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Abstract This study aimed to examine the effect of
using strobe-image feedback on hurdle sprint times in
physical education classes. The participants were 57 male
students aged between 16 and 17 years. They were divided
into the following two groups: strobe-image learning (SL)
group (n = 25), wherein the participants set practice tasks
based on strobe-image feedback that allowed them to view
their movements, and group learning (GL) group (n = 32),
wherein groups of three or four students examined the
movements of a target learner in the group and provided
feedback to set the subsequent practice tasks. A two-way
analysis of variance revealed that the main effect of the
groups (SL and GL) was not significant (P > 0.05, effect
size (ES) = 0.03), whereas the main effect of time (pre-test
and post-test) was significant (P < 0.05, ES = 0. 36).
Furthermore, the interaction was significant (P < 0.05, ES
= 0.24), that is, a difference between pre- and post-test in
the SL group was noted (P < 0.05, ES = 0.24). Therefore,
the time of the 50-m hurdle run was significantly improved
in the post-test in the SL group. Unlike the GL group, the
feedback guided the SL group to make “hurdling without
jumping too high” their main practice task, which
presumably resulted in the shorter 50-m hurdling times and
suggested that strobe-image feedback could provide
effective, rational information for athletic improvement.
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1. Introduction

Hurdling in physical education (PE) is a track and field
event that is incorporated into the Japanese government
curriculum guidelines from elementary to high school. In
high school, the main aim is to develop skills to hurdle low
and rhythmically while maintaining a constant running
speed [1]. However, it is also significant that learners
understand how to solve their problems when learning
these skills [1], which requires feedback on their
movements during class practice. Even if the learner has
high sprinting abilities, if the hurdling motion is
undeveloped, the time will be poor; therefore, it is
reasonable to assume that the learner’s interest in
improving their hurdling movements will be high.

Traditionally, videos have been used for effective
motion feedback [2,3,4]. Recently, digital video
applications on tablet-type devices with cameras have
replaced video cameras in PE classes [5,6,7]. In addition to
playing back the movements, videos also allow for a
repeated confirmation of the actions by pausing, sending
frames, and repetition; however, specific equipment and
operations are needed. If the strobe image is printed, no
equipment is available for the feedback of viewing the
image itself. Sequential photographs, which are frames
taken from the video at certain time intervals and arranged
side by side, have also been found to be useful feedback
tools for sports movements [8,9]. Printed sequential
photographs can be picked up and carried, and the motions
in a particular phase can be observed over time. However, a
low frame rate decreases the amount of information, and a
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higher frame rate increases data quantities [10]. In the case
of a strobe image, increasing the frame rate only increases
the number of afterimages in a single image, which is only
one image itself. Furthermore, it is more difficult to fully
understand the continuity as each motion is depicted in a
separate photograph.

A strobe image is a single (processed) image wherein the
movement afterimages are depicted at certain time
intervals. The strobe image allows the viewer to view a
series of postures (afterimages) in a single image without
having to separately arrange and compare several images,
as with sequential photographs. Additionally, the distance
between the afterimages reflects the speed (dense and
coarse afterimages indicate slow and fast movement,
respectively), making it easier to intuitively visualize the
movements than that with sequential photographs. The
advantages of these strobe images are evidenced by several
software programs available to create sports movement
strobe images [11,12,13]. Matsui and Azuma (2019) and
Matsui and Azuma (2021) found that the use of strobe
images to derive physical variables for long jump (such as
initial velocity, the angle at takeoff, and hip height at
landing) was highly useful for learners [14,15]. Studies
have concluded that strobe images enable simple motion
analysis and are easy to distribute. However, whether
strobe images can easily and intuitively visualize
movements and provide effective feedback for students in
PE classes has yet to be explored. Moreover, it is
significant to verify the effectiveness of strobe images in
PE classes, where students of various readiness and
motivation levels are mixed.

Therefore, this study aimed to investigate whether
strobe-image feedback for hurdling could effectively
reduce 50-m hurdling times in PE classes and examine the
effect of strobe-image feedback on movement
self-evaluation and PE learning.

2. Materials and Methods

2.1. Participants

The participants were 57 male students between the
ages of 16 and 17 who were taking PE classes at the
National Institute of Technology in Japan. The
participants included students who learned to hurdle in
elementary and junior high school PE classes, but none
were hurdling athletes. In addition, none of the participants
had any experience with video or strobe image feedback of
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their own hurdling movements. The purpose and
procedure of this study were explained to the participants,
and written consent was obtained from all participants.
This study was approved by the Research Ethics
Committee of the National Institute of Technology, Fukui
College (Approval number: R3-6).

2.2. Procedure

The participants were divided into a strobe-image
learning group (SL group, n = 25; height: 169.6 £5.8 cm,
weight: 56.7 £8.7 kg) and a group learning group (GL
group, n = 32; height: 171.2 6.4 cm, weight: 64.2 +£10.1
kg) and were required to complete five consecutive PE
classes (90 min/class), each of which comprised a hurdling
unit. All participants were male students in the same grade
with the same teacher although in two different classes.
After the pre-test, one class was designated as the SL group
and the other class as the GL group. The difference in the
number of participants in the two groups was because of
the difference in the number of male students in the two
different classes. On day 1, both groups practiced running
over one hurdle while walking or jogging to practice
swinging and following through with their legs. On day 2,
they practiced the approach phase by running over one
hurdle (first hurdle) that was placed 13 m from the start line.
The goal of this practice was to ensure that they had the
correct number of steps before the first hurdle (Figure 1).
The number of hurdles was set up as one per lane on day 2
(this was denoted as one hurdle). On day 3, to become
aware of the interval between the hurdles, three hurdles
were set up 7.5 m apart (Figure 2), which the participants
practiced running over to ensure they had the same number
of steps in each run (Figure 1, three hurdles). On day 4, five
hurdles were set up, and the 50-m hurdling time (50 mH)
was measured (Figure 1, pre-test). The hurdle height was
set at 0.61 m. The Ministry of Education, Culture, Sports,
Science and Technology (MEXT) curriculum guidelines
for high school health and PE state that the hurdle distance
should be between 50 and 110 m, and there should be
between five and ten hurdles [1]; therefore, this study
followed the lower limit of the guidelines. On days 2 and 3,
the participants were provided with instructions on the
widely recognized general hurdling skills (S1-S5 in Figure
1), after which, they practiced them by referring to the
Japan Association of Athletics Federations (JAAF)
instruction manual [16] and the supplemental textbook [17]
(Figure 1).
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(Number of hurdles set in a lane: see Figure 2)

| s
One hurdle S1- 83 |
(Measurements)
Three hurdles i $1- S5 $
Five hurdles $1- 85 | [ Pre-test (50mH) |

Feedback

EYE] Five hurcies i S1- S5 | [Posttest (50mH) |

+

Skills in the practice

$1: Pull the lead leg straight up
and swing it down quickly.

$2: Fold the tail leg over the hurdle
and pull it back to the chest.

83: Tilt the upper body forward.
$4: Hurdle without jumping too high.

$5: Rhythmically run over the
hurdles.

Figure 1. Schematic diagram for the days 1-5 practice and
measurement schedules. S1-S5 practice skills are also detailed

All participants in both groups had their 50-m hurdling
times measured on day 4 (pre-test). The overall view of
the hurdling motions over the first hurdle of the SL group
was recorded from 7.5 m on the right side (sagittal plane)
using an iPad® (Apple Inc., A1701 model) and a
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pre-installed software (Cripstro, SPLYZA Inc., Version
3.1 [12]), which made a strobe image in which the
afterimages were depicted at intervals of 8/30 s (=0.2667 s)
(day 4). The participants in the SL group were provided
with individual strobe images immediately after day 4
(Figure 3) through groupware (Microsoft® Teams,
Microsoft® Corp., Ver. 1.0), which provided them the
feedback to objectively analyze their movements and
establish practice tasks before day 5. The SL group was
provided with one week to decide on their practice tasks
after receiving the feedback on a strobe image without
suggestions from other participants provided during day 4.
In the GL group, feedback was given to the target
participant on day 4, while three to four other participants
observed and pointed out (in terms of S1-S5) the target's
movements. Based on that feedback, each participant set
his or her own practice task by day 5. Moreover, the fact
that participants in both groups trained according to their
own practice tasks was verified by the PE teacher through
worksheets, wherein they subsequently described their
training. Examining whether this was sufficient to
improve their skills would be a topic for another study, we
just examined the feedback effects within the limited
practice time in a PE class. Following the feedback, both
groups were asked to write down the practice tasks they
had established based on their feedback on a designated
form. On day 5, for the first half of the class
(approximately 30 min), the SL and GL groups repeated
the training based on the practice tasks they had set
themselves on day 4; subsequently, their 50-m hurdling
times were remeasured (post-test).

e Lane ~_Hurdle

Day 2 :[I/
Day 3 :]-I :l] :II 7.5m
_ _ |
Day4&5 :]] :]I :]I :II.IE]]
t } 1 1 1 } }
0.0m 13.0m 20.5m 29.0m 36.5m 44.0m 50.0m
(Start) (Finish)

Figure 2. Lane with the hurdles used in the practice and the measurements for days 2-5
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Figure 3. Example of the strobe image provided to the strobe-image learning (SL) group
2.3. Analysis

To examine the effects of the strobe-image feedback on
the 50-m hurdling times, the pre- and post-test times were
compared, with the GL and SL groups being the control
and experimental groups, respectively. The GL group is
not a pure control group because of intervention as group
learning, but group learning is one of the conventional
methods of motor learning in PE classes, and the SL
group is designed as the intention of being compared to it.
In this sense, we considered the GL group to play the role
of a control group. The practice tasks (written by the
participants) in the SL and GL groups were categorized
based on the S1-S5 skills, and the total number was
counted (in some cases, more than two skills were set by a
participant). Subsequently, the two groups (SL and GL)
were integrated and divided into a group that had better
times (decreased time group) and a group that had slower
times (increased time group). No participants had the
same time (no change) in the pre- and post-test.
Furthermore, the total number of tasks in each group was
counted.

2.4. Statistics

An unpaired t-test was used to examine the differences
in the average value of height and weight of the
participants between the SL and GL groups. Moreover, a
two-way analysis of variance (ANOVA) was used to
compare the 50-m hurdling times for pre- and post-test in
the SL and the GL groups, and the Holm method was used
as the post-hoc test. The significance level was set at 5%,

and Cohen’s f was adopted to calculate the effect size (ES).

3. Results

Regarding the physical characteristics of the
participants, the two groups showed a significant
difference in weight (P < 0.05, SL < GL group). Height
and weight data are presented in the Materials and
Methods section.

A two-way ANOVA showed that the main effect of
group (the SL and GL groups) was not significant (F =
0.06, P > 0.05, ES = 0.03, Table 1), whereas the main
effect of time (pre- and post-test) was significant (F =
7.15, P < 0.05, ES = 0. 36, Table 1). Additionally, the
interaction was significant (F = 3.27, P < 0.05, ES = 0.24,
Table 1), that is, a difference between pre- and post-test in
the SL group was noted (F = 10.05, P < 0.05, ES = 0.24,
Table 1). Therefore, in the SL group, the 50-m hurdling
time was significantly improved in the post-test.
Furthermore, in the SL group, the total number of practice
tasks set for S1, S2, S3, S4, and S5 was 5, 10, 7, 10, and 2,
respectively, and the respective percentages were 14.7%,
29.4%, 20.6%, 29.4%, and 5.9%. In the GL group, the
total number of practice tasks corresponding to S1, S2, S3,
S4, and S5 was 15, 18, 13, 12, and 1, respectively, and the
respective percentages were 25.4%, 30.5%, 22.0%, 20.3%,
and 1.7%. Therefore, the SL group had more practice
tasks for “hurdling without jumping too high” (S4; SL
group: 29.4% vs. GL group: 20.3%), whereas the GL
group had more practice tasks for “swinging the leg” (S1;
SL group: 14.7% vs. GL group: 25.4%).
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Table 1. Pre- and post-test means and standard deviations for the 50-m hurdling times for the SL (n = 25) and group learning (GL) groups (n = 32)
and results of ANOVA
Group Main effect
Time Interaction
SL GL Group Time
Pre-test (s) 9.54+1.03 9.51+1.08
) ns P <0.05 P <0.05
Post-test (s) 9.29+0.88 9.46+1.09

“ Significant between pre- and post-test in the SL group (post-hoc test).

“ns” indicates no significance.

4. Discussion

Unlike competitive athletes who participate in
extracurricular or community sports club activities, it is
difficult for learners in PE classes to adequately practice or
train in the limited time they are provided with, suggesting
that improving their performances is not easy
[14,15,18,19]. PE classes allow students to learn the
properties and skills of sports and challenge themselves
through actual practice. Therefore, planning and practicing
strategies to overcome their challenges (tasks) need to be
part of their learning activities [1], that is, competitive
athletes focus on performance improvements, whereas
learners in PE classes engage in learning activities to solve
problems. However, this could lead to increased learning
motivation if the performance is improved as a result of
these learning activities. Therefore, the development of
productive learning and teaching methods is essential to
these types of learning activities. While this study was an
experimental study, it was also a practical study, and the
hurdle practice was set up within a limited weekly class
routine. It was considered that examining the effectiveness
of the use of strobe images in the class presented in this
study would play a role in establishing a protocol to
practice.

This study found that the SL group, which was provided
with strobe-image feedback, had faster post-test hurdling
times. In this study, the practice tasks set by both the SL
and GL groups were developed by the participants, with
the feedback method differences being the observation
object (strobe image vs. actual movement) and the
evaluation object (self vs. others). Consequently, a
two-way ANOVA was carried out with group and time as
the main effects, respectively. The results showed a
statistically significant time reduction in the SL group.
Strobe images depict an afterimage as a static image of the
momentary posture in each phase, indicating that the
postures can be observed over time. Subsequently, the
postures before and after a particular phase were compared,
and the movement was imagined. However, when
observing the actual performance, the posture in a
particular phase remains in the memory as an impression.
Since the strobe image is a projection of the participants’
movement at a given interval, the participants may be able
to design practice tasks while evoking the motor senses
(such as force, speed, and timing) as they gaze at and

visualize the movements before and after the particular
posture that the individual wants to focus on. If such an
assumption was deemed correct, then it was considered
that the practice tasks set by the SL group would be derived
from the integration of the participants’ motor sense
(subjective) and the objective perspective gained from the
strobe-image feedback. Conversely, despite the GL group
being slightly heavier than the SL group, no significant
difference in the initial (pre-test) 50-m hurdling time was
noted. This suggests that the weight differences observed
in this study do not affect hurdle sprinting in PE classes.
The improvement in time may be more dependent on the
practice task rather than on the body weight.

The SL group set more S4 practice tasks, which are a
skill for hurdling in a low posture, than the GL group. A
low hurdling posture is considered a basic hurdling skill
[20] that is related to the forward lean of the upper body
(S3) and not jumping too high over the hurdle (S4). As the
relationship between the vertical movement of the body
mass center and hurdling performance has been reported in
several studies [21,22,23], S3 and S4 could be factors in
the improved running times of the decreased time group. It
is unclear why no apparent difference between the two
groups was observed in S3 (forward lean of the upper
body); however, it is possible that both groups recognized
the significance of the S3 in prior instruction. In the SL
group, more participants set and practiced S4 than those in
the GL group, which may have also contributed to the
significant decrease in their 50-m hurdling times. In
contrast, the GL group practiced leg carrying (S1).

The reason that the SL group employed S4 (29.4%)
more frequently (compared to the GL group; 20.3%) could
be because of the different feedback methods as “hurdling
without jumping too high” is a movement on a vector
perpendicular in the direction of travel, which is
detrimental to the hurdling time. The strobe visual
afterimages may have strongly emphasized S4. It is
difficult for learners to subjectively perceive the vertical
movement degree (jump) when they are attempting to
move forward. Therefore, the strobe images could have
bridged the gap between the subjective and objective
perceptions of the spatial motion, vertical axis, and motion
on the line from the start to the goal (horizontal axis) of the
hurdle distance.

The practice tasks set by the SL group using the
strobe-image feedback were compared with those set by



304

the GL group, from which it was found that the practice
tasks set by the SL group resulted in lower 50-m hurdling
times. Specifically, the strobe-image feedback for the
“hurdling without jumping too high” skill was perceived
from a spatial rather than a subjective motor sense, that is,
the movements were biomechanically considered to
improve performance. Therefore, it appeared that
strobe-image feedback could effectively promote active PE
class learning for hurdling, be a valuable method to ensure
rational practice tasks, and contribute to performance
improvements.

In a strict sense, since this was one of the practical
studies that examined student learning activities that could
be practiced during limited classes (days 1-5) in a PE class,
the physical characteristics and readiness of participants
were not controlled beforehand. The quantity and quality
of feedback and the number of practice sessions should be
considered significant factors for skill improvement. These
are issues for future research, and this study can be
regarded as having provided the basic data for such
research.

5. Conclusions

This study examined the effects of strobe-image
feedback on learners’ 50-m hurdling times and movement
self-evaluation in PE classes, for which a control group
and an experimental group were established: one that used
strobe images to provide feedback on their movements to
set their consequent practice tasks (SL group) and one that
observed each other’s movements and used these as the
feedback to set their consequent practice tasks (GL group).
Only the 50-m hurdling times in the SL group
significantly decreased after the feedback. Furthermore,
the SL group adopted the “hurdling without jumping too
high” skill more frequently as one of the set practice tasks
after the feedback, which was inferred to be related to the
decrease in hurdling times. The experiment suggested that
strobe-image feedback increased the PE students’
awareness that their vertical axis movement could be
disadvantageous to their hurdling running times; therefore,
strobe-image feedback could lead to a more effective
rational practice.
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