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ABSTRACT

Water-related accidents, particularly those caused by water flow, involve human
factors, and the ratio of deaths to the number of occurrences is currently high. We have
been developing a system for posting water flow data using VR and a multimodal inter-
face to reduce the number of deaths. This study examined the flow experience using
multiple senses, including VR and haptic perception, and discusses risk assessment.
The results show that the degree of danger perceived by people can be rated highly
by combining the danger postings given to each eye, ear, and skin as the sensory
organ. We examined people’s danger perception of flow and proposed an effective
combination of multimodal interfaces in flow VR training.
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INTRODUCTION

In recent years, the number of accidents and disasters has trended dow-
nward owing to the development and introduction of new technologies. In
particular, the ratio of traffic accidents to fatalities is low, accounting for
approximately 1% of all accidents (adapted from National Police Agency).
However, the ratio of deaths from water-related accidents is approximately
50% of all accidents (adapted from Overview of Water-related Accidents in
2020). A major cause of water-related accidents is often related to water
flow (K Sugawara). We separated accidents into four quadrants: predicta-
bility, unpredictability, and time until the accident occurs, and focused on
accidents that are unpredictable and have a short time until the accident
occurs. Virtual reality (VR) training is used in many situations. We believe
that education and training through physical sensation can be more effe-
ctive than that obtained from images and books, learning from experience
rather than from concepts. For example, Tsumiski Mfg. Co., Ltd. developed
simulators for construction machinery and disaster training for Meidensha
Corporation, providing training on “crashes,” “falls,” “burns,” etc. (adapted
from Meidensha Corporation). Furthermore, case studies using multimodal
interfaces include a tasting display that employs a sensory interaction cal-
led “meta-cookie” (T Narumi) and surgical training using VR and haptics
(E Collaço). Woods et al. used sand and AR technology to study water flow
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Figure 1: Number of people involved in water-related accidents (adapted from National
Police Agency).

Figure 2: Number of people involved in water-related accidents (adapted from Ove-
rview of Water-related Accidents in 2020).

(TL Woods), and Jain et al. used VR and haptic technology to develop a
system for experiencing scuba diving (D Jain).

Studies visually display the speed and direction of the water flow, but few
studies visually or haptically post the force. In addition, in the haptic perce-
ption of water flow, many studies have been conducted on active systems
in which the participant moves to haptically post the force of the flow, and
few studies have addressed passive systems. Moreover, underwater-related
VR and AR are often researched for entertainment purposes, and few studies
have focused on risk education and safety training for water-related accidents
caused by water flow or training to cultivate intuitive judgment.

In this study, we developed a system that actively posts water flow using
VR, and passively posts force and speed using motors. Furthermore, the
degree of danger posed by the system to humans was verified, and a com-
bination of multimodal interfaces that would increase the degree of danger
was discussed.
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Figure 3: Classification of accidents.

PROPOSAL VR TRAINING WITH A MULTIMODAL INTERFACE

Water-related accidents caused by water flow are difficult to predict, and the
time until death is short; therefore, they can easily lead to severe accidents
and require split-second decisions. Therefore, we studied a system for trai-
ning split-second decision-making and intuition. Accumulating experience
and learning it from the body is necessary to train intuition. We propose a
system for the visual and haptic perception of water flow information as a
method for fulfilling these purposes. The visual posting system uses an HMD
to actively obtain information. “Active” is defined as obtaining information
by moving one’s head and gaze within a virtual space. For haptic perception,
we propose a system in which people training for scuba diving can passively
experience water flow. The reason for passive perception is that when trai-
nees are “caught” in a water flow in a water-related accident, they do not
experience the flow with their movement but by entering an environment
where the flow is already present. We believe that experimenting with the
degree of danger by combining these factors benefits training in developing
intuition.

The influence: Visual information has a significant influence on decision-
making. Studies have estimated that 75–80% of our perception, learning,
and behavior are transmitted through vision (J Sagara). However, excessive
dependence on vision in gauging water flow can risk accidents, such as when
the actual speed of the flow is faster than expected, rather than what it is
perceived. These errors in estimating the status of the water flow are rela-
ted to human factors (human error). Daily and VR training are practical for
accidents and disasters that are difficult to reproduce to prevent accidents
caused by human error. We believe that training using multimodal interfa-
ces and VR will be effective in learning to not overrely on visual perception
and bridging the gap between information obtained from visual perception
and actual information. We believe that recognizing essential information
more accurately is possible by providing information to senses other than the
sight.
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Figure 4: Proposed method of visual and haptic posting of water flow.

Figure 5: Proposed posting system.

EXPERIMENTS ON DANGER PERCEPTION

Our experiment used a system that stimulates the senses of sight, hearing, and
haptic perception to post dangers for the water flow and evaluated the degree
of danger to the participants. We discuss the combination of multimodal
interfaces that can increase the perception of danger in the posting of water
flow hazards from the results. Participants were asked to wear an HMD, and
the water flow was posted through VR. In addition, when haptic posting was
used, the motor was synchronized with the VR image, and the sensation of
being swept in the water flow was posted on their hand. In the first set of
procedures, participants were asked to perform “vision,” “vision + hearing,”
“vision + hearing + haptic (using a rubber),” and “sight + hearing + haptic
(using a string)” in sequence, followed by a Likert scale of 1 to 7, with 1 being
no sensation and 7 being an intense sensation. In the “visual” pattern, an
image of “danger”was posted in front of them when they placed their hands
in the flowing water environment, and the image of danger disappeared when
they removed their hands from the water (a). Next, as a “visual + hearing”
pattern, in addition to the visual danger posting system, participants experi-
enced a sound warning when they placed their hands in the water, and the
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Figure 6: Image that the subject sees in the HMD when putting hands in the water flow
in the VR space.

Figure 7: (a) visual posting, (b) Haptic (rubber) posting, (c) Haptic (string) posting.

system stopped when they removed their hands (a). In the “visual + hea-
ring + haptic (using a rubber)” pattern, a stocking was attached to the palm,
and the stocking was connected to a servo motor controlled by an Arduino.
When the hand enters the water in the VR, the servo motor moved to provide
a sensation of water flowing by pulling on the rubber, and the pulling action
is released when the hand is removed from the water. This was designated as
a haptic (rubber) danger posting (b). Finally, in the “sight + hearing + haptic
(using a string)” pattern, the same experiment was conducted using a string
instead of a rubber (c).

In the second set, participants experienced the patterns of “only visual,”
“only hearing,” and “only haptic (using a rubber)” in sequence and, as in the
first set, were asked to complete a questionnaire about their perception of
the degree of danger after the sessions. In the “only visual” pattern, an image
with the word “danger”was displayed in front of the participants when they
placed their hands in the water, and danger signs were not posted to the other
senses. An audible warning was played in the “only hearing” mode when a
hand was placed in the water, without posting about other sensory hazards.
In the “only haptic (using a rubber)” mode, a servo motor pulled their hand
when placed in the water, and haptic danger postings were not provided to
the other senses.

EXPERIMENT ON DANGER PERCEPTION

Our experiment used a system that stimulates the senses of sight, hearing,
and haptic perception to post dangers for the water flow and evaluated the
degree of danger to the participants. We discuss the combination of multi-
modal interfaces that can increase the perception of danger in the posting
of water flow hazards from the results. Participants were asked to wear an
HMD, and the water flow was posted through VR. In addition, when haptic
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posting was used, the motor was synchronized with the VR image, and the
sensation of being swept in the water flow was posted on their hand. In the
first set of procedures, participants were asked to perform “vision,” “vision +
hearing,” “vision + hearing + haptic (using a rubber),” and “sight + hearing +
haptic (using a string)” in sequence, followed by a Likert scale of 1 to 7, with 1
being no sensation and 7 being an intense sensation. In the “visual” pattern,
an image of “danger” was posted in front of them when they placed their
hands in the flowing water environment, and the image of danger disappea-
red when they removed their hands from the water (a). Next, as a “visual +
hearing”pattern, in addition to the visual danger posting system, participants
experienced a sound warning when they placed their hands in the water, and
the system stopped when they removed their hands (a). In the “visual + hea-
ring + haptic (using a rubber)” pattern, a stocking was attached to the palm,
and the stocking was connected to a servo motor controlled by an Arduino.
When the hand enters the water in the VR, the servo motor moved to provide
a sensation of water flowing by pulling on the rubber, and the pulling action
is released when the hand is removed from the water. This was designated as
a haptic (rubber) danger posting (b). Finally, in the “sight + hearing + haptic
(using a string)” pattern, the same experiment was conducted using a string
instead of a rubber (c).

In the second set, participants experienced the patterns of “only visual,”
“only hearing,” and “only haptic (using a rubber)” in sequence and, as in the
first set, were asked to complete a questionnaire about their perception of
the degree of danger after the sessions. In the “only visual” pattern, an image
with the word “danger”was displayed in front of the participants when they
placed their hands in the water, and danger signs were not posted to the other
senses. An audible warning was played in the “only hearing” mode when a
hand was placed in the water, without posting about other sensory hazards.
In the “only haptic (using a rubber)” mode, a servo motor pulled their hand
when placed in the water, and haptic danger postings were not provided to
the other senses.

RESULTS

Figure 8 summarizes the results of the danger ratings for each combina-
tion of senses. Figure 9 summarizes the results of the danger ratings for
each sensory organ. The average risk ratings for the combination of sensory
postings were approximately 1.8 for “visual”, 3.1 for “visual + hearing”,
4.1 for “visual + hearing + haptic (rubber)”, and 5.1 for “visual + hea-
ring + haptic (string)”. The average risk rating for each sense was 2.8 for
visual, about 2.3 for hearing, and 4 for haptic. The same conditions were
used in Figures 8 and 9.

DISCUSSION

Figure 8 shows that, with a rating of 4 as the borderline, all respondents
in the visual case were below 4, and over 80% of the respondents in the
visual+ hearing case were below 4. By contrast, for visual+ hearing+ haptic



150 Shirakawa and Misaki

Figure 8: Evaluation of a combination of posted senses.

Figure 9: Evaluation of each sensory organ.

(rubber), approximately 50% of respondents exceeded the rating of 4, and
for visual + hearing + haptic (string), approximately 80% of respondents
also exceeded 4. This suggests that the use of visual + hearing + haptic (both
rubber and string) is more important than the use of visual, visual + hearing,
and that posting to all senses plays an essential role in danger perception
training.

Furthermore, a comparison of the median values shows a gradual increase
from 2 for visual, 3 for visual + hearing, 5 for visual + hearing + haptic
(rubber), and 6 for visual + hearing + haptic (string). This suggests that
the influence of the degree of danger that a multimodal interface poses to a
person increases with the combination of the senses. We suspect that posting
danger to a combination of several sensory organs, rather than posting danger
to independent sensory organs, increases the danger rating.

A comparison of the scatter of data between visual + hearing + haptic
(rubber) and visual + hearing + haptic (string) shows that the scatter of
data is higher for visual + hearing + haptic (rubber). We believe that this is
because many respondents felt a weaker pulling sensation with rubber than
with string because of the elasticity of the rubber.With string, the elastic force
is small; the hand only responds to the force when pulled, and the hand is
thought to feel an intense sensation of being carried by the flow.

Figure 9 shows that the median risk ratings for each sensory organ were
less than 4, and that the median risk rating for visual and hearing was only 2.
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This suggests that the danger rating of a single sensory organ does not elicit
a high danger rating from people. Therefore, we believe that posting hazards
to several sensory organs effectively teaches hazard perception training.

The differences in the visual ratings in Figures 8 and 9 may be related to
the experiment. The visual evaluation in Figure 8 was performed at the begin-
ning of the experiment; therefore, the participants did not have a thorough
understanding of the system. In contrast, the visual image in Figure 9 was
captured during the experiment, when participants began to understand the
system.

CONCLUSION

This study focused on VR training for water-related accidents that are diffi-
cult to predict and require limited time before serious accidents, particularly
those caused by water flow.We proposed a training method for experiencing
danger using VR and a multimodal interface. This experiment evaluated the
degree of water flow danger using a multimodal interface. We found that the
degree of danger perceived by a person can be evaluated as high by combi-
ning several danger posts to each sensory organ. In haptic danger posting, a
difference in the evaluation of the degree of danger was observed between
using a rubber or a string, and we plan to examine the factors that cause this
difference in the future.
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