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Abstract: 

A previous study reported that male high school students showed very large differences in their sprinting ability. 

Therefore, the purpose of this study was to identify an effective technique to improve the sprinting performance 

of male high school students who have a low sprinting ability by guiding them in smaller groups outside of 

normal physical education classes. Participants were divided into two groups and were instructed on each 

technique. The technique that one group applied to improve was to swing the free leg forward with the flexed 

knee just after takeoff and pull the thigh of the free leg up high. The technique that the other group intended to 

improve was to bring the lower leg perpendicular to the ground and contact the ground with the forefoot. The 

results showed that both groups practiced correctly and achieved significant improvements in their 50-m sprint 

times as well as sprint motion, suggesting that both techniques were equally effective in improving overall 

sprinting ability. Additionally, we observed significant increases in leg angular velocity of the support leg at 

touchdown in both groups; however, there were different trends in the thigh and lower leg angular velocities 

between the groups. In the former group, increasing the thigh angular velocity of the support leg at touchdown 

contributed to an increase in leg angular velocity. In the latter group, increasing the lower leg angular velocity of 

the support leg at touchdown influenced an increase in leg angular velocity. These results highlighted multiple 

ways to achieve faster leg swing. 

Key Words: sprint motion, sprint velocity, instructional material, sprint events 

 
Introduction 

 Sprinting is used in a variety of sporting events, hence it is important to provide appropriate instructions 

to improve the sprinting ability of students in physical education classes. Students' attitudes toward sprint events 

depended on their sprinting ability (Suzuki et al., 2019), possibly because sprinting performance is compared to 

known record times, inferring superiority or inferiority from a given performance. Therefore, if students are not 

able to improve their sprinting performance they will likely start to express their dislike for sprint events, which 

may decrease their future involvement in many sports. The current goal of the physical education curriculum in 

Japan is to develop lifelong physical fitness (Ministry of education, culture, sports, science and technology, 

Japan, 2018a). Therefore, careful attention should be paid to teaching students with low sprinting ability. The 

Japanese Ministry of education, culture, sports, science and technology (2002) reported that differences in 

physical fitness (such as sprinting ability) increased with age, while Kato et al. (1992) showed that male high 

school students showed very large differences in their sprinting ability. Given this evidence, more research on 

sprint teaching for male high school students with low sprinting ability is required.  

 Several studies (Kigoshi et al., 2012; Miyamoto et al., 2018; Nishimura et al., 2016; Shiga et al., 2004) 

have revealed the characteristics of sprint motion in untrained students with high sprinting ability, ranging from 

elementary school to high school students. Students with high sprinting ability swing their free legs forward with 

the flexed knees just after takeoff, and pull their thighs up high, then bring their lower legs down perpendicularly 

to the ground and contact the ground with their forefeet. However, it might be necessary to consider the number 

of classes dedicated to teaching these sprint techniques in physical education. Currently, in the Japanese physical 

education curriculum, each unit is composed of 10–20 classes. The athletics unit, however, is often made up of 

several events: sprint, long jump, hurdles, etc., hence only a few classes are dedicated to sprint events. 

Considering this constraint, it is impractical to teach multiple techniques in physical education classes, hence 

clarifying the more effective technique is necessary. To identify this key technique, it is necessary to compare 

changes in sprinting ability and sprint motion between different techniques taught.  
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 Several studies (Miyazaki and Ogata, 2008; Kato et al., 2000; Suzuki et al., 2016) in which sprint events 

were taught in physical education classes and changes in sprinting ability and motion were examined were 

conducted. However, these classes involved more than two techniques and multiple activities, hence it was 

unclear which activity contributed to the improvement of which technique, and which technique improvement 

contributed to improved sprinting ability. This aspect, therefore, remains unelucidated. Furthermore, various 

factors often affect the behaviour of teachers and students in physical education classes. For instance, students 

with low sprinting ability tend to dislike sprint events (Suzuki, 2016) and are less motivated to actively 

participate in physical education classes. It is also not always possible to make enough time to practice and 

prepare a sufficient amount of instructional material, given large class sizes in Japan (about 40 students/class). 

This situation makes it inappropriate to identify an effective technique from the results of teaching in physical 

education classes.  

 Therefore, this study aims to identify an effective technique to improve the sprinting performance of 

male high school students with low sprinting ability, by teaching them in smaller groups outside of normal 

physical education classes. 

 

Material & methods  

Participants 

 Sixteen male participants were selected from the second-year of high school to the first-year of 

university.
*1

 The participants were equally divided into two groups (A and B); each practicing their respective 

instructional materials. We selected students who had no prior special experience of sprint events and with low 

sprinting ability, referring to the standard value used in Nishimura et al. (2016). The aim and methodology of 

this study were explained to the participants, who provided written and oral consent to participate, as well as 

from their parents/guardians where applicable. This study was approved by the Ethics Committee of the Heisei 

International University (approval number: 190733). 

Instructional plan 

 Figure 1 details the instructional plan adopted in this study. A total of four sessions were conducted 

twice a week, each lasting for about 20 minutes. In the first session, participants stretched, then jogged for 100 m 

and did two 50-m sprints at 80% effort as a warm-up. Another two 50-m sprints were timed and used as pre-

measurements. In the second and third sessions, participants stretched, were corrected on their posture and 

jogged for 100 m as a warm-up; each group then followed their respective instructional materials, and ended 

with two 50-m sprints at about 80% effort. During the last session, all participants followed the same procedure 

and conducted two 50-m sprints as post-measurements. The instructor (Researcher C) was specialised in sport 

pedagogy and had experience in teaching sprint events. To ensure that participants understood the instructional 

material and were able to implement them accurately, the number of participants in each session was limited to 1 

to 4 to ensure individual attention. The instructor gave each participant technical feedback after each drill. 

 

1st 2nd 3rd 4th

50 m (80 %) ×1

Stretch

Jogging

50 m (80 %) ×2

Stretch, Posture correction, Jogging

Instructional material A or B

Pre measurement
Post

measurement50m (80 %) ×2  
Figure 1. Instructional plan 

 

Instructional materials 

 Referencing Nishimura et al. (2018), two types of instructional materials were devised and used. To 

ensure students correctly implemented the instructed motion, drills in both materials were arranged from walking 

to running (i.e., slow to fast) movements. 

1. Posture correction 

 Participants corrected their standing posture to improve the sprint motion before the implementation of 

each instructional material. During this process, the instructor explained the importance of having a correct 

posture and instructed participants to adopt it for all drills and sprints. The correct standing posture consisted of 

placing one’s weight on their forefeet and positioning their chests above their toes. Next, the instructor instructed 

participants to maintain this posture and perform several rebound jumps. Finally, the instructor placed his hands 

on their shoulders from behind and pushed them in a downward motion during the descending part of the jump, 

to emphasise the bouncing motion on the ankle. 

2. Instructional material A 

 This material instructed participants to swing the free leg forward with the flexed knee just after takeoff 

and pull the thigh up high. As shown in Table 1, participants did: 1) high knee walk, 2) two-step high knee, 3) 

high knee three times, and 4) high knee to sprint two times. During the fourth session, the number of times each 

drill was performed was cut down by one. Mini-hurdles (hp15, LINDBERG Inc. and ETE056, EVERNEW Inc.) 
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were set up for each drill to elicit flexion at the knee. No instructional tools were set up to pull the thigh up high 

as Kigoshi et al. (2012) reported that knee flexion and thigh height were correlated. 

3. Instructional material B 

 Instructional material B aimed to bring the lower leg perpendicular to the ground and contact the ground 

with the forefoot. As shown in Table 1, participants did: 1) high knee walk, 2) two-step high knee, 3) high knee 

three times, and did 4) high knee to sprint two times. During the fourth session, the number of times of each drill 

was cut down by one. Bars (T7441B, NISHI Inc.) were set up for each drill to bring the lower leg down 

perpendicularly to the ground and contact the ground with the forefoot by adjusting stride length. 

 

Table 1. Components of instructional materials used in this study 

Drill Outline

1）High knee walk
High knee walking while stepping over mini-hurdles

(8 mini-hurdles, height 15 cm, interval 0.7 m)

2）Two-step high knee
High knee with two-step rhythm while stepping over mini-hurdles

(8 mini-hurdles, height 15 cm, interval 0.7 m)

3）High knee
High knee while stepping over mini-hurdles

(8 mini-hurdles, height 15 cm, interval 0.6 m)

4）High knee to sprint

High knee with gradually increasing speed while stepping over mini-hurdles,

and sprint 20 m after passing mini-hurdles.

(14 mini-hurdles with gradually increasing intervals from 0.6 m to 1.2 m,

 the first 8 ones are 15 cm, the others are 10 cm)

1）High knee walk
High knee walking while stepping over bars

(8 bars, interval 0.6 m)

2）Two-step high knee
High knee with two-step rhythm while stepping over bars

(8 bars, interval 0.6 m)

3）High knee
High knee while stepping over bars

(8 bars, interval 0.5 m)

4）High knee to sprint

High knee with gradually increasing speed while stepping over bars,

and sprint 20 m after passing bars.

(14 mini-hurdles with gradually increasing intervals from 0.5 m to 1.1 m)

A

B

 
 

 Data collection 

 Time measurements for 50-m sprints with a standing start were used to determine sprinting ability. 

These measurements were taken twice in pre- and post-measurements (Figure 1), with the fastest time chosen for 

further analysis. A high-speed camera (Camera 1, Exilim ZR400, Casio Inc.; frame rate: 240 fps; shutter speed: 

1/1000 s) placed 30 m from the start line, 25 m perpendicular to the course was used to videotape the participants 

during their trials (Figure. 2). Poles were grounded on the side of the course at 10-m intervals. A second high-

speed camera (Camera 2, EXILIM Ex-F1, Casio Inc.; frame rate: 300 fps; shutter speed: 1/1000) placed 35 m 

from the start line and 25 m perpendicular to the course was used to videotape participants from 31 to 39 m of 

their sprints. Calibration marks were placed in the photographing range at intervals of 2 m on both sides of the 

course to convert the length in the video to the actual length. All participants did 50-m sprints with a tailwind in 

both measurements to ensure similar conditions. 

Camera 2Camera 1

Start Goal

0 m 50 m10 m 20 m 30 m 40 m

 
Figure 2. Experimental setup of 50-m sprint 
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 Data analysis 

1. Correct practice trial rate 

 To evaluate the extent to which instructional materials were correctly implemented by the participants, 

all practice trials for each participant were evaluated as either correct or incorrect by researcher C, based on 

whether the correct motion was performed smoothly in each practice trial. The correct practice trial rate was 

defined as the total number of correct practice trials divided by the total number of trials. Before the evaluation, 

intra- and inter-rater reliability was examined as follows. Researcher C evaluated the same randomly-selected 

sets two weeks apart and the concordance rate between both evaluations was calculated as intra-rater reliability. 

Researcher D specialised in sports coaching and had coaching experience of athletics including sprint events. 

Researcher D evaluated the same test, and the concordance rate between researcher C and researcher D was 

calculated as inter-rater reliability. Based on Lombard et al. (2005), the randomly-selected sets of each 

instructional material consisted of 58 practice trials (25% of all practice trials). 

 

2. Sprint time 

 For each 10 m section, time was calculated by using the number of frames required to pass through each 

10 m point using the videotape by Camera 1. The instant of passage was the moment when the participant's torso 

overlapped with each pole grounded on the side of the course. The 50-m sprint time and the velocity of each 10-

m section were also calculated from this data. 

 

3. Sprint motion 

 Twenty-three body landmarks and four calibration landmarks during two steps in collected video 

images by Camera 2 were digitised at 150 fps using the analysis programme created by Matlab (Mathworks 

Inc.). Coordinates of body landmarks in the video images were converted to actual coordinates based on the 

length between calibration marks. The 2D coordinates obtained in each frame were smoothed using a 

Butterworth digital filter after determining the optimal cutoff frequency, following Winter (2009). The optimal 

cutoff frequency was 3.0~7.2 Hz. Joint and segment angles were defined as follows (Figure. 3): (1) knee joint 

angle: that enclosed by the lines joining the hip, knee and ankle joints. (2) Foot angle: that enclosed by the line 

from the toe and heel and the horizontal line passing through the heel. (3) Lower leg angle: that enclosed by the 

line joining the knee and ankle joint and the vertical line passing through the knee joint. (4) Thigh angle: that 

enclosed by the line joining the hip and knee joint and the vertical line passing through the hip joint. (5) Leg 

angle: that enclosed by the line joining the hip and ankle joints and the vertical line passing through the hip joint. 

Positive and negative signs for the foot angle were used to show counterclockwise and clockwise movement, 

respectively, from the horizontal line, while those for the thigh and leg angles were from the vertical line. 

 

(1)

(2)

(3)

(4)

(5)

 
Figure 3. Definition of joint and segment angles 

 

 The following joint and segment angles and angular velocities were calculated: 1) the minimum knee 

angle of the free leg, 2) the knee angle of the free leg at touchdown, 3) the thigh angle of the free leg at 

touchdown, 4) the maximum thigh angle of the free leg, 5) the foot angle of the support leg at touchdown, 6) the 

lower leg angle of the support leg at touchdown, 7) the maximal thigh angular velocity of the free leg, 8) the 

maximal leg angular velocity of the support leg, 9) the leg angular velocity of the support leg at touchdown, 10) 

the thigh angular velocity of the support leg at touchdown, and 11) the lower leg angular velocity of the support 

leg at touchdown. The angular velocities were expressed in absolute values for clarity. 

Statistical analysis 

 A two-way analysis of variance (ANOVA) was performed on a mixed design with intra-participant 

variables (i.e., time) and inter-participant variables (i.e., group) to compare 50-m sprint times before and after 

instruction, as well as correct practice trial rates in both groups. The kinematic variables were compared only 

within groups using a paired t-test to compare changes in sprint motions before and after instruction. The kappa 

coefficients between the two evaluations of researcher C and those between researcher C and D were calculated 

to examine intra- and inter-rater reliability, respectively. The statistical significance level was set at p < 0.05. 
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Results 

Intra- and inter-rater reliability 

 The kappa coefficients between researcher C's two evaluations were 0.873 in group A, and 0.776 in 

group B, while those between the evaluations of researchers C and D were 0.812 in group A and 0.754 in group 

B. These kappa-coefficients were high, indicating substantial agreement between evaluations, hence both intra- 

and inter-rater reliability were confirmed. 

Correct practice trial rate 

 For sessions 2 to 4, group A had correct practice trial rates of 62.5 % ± 23.0, 75.0 % ± 14.4, and 83.9 ± 

20.8 %, respectively. In the B group, the correct practice trial rates were 45.5 % ± 27.5, 69.3 % ± 6.8, and 78.6 ± 

13.2 %, respectively. A two-way ANOVA was carried out to clarify the influence of instructional materials on 

the correct practice trial rate. The main effect of the intra-participant factor (time) was significant (F(2, 13) = 

10.289, p = 0.0004, bias η2 = 0.424), while both the main effect of the inter-participant factor (group) (F(1, 14) = 

2.314, p = 0.150, bias η2 = 0.142) and their interactions (F(2, 13) = 0.644, p = 0.533, bias η2 = 0.044) were not 

significant. 

Sprint velocity 

 The 50-m sprint times taken during pre- and post-measurements were 8.35 ± 0.35 s and 8.13 ± 0.27 s in 

group A, respectively; and 8.33 ± 0.35 s and 8.11 ± 0.32 s in group B, respectively The ANOVA results showed 

that the main effect of intra-participant factors (F(1, 14) = 26.196, p = 0.0002, bias η2 = 0.652) was significant, 

while both the main effect of the inter-participant factors (F(1, 14) = 0.005, p = 0.947, bias η2 = 0.000) and their 

interactions (F(1, 14) = 0.022, p = 0.884, bias η2 = 0.002) were not significant. For reference, the changes in 

sprint velocity in each 10 m section are shown in Figure. 4. 
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Figure. 4. Sprint velocity during pre- and post-measurements for both groups 

 

Sprint motion 

 A paired t-test was performed to compare the mean values of kinematic variables within groups (Table 

2 and 3). In group A, there were significant differences in the knee angle of the free leg at touchdown, the thigh 

angle of the free leg at touchdown, the maximal thigh angle of the free leg, the leg angular velocity of the 

support leg at touchdown, and the thigh angular velocity of the support leg at touchdown. 

 

Table 2. Kinematic variables of group A 

M SD M SD

Minimum knee angle of free the leg (deg.) 36.8 10.1 31.8 5.2 1.90 † 0.100 0.58

Knee angle of the free leg at touchdown (deg.) 78.4 5.9 70.6 10.1 2.75 * 0.029 0.72

Thigh angle of the free leg at touchdown (deg.) -16.9 7.8 -8.5 3.8 2.58 * 0.036 0.70

Maximal thigh angle of the free leg (deg.) 60.3 4.9 67.7 4.2 7.13 * 0.000 0.94

Maximal thigh angular velocity of the free leg (deg./s) 715.0 96.6 756.2 53.8 1.17 0.280 0.41

Maximal leg angular velocity of the support leg (deg./s) 509.1 50.4 528.3 39.0 1.35 0.218 0.46

Leg angular velocity of the support leg at touchdown (deg./s) 246.2 39.1 301.1 58.7 4.24 * 0.004 0.85

Thigh angular velocity of the support leg at touchdown (deg./s) 319.3 39.4 411.4 69.7 5.41 * 0.001 0.90

Lower leg angular velocity of the support leg at touchdown (deg./s) 174.8 77.3 197.7 119.2 0.73 0.488 0.27

r

*: p<.05     †: .05≦p＜.10

Variables
Pre Post

t p
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 In group B, there were significant differences in the foot angle of the support leg at touchdown, the 

lower leg angle of the support leg at touchdown, the leg angular velocity of the support leg at touchdown, and 

the lower leg angular velocity of the support leg at touchdown. 

 

Table 3. Kinematic variables of B group 

M SD M SD

Foot angle of the support leg at touchdown (deg.) 13.4 12.8 -1.4 4.6 3.36 * 0.012 0.79

Lower leg angle of the support leg at touchdown (deg.) 3.1 4.3 -1.1 3.5 3.43 * 0.011 0.79

Thigh angle of the free leg at touchdown (deg.) -8.3 6.9 -6.2 8.2 0.93 0.381 0.33

Maximal thigh angular velocity of the free leg (deg./s) 675.5 75.0 700.2 64.2 1.13 0.297 0.39

Maximal leg angular velocity of the support leg (deg./s) 523.4 40.1 536.2 45.6 1.39 0.209 0.46

Leg angular velocity of the support leg at touchdown (deg./s) 216.7 59.7 283.9 73.6 3.21 * 0.015 0.77

Thigh angular velocity of the support leg at touchdown (deg./s) 379.1 48.6 404.1 64.4 2.25 † 0.059 0.65

Lower leg angular velocity of the support leg at touchdown (deg./s) 61.7 145.4 171.8 157.0 2.67 * 0.032 0.71

Variables
Pre Post

t p r

*: p<.05     †: .05≦p＜.10  
 

Discussion 

Correct practice trial rate 

 Ashy (1988) reported that the number of correct practice trials was correlated with learning 

achievement. In light of this report, it will be unclear if any change in the 50-m sprint time of both groups will be 

due to the type of techniques performed or performing the instructional material correctly unless we also 

examine the correct practice trial rate. A two-way ANOVA was conducted to compare correct practice trial rates 

in both groups. The results showed that only the main effect of the intra-participant factor (time) was significant, 

indicating that the correct practice trial rates increased as sessions progressed in both groups. Both groups also 

showed about 80 % of correct practice trial rates in the fourth session, suggesting that both instructional 

materials were mostly correctly implemented. 

Changes in sprint velocity 

 A two-way ANOVA was conducted to compare 50-m sprint times in both groups to clarify the effects 

of techniques. Results showed that the main effect of the intra-participant variable (time) was significant, but the 

interaction of intra-participant and inter-participant factor was not significant, suggesting that the 50-m sprint 

time was similarly improved in both groups. Therefore, both techniques were similarly useful in improving the 

sprinting performance of low sprinting ability students. Figure. 4 also shows that the differences in sprint 

velocity in each group before and after instruction increased after the 20 m point. This suggests that the 

shortening of the 50 m sprint time is due to an increased sprint velocity in the maximal sprint phase. 

Changes in sprint motion 

1. Changes in joint and segment angles 

 Significant changes in joint and segment angles were observed before and after instruction in both 

groups. First, instructional material A aimed to swing the free leg forward with the flexed knee just after takeoff 

and pull the thigh of the free leg up high. Focusing on the kinematic variables corresponding to these sprint 

motions, we observed a significant decrease in the knee angle of the free leg at touchdown, and a significant 

increase in the thigh angle of the free leg at touchdown. This result implies that after instruction, group A 

participants flexed the knee joint of the free leg more quickly just after takeoff and pulled the thigh more forward 

at touchdown. Furthermore, there was a significant increase in the maximum thigh angle of the free leg, 

indicating that the thigh was pulled higher. According to previous studies (Hay, 1993; Kigoshi et al., 2012), 

flexing the knee joint of the free leg reduces its moment of inertia and enables the leg to be pulled forward 

quickly, suggesting that knee flexion of the free leg just after takeoff contributed to pulling the thigh up high. 

Furthermore, the value of the minimum knee joint angle of the free leg after instruction (31.8 ± 5.2 deg) was 

similar to that of sprinters (30.3 ± 3.5 deg; Iwakabe et al., 1995) *2 and the maximum thigh angle of the free leg 

in the post-measurement (67.7 ± 4.2 deg) was smaller than that of sprinters (72.0 ± 4.0 deg; Iwakabe et al., 

1995), but larger than that of male high school students with high sprinting ability (63.0 ± 3.52 deg; Nishimura et 

al., 2016). From the above, it is assumed that the techniques of group A were improved adequately. 

 Instructional material B aimed to bring the lower leg perpendicular to the ground and contact the ground 

with the forefoot. Focusing on the kinematic variables corresponding to these sprint motions, we observed 

significant decreases in both the foot and lower leg angles of the support leg at touchdown. Additionally, the 

values of these variables after instruction were negative, suggesting participants brought the lower legs almost 

perpendicular to the ground and landed with their forefeet. Furthermore, the value of the lower leg angle of the 

support leg at touchdown (–1.1 ± 3.5 deg) after instruction was similar to that of elite sprinters (0.24 ± 3.14 deg; 

Fukuda et al., 2010). These results indicate that the technique of group B were also improved sufficiently. 

2. Changes in leg angular velocity of free and support legs 
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 Ito et al. (1998) reported that the maximum thigh angular velocity of the free leg, the maximum leg 

angular velocity of the support leg, and the leg angular velocity of the support leg at touchdown were all 

correlated with sprint velocity in sprinters. They also showed that the maximum leg angular velocity of the 

support leg was more strongly correlated with sprint velocity than the other kinematic factors. However, in this 

present study, only the leg angular velocity of the support leg at touchdown increased significantly after the 

instruction in both groups. Ito et al. (1998) pointed out that decreasing knee extension in the late support phase 

effectively increased the maximum leg angular velocity of the support leg, hence the lack of change in the 

maximum leg angular velocity of the support leg is not surprising as this particular sprint motion was not a 

technique instructed in this study. On the other hand, increasing leg angular velocity before touchdown is 

considered effective to increase the maximum leg angular velocity of the support leg. However, our results 

showed no significant difference in the maximum leg angular velocity of the support leg, although the leg 

angular velocity of the support leg at touchdown increased significantly. Physical characteristics such as muscle 

strength might affect this result. There was also no significant change in the maximum thigh angular velocity of 

the free leg, as this determined by the maximum leg angular velocity of the support leg (Ito et al., 1998). 

3. Factors affecting the leg angular velocity of the support leg at touchdown 

 The leg is made up of the thigh and the lower leg, therefore both thigh and lower leg angular velocities 

of the support leg need to be amplified to increase leg angular velocity at touchdown. We observed significant 

increases in the leg angular velocity of the support leg at touchdown in both groups, however, there were 

different trends in the thigh and lower leg angular velocities between the groups. In group A, only the thigh 

angular velocity increased significantly, implying that a vigorous backward rotation of thigh increased the leg 

angular velocity of the support leg at touchdown. As previously mentioned, group A was instructed to swing the 

free leg forward with the flexed knee just after takeoff, then to pull the thigh of the free leg up high. It is assumed 

that increasing the distance from the point when the thigh is at its highest to touchdown point by pulling the 

thigh up high contributed to increasing the thigh angular velocity of the support leg at touchdown (Figure. 5a). 

Incidentally, Ogata et al. (1988) asked male untrained university students to perform skipping training (including 

high knee) similar to those in the instructional materials of this study and verified the changes in sprint velocity 

and motion. They reported that the maximum thigh angle of the free leg and the average thigh angular velocity 

of the free leg from the point of maximum thigh angle to touchdown increased significantly. This result is similar 

to our findings, supporting the theory that pulling the thigh up high enables it to be swung backward faster. In 

group B, although there was an increasing trend in the thigh angular velocity of the support leg at touchdown, the 

lower leg angular velocity of the support leg at touchdown increased significantly, contributing to greater leg 

angular velocity at touchdown. Before instruction, participants in group B landed with their feet more forward 

compared to the rest of their bodies as they swung their lower leg forward, contacting the ground with their 

heels. After instruction, however, they made ground contact with their forefeet with their lower legs almost 

perpendicular to the ground. This motion increased the distance from the point at which the lower leg was swung 

forward to the point of touchdown, thereby increasing the lower leg angular velocity of the support leg at 

touchdown (Figure. 5b). 

 

(a) Group A

Pre Post

(b) Group B

Pre Post

at maximal thigh angle

at touchdown

at maximal lower leg angle

at touchdown
 

Figure. 5. Changes in swinging leg motion in both groups, before and after instruction 

 

 Previous studies (Kigoshi et al., 2012; Nishimura et al., 2016; Suzuki et al., 2019) did not discuss how 

improvements of these sprint techniques influenced the swing speed of the leg. Clarifying the relationships 

between these sprint motions enables teachers to evaluate changes in sprint motions appropriately when teaching 

these techniques. In other words, teachers should not only instruct their students to pull their thighs up high or to 

land on their forefoot but also pay attention to the swing motions of the thigh and lower leg. 

Recommendations for future research 

 There were no differences in the correct practice trial rates and improvements in 50-m sprint time 

between both groups, but techniques were also improved in both groups. Therefore, both sprint techniques 

proposed in our study are similarly effective in improving the sprinting performance of male high school 

students with low sprinting ability.  
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 Additionally, although a total of four instructional sessions were conducted in this study, there may be a 

more appropriate instructional sequence of these techniques if more time was available in physical education 

lessons. Considering the chronological order of these sprint motions, the technique of group A is followed by 

that of group B. Specifically, by swinging the free leg forward with a flexed knee just after takeoff and pulling 

the thigh of the free leg up high, participants have the time to spare for swinging the free leg backward from the 

instant of maximal thigh angle to the touchdown, and this may make it easier to bring the lower leg 

perpendicular to the ground and land on the forefoot. Thus, the improvement of a given component of sprint 

motion may improve other sprint motions in the subsequent phase, but this will need to be verified by future 

research. Furthermore, both techniques in this study are also important for elementary school children (Kigoshi 

et al., 2012; Suzuki et al., 2019). Therefore, if an appropriate sequence of instruction for the techniques is 

identified, it can also be used to establish the curriculum from elementary to high school. 

 

Conclusions 

 This study aimed to identify an effective technique to improve sprinting performance in male high 

school students with low sprinting ability. Participants were divided into two groups and instructed to perform 

two sets of instructional materials. Our findings show that both groups correctly performed their instructional 

materials to a similar extent and achieved similar improvements in their 50-m sprint times and sprint motion, 

suggesting that both are equally effective in improving sprinting ability. A relationship between faster leg swing 

and improved sprint motion was also identified. 

 

Notes 

*1 Although this study was conducted to improve the sprinting performance of male high school students with 

low sprinting ability, we also included first-year university students in this study. This was judged to be 

acceptable for this study as there was no significant difference in sprinting ability between second and third-

year high school students and first-year university students (Kato et al., 1987; 1992). 

*2 In this study, the values of sprinters reported by Iwakabe et al. (1995) were mainly used for comparison, as 

their participants were placed in similar experimental conditions, that is, they did not wear spiked shoes. 
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