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ABSTRACT
This work presents a preliminary study of utilizing point-light
movement in scooter drivers’ peripheral vision for turn-by-
turn navigation. We examine six types of basic 1D point-
light movement, and the results suggests several of them can
be easily picked up and comprehended by peripheral vision
in parallel with the on-going foveal vision task, and can be
use to provide effective and distraction-free route-guiding ex-
periences for scooter driving.
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INTRODUCTION
Providing guidance information visually is effective to dis-
play spatial information for scooter drivers, but using tertiary
displays such as smartphone displays, glass displays1, or hel-
met displays2 usually drag scooter drivers’ gaze away from
the road, resulting hazardous and distractive focus changes in
driving [4]. Audible [3] and tactile [5] information can be
acquired in parallel to visual sensory to compensate visual
guidance. However, since scooter driving often suffers from
noisy and bumpy environment, the scooter drivers may need
to wear additional devices to amplify the signals, making the
solutions less practical in use.

Visual information displayed in scooter driver’s peripheral
vision also can be captured and processed in parallel with
the on-going foveal vision task, if the information is simple
enough to be interpreted without cognitive efforts involved in
a dual-task scenario [6]. Accordingly, eye-q [1] presented a
glass display embedded LEDs in the frame to deliver blink-
ing signals as peripheral visual hints or notifications. Al-
though blinking point lights can be expressive and under-
standable if the blinking pattens are appropriately coded in
time-domain, they are harder to interpret than animations or
images in spatial-domain. To leverage the limitations of point
light for route guidance, the dimension of the peripheral dis-
play should be extended.
1https://www.google.com/glass/
2http://www.skullysystems.com
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Figure 1. Experimental apparatus of the pilot studies

This work presents a preliminary investigation of utilizing
scooter drivers’ peripheral vision to provide point-light move-
ment as turn-by-turn visual guidance system. To investigate
the use of peripheral point-light movement, two pilot stud-
ies are conducted to understand the perceptual ability of pe-
ripheral vision and to explore the design space of periph-
eral visualization on a scooter helmet. A 7.7-inch Samsung
Galaxy Tab3 tablet display is used for providing visualization
a configurable way. The tablet display was placed on a tablet
holder with front facing down (Figure 1). A Tobii REX eye
tracker4 put in front of the participant was used to track users’
gaze position.

PILOT STUDY 1: VELOCITIES OF LIGHT MOVEMENT
The first study investigates how the velocity of light move-
ment effects users’ perceptual ability of peripheral vision.
Twelve participants (6 males) between the ages of 23 and 33
years with 24.92 mean age were recruited. After the partici-
pants calibrated the eye tracker, they were requested to look at
the object presented on screen, and their gaze positions were
tracked by the eye tracker. Users were asked to recognize
whether the point light is moving to the left (Left signal) or to
the right (Right signal) by using their peripheral vision, and
then answer by pressing the ’F’ or ’J’ key eyes-freely on the
keyboard using their both hands as soon as possible.

Six different velocities from 1v (0.146 m/s, the slowest) to
32v (4.656 m/s, the fastest) were tested. The velocity and type
of the point light appeared in a random order, and the period
between each trial were randomized in the range between 3 to
10 seconds. The answers of each trial were recorded, and the
reaction times were recorded if users did not miss the signal.

3http://www.samsung.com/
4http://developer.tobii.com/rex-setup/
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Figure 2. Pilot study results on different light movement velocities. (a)
Accuracy. (b) Reaction time (c) Miss rate. (d) Results suggest that pe-
ripheral vision is able to discriminate light movement from static and
blinking signals within a range of velocity.

Each trial was considered invalid only if users did not gaze
at the target on the front display for more than 0.2 seconds,
which is the lower bound of the typical eye movement time
[2]. If an invalid task was performed, participant need to retry
until successful. In total, 2 (signals)× 6 (speeds)× 10(trials)
× 12 (participants) = 1440 successful trials were collected.

Results and Discussions
Figure 2 shows that, when the speed of light movement is
slower than 4v (0.582 m/s), participants were capable of dis-
tinguishing light directions with more than 95% accuracy us-
ing their peripheral vision, and they react faster when the light
move faster. On the contrary, when the speed of light move-
ment is faster than 4v, participants became less certain to rec-
ognize the signal, causing the miss rate and reaction time in-
creased. According to the results, we learned that using pe-
ripheral vision can recognize light movement when the point
light moves in a moderate speed. Otherwise, it would be seen
as a static blob, a blinking signal, or even nothing.

PILOT STUDY 2: TYPES OF LIGHT MOVEMENT
The second study investigates how different types of light
movement effects users’ perceptual ability of using peripheral
vision. Twelve participants (2 females) between the ages of
20 and 29 years old with 23.54 mean age were recruited. Af-
ter participants calibrated the eye tracker, they were requested
to answer the type of signal in their peripheral vision.

Six types of basic light movement: Left, Right, Merge, Split,
Dilate and Erode are tested in this study (Figure 3). Accord-
ing to study 1, we set the velocity of signal in 4v (0.582 m/s).
After seeing the visual signal, the participant answers the
type of light movement by pressing the corresponding icon
using a mouse cursor. Differ from study 1, each time par-
ticipants need to answer the question after each light signal
displayed, thus no miss would occur, and the reaction time
does not count. The type of the point light movement appears
in random order, and the period between each trial were ran-
domized in the range between 3 to 10 seconds. Each trial was
considered invalid only if users did not gaze at the target on
the front display for more than 0.2 seconds, and need to retry
the task until successful. In total, 6 (signals) x 5 (trials) x
4 (blocks) x 12 (participants) = 1440 successful trials were
collected.

Initial State Movement Left Right Split Merge Dilate Erode Accuracy

Left 239 1 .996

Right 1 239 .996

Split 1 239 .996

Merge 1 3 1 233 2 .971

Dilate 3 2 2 2 217 14 .904

Erode 1 1 6 232 .967

Figure 3. Pilot study results in confusion matrix on the accuracy of the
six types of point-light movement.

Results and Discussions
Figure 3 shows all types of the signals can be recognized
in more than 90% accuracy, which suggests that participants
were generally able to distinguish and recognize them. Dilate
and Erode are prone to be misinterpreted, since the move-
ment is less salient for peripheral vision. Merge sometimes
were misinterpreted as Left or Right, since peripheral vision
failed to perceive the initial state. According to the results, we
learned the tested signals are generally perceivable and inter-
pretable in peripheral vision. Using more salient movement
and/or less ambiguous initial states are more effective.

CONCLUSION AND FUTURE WORK
We have presented a preliminary study of utilizing point-light
movement for distraction-free communication in peripheral
vision. Results identify a suitable range of light transition
speeds and a set of visual signals, which can be provided by a
LED strip5 module attaching to the front edge of the scooter
helmet. Future research can further investigate the human
factors on other possible effective factors, such as light colors,
light accelerations, or absolute directional cues to expand the
applications of the peripheral visualization technique.
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