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ABSTRACT

The ability to change direction is important in everyday life for avoiding walking and
sports. In actual sporting situations, the ability to change directions atirregular times is
required. Previous studies have investigated this using analyses in three-dimensional
space and force plate data, but it is preferable to measure it more easily. Furthermore,
there is limited understanding of the ability to change direction at irregular times in
the junior period. Therefore, the aim of this study was to develop a simple method of
measuring the ability to change direction at irregular times in the junior period. The
subjects were 44 junior high school students (11.43 + 1.57 years old, 24 males and
20 females) who were asked to chase a target moving sideways along a 4 m straight
line for 6 seconds without being caught. The target was played by two adult males, and
the target characteristics were evaluated using approximate entropy (ApEn) to assess
the number of turns, maximum speed, and unpredictability. Participants’ pursuit
accuracy was assessed using the mean and maximum differences, and response
latency was assessed using the tau value at which the correlation coefficient was
greatest in the cross-correlation analysis. First, to examine the reliability of the
measurement method, the intraclass correlation coefficients (ICC1 and ICC1k) were
calculated for the characteristics of the experimenter’s movements, and significant
reliability was confirmed for each variable. When the degree of pursuit was compared
between the experimenters, no significant differences were found in the mean
difference, maximum difference, or response delay for each variable. These results
confirmed that the measurement method developed in this study was reliable, and that
there was no effect due to difference between the experimenters. The simple method
developed in this study for measuring the ability to change direction at irregular times
is expected to be useful in sports and education.
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INTRODUCTION

The ability to change direction is important in everyday life, avoiding people
when walking, and in sports. If you are unable to change direction at the right
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time, you are at risk of collision, and you will not be able to perform sports
maneuvers well. Previous studies have investigated the ability to run quickly
in a straight line (Oku et al., 2024; Washif and Kok, 2021; Frost et al., 2008;
Cronin et al., 2007), and turn (Young et al., 2002; Suarez-Arrones et al.,
2020), with the ability to turn 180°, which is the costliest of all turns
(Fernandez-Fernandez et al., 2023; Forster et al., 2022). While these studies
focused on how fast one could run on a given course, they also used a reaction
task in which the course was revealed when the subject passed through a gate
(Sugiyama et al., 2021). However, in actual movement situations, the ability
to change direction irregularly is required, and not just in the direction of the
movement.

For this irregular timing of direction changes, a direction change
‘maneuver’ task is used. Previous studies have investigated how pedestrians
choose their direction of travel in a crowd to avoid collisions (Murakami
et al., 2021; Murakami et al., 2022). In sports, one-on-one maneuvers have
been studied, with researchers using three-dimensional spatial coordinates
and force plate data to investigate how defenders respond to irregular
directional changes in the attacker (Tsutsui et al., 2020; Fujii et al., 2015;
Fujii, Shinya, Yamashita, Kouzaki et al., 2014; Fujii, Shinya, Yamashita, Oda
et al., 2014). In particular, the peak lateral velocity has been reported to
contribute significantly to defense outcomes of the defence (Fujii et al., 2014).
Based on these previous studies, focusing only on the lateral movement as a
reaction task for irregular direction changes may be a simpler way to measure
it.

In addition, there is limited knowledge regarding the directional changes
in irregular timing ability during the junior period. The maximum speed,
stride length, and ground contact time increase with age when running a
30 m straight line in the junior period (Meyers et al., 2015). It has also been
reported that the time for a Sm sprint can be predicted using four factors:
age, height, lower limb explosive strength (LLES), and level of competition
(Kramer et al., 2021). Research has also examined the relationship between
the level of competition and the ability to change direction in adolescent
handball players (Matthys et al., 2013). However, research on the ability
of junior athletes to pursue irregular targets is limited.

In this study, we designed a lateral-only maneuver task to measure the
ability to change direction at irregular times during the junior period more
easily. In real movement situations, it is necessary to respond not only to
irregular movement directions but also to irregular timing. By assessing the
ability to pursue a target moving in a lateral direction at irregular times,
it is thought that the ability to change direction can be measured more
easily than the force plate data and movement in three-dimensional space
coordinates investigated in previous studies. Additionally, the ability to
change direction at irregular times is lacking in the junior period, and the
potential for its application in education and sports instruction will increase
by making it easier to measure. Therefore, we aimed to measure the ability
to change direction more easily at irregular times by using a lateral maneuver
targeting the junior period. By clarifying this aim, it will be possible to more
easily measure the ability to change direction at irregular intervals, which
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is required in daily life and sports. We expect this to be applied in sports
teaching and educational settings.

METHOD

Participants

The participants were 43 junior high school students (11.43+1.57 years
old, 24 males, 20 females) with regular exercise habits. Two adult males
served as targets to be pursued. The purpose and content of the study were
explained to the participants and their parents and written informed consent
was obtained from all participants. This study was approved by the Research
Ethics Committee of Kyoto Institute of Technology.

Experimental Set Up

The experimental procedure is illustrated in Figure 1. Participants were asked
to follow a target that moved irregularly along a 4 m wide straight line for
6 s. Two researchers played the targets. The distance between them is 1 m. The
experimenters and participants wore a cap with a 40 mm diameter infrared
marker attached to the top of their heads. The infrared markers were filmed
using two infrared cameras (Opti Track Duo), and 3D spatial coordinates
were obtained at a temporal resolution of 120 Hz.

Figure 1: Schematic of the experiment. The participants performed the maneuver task
in front of the experimenter, 1 meter away. The experiment field was 4 m wide. Infrared
markers attached to their heads were filmed using two infrared cameras to obtain the
3D spatial coordinates.
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Procedure

The experimenter continued to move sideways at irregular times to maintain
as much distance as possible from each participant. The participants were
instructed to keep up with the experimenter’s movements as much as
possible by keeping the experimenter in front of their bodies. The same
experimenter assessed each participant three times. Two experimenters took
turns conducting the experiment; therefore, each participant performed six
trials. As each of the 44 participants completed six trials, 264 trials were
analyzed. If any measurement errors were detected at the spot (for example,
if the infrared marker disappeared from the field of view of the camera), the
trial was repeated.

Data Organisation

The 5 s period from 1 s after the start of the measurement to 6 s after
the end of the trial (720 frames) was the target for analysis. If there were
any frames in which the acquired 3D spatial coordinates were interrupted,
linear interpolation was performed. Smoothing was then performed using a
10 Hz low pass filter. In this study, we focused on lateral pursuit movements;
therefore, we only analyzed the lateral movements (x-coordinates) of the
target and follower.

To evaluate the participant’s movements as target stimuli, we calculated
the maximum speed of the participant’s movements in a trial. The peak
extraction function in Python was used to calculate the number of turns
per trial. In addition, to calculate the unpredictability of the target stimulus,
we calculated the approximate entropy (ApEn) (Duarte et al., 2012). This
approximate entropy assumes a value between 0 and 2, with a higher value
indicating a higher degree of unpredictability. Next, to assess how well
the participants were able to pursue, we calculated the horizontal spatial
difference in the horizontal direction for each trial and determined the
average and maximum values for each trial. A small mean and maximum
difference indicated good pursuit accuracy. To assess the lag in the pursuit
response, we calculated the time lag ¢ when the cross-correlation analysis r
was highest. A small time lag also indicated good tracking accuracy.

Statistical Analysis

To examine the reliability of the measurement method, an intraclass
correlation analysis (ICC1 and ICC1k) was performed on the experimenter’s
movements to examine the reliability of the target stimulus. In addition,
a correlation analysis was performed on the characteristics of the
experimenter’s movements and the number of trials to examine the changes
in the target role due to the number of trials. The tracking accuracies of the
two experimenters were examined using a paired t-test.

RESULTS
Reliability Analysis

To investigate the reliability of the visual stimulus used as the target in
the measurement method, the intraclass correlation coefficient (ICC1k)
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was calculated for the experimenter’s movements with respect to a single
participant. As a result, significant reliability was confirmed for the
number of times the experimenter changed direction (ICC1lk = 0.98,
p = 7.17x10—12). The intraclass correlation coefficient for maximum
velocity was also analyzed and significant reliability was confirmed
(ICC1k = 0.82, p = 0.020). The intraclass correlation coefficient, which
expresses unpredictability, was also calculated for ApEn, and significant
reliability was confirmed (ICC1k = 0.95, p = 0.000007).

To examine the reliability of the visual stimuli used as targets, we calculated
the intraclass correlation coefficient (ICC1) to assess the consistency of
movements within the experimenter. As a result, significant reliability was
confirmed for the number of times the experimenter changed direction
(ICC1 = 0.58, p = 7.17 x 10—12). The intraclass correlation coefficient
for maximum velocity was also analyzed and significant reliability was
confirmed (ICC1 = 0.10, p = 0.020). To examine reliability, the
intraclass correlation coefficient for ApEn, which expresses unpredictability,
was calculated and significant reliability was confirmed (ICC1 = 0.33,
p = 0.000007).

To examine whether there were any changes in movement as the number of
trials increased, we analyzed the correlation between the number of trials and
each characteristic of the two experimenters. When the two experimenters
were combined, there was no significant correlation between the number
of trials and the maximum velocity in a single trial (r = —0.09, p = 0.13)
(Figure 2). For ApEn, which expresses unpredictability, it was confirmed
that ApEn increased significantly with increasing number of trials (r = 0.17,
p = 0.005) (Figure 3). A correlation was confirmed with the number of
turnovers, suggesting that the number of turnovers increased as the number
of trials increased (r = 0.27, p = 5.72x10—6) (Figure 4).

3.50 1 —— experimenter

3.25 1 —— experimenter2

3.00 1 ‘
2.751 \ . ‘(
= (UL M

0 20 40 6'0 80 100 120
Trial

Max Velocity (m/sec)
N
(6]

n
o
S

Figure 2: Changes in the number of trials at maximum velocity.



A Method to Measure Direction Change Ability at Irregular Times in Juniors 27

—— experimenterl
0.18 1 —— experimenter2

0.08 -

0O 20 40 60 80 100 120
Trial

Figure 3: Change in number of trials at ApEn indicating unpredictability.
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Figure 4: The number of direction changes over the course of the trials.

Comparing Performance Between Experimenters

A paired t-test was performed on the mean difference, maximum difference,
and delay in response between the two experimenters. As a result,
the mean difference was 49.39 + 11.81 cm for experimenter 1 and
48.17 £ 11.35 cm for experimenter 2, and no significant difference was found
(t = 1.29, p = 0.20). The maximum difference was 99.51 + 23.73 c¢m for
experimenter 1 and 97.61 £ 23.82 cm for experimenter 2, no significant
differences were found (t = 0.84, p = 0.40). Regarding response time,
it was 222.51 £+ 100.54 msec for subject 1 and 214.90 + 109.62 msec
for subject 2, and no significant difference was found (t = 0.95,
p = 0.35).
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Figure 5: Comparison of tracking accuracy between experimenters. The left panel
shows the delay in the temporal response (cross-correlation z), the middle panel
shows the average difference in a trial, and the right panel shows the comparison
of the maximum difference between experimenters.

DISCUSSION

This study aimed to develop a simple method for measuring the ability to
change direction at irregular times in the junior period. The results of this
study confirm the reliability of the measurement method, with significant
intraclass correlations observed between the movement characteristics of
the two experimenters acting as targets. Furthermore, when analyzing the
number of trials and each characteristic of the movements of these two
experimenters, no correlation was found for maximum speed, whereas a
significant correlation was found for unpredictability and the number of
direction changes; however, the effect size was small. For characteristics
for which a significant relationship was found, it is possible that a
significant difference was detected owing to the large number of trials. When
we compared how closely the two experimenters pursued, we found no
significant differences in the average, maximum, or temporal response delay.
This suggests that the differences between the experimenters did not affect the
followers’ performance. This is probably because the followers were juniors,
whereas the two experimenters were both adult males, and the difference in
motor ability between adults and children was large, making it difficult to
observe the effect of the experimenter difference.

CONCLUSION

This study aims to develop a simple method for measuring juniors’
ability to change direction at irregular times. The intraclass correlation
coefficients (ICC1 and ICC1k) for the characteristics of the movements of
the experimenter were calculated, and the reliability was confirmed. When
the degree of pursuit was compared between experimenters, no significant
differences were found in the mean difference, maximum difference, or
temporal response delay. These results confirmed that the measurement
method developed in this study was reliable, and that there was no effect
of experimenter differences. The method developed in this study can be used
in sports and education to measure the ability to change direction at irregular
times.
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