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Introduction  

 

Olympic Taekwondo sparring requires fast 

kicking speed, rapid response time to an 

external stimulus, and kicking accuracy in 

order to increase chances of scoring points. 

The rapid response is partially attributed to a 

kicker’s preparatory actions and footwork in 

responding to an opponent’s action. The 

smoothness of a kicking series and appropriate 

onset timings of attack and counterattack are 

associated with a kicker’s bouncing rhythms (4, 

7, 9, 13). It seems that rhythmic bouncing is 

strategically important in Taekwondo sparring, 
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but there is little evidence to support this claim 

(12, 14).  

There are several hypothesized functions of 

bouncing in sparring. Even though it is a kind 

of preparatory motion, rhythmic bouncing 

helps to avoid an opponent’s attack by shifting 

the center of mass (CM) quickly and keeping 

the body in balance. It also provides a false 

motion to disrupt an opponent’s ready position 

or changes the timing of an attack and 

counterattack by changing the frequency (10). 

Bouncing techniques are categorized as in-

place steps, side steps, forward steps, and back 

steps according to moving directions. In-place 
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The purpose of this study was to investigate the effects of varied bouncing frequencies 

during the preparation steps on the performance of the Olympic Taekwondo roundhouse 
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frequency. In addition, there was no main effect of bouncing frequency on kicking velocity, 

but the kicking speed following the 15% faster bouncing frequency was significantly faster 

than those of the 10% slower frequency. In conclusion, the changes in bouncing frequency 

did not elicit significant changes in kicking performance, but the 15% faster bouncing 

frequency could enhance kicking performance more than the slower frequencies during 

sparring. 
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steps are soft and rhythmic motions of the CM 

that are performed by flexing and extending 

the hips, knees, and ankles in controlled 

rhythms. Subsequently, the CM is placed 

within the base of support formed by two 

contact feet. Depending on the strategy and 

level of comfort, athletes tend to modify their 

widths of stance and rhythmic frequency. 

Previous research has not paid attention to 

the bouncing motion utilized in Olympic 

Taekwondo competition as it is believed that it 

is a very simple forward and backward motion. 

However, as diverse routines of attack and 

counterattack kicks have been developed, 

bouncing motions that assist the dynamic 

stability of the CM have received more interest 

as a research topic (5). Cho, Kim, and Kim (3) 

showed shorter response times for roundhouse 

kicks executed when bouncing conditions were 

compared to non-bouncing conditions. They 

found no difference in kicking speed between 

bouncing and non-bouncing conditions. In 

contrast, Kim and Kim (11) found that while 

rhythmic bouncing did not affect response time, 

it did improve kicking speed compared to non-

bouncing conditions. In addition, different 

moments of detecting an external stimulus for 

the back kick, such as upward and downward 

phases during bouncing, affected response 

times. They concluded that a rhythmic hop is 

beneficial for improving kicking speed, but not 

for improving response time. However, effects 

of bouncing before kicking are still 

controversial. Furthermore, there are no 

studies of effects of different bouncing 

frequencies that deviate from natural bouncing 

frequency (i.e., preferred bouncing frequency) 

on kicking performance.  

Sometimes athletes intentionally change 

their bouncing rhythms in order to prevent the 

opponent from anticipating an attack. 

Therefore, it is necessary to determine whether 

higher or lower bouncing frequencies than 

those preferred by an athlete would be 

beneficial to the response time and kicking 

speed of the Taekwondo roundhouse kick. It 

was hypothesized that the kicking performance 

in terms of response time and kicking speed 

depends on the bouncing frequency. We 

intentionally modulated bouncing frequencies 

that deviated from those preferred by an athlete 

and applied them in measuring kicking 

performance. 

 

Methods 

 

Subjects 

 

Eleven Taekwondo athletes consisting of 5 

males and 6 females (age: 14.4 ± 1.4 years, 

body mass: 43.5 ± 7.8 kg, height: 1.55 ± 0.07 

m) participated in this study voluntarily. All 

participants had been practicing Taekwondo 

for more than 4 years and were second degree 

black belts or higher. Prior to the experiment, 

the purpose and procedure of this study were 

explained to the subjects. All subjects signed a 

consent form approved by Institutional Review 

Board (IRB) of the Chonnam National 

University according to the Declaration of 

Helsinki. 

 

Experimental set-up 

 

A motion capturing system consisting of 5 

high-speed cameras (Osprey® , Motion 

Analysis Corp., USA) with a sampling rate of 

200 Hz was used to capture the trajectories of 

reflective markers. A force platform 

(BP400600, AMTI® , USA) was used to 

measure the ground reaction force from the 

kicking leg and to determine the instance of the 

moment of toe-off (i.e., the moment the toes 

leave the ground) of the kicking leg. A 

metronome (YCMTM-2000, Yongchang, 

Korea) produced the consistent auditory 

rhythms of designated bouncing frequencies. 

A hand-held kicking pad (Adist 04, Adidas, 

Korea) with one reflective marker on it was the 

kicking target. The initial movement of the 

target marker immediately after foot contact 

was the cue for determining the instance of 
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impact. An assistant held this target with one 

hand and a custom-made red light-emitting 

diode (LED) close to the target with the other 

hand (Figures 1 and 2). A custom-made LED 

designed to be a trigger for participants to 

detect the cue signal for initiating a kick (an 

external stimulus) was used and synchronized 

with the motion data via an analog-to-digital 

board (NI USB 6525, National Instruments, 

USA). The target was set according to the 

abdomen height of the subjects. Subjects 

adjusted the distance of the target to place it at 

a comfortable height. 

 

Procedure 

 

Once subjects came to the laboratory, 

sufficient time for stretching and warm-up was 

provided. Immediately prior to the experiment, 

19 reflective markers were placed on major 

anatomical positions in both legs. After 

capturing static posture, the medial (knee and 

ankle) and toe (2nd and 5th metatarsophalangeal 

joints) markers were removed to facilitate the 

kicking motion. The virtual toe marker was 

defined as the midpoint of the medial and 

lateral toe markers (2nd and 5th 

metatarsophalangeal joints). 

First, preferred bouncing frequency was 

calculated from three, 20 s, repeated natural 

bouncing frequency trials. The average 

number of steps observed for the three trials 

was divided by 20 s and set as the preferred 

bouncing frequency for the subject. Then, 

frequencies of 10% and 15% faster and slower 

than the preferred bouncing rhythm were 

established.  

Each subject performed five trials of 

roundhouse kick per condition as fast as 

possible, while accurately contacting the target. 

The kicks were initiated in response to an 

external stimulus (a blinking red LED light). 

The experimenter, in order not to trigger any 

timing anticipation of an external stimulus, 

randomly triggered the signal of an external 

stimulus while subjects were bouncing in place. 

The five bouncing frequency conditions were 

the 15% faster, 10% faster, preferred, 10% 

slower, and 15% slower. The order of kicking 

conditions was decided by the counter-

balanced design to remove the effect of order. 

 

Data analysis 

 

Data of motions and ground reaction forces 

were collected and downloaded. All 

calculations were performed using the 

numerical analysis software Matlab®  (ver. 

 

 
 

(a) (b) 

Figure 1. Experimental devices and set-up, where 

(a) is the bouncing motions prior to an external 

stimulus and (b) is the instance of impact. 

 
(a) 

 
(b) 

Figure 2: The experimental devices for the target 

and external stimulus were (a) a kicking pad with 
a reflective marker and (b) a custom-made red 

light-emitting diode used to as an external 

stimulus to trigger kicks. 
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2009, MathWorks, USA). The process of 

rhythmic bouncing and kicking was divided 

into two major phases, a ground phase (P1) and 

kicking phase (P2), with four major events 

external stimulus (E1), toe-off (E2), maximum 

knee flexion (E3), and impact (E4). E1 was the 

presentation of a red LED emitting light 

(Figure 2). E2 was the onset of the kicking toe 

off the ground. E3 was the moment of 

maximum knee flexion of the kicking leg 

during kicking. E4 was the instance of foot 

contact to the target, which was determined by 

a sudden increase of resultant linear velocity of 

a target marker. P1 was defined as the period 

from E1 to E2. P2 was defined as the period 

from E2 to E4.    

Response time was defined as the time 

interval from E1 to E4 and consisted of ground 

time (P1 time) and kicking time (P2 time) 

(Figure 3). There were two definitions of 

kicking speed. The maximum kicking speed 

was the maximum value of the resultant linear 

velocity of the toe marker. The impact speed 

was the linear velocity of the toe at the moment 

of the foot contact with the target. A one-way 

repeated measures analysis of variance 

(ANOVA) with five comparisons was used to 

determine mean differences among frequency 

conditions and was performed using SPSS®  

(ver. 18.0, SPSS Inc., USA). The significant 

level was set as p < 0.05. 

 

 

Results  

 

Response time, ground time, and kicking time 

 

Bouncing frequency had subtle effects on 

response time, ground time, and kicking time 

according to different bouncing frequencies 

(Table 1). There was no main effect of 

bouncing frequency conditions on those 

variables (p > 0.05). However, there was a 

significant mean difference in response time 

between 15% faster frequency (0.76 ± 0.06 s) 

and 15% slower frequency conditions (0.81 ± 

0.08 s) in pairwise comparison (p < 0.05). In 

addition, the 10% faster bouncing frequency 

(0.55 ± 0.11 s) showed a shorter ground time 

than 15% slower bouncing frequency (0.59 ± 

0.07 s) (p < 0.05).  

 

Maximum kicking speed and impact speed 

 

Bouncing frequency had minor effects on 

maximum kicking speed and impact speed 

(Table 2). No main effect of different bouncing 

frequency was detected across the five 

different frequency conditions (p > 0.05). 

However, the pairwise comparison 

demonstrated that the 15% faster bouncing 

frequency revealed significantly faster 

maximum kicking speed (10.75 ± 4.29 m/s) 

than the 10% slower bouncing frequency (8.58 

± 1.09 m/s) (p < 0.05). 

 

 
E1 E2 E3 E4 

Figure 3. The major events of Taekwondo roundhouse kick were E1 (an external stimulus), E2 (toe-off), 

E3 (maximum knee flexion), and E4 (impact). 
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Vertical and horizontal peak ground reaction 

force 

 

Ground reaction force was the propulsive 

force that drove the CM forward and upward 

(Table 3). There was no main effect of 

different bouncing frequencies on the vertical 

and horizontal ground reaction forces in terms 

of normalized body weight (BW) (p > 0.05). 

However, a significant difference in pairwise 

comparisons was detected between 15% faster 

bouncing frequency (2.23 ± 0.39 BW) and 15% 

slower bouncing frequency (1.96 ± 0.32 BW) 

(p < 0.05). 

 

Discussion 

 

 This study investigated the effect of 

different bouncing frequencies on kicking 

performance in terms of response time and 

kicking speeds in the Olympic Taekwondo 

roundhouse kick. Results demonstrated that 

there was no main effect of different, but 

significant pairwise differences were found. In 

this regard, the 15% faster bouncing frequency 

reduced response time significantly compared 

to the 15% slower bouncing frequency. In 

addition, the maximum kicking speed of the 15% 

faster bouncing frequency was significantly 

faster than that of the 10% slower bouncing 

frequency. These results above could be 

partially interpreted by Farley et al.’s results 

(6). 

Rhythmic bouncing has been known to 

stimulate continuously the stretch-shortening 

cycle of elastic component of muscles (1, 2), 

which utilizes their stored elastic energy. Even 

though the experimental protocol was not the 

same as in this study, Farley et al. (6) found 

important characteristics of the lower limbs. 

They investigated the effects of variations in 

the frequency of hopping in place while 

assuming that the lower limbs would behave as 

a simple mass-spring system. They found 

different biomechanical results of the lower 

limbs according to the frequency of hopping. 

The lower limbs normally behave like a simple 

spring-mass system over a wide range of 

frequencies extending from the preferred to the 

highest frequency possible, indicating that leg 

stiffness is adjusted to maintain rebound 

performance (i.e., a proportional relationship 

with increases in hopping frequency). In 

contrast, they reported that the slower hopping 

frequencies produced different behaviors than 

a simple mass-spring system and seemed to be 

Table 1. Results of response time, ground time, and kicking time according to different bouncing frequencies 

(Unit: sec) 
 

 15% faster 10% faster Preferred 10% slower 15% slower F p 

Response time 0.76  0.06 0.78  0.05 0.80  0.10 0.81  0.09 0.81  0.08 1.63 0.21 

Ground time 0.54  0.11 0.55  0.11 0.60  0.13 0.57  0.08 0.59  0.07 4.85 0.08 

Kicking time 0.22  0.08 0.23  0.02 0.20  0.04 0.24  0.04 0.22  0.02 0.76 0.56 

 

 

Table 2. Results of maximum kicking speed and impact speed according to different bouncing frequencies 

(Unit: m/s) 
 

 15% faster 10% faster Preferred 10% slower 15% slower F p 

Max kicking 

speed 
10.75  4.29 8.78  1.10 8.82  5.77 8.58  1.09 8.76  1.32 0.83 0.42 

Impact 

speed 
6.98  2.62 6.00  0.94 5.32  2.52 6.07  1.02 6.15  0.90 1.16 0.35 
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linked to a different mechanism (i.e., a two-

spring system) in utilizing stored elastic energy.  

The pairwise results in this study 

demonstrated no significant changes of 

performance variables over a wide range of 

frequencies extending from the 15% higher to 

the preferred frequency. However, pairwise 

differences were detected between the 15% 

higher and 15% slower frequencies in response 

time, between the 10% higher and 15% slower 

frequencies in ground time, and between the 15% 

higher and 10% slower frequencies in 

maximum kicking speed. This implied that a 

slower range of frequency from 10% to 15% 

might be somewhat different from the previous 

range of frequencies. This difference might be 

attributed to improper utilization of stored 

elastic energy, since the two-spring system (a 

slower bouncing frequency system) has to 

compensate for the slow responding and fast 

responding springs (i.e., different stiffness 

between the two springs) used together to 

modulate the bouncing rhythm (6, 8). 

Therefore, it might be very difficult to utilize 

stored elastic energy efficiently.  

Previously, Kim and Kim (11) concluded 

that rhythmic bouncing provides an advantage 

in kicking speed in comparison with non-

bouncing conditions. Biomechanically the 

rhythmic bouncing produced continuous 

fluctuations of CM, which induced a specific 

level of mechanical energy (i.e., the sum of 

kinetic energy and potential energy). The faster 

bouncing frequency, having a higher level of 

mechanical energy, would be beneficial for 

enhancing maximum kicking speed compared 

to the slower bouncing frequency (i.e., a 

smaller amount of mechanical energy). This 

interpretation is supported by the observation 

of higher mean values of horizontal and 

vertical ground reaction forces in this study 

associated with increases in bouncing 

frequency. 

Given the results above, the optimal 

bouncing frequency for maximizing kicking 

performance might not be the preferred 

bouncing frequency (i.e., normal bouncing 

frequency). The normal bouncing frequency 

may be the point minimizing the cost of 

generating muscular force in order to maintain 

longer durations of bouncing motions during 

Taekwondo sparring. Strategically, coaches 

and athletes could tentatively choose faster 

bouncing frequencies to increase the kicking 

speed during sparring. However, they should 

be aware of endurance issues associated with 

using faster bouncing frequencies (e.g., greater 

energy expenditure). 

 

Conclusion 
 

This study evaluated the effect of different 

bouncing frequencies on the kicking 

performance of the Taekwondo roundhouse 

kick. Even though there was no significant 

main effect of different bouncing frequency, 

the 15% faster bouncing frequency was 

beneficial to response time and maximum 

kicking speed compared to the slower 

bouncing frequency. Therefore, it may be 

possible to enhance athletes’ kicking speed by 

increasing their bouncing frequency to 15% 

higher than their preferred normal frequency. 

Coaches should carefully watch the bouncing 

rhythm of their athletes and prevent them from 

performing at slower frequencies than their 

 

Table 3. Results of maximum vertical and horizontal ground reaction forces (GRF) according to different 

bouncing frequencies (Unit: BW)  
 15% faster 10% faster Preferred 10% slower 15% slower F p 

Max vertical 

GRF 
2.23  0.39 1.95  0.18 1.73  0.81 2.06  0.29 1.96  0.32 1.44 0.28 

Max horizontal 

GRF 
0.85  0.19 0.74  0.10 0.63  0.20 0.79  0.14 0.75  0.18 1.49 0.27 

BW = body weight 

GRF = ground reaction forces 
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preferred bouncing frequency to minimize 

slower responses to external stimuli.  
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