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ABSTRACT

Knowing your own body movement is an essential element
of sports. Recently, the popularization of smartphones has
enabled people to easily record their performance in most
situations. However, these observations have limited
applicability in assisting with a clear understanding of body
movement. In this paper, we propose the Motion Log
Skateboard, which records and shares non-visible
information about body movement that is difficult to obtain
through current observation methods in skateboarding. A
pressure-sensor matrix on a skateboard deck is used to record
the pressure distribution data, which are then played using
the video function of a smartphone camera. With this logged
data, a user can access the feet positions, pressure intensity,
and timing of the foot movements. To verify the proposed
concept and determine the specific context of its use, an
experimental session and interviews were conducted with
skateboarders of various skill levels. Based on the results of
this research, the shared experiences of non-visible
information, which is perceived differently depending on the
individual, are expected to become a standard for exploring
and training body movement.
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INTRODUCTION

In sports training or learning, proper logging and analysis of
movement are considered useful. Understanding one’s own
body movement can affect performance, safety, and even
motivation for an activity [8, 21]. People review and modify
their body movement through various sensory information,
such as hearing, vision, and the proprioceptive senses.
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Recently, the popularization of smartphones has enabled
people to review their sport activities with various sensors
high-quality video cameras, not just their own senses.
Smartphone cameras are used to record and analyze
movement in sports, not only by professional athletes but
also ordinary people who enjoy sports in their everyday lives
[12]. By playing back the recorded video at various speeds,
people can carefully review how they moved. They can also
upload logs of their movement to the Internet to discuss their
body movement with others and consequently improve their
performance. Despite these advantages, however, existing
video recording has clear limitations in terms of obtaining
information. Information from video recording is limited to
observation of the external appearance of the body. However,
the information the user actually desires is non-visible in
nature and difficult to perceive through external observations,
such as video recording. In this study, we focused on this
non-visible information about body movement as our
research domain. In addition, most of this non-visible
information is directly related to performance of the
movement. For example, information on the force transition
at the impact point or the direction and intensity of the power
a user applies cannot clearly be perceived from a video
recording or observation by a colleague.

In this research, we studied non-visible information on body
movement during skateboarding, which is hard to collect
with existing video recording. By developing the Motion
Log Skateboard system, pressure distribution on a
skateboard deck, the primary element in skateboarding, was
logged and provided along with recorded video. Based on
this additional information, we expected skateboarders to be
able to enhance understanding of their body movements and
establish a standard for exploring body movement through
skateboarding trials. Five skateboarders of various skill
levels were recruited to try a Motion Log Skateboard
prototype. The system was evaluated and discussed with a
focus on sharing non-visible information. In this study, we
examined the design possibilities of sharing and comparing
non-visible information on a sports experience that is
visualized by an interactive system.

RELATED WORKS

Providing information on body movement during a
sports experience

Various studies on human—computer interaction (HCI) have
focused on providing body movement information through
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modality transfer. In the case of golf, many studies and a
product have focused on capturing the foot pressure or swing
traction via pressure and gyro sensors to modify the swing
form of a golfer [7, 13]. Pijnappel proposed four design
themes for skateboarding trick training by projecting traces
of skateboarding on the wall. They explored various
approaches for providing feedback on skateboarding [16].
Holleczek tested pressure insoles and accelerometers to
define the needs for non-visible information in snowboard
training [5]. Park developed a snowboard deck that can
provide real-time visual feedback on weight distribution. It
has the limitation of being a visual distraction; however, this
feedback may be a hint for exploring body movement while
snowboarding [6]. By sonifying a golf swing and visualizing
the balance of each foot during jogging, Nylander presented
advantages in mirrored feedback for sports [17]. In the
exergame area, which is the integration of game and sport (or
exercise), providing information on body movement is
considered to enhance immersion and interest in the desired
system [1, 2, 4].

Thus, providing information on body movement through
modality transfer can be beneficial in sports. In this research,
we focused on non-visible information that cannot be
perceived by conventional observation methods.

Sharing information on body movement

Sharing information on body movement is already a casual
part of everyday life. In the above cases of golfing and
snowboarding, sharing information on body movement can
be useful in lessons. The instructors and students can
communicate by sharing visualized body movement [6, 7,
13]. In addition, many other sports use social networking
services (SNSs) not only for real-time feedback but also as a
system for sharing body movements. Strava provides an SNS
for cyclists to share and compare various information about
their cycling activity (e.g., heartbeat, speed, and cadence) [18,
20]. Nike SB is a mobile application for skateboarders who
want to compete with other skateboarders by recording
videos of tricks [11]. In addition, several tracking devices
such as Syrmo [19], Tilt’'n Roll [14], and Rideblock [15]
enable skateboarders to record their tricks and share them
with other skateboarders by using small sensors attached to
the board.
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From this literature review, we confirmed that people have a
clear desire to share and analyze their body movement
through comparisons with other people. At the end of this
paper, we discuss the influences of sharing and comparing
non-visible information in sports.

MOTION LOG SKATEBOARD

Skateboarding

Skateboarding is a typical extreme sport in which a person
rides a wooden deck with four wheels. A skateboarder
performs various tricks by controlling the feet and weight
balance in short time intervals. Thus, the movement of the
feet is an essential element in skateboarding. However, even
if the skateboarder knows the mechanism of controlling the
feet, a long period of time and many attempts are necessary
to learn a desired trick. In addition, the time of performance
is relatively short, approximately 1 or 2 seconds, and the
movement should be very precise; thus, it is hard to gain
information from ordinary observation. We expected that
providing non-visible information on body movement in a
dynamic situation such as skateboarding could help a
performer perceive and explore his or her body movement.

Choosing non-visible information on movement in
skateboarding

To understand the essential information on body movement
in skateboarding and existing methods for learning tricks, an
online survey was conducted (15 males, 3 females; average
age: 26.7; SD: 3.5; various levels of experience; various
types of boards). According to the survey results, participants
considered balancing the body to be the most important
element of skateboarding (72.2%). Participants answered
that the positions and movement of the feet on the board
could be information that is essential to achieving a balanced
body. With regard to the video recording experience, most
participants had captured or watched video clips to study
skateboarding. We collected the 22 most-viewed video clips
on YouTube with the keyword “skateboard tutorial” and
reviewed the camera angles of each video clip. Our results
confirmed that 20 out of 22 tutorial videos emphasized the
movement and positions of the feet on the skateboard deck.
Additionally, in the previous research on biomechanics, they
implied the need for investigation of the cushioning and
pressure distribution in skateboarding [3].

'

Figure 1. System structure and hardware settings

2489



Exertion, Sport, Bodies

For the Motion Log Skateboard, we chose to provide the
pressure and force distributions on the skateboard deck
synced with smartphone video recording. With this, the user
can get information on the positions, pressure, and timing of
the movement for the feet.

Hardware

Figure 1 shows the hardware of the Motion Log Skateboard.
A snowboard (Arduino kit from Kytronix) that had been
optimized for a sensing pressure matrix was used to calculate
the sensor data [10]. An RN42 Bluetooth module was
selected to send the data to a mobile device. Two sheets of
Velostat and 5 mm of copper tape were used to make the
pressure sensor matrix [9]. In the current prototype, 10
horizontal nodes in 15-mm intervals and 16 vertical nodes in
50-mm intervals were used to collect pressure data from 160
points. This pressure sensor matrix has the advantages of
thinness (less than 1.5 mm), ease of installation on an
existing skateboard deck, and no effect on the safety or
performance of the board. Moreover, this sensor matrix can
be applied to various types and shapes of skateboards, such
as longboards or cruiser boards.

Software

Visualization

The pressure distribution was visualized in heat-map style
and overlaid on the skateboard image, as shown in Figure 2.
Higher pressure appears in red, and lower pressure appears
in blue so that the user can confirm the distribution
intuitively. Based on the sensor data of 10 x 16 points, the
pressure distribution image is visualized as 20 x 64 cells.
Higher resolution can provide understandable foot shapes.
We tested various resolution of data and explored several
styles to represent it, and then, we chose this format.

Single review mode

Figure 2 shows the single review mode, in which logged data
can be reviewed as recorded video and pressure distribution.
The left side of the video displays an image of a skateboard
deck and the pressure distribution data. We decided that the
orientation of pressure data should be aligned with a
boarder’s first-person point of view. Sensor data and
recorded video are synced and controlled by a timeline
interface so that the user can analyze his or her body
movement at various playback speeds.

30 % m 322

£
]
=
21

Figure 2. Single review mode of Motion Log Skateboard app
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Figure 3. Comparative review mode of Motion Log
Skateboard app

Comparative review mode

Figure 3 shows the comparative review mode, in which two
sets of logged data are played at the same time so that they
can be compared. The user can play his or her logged data
for the movement of a trick along with another person’s
movement, such as a coach, colleague, or even his or her own
past trials. The two sets of logged data can be controlled
simultaneously. In addition, the timeline of each set of
logged data can be controlled individually to help users
compare their movements by matching the starting points of
the performed trick.

USER STUDY

Study settings

A user study was planned to evaluate the concept and explore
the scenario of using the Motion Log Skateboard. A total of
five skateboarders (three males, two females; average age:
28.6 years; SD: 6.1; two beginners, one intermediate, two
professionals) were recruited with skill levels from beginners
to professional athletes.

The user study consisted of an experience session and an
interview session. During the 30-40-minute experience
session, participants performed given tasks with ordinary
recording by a smartphone camera. Directly following that,
they used the proposed Motion Log Skateboard system so
that they could compare the two methods. To recall the
various riding experiences, three tasks were given: “Push off
and turn,” “an easy trick for participant,” and “a challenging
trick for a participant.” The tasks were decided based on the
various expertise of the participants. Moderators recorded
the participants’ movement at the angles requested by the
participants. After the session, the skateboarders were
interviewed for approximately 30 minutes. The main
discussion evaluated the prototype and specific contexts of
its use.

Study Result

Utilizing the provided movement information

Most participants seemed satisfied with obtaining
information from the proposed system. They answered that
the provided information was perceived differently from
their own perception. Additionally, it was useful in helping
them to perform the desired movement of a trick. Due to the
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short time of the session, they could not accumulate enough
information on what was correct or wrong. However, they
could find differences between the perceived and actual
movements. This led the participants to attempt more
variations or modifications of movement in their next trials.
Participants also compared the logged data of their trials in
the comparative review mode. Participant 5 noted that
comparing logged data can help with focusing on certain
body parts in a self-training context. From these findings, we
expect that the Motion Log Skateboard can provide users
with “homework” to practice their body movements.

“After watching logged data of Motion Log Skateboard, I
could try to focus on the movement of my feet rather than
other body parts.” — Participant 5, beginner

Comparing body movements in the context of lessons

The participants were most satisfied with the function of
comparing two sets of logged data. Participants wanted to
compare their own progress to practice a trick over the long
term. In addition, all of the participants answered that they
wanted to see the logged data of professional athletes who
had already mastered the trick. Participants expected that this
kind of objective comparison of information would be useful
in a lesson context. In sports training or lessons, content is
focused on delivering knowledge of moving and feeling
body parts. In general, some essential information is
perceived differently, depending on the individual.
Occasionally, this difference in perceiving information may
lead to miscommunication between the instructor and
students. However, with the Motion Log Skateboard, this
non-visible information can be transferred to a shareable
format for both the instructor and student. For example, the
instructors can have objective evidence of a student’s
incorrect movements and can thus make more reliable
comments.

“Some students don’t understand the instructor’s comments
about their incorrect movements. In that situation, this would
be clear evidence.” — Participant 1, advanced

Intuitiveness of visualization and amount of information

The Motion Log Skateboard provides pressure distribution
to skateboarders to obtain non-visible information, such as
positions of the feet, pressure, and timing. Some participants
Do you mean “wanted to obtain more or other types of
information, such as the axis of the shoulder or angle of the
knees. Interestingly, in the latter part of the interview, they
had conflicting opinions on the questionnaire about
visualization methods. They said that simplifying the
pressure distribution to foot-shaped images could make it
easier to understand. They also wanted to focus on just one
or two types of information at a time depending on the
purpose and needs. This implies that the non-visible
information on essential body movement was considered
very useful, so they wanted to try to obtain more or other
types of information. However, due to the cognitive
workload, a simple and intuitive visualization makes it less
of a burden to utilize provided information. Depending on
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the purpose or context of use, the designer should
compromise between these two aspects: amount of
information and intuitiveness of representation.

DISCUSSION

Despite the small number of participants, all agreed on the
need for standardizing logged information on movement
with large samples. There is no certain movement that can be
called the “right answer” in skateboarding because positions
of the feet and movements have different details depending
on the individual and situation, even for the same trick.
However, with this system, we can analyze the average
pattern of pressure distribution based on a library constructed
from plenty of trials. Comparing their own trials with these
patterns, we expect that users can study the technical
variations of their tricks, such as height or spinning timing.
Through the process of comparing and exploring their own
body movement, users can enhance their fundamental
perception and interest of their body movement.

In this research, we confirmed that users want non-visible
information about their sports activities, and with proper
technological support, users can access this information to
enhance their sports experience. We expected that the format
of visualization and sharing information could be applied in
other areas of sports. For example, in fitness activity, users
might be able to identify the weight distribution or the
muscle activeness of the desired part using visualized images
to perform effective exercise and prevent injury. In racket
sports such as badminton and tennis, it would be helpful
when learning new techniques and modifying stroke form if
the trace of racket movement or impact point was visualized
and shared with the coach. Likewise, we will be able to
explore the non-visible information needed for each sport or
its specific purpose and define the design requirements for
delivering this information properly.

CONCLUSION

We developed a novel system that can record and share the
movement of a skateboarder’s feet on a deck. This non-
visible information about body movement, which is hard to
perceive by one’s self, is visualized in an objective manner
so that the performer and observer can easily share the
information about the performer’s body movement. For
further research, a long-term user study in an actual lesson
context could help define a standard for qualitative body
movement and develop improved visualization methods for
sharing non-visible information on body movement. Also,
the knowledge obtained from this could be extended to other
sports areas. Through this approach, we expect that
interactive technology could induce people to explore their
body movement in sports experiences.
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