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Abstract. It is widely known that texting while walking is a dangerous
behavior. To reduce the risks, we proposed an umbrella-typed device, called
ii-kasa to manipulate smartphones. In this paper, we investigated whether ii-kasa
reduce the risks in texting while walking. In the experiment, we recorded the
gaze patterns using the eye-mark recorder. As the results, the average time and
its variance of the eye fixations with ii-kasa were smaller than the ones of the
smartphone. The results also showed that the participants in the ii-kasa condition
watched the broader areas of their circumstances and paid more attention to their
circumstances than in the smartphone condition. These results indicate that
ii-kasa makes the risks of texting while walking and human cognitive loads
reduce.
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1 Introduction

Many accidents involving walking while texting with smartphones such as collusions
between a person and a person, a person and a car, and person and a bicycle, have
happened and it have become social issues.

Though walking while texting is, of course, a dangerous behavior, people must
never cease it, because there are many situations where they need to operate their
smartphones while walking. For example, we sometimes go to the destination using
navigations system, and we sometimes try to meet our friends exchanging our current
places through SNS.

When it is rain, the situations become worse. We have to hold the umbrella in one
hand and hold the bag and the smartphone in the other hand. Consequently, we pay
more attention to our hands not to drop them and pay less attention to the
circumstances.

In texting while walking, our gazes distribute mainly in the low space and our
visual fields become narrow. To aiming to make texting while walking safer, we
proposed ii-kasa [1] which is the system where the screen of the smartphone is
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displayed on the canopy of the umbrella and we can manipulate it by the movement of
the umbrella by the acceleration sensors. With this system, we can keep our gazes in
front and aims to be able to pay more attentions to the circumstan ces. However, we did
not still investigate the safety of the system.

In this paper, we investigate the gaze patterns with our umbrella system and with
smartphones while walking and also investigate the safety of our system.

2 Related Works

The risks of texting while walking are widely well-known. For example, National
Geographic conducted a social experiment [2]. They partition the sidewalk into two
lanes, one is lane only for texting while walking, on the other lane texting while
walking is prohibited. As the results, only few people who were texting while walking
changed the lanes and most of them concentrated on the smartphones and even did not
notice the existence of the lanes.

To overcome the risks of texting while walking, some research conducted so far.
Wang et al. [3] investigated that crossing the street while texting is more dangerous
than doing without the smartphones and proposed WalkSafe. In WalkSafe, the cir-
cumstance situations are monitored by the camera on the smartphone, and if a car is
approaching, the warning sound and vibration come up. The detections of the car are
performed by machine learning with the images obtained by the camera.

Kodama et al. [4] described that people cannot stop texting while walking though
people recognize its risks. He also proposed the system that support texting while
walking using image processing sensor. In this system, the image obtained by the
camera are overlaid on the display of the smartphone. When something are
approaching, the center of the upper part of the display become red.

Ito et al. [5] dealt with using a smartphone while riding motor bikes. They mounted
the acceleration sensor on the gloves and manipulate the smartphone by the gestures.
The output from the smartphone are displayed by the sounds. They confirmed that the
vibrations caused by the motor bike do not affect the acceleration sensor and the users
can control the smartphone with this system.

3 ii-Kasa

As we mentioned earlier, we proposed the system called ii-kasa [1] aiming to reduce
the risks of texting while walking. In ii-kasa, the screen of the smartphone is projected
on the canopy of the umbrella (Fig. 1) to keep the gaze point front and not to make the
visual field narrow. We can manipulate the smartphone by swinging and moving up
and down the umbrella. The acceleration sensor is attached on the frame and detect the
actions of the umbrella (Fig. 2). For example, in the map application, the map is
zoomed in in moving it upward and it is zoomed out in moving it downward. Scrolling
the map is also available by swinging the direction to want to watch.
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4 Experiment

To investigate whether ii-kasa reduce the risks of texting while walking, we conducted
an experiment.

Fig. 1. Screen of ii-kasa

Fig. 2. Sensor part of ii-kasa
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4.1 Method

First, the participants were asked to read the sentences aloud on the screen of ii-kasa
while walking on the designated root, and, after that, they performed the same task with
a smartphone. Here, the root was about one hundred meters long and the participants
had to turn the corners four times in one trial. As this root is in the university campus
and a public space, some people sometimes walked. They wore the eye-mark recorder
to investigate where they were watching during the experiment. The used eye-mark
recorder was NAC EMR-8.

4.2 Participants

Five participants were involved in this experiment. All of them were university students
and are 22years old. Two of them were wearing the glasses but all of them are visually
healthy.

4.3 Results

First of all, as the results of F-test of the fixation time between ii-kasa condition and the
smartphone condition, the variance of the ii-kasa condition is significantly smaller than
the one of the smartphone condition (p = 0.00000152). We, therefore, also conducted
the Welch’s t-test of the fixation time, the average time of one fixation in ii-kasa
condition is significantly shorted than the one in the smartphone condition (p = 0.0032)
(Fig. 3).

This means the participants in ii-kasa condition watched the screen shortly at one
time and averagely paid attention to the screen and the circumstances. On the other

Fig. 3. Average fixation time
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hand, in the smartphone conditions, being larger of the variance and the average means
that very long fixations are happened. As people are hard to notice the change of the
circumstances when the fixation time on the screen is long. Actually, in the experiment,
despite one participant almost caused the collision with one pedestrian and the
pedestrian got out of his way, he did not notice it.

Above results, however, only show the average of all fixation and does not tell
whether they watch the screen or their circumstances. Here, the eye-mark data recorded
by the eye-mark recorder are pairs of the points of x-axis and y-axis on each video
frames. They are on the relative coordinate and we do not know what the participants
were watching because they asked to walk and their heads were not locked. So, we
divided the pictures by 5° of the gaze and put the fixation point (Fig. 4) on them. From
these data, we calculated the fixation time on each cell. Figures 5 and 6 is the heat-map
of the ratios of the fixation time to the trial times in ii-kasa conditions and in the
smartphone condition respectively. In these figures, the frames on the maps indicate the
position of the screen in each condition.

Figure 5 shows that, in ii-kasa condition, the fixation points are widely distributed
and the participants frequently watched the below area of the canopy. This means that
they paid attentions both to their front and the screen. On the other hand, in the
smartphone condition, (Fig. 6) their fixation points gather on the screen and hardly
watch their circumstances. This means that they concentrated to watch the screen of the
smartphone and paid less attentions to their circumstances.

Comparing the data in the ii-kasa condition and the smartphone condition within
each participant, these trends are shown more clearly, because the set positions of the
smartphone were different by the participants. The heat-maps of the fixation time of
two participants are from Figs. 7, 8, 9 and 10. While, in Fig. 7, Participant 1 almost

Fig. 4. Mapping to the abstract coordinate of the outside
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watched only the screen, he did not watch only the screen but also the wide area outside
of the screen (Fig. 8). Though Participant 2 watched a little bit wider area than Par-
ticipant 1 in the smartphone condition (Fig. 10), he always watched down the low area
and could not pay attention to his circumstances.

Fig. 5. Heat-map of the average gaze fixation rates in ii-kasa condition

z

Fig. 6. Heat-map of the average gaze fixation rates in the smartphone condition
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Here, Fig. 10 shows that his gazes are distributed in the left parts. This was caused
he hold the smartphone in the left hand and relatively set it at the left side from him.

Fig. 7. Heat-map of participant 1’s fixation in ii-kasa condition

Fig. 8. Heat-map of participant 1’s fixation in the smartphone condition
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This means he would not pay attentions not only to the front to him but also the right
side of him.

Fig. 9. Heat-map of participant 2’s fixation in ii-kasa condition

Fig. 10. Heat-map of participant 2’s fixation in the smartphone condition
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Bartmann et al. [6] said that the depth of the visual processing and the width of the
visual field have the relationship of tradeoff and, if the visual processing are high, much
mental load is required and, consequently, the visual field to be able to pay attention to
become narrow. Despite the tasks in this experiment were easy and all participants
could complete all tasks accurately, the visual field in using smartphone is narrower
than the one in ii-kasa. This means people in using ii-kasa require less cognitive load
than in using the smartphone

To conclude, these results show ii-kasa reduce not only the risks of texting while
walking but also the cognitive load and contributes for people to be able to pay
attentions to the circumstances even in using the mobile services while walking.

5 Considerations

We consider that ii-kasa benefits from three aspects, safe, function, and health. From
the functional aspects, it is easier to manipulate the smartphone by one hand and ii-kasa
prevents the malfunction and the bungles caused by dropping rain droplets on the touch
screen. From the healthy aspects, it relieves the loads on the neck and shoulders caused
by keeping the head downward.

In this paper, we investigated the safe aspects. In using ii-kasa, we can keep our
gazes in front and pay attention to the wider area in our circumstances than the
smartphone. In the research for car navigation system [7], it is known that the driver’s
gazes frequently move from the outside and the navigation system shortly in amounting
it at the high position and is safer than in mounting it at the low position. These results
and our results show that we will frequently repeat to watch our circumstances and the
screen to watch in a short time and it makes us to keep paying attentions to our
circumstances when itis located the close area to our head-on the gazes and we can
keep our gazes in front. We consider ii-kasa makes us available this behavior and, in
this reason, ii-kasa contributes to reduce the risks in texting while walking.

6 Conclusion

In this paper, by analyzing the gaze patterns, we investigate whether ii-kasa reduce the
risks in texting while walking. As the results, the average fixation time once in ii-kasa
condition is significantly shorter than the one in smartpone condition and its variance is
significantly smaller than the one in smartphone condition. This means that people
evenly watch the screen and the circumstances shortly at one time, while they gaze the
screen deeply in a long time.

The results also showed the gazes were widely distributed not only on the screen
but also outside of the screen in ii-kasa condition, while the gaze converged in the
narrow area on the screen in the smartphone condition.

It can be said, therefore, that ii-kasa contribute to keep our gaze in front and to pay
more attentions to our circumstances than the smartphone and reduce not only the risks
of texting while walking but also human cognitive load.
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In this research, however, the experiment was conducted in the paths where there is
little traffic and which the participants are well known. We also need to investigate the
safety in more crowded and the participants’ unknown streets.

In this paper, we only investigate the benefits from the safe aspects. In the future
works, we need to investigate the benefits from the functional and healthy aspects.
From the functional aspect, as we mentioned earlier, we can operate the smartphone by
swinging and moving ii-kasa up and down using acceleration sensor. We have already
been able to identify the acceleration caused by user’s operation from the vibration
caused by waling. We, however, we do not investigate its usability. We need to
investigate it in the near future.

When we designed ii-kasa aiming to make texting while walking safer, using
see-through typed head-mounted display was another candidate. The reason why we
did not adopt it is that we do not want the users to immerse the virtual world and the
visual distance from eyes to the screen is very short. If it is short, we always need to
change our focus and it is hard to recognize both of the information on the screen and
the circumstances once. In the near future, we will compare ii-kasa to the see-through
typed head-mounted display and hope to indicate the advantages of ii-kasa.
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