequency is
the number of saccades occurring per second. It is used to investigate whether
the presentation of sound affects the occurrence of saccades. The induction
time is the time between the presentation of the stimulus sound and the start
of fixation on the target or area specified. If the time is shortened by the
sound presentation, it is considered induced.

We define two types of induction times. The first is the induction time
to the gazing area: the time when fixation begins on the peripheral area
where the gazing target appears, and the second is the induction time to
the gazing target: the time when fixation begins directly on the gazing
target.

The above items are analyzed using gaze measurement data for 2000 ms
after the stimulus tones are presented. Saccades and fixations that occur
before the stimulus sounds are presented are not included in the analysis. For
the analysis of saccadic eye movements, the analysis software Tobii Pro Lab
is used. Saccades are determined when the movement speed is 100 deg/sec
or more, and fixations are determined when the movement range is within
0.5 deg and persists for 60 ms or more.

EXPERIMENTAL RESULTS

A comparison of the difference in saccade frequencies among the four stim-
ulus sounds is shown in Figure 2. Since the difference in saccade frequency
averaged less than 0.5, auditory stimulation by the stimulus sound had a
small effect on the occurrence of saccades.

Next, the results for induction time are shown in Figure 3 and Figure 4.
In the condition in which white noise and sine waves were presented, the

induction time to the gaze region was significantly shortened and to the gaze
target was not. And, there was no significant reduction in the induction
time to the gaze area. In contrast, there was no significant reduction in the
induction time to the gaze area when synthetic wave and instrumental sound
(glockenspiel) were presented.
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Figure 2: Analysis time line.

Figure 3: Difference in saccade frequency [〈stimulus – presentation〉 – 〈stimulus – free〉].

Figure 4: Induction time to the gaze region.

The plotted data of the fixation viewpoint was matched to the driving
video because of finding the cause of these results. When white noise and
sine waves were presented as stimulus sounds, it was found that the subjects’
viewpoint was toward the red back lamps and the vehicle stopped in front of
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them. However, the other two conditions were not characterized by a con-
centration of viewpoints on some specific objects. This is considered to be
the result of the comparatively small quantity of conspicuous objects in the
presented driving video. From the above reasons, we argue that attention is
focused on the conspicuous object or objects to which the attention is natu-
rally directed during driving operations, that attention via visual stimuli takes
precedence in gaze induction, and that auditory stimuli play a complementary
role in guidance.

The two conditions of driving videos that did not show a reduction in guid-
ance time to the gaze region have in common that there is less induction by
visual information. Differences were observed in the guidance time to the gaz-
ing target, which could be caused by differences in induction effects among
different sounds. As shown in Figure 5, there is a significant difference in the
induction time to the gazing target in the condition where the synthetic wave
is presented. The synthetic waves used in the experiments were considered
to have good localization properties. We suggest that the synthesized waves
may have enabled the subjects to focus more quickly on the gaze target, as
the directional nature of the sound is an easily recognizable cue compared to
instrumental sounds. In addition, John M. Findlay et al. stated in their book
that spatial representation in the superior colliculus allows people to direct
their gaze in the direction of the sound source (John, M. F. and Iain, D. G.
(2006)).

Figure 5: Guidance time to the gaze target.

Finally, the results of the post-experiment questionnaire are shown in
Figure 6.

Figure 6: Questionnaire results.
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However, more than half of the subjects responded in the questionnaire
that they felt their attention was drawn in the direction of the sound. In
addition, some subjects commented in the free description column that they
could not find the target of their attention after the sound was heard. These
results suggest that there may have been a problem with the timing of the
preceding presentation of the stimulus sound.

CONCLUSION

It appears that the stimulus sound has little effect on the occurrence of sac-
cades. We hypothesize that auditory stimuli might induce gaze. However, the
effect tends to be stronger when an eye-catching object appears in front of the
eyes, and it is not clear whether stimulus sound alone is sufficient to control
the eye’s gaze in detail. It is difficult to compare the differences in induction
effects among the four different stimulus sounds since the results also suggest
that visual information is preferred for attention in this study. To verify the
effectiveness of the induction, it is necessary to measure the gaze of the sub-
jects using the driving video with the same content. Based on the responses of
the subjects to the questionnaire, we would like to investigate the future rela-
tionship between sound representation methods and features of visual stimuli
and induction effects.
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