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ABSTRACT 
The aim of this study is to examine the effects of different plyometric training methods on the 
biomotor and taekwondo technical performance of 14-16-year-old taekwondo athletes. The study 
utilized two different training methods: plyometric exercises on sand and plyometric exercises on 
taekwondo mats, with a control group performing only regular taekwondo training. The study 
included 66 athletes, all with at least 5 years of taekwondo experience, from Trabzon, Turkey, in 
2024. Participants were divided into two experimental groups: Group 1, performing plyometric 
exercises on sand, and Group 2, performing plyometric exercises on taekwondo mats. After an 8-
week training program, biomotor and technical performance tests were applied to all groups for 
comparison. The data were tested for normal distribution using the Kolmogorov-Smirnov test, and 
since the data did not show normal distribution, non-parametric tests were used for analysis. 
Wilcoxon tests were applied for within-group comparisons, while Kruskal-Wallis tests were used for 
between-group comparisons. In cases where significant differences were found, Post hoc multiple 
comparison tests with Bonferroni correction were used to identify which groups showed the 
differences. The results showed that all groups demonstrated significant improvements in biomotor 
and technical performance parameters after the training programs. Group 1, the sand-based 
plyometric training group, showed more pronounced improvements in speed, agility, jump, balance, 
and technical performance parameters. The findings suggest that sand-based plyometric training has 
a significant impact on sports requiring speed, power, endurance, and technical skills, such as 
taekwondo. 
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ÖZ 
Bu çalışmanın amacı, farklı pliyometrik antrenman yöntemlerinin 14-16 yaşlarındaki tekvando 
sporcularının biyomotor ve tekvando teknik performansına etkilerini incelemektir. Çalışmada, kumda 
pliyometrik egzersizler ve tekvando minderi üzerinde pliyometrik egzersizler olmak üzere iki farklı 
antrenman yöntemi kullanılmış ve kontrol grubu sadece düzenli tekvando antrenmanı yapmıştır. 
Çalışmaya, 2024 yılında Türkiye'nin Trabzon kentinden en az 5 yıllık tekvando deneyimine sahip 66 
sporcu dahil edilmiştir. Katılımcılar iki deney grubuna ayrılmıştır: Kumda pliyometrik egzersizler yapan 
Grup 1 ve tekvando minderi üzerinde pliyometrik egzersizler yapan Grup 2 8 haftalık bir antrenman 
programının ardından, tüm gruplara biyomotor ve teknik performans testleri uygulanmıştır. Veriler, 
Kolmogorov-Smirnov testi kullanılarak normal dağılıma göre test edilmiş ve normal dağılım 
göstermediğinden, analiz için parametrik olmayan testler kullanılmıştır. Grup içi karşılaştırmalar için 
Wilcoxon testleri, gruplar arası karşılaştırmalar için ise Kruskal-Wallis testleri kullanılmıştır. Anlamlı 
farkların bulunduğu durumlarda, hangi grupların fark gösterdiğini belirlemek amacıyla Bonferroni 
düzeltmeli Posthoc çoklu karşılaştırma testleri yapılmıştır. Sonuçlar, tüm grupların antrenman 
programlarından sonra biyomotor ve teknik performans parametrelerinde anlamlı iyileşmeler 
gösterdiğini ortaya koymuştur. Kum tabanlı pliyometrik antrenman grubu olan 1. grup, hız, çeviklik, 
sıçrama, denge ve teknik performans parametrelerinde daha belirgin iyileşmeler göstermiştir. 
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Introduction 

One of the training methods that develops some biomotor skills of athletes such as speed, strength, and explosive power 
and aim to take performance to the highest levels is plyometric training (Ojeda et al., 2023). The main purpose of the training 
is to develop the fastest and most explosive muscle group along with the tension-contraction cycle of the muscles and to take 
the athlete's current performance status to the highest point. Plyometric training is one of the most widely used methods for 
performance parameters such as balance, speed, and explosive power, which are fundamentally important for all sports 
branches (Apollaro et al., 2024; Aydemir et al., 2021; Ouergui et al., 2022). These trainings are used as a more specific training 
model, especially in branches that stand out as combat sports (Aydemir et al., 2021; Ölmez et al., 2022). Taekwondo, one of 
these branches, is a sport where high efficiency is expected from plyometric training, especially due to the complicated use 
of parameters such as balance, speed, explosive power and agility (Pardos et al., 2021). 

Taekwondo is a sport that requires high concentration, especially in which the lower extremities are widely used, fast and 
explosive techniques are used, sudden changes of location are made, attack and counter-attack strategies are included, jumps 
and turns occur frequently (Oliver et al., 2024). The effect of plyometric training stands out to reach the best level of these 
features and to increase the technical quality of the athletes. 

Age periods have a critical threshold in the physical and technical development of young athletes, and it is known that the 
adolescence period of athletes in the 14-16 age group is a phase in which the neuromuscular system begins to gain strength, 
motor skills develop, and the maturation process accelerates (Malina et al., 2015). Correct and regular training applied to 
athletes at this age contributes to the development of athletes in the long term (Mujika et al., 2018). In the light of the 
information obtained from literature, it is thought that the positive developments that plyometric training creates in the 
neuromuscular system during the tension and contraction cycle will also contribute to the development system of 
athletes.Analyzing the effects of plyometric training provides an important opportunity to optimize athlete development and 
assess these results. (Silva et al., 2019; Stojanovic et al., 2017). 

Plyometric training includes different types of work including jumps, acceleration and deceleration, and throwing, and 
contributes to the development of performance parameters such as balance, strength, agility, and speed (Aydemir et al., 
2021). Each type of work contributes to the development of different muscle groups (Chen et al., 20239). While work including 
jumps, throws, and bounces contributes to the development of explosive power, work involving changes of direction 
contributes to the development of parameters such as agility and speed (Fiorilli et al., 2020). In addition, while the exercises 
performed one after the other in the studies increase balance performance, lengthening and shortening muscle groups also 
contribute positively to flexibility performance (Aydemir et al., 2021). 

Since taekwondo athletes compete in an area where their technical skills are particularly high, their training methods must 
also be in the same form (Ölmez et al. 2022). With training programs organized in this form, it is aimed to develop the athlete's 
technical capacity and technical skills by improving their performances such as balance, speed, explosive power, and agility. 
In this direction, a taekwondo athlete's technique must include biomotor skills such as reaching the target quickly, powerfully, 
and in a balanced way, sudden attacks and changes of direction consisting of counterattacks, ensuring coordination in 
successive strikes and positions, and having a high level of short-term and medium-term endurance performance (Moran et 
al., 2021). In this direction, plyometric training is one of the training methods that contribute to the development of the 
specified parameters (Ramirez et al., 2020). 

In addition, there are studies showing that doing exercises in different areas contributes to both the mental and physical 
development of athletes (Lemay et al., 2019). One of these areas is exercises done on sand. It is observed that with the 
resistance created in exercises done on sand, there are improvements in performance parameters such as endurance, speed, 
power production, balance and coordination of athletes (Singh et al., 2022). As a result of this information, it is thought that 
plyometric training can also make positive contributions to the performance of athletes. In this direction, this study aims to 
examine the effects of different types of plyometric training on the performance of taekwondo athletes in the 14-16 age 
group. 
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Methods 
In the study, experimental design was used as a quantitative research method (Şimşek, 2012). In the study, participants 

are determined by random assignment method and while the experimental group is subjected to an application, the control 
group is not applied (Mertens, 2015). 

 
Ethical Approval 
Ethics committee approval for this study was received from Bayburt University (Date: November 4, 2024, Decision No: E-

15604681-100-236987). Verbal consent was obtained from all the participants. 
 
Participants 
The participants in the study consist of active licensed taekwondo athletes residing in Trabzon province in 2024. The 

athletes were selected from athletes who had at least 5 years of taekwondo experience and had the criteria to compete in 
national competitions (at least red and black belt). When selecting the athletes, the age group of athletes with the highest 
number in the region was preferred. When the participants were examined according to gender factors, it consisted of 33 
male and 33 female athletes. The participants in the study were randomly divided into two groups and the first measurements 
were performed before the study. These groups were determined as the control group (plyometric training group performed 
on the taekwondo ground) and the experimental group (plyometric training group performed on the sand). In this context, 
the distributions of the experimental group and control group determined are given in Table 1. Experimental group 1 
participants consisted of 11 male and 11 female athletes, experimental group 2 participants consisted of 11 male and 11 
female athletes, and control group participants consisted of 11 male and 11 female athletes. The experimental group 
participants did taekwondo training 3 days a week and did plyometric exercises on sand for 3 days. The experimental group 
2 participants did taekwondo training 3 days a week and did plyometric exercises on the taekwondo mat for 3 days. The 
control group participants did taekwondo training 6 days a week. The participants continued their work for 8 weeks. All 
participants were given tests before and after the training plan. 

 
Table 1. 
Participants 

Groups Number of 
Athletes 

 
 

Total 
66 

 

Experimental Group 1 (Sand Plyometric Training Group) 22 

Experimental Group 2 (Plyometric Training Group on the Mat) 22 

Control Group (Taekwondo Training Group) 22 

 
Data Collection Tools 
20-Meter Speed Test: A Microgate Witty brand photocell device with a sensitivity of 0.01 seconds was set up on a flat 20-

meter surface. At this stage, the participants first warmed up and made a few attempts. At the beginning of the measurement, 
an area was determined for them to start from one meter behind the photocell and when the participants felt ready, they 
ran in the 20-meter area. Then, after a full rest, their 2nd repetition was made. Their best times were considered and recorded 
in seconds (Rinaldo et al., 2020). 

Pro Agility (5-10-5) Test: Known as an effective change of direction test, the pro agility test is also referred to as the 5-10-
5 shuttle. The athlete is ready in the middle of the 10-meter designated running track (in a 5-meter area). The athlete, who 
starts the test at any time, makes a sideways run to the mark located 5 meters to the right. Then, the 2nd run is made to the 
mark located on the other side of the starting point. Finally, the test is completed by running to the starting point. The test 
was repeated twice with a 5-minute interval and the result was recorded in seconds (Harman et al., 2000). 

Flexibility Test (Sit-Reach Flexibility Test): The Sit-Reach Flexibility Test (Sit and Reach Test) is a widely used test to assess 
flexibility levels. This test is specifically used to measure the flexibility of the hamstring muscles and the lumbar region. It can 
also be used to assess overall body flexibility. The aim of the test is to have the participant extend their legs straight and reach 
as far forward as possible without using their body weight (Behnia & Parnian, 2020). 

Vertical Jump Test (CMJ): In the tests conducted with the My Jump application, participants waited on a flat surface with 
a camera recording at 240 Hz placed in front of them. Before the test, athletes prepared for the test by warming up and 
practicing. The aim of the test was for athletes to jump to the highest point they could by bending their knees 30 degrees and 
to fall to the same place from this peak point. The test was conducted twice with a 5-minute interval and each athlete's best 
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jump degree was recorded in cm (Balsalobre-Fernández et al., 2015). 
Balance Test (Stork balance): The stork balance test was applied to measure the balance performance of the participants. 

The participants were ready on a flat surface. When they were ready, the other leg was bent so that the supporting leg was 
fixed on the ground and the foot plate was placed on the knee of the supporting leg and the hands were kept fixed on the 
waist. The athlete could stand on tiptoe whenever he wanted, and the test started during this time. The separation of the 
hands from the waist, the sole of the foot touching the ground, and the separation of the leg fixed on the knee were 
determined as the elements that ended the test. The test ended and recorded in seconds when the athlete performed one 
of the situations that ended the test (Negra et al., 2017).  
Rast Test (Anaerobic Based Test): The Rast test, which has been tested for validity and reliability, was used to determine 
features such as anaerobic power and fatigue index. A two-door photocell was set up on a 35-meter flat running surface 
where the athletes would run and the distances they ran would be measured. The test was carried out over 6 runs. The test 
started when the athlete was ready, and the time stopped when he ran the distance. The 1st run is recorded in this way. The 
athlete rests for 10 seconds and the last 5 seconds are given a command, the countdown begins, and the run begins with the 
signal. The 2nd run time of the athlete who arrives at the starting point is recorded. In this way, the time of each run repeated 
6 times is recorded (Zagatto et al., 2009). 

Aerobic Test (Yoyo test): The Yoyo test is a fitness test applied to determine the aerobic power performance of the 
participants. The participants run in a determined 20-meter area with increasing speed with continuously increasing signals. 
Since these signals are constantly increasing, the participants are expected to increase their running pace during this process. 
The participants must enter the determined area with each signal. The tests of the participants who cannot reach the running 
area with 2 signals are terminated. The rest periods of the participants are shortened during this process. The participants 
are expected to recover quickly and reach the determined area with the next signal. The participants are evaluated based on 
their last running level, speed and distance (Bangsbo et al., 2008; Karakoç et al., 2012). 

Technical Performance (Taekwondo Electronic Vest Strike): Taekwondo electronic vest strikes test is one of the important 
tests, especially because it carries values specific to the taekwondo branch. It has determined the techniques that are most 
frequently preferred in the competition by expert trainers in the field and are considered important in terms of point value. 
The determined techniques were performed on electronic vests. The techniques were repeated 5 times and the bars that 
appeared on the computer at each strike were recorded and the best score was recorded. The participants applied each 
technique they applied with the right and left feet (Kim, 2019). 

 
Data Analysis 
After the data was transferred electronically, extreme value analysis was first performed. Then, Kolmogorov-Smirnov and 

Shapiro-Wilk tests were applied to determine whether the data showed a normal distribution. Since the amount of data in 
this study was over 30, the Kolmogorov-Smirnov test was used to determine whether the data showed a normal distribution 
(Kalaycı, 2018). Since the data did not show a normal distribution, nonparametric test techniques were used in the analyses. 
biomotor and technical developments of experimental group 1, experimental group 2 and control groups included in the 
study, Wilcoxon test was applied, and in the pre-test and post-test comparisons between groups, Kruskal-Wallis test was 
used. In cases where the Kruskal-Wallis test result was significant, Bonferroni test corrected from Post hoc multiple 
comparison tests was used to determine between which groups the difference occurred. SPSS 25.0 (IBM SPSS Corp., Armonk, 
NY, USA) statistical program was used in the analysis of the data and the significance level was accepted as p<0.05 when 
evaluating the analysis results. 
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Training Program 

Experimental Group 1 (Sand Plyometric Training Group) Experimental Group 2 (Plyometric Training Group on the Mat) 

1
.W

e
e

k 

 
 

Day 1 

10 minutes warm-up 
3 sets x 8 jump squats 
3 sets x 10 tuck jumps 
3 sets x 6 box jumps 

2 minutes rest intervals 

10 minutes warm-up 
3 sets x 8 jump squats 
3 sets x 10 tuck jumps 
3 sets x 6 box jumps 

2 minutes rest intervals 

 
 

Day 2 

10 minutes warm up 
3 sets x 10 box jumps 

3 sets x 12 skater jumps 
3 sets x 8 depth jumps 
2 minute rest intervals 

10 minutes warm up 
3 sets x 10 box jumps 

3 sets x 12 skater jumps 
3 sets x 8 depth jumps 
2 minute rest intervals 

 
 

Day 3 

10 minutes warm-up 
3 sets x 6 jump lunges 

3 sets x 10 lateral bounds 
3 sets x 12 hurdle jumps 
2 minutes rest intervals 

10 minutes warm-up 
3 sets x 6 jump lunges 

3 sets x 10 lateral bounds 
3 sets x 12 hurdle jumps 
2 minutes rest intervals 

2
.W

e
e

k 

 
 

Day 1 

10 minutes warm-up 
4 sets x 8 jump squats 
4 sets x 10 tuck jumps 
4 sets x 6 box jumps 

2 minutes rest intervals 

10 minutes warm-up 
4 sets x 8 jump squats 
4 sets x 10 tuck jumps 
4 sets x 6 box jumps 

2 minutes rest intervals 

 
 

Day 2 

10 minutes warm up 
4 sets x 10 single leg box jumps 

4 sets x 12 skater jumps 
4 sets x 8 depth jumps 
2 minute rest intervals 

10 minutes warm up 
4 sets x 10 single leg box jumps 

4 sets x 12 skater jumps 
4 sets x 8 depth jumps 
2 minute rest intervals 

 
 

Day 3 

10 minutes warm-up 
4 sets x 6 jump lunges 

4 sets x 10 lateral bounds 
4 sets x 12 hurdle jumps 
2 minutes rest intervals 

10 minutes warm-up 
4 sets x 6 jump lunges 

4 sets x 10 lateral bounds 
4 sets x 12 hurdle jumps 
2 minutes rest intervals 

3
.W

e
e

k 
an

d
 4

. W
e

e
k 

 

Day 1 

10 minutes warm up 
4 sets x 10 jump squats 
4 sets x 12 tuck jumps 
4 sets x 8 box jumps 

2-minute rest intervals 

10 minutes warm up 
4 sets x 10 jump squats 
4 sets x 12 tuck jumps 
4 sets x 8 box jumps 

2-minute rest intervals 

 

Day 2 

10 minutes warm up 
4 sets x 12 single leg box jumps 

4 sets x 14 skater jumps 
4 sets x 10 depth jumps 
2-minute rest intervals 

10 minutes warm up 
4 sets x 12 single leg box jumps 

4 sets x 14 skater jumps 
4 sets x 10 depth jumps 
2-minute rest intervals 

 

Day 3 

10 minutes warm-up 
4 sets x 8 jump lunges 

4 sets x 12 lateral bounds 
4 sets x 14 hurdle jumps 
2 minutes rest intervals 

10 minutes warm-up 
4 sets x 8 jump lunges 

4 sets x 12 lateral bounds 
4 sets x 14 hurdle jumps 
2 minutes rest intervals 

 

5. and 6. 
Week 

 

Day 1 

10 minutes warm-up 
4 sets x 10 jump lunges 

4 sets x 14 lateral bounds 
4 sets x 16 hurdle jumps 
2 minutes rest intervals 

10 minutes warm-up 
4 sets x 10 jump lunges 

4 sets x 14 lateral bounds 
4 sets x 16 hurdle jumps 
2 minutes rest intervals 

 

Day 2 

10 minutes warm up 
4 sets x 10 jump squats 
4 sets x 12 tuck jumps 
4 sets x 8 box jumps 

2-minute rest intervals 

10 minutes warm up 
4 sets x 10 jump squats 
4 sets x 12 tuck jumps 
4 sets x 8 box jumps 

2-minute rest intervals 

 

10 minutes warm-up 
4 sets x 6 jump lunges 

10 minutes warm-up 
4 sets x 6 jump lunges 
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Day 3 

4 sets x 10 lateral bounds 
4 sets x 12 hurdle jumps 
2 minutes rest intervals 

4 sets x 10 lateral bounds 
4 sets x 12 hurdle jumps 
2 minutes rest intervals 

 
 

 
 
 
 

7. and 8. 
Week 

 
Day 1 

10 minutes warm-up 
4 sets x 8 jump lunges 

4 sets x 12 lateral bounds 
4 sets x 14 hurdle jumps 
2 minutes rest intervals 

10 minutes warm-up 
4 sets x 8 jump lunges 

4 sets x 12 lateral bounds 
4 sets x 14 hurdle jumps 
2 minutes rest intervals 

 
Day 2 

10 minute warm up 
4 sets x 12 single leg box jumps 

4 sets x 14 skater jumps 
4 sets x 10 depth jumps 
2 minute rest intervals 

10 minute warm up 
4 sets x 12 single leg box jumps 

4 sets x 14 skater jumps 
4 sets x 10 depth jumps 
2 minute rest intervals 

 
Day 3 

10 minutes warm-up 
4 sets x 12 jump squats 
4 sets x 14 tuck jumps 
4 sets x 10 box jumps 

2 minutes rest intervals 

10 minutes warm-up 
4 sets x 12 jump squats 
4 sets x 14 tuck jumps 
4 sets x 10 box jumps 

2 minutes rest intervals 

 

Results 
 

 

Table 2. 
Comparison of Participants' Biomotor Measurements Between Groups (Pre-Test) (Kruskal Wallis) 

Variables 
Research Group 

n 
Average Rank 𝑿 𝟐 / KW 

p 

Speed (20 m. Speed) (sec) 
Experimental Group 1 22 37.34   

Experimental Group 2 22 36.75 3.055 .358 

Control 22 36.41   

Agility (Pro-Agility) (sec) 
Experimental Group 22 38.68   

Experimental Group 2 22 37.00 5.235 .074 

Control 22 35.82   

 Experimental Group 1 22 36.48   

Vertical Vault (cm) Experimental Group 2 22 35.57 4.641 .061 

 Control 22 33.45   

Flexibility (Sit Reach) (cm) 
Experimental Group 1 22 30.70   

Experimental Group 2 22 31.02 4.350 .072 

Control 22 30.77   

Balance (Stork Balance) (sec) 
Experimental Group 1  22 32.43   

Experimental Group 2 22 32.20 3.501 .272 

Control  22 31.86   

*p<.05; **p<.01 

 
According to the Kruskal Wallis test results (Table 2) applied to compare the biomotor pre-test results of the athletes, no 

statistically significant difference was found (p>.05). 
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Table 3. 
 Intragroup (Pre-Test-Post-Test) Comparison of Participants' Biomotor Measurements (Wilcoxon) 

Variables Measurement n Average Rank Total Rank Z p 

EX
P

ER
IM

EN
TA

L 
G

R
O

U
P

 1
 

Speed (20 m. Speed) (sec) 

Negative Order 3 1.00 1 

-3.277 .000** Positive Order 19 13.00 257.00 

Equal 0   

Agility (Pro-Agility) (sec) 

Negative Order 0 1.50 .00 

-4.310 .000** Positive Order 22 11.00 253.00 

Equal 0   

Vertical Jump (cm) 

Negative Order 1 2.50 1.50 

-4.320 .009** Positive Order 21 16.54 145.50 

Equal 1   

Flexibility (Sit Reach) (cm) 

Negative Order 0 .00 .00 

-4.447 .000** Positive Order 17 12.00 153.00 

Equal 5   

Balance (Stork Balance) 
(sec) 

Negative Order 0 ,00 ,00 

-3.297 .000** Positive Order 22 11.50 253.00 

Equal 0   

EX
P

ER
IM

EN
TA

L 
G

R
O

U
P

 2
 

Speed (20 m. Speed) (sec) 

Negative Order 0 .50 .00 

-3.490 .000** Positive Order 17 12.50 255.00 

Equal 5   

Agility (Pro-Agility) (sec) 

Negative Order 0 .50 .00 

-3.610 .000** Positive Order 22 13.00 257.00 

Equal 0   

Vertical Jump (cm) 

Negative Order 3 .00 1.00 

-3.469 .000** Positive Order 18 11.50 255.00 

Equal 1   

Flexibility (Sit Reach) (cm) 

Negative Order 0 .00 .00 

-4.127 .000** Positive Order 22 12.50 257.00 

Equal 0   

Balance (Stork Balance) 
(sec) 

Negative Order 0 .00 .00 

-3.707 .000** Positive Order 22 12.50 257.00 

Equal 0   

C
O

N
TR

O
L 

G
R

O
U

P
 

Speed (20 m. Speed) (sec) 

Negative Order 7 11.26 14.50 

-3.233 .001** Positive Order 8 6.17 147.50 

Equal 7   

Agility (Pro-Agility) (sec) 

Negative Order 3 11.00 1.50 

-3.896 .000** Positive Order 19 1.00 210.00 

Equal 0   

Vertical Jump (cm) 

Negative Order 0 3.00 12.00 

-2.111 .035* Positive Order 12 6.00 54.00 

Equal 10   

Flexibility (Sit Reach) (cm) 

Negative Order 0 .00 .00 

-3.838 .000** Positive Order 19 10.00 187.00 

Equal 3   

Balance (Stork Balance) 
(sec) 

Negative Order 6 5.25 28.50 

-3.085 .002** Positive Order 16 13.84 229.50 

Equal 0   
*p<.05; **p<.01 

 
The Wilcoxon Signed Rank test was applied to determine whether there was a significant difference between the pre-test 

and post-test scores of the participants (Table 39). 
According to the pre-test-post-test results of the participants within the groups, it was determined that there was a 

statistically significant difference in the speed, agility, jumping, flexibility and balance performance of the experimental group 
1, experimental group 2 and control group participants according to the post-test results (p<.05). 
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Table 4. 
 Comparison of Participants' Biomotor Measurements Between Groups (Post-Test) (Kruskal Wallis) 

      Variables 
Research 

Group 
n Average Rank 𝑿𝟐/ KW p Bonferroni 

Speed (20 m. Speed) 
(sec) 

Experimental Group 1 22 44.70 

15.386 ,000** 1>3 Experimental Group 2 22 36.66 

Control Group 22 33.14 

Agility(Pro-Agility) (sec) 

Experimental Group 1 22 42.27 

14.262 ,000** 1>3 Experimental Group 2 22 36.41 

Control Group 22 32.82 

Vertical Jump (cm) 

Experimental Group 1 22 40.61 

16.452 ,000** 1>3 Experimental Group 2 22 34.41 

Control Group 22 31.33 

Flexibility (Sit Reach) 
(cm) 

Experimental Group 1 22 40.23 

17.386 ,000** 1>3 Experimental Group 2 22 30.41 

Control Group 22 26.86 

Balance (Stork Balance) 
(sec) 

Experimental Group 1 22 42.07 

18.260 ,000** 1>3 Experimental Group 2 22 35.00 

Control Group 22 24.43 
*p<.05; **p<.01 

 
According to the Kruskal Wallis test results (Table 4) applied to compare the biomotor post-test results of the athletes, 

significant results were found in speed, agility, jumping, flexibility and balance test results. According to the Bonferroni test 
results applied to determine which group showed more development, it was determined that the biomotor rank average of 
the experimental group 1 participants was higher than the experimental group 2 and control group participants. 

 
 

Table 5. 
Comparison of Participants' Anaerobic (Running Based Test) and Aerobic (Yo-Yo Test) Measurements Between Groups (Pre-Test) (Kruskal 

Wallis) 

Variables 
Research 

Group 
n Average Rank 𝑿𝟐/ KW p 

Max. Power 

Experimental Group 1 22 31.05 

2.650 .158 Experimental Group 2 22 30.10 

Control Group 22 30.34 

Fatigue Index 

Experimental Group 1 22 30.10 

1.219 .750 Experimental Group 2 22 36.73 

Control Group 22 36.20 

Relative Power 

Experimental Group 1 22 34.4 

2.320 .349 Experimental Group 2 22 32.25 

Control Group 22 34.60 

MaxVO2 

Experimental Group 1 22 34.25 

2.750 .320 Experimental Group 2 22 37.05 

Control Group 22 36.55 

*p<.05; **p<.01 

 
According to the Kruskal Wallis test results (Table 5) applied to compare the anaerobic and aerobic pre-test results of the 

athletes, no statistically significant difference was found (p>.05). 
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Table 6. 
Intra-Group (Pre-Test-Post-Test) Comparison of Participants in Anaerobic (Running Based Test) and Aerobic (Yo-Yo Test) (Wilcoxon) 

  Measurement n Average Rank Total Rank Z p 

   
   

 E
xp

er
im

en
ta

l g
ro

u
p

 1
 

Max. Power 

Negative Order 3 5.00 20.00 

-3.425 .001** Positive Order 19 14.21 238.00 

Equal 0   

Fatigue Index 

Negative Order 3 5.57 18.00 

3.400 .001** Positive Order 18 13.00 220.00 

Equal 1   

Relative Power 

Negative Order 0 5.50 .00 

-3.667 .001** Positive Order 22 10.00 242.50 

Equal 0   

   MaxVO2 

Negative Order 0 .00 .00 

-4.319 .000* Positive Order 22 12.50 253.00 
Equal 0   

Ex
p

er
im

en
ta

l G
ro

u
p

 2
 

  

Max. Power 

Negative Order 0 .00 .00 

-4.207 .000** Positive Order 22 12.50 253.00 

Equal 0   

Fatigue Index 

Negative Order 5 7.00 49.00 

-4.516 .012** Positive Order 17 14.60 204.00 

Equal 0   

Relative Power 

Negative Order 0 .00 .00 

-4.307 .000** Positive Order 22 13.50 253.00 

Equal 0   

   MaxVO2 

Negative Order 0 .00 .00 

-4.206 .000* 
Positive Order 22 11.50 253.00 

Equal 0   

C
o

n
tr

o
l G

ro
u

p
 

Max. Power 

Negative Order 2 6.33 18.00 

-3.290 .000** Positive Order 20 11.28 242.00 

Equal 0   

Fatigue Index 

Negative Order 4 6.50 32.00 

-3.420 .016** Positive Order 18 14.00 220.00 

Equal 0   

Relative Power 

Negative Order 3 5.00 18.00 

-3.520 .000** Positive Order 19 13.00 220.00 

Equal 0   

MaxVO2 

Negative Order 0 .00 .00 

-4.214 .000* Positive Order 22 12.50 253.00 

Equal 0   
*p<.05; **p<.01 

 
Wilcoxon Signed Rank test was applied to determine whether there was a significant difference between the pre-test and 

post-test scores of the participants. 
According to the pre-test-post-test results of the anaerobic and aerobic performances of the participants, it was 

determined that there was a statistically significant difference in the speed, agility, jumping, flexibility and balance 
performance of the experimental group 1, experimental group 2 and control group participants according to the post-test 
results (p<.05). 
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Table 7. 
 Comparison of Participants' Anaerobic (Running Based Test) and Aerobic (Yo-yo Test) Endurance Measurements between Groups (post- 

test) (Kruskal Wallis) 

Variables 
Research 

Group 
n Average Rank 𝑿𝟐/ KW p Bonferroni 

Max. Power 

Experimental Group 
1 

22 41.11 

.382 .016** 1>3 Experimental Group 
2 

22 31.60 

Control Group 22 21.60 

Fatigue Index 

Experimental Group 
1 

22 43.50 

1.701 .001** 1>3 Experimental Group 
2 

22 34.00 

Control Group 22 25.00 

Relative Power 

Experimental Group 
1 

22 44.25 

.803 .000* 1>3 Experimental Group 
2 

22 35.25 

Control Group 22 30.00 

MaxVO2 

Experimental Group 
1 

22 41.45 

.882 .000* 1>3 Experimental Group 
2 

22 33.27 

Control Group 22 28.84 
*p<.05; **p<.01 

According to the Kruskal Wallis test results applied to compare the post-test results of the anaerobic and aerobic 
performances of the athletes, significant results were detected in the max. power, fatigue index, relative power and MaxVo2 
test results (p<.05). According to the Bonferroni test results applied to determine which group showed more development, it 
was determined that the mean rank of the anaerobic and aerobic performances of the experimental group 1 participants was 
higher than the experimental group 2 and control group participants. 

 
 

Table 8. 
 Intergroup (Pre-Test) Comparison of Participants’ Taekwondo Technical Performance Test Measurements (Kruskal Wallis) 

Variables 
Research 

Group 
n Average Rank 𝑿𝟐/ KW p 

Palding-Chagi Right 

Experimental Group 1 22 30.05 

2.440 .250 Experimental Group 2 22 31.75 

Control Group 22 31.70 

Palding-Chagi Sol 

Experimental Group 1 22 30.98 

2.856 .325 Experimental Group 2 22 32.18 

Control Group 22 31.34 

Yop-Chagi Right 

Experimental Group 1 22 30.50 

.250 .560 Experimental Group 2 22 33.15 

Control Group 22 32.00 

Yop-Chagi Left 

Experimental Group 1 22 31.85 

.420 .645 Experimental Group 2 22 30.45 

Control Group 22 32.60 

 
According to the Kruskal Wallis test results applied to compare the pre-test results of the athletes' technical performances, 

no statistically significant difference was found (p>.05). 
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Table 9. 
Within-Group (Pre-Test-Post-Test) Comparison of Participants' Taekwondo Technical Performance Tests (Wilcoxon) 

 Variables Measurement n Average Rank Total Rank Z p 

EX
P

ER
IM

EN
TA

L 
G

R
O

U
P

 1
 

Palding-Chagi Right 

Negative Order 0 .00 .00 

-4.252 .000** Positive Order 22 20.50 243.00 

Equal 0   

Palding-Chagi Sol 

Negative Order  .00 .00 

-3.430 .001** Positive Order 22 21.00 2451.00 

Equal 0   

Yop-Chagi Right 

Negative Order 0 .00 .00 

-3.300 .000** Positive Order 22 21.10 233.50 

Equal 0   

Yop-Chagi Left 

Negative Order 0 .00 .00 

-4.000 .000** Positive Order 22 21.00 251.00 

Equal 1   

EX
P

ER
IM

EN
TA

L 
G

R
O

U
P

 2
 

Palding-Chagi Right 

Negative Order 0 .00 .00 

-3.136 .000** Positive Order 22 21.50 253.00 

Equal 0   

Palding-Chagi Sol 

Negative Order 0 .00 .00 

-3.220 .000** Positive Order 22 21.50 254.00 

Equal 0   

Yop-Chagi Right 

Negative Order 0 .00 .00 

-3.170 .000** Positive Order 22 21.50 251.00 

Equal 0   

Yop-Chagi Left 

Negative Order 0 .00 .00 

-4.175 .000** Positive Order 22 21.50 247.00 

Equal 0   

C
O

N
TR

O
L 

G
R

O
U

P
 

Palding-Chagi Right 

Negative Order 0 ,00 ,50 

-3.760 .004** Positive Order 22 21.50 197.50 

Equal 0   

Palding-Chagi Sol 

Negative Order 0 ,00 ,00 

-3.630 .008** Positive Order 22 20.50 241.00 

Equal 10   

Yop-Chagi Right 

Negative Order 0 ,50 ,00 

-3.335 .002** Positive Order 22 19.63 244.00 

Equal 0   

Yop-Chagi Left 

Negative Order 0 .08 ,50 

-3.135 .002** Positive Order 22 20.07 248.50 

Equal 0   
*p<.05; **p<.01 

 
The Wilcoxon Signed Rank test was applied to determine whether there was a significant difference between the pre-test 

and post-test scores of the participants. 
According to the pre-test-post-test results of the participants within the groups, it was determined that there was a 

statistically significant difference in the speed, agility, jumping, flexibility and balance performance of the experimental group 
1, experimental group 2 and control group participants according to the post-test results (p<.05). 
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Table 10. 
Comparison of Participants’ Taekwondo Technical Performance Test Measurements between Groups (Post-Test) (Kruskal Wallis) 

Variable 
Research 

Group 
n Average Rank 𝑿𝟐/ KW p Bonferroni 

Palding-Chagi Right 

Experimental Group 1 22 42.00 

2.234 .007** 1>2 Experimental Group 2 22 33.50 

Control Group 22 26.84 

Palding-Chagi Left 

Experimental Group 1 22 39.07 

3.525 .007** 1>2 Experimental Group 2 22 32.00 

Control Group 22 20.00 

Yop-Chagi Right 

Experimental Group 1 22 44.65 

3.310 .003** 1>2 Experimental Group 2 22 33.00 

Control Group 22 30.00 

Yop-Chagi Left 

Experimental Group 1 22 48.45 

2.650 .005** 1>2 Experimental Group 2 22 37.30 

Control Group 22 31.14 
*p<.05; **p<.01 

 
According to the Kruskal Wallis test results applied to compare the post-test results of the technical performances of the 

athletes, significant results were found in the paldingchagi (right and left) and yop chagi (right and left) test results. (p<.05). 
According to the Bonferroni test results applied to determine which group showed more development, it was determined 
that the technical performance average rank of the experimental group 1 participants was higher than the experimental group 
2 and control group participants. 

Discussion 
 

According to the results obtained from the findings of the study, there is a significant improvement in some biomotor and 
technical performance parameters because of the applied training programs. It reveals that this improvement has a significant 
effect on the physical and technical capacities of the participants.When the pre-test results of the participants' biomotor 
performance parameters were examined, no significant difference was detected. This situation indicates that all groups 
showed equal and similar characteristics at the initial level, there was no significant difference between them, and it affects 
the reliability of the groups. 

According to the Wilcoxon Signed Rank test conducted to examine the effects of the 8-week training programs applied to 
the participants on the pre-test and post-test results within the group, significant improvements were detected in speed, 
agility, jumping, flexibility and balance performances (p<.05). According to these results, it is shown that the training programs 
applied for 8 weeks contributed to some biomotor performance developments of the participants. When the literature is 
examined, similar results are seen in our study (Aydemir et al., 2021; Chen et al., 2022; Uzelac et al., 2020). 

According to the Kruskal-Wallis test results, in which the post-test comparisons of the participants' biomotor performances 
were made, significant differences are seen (p<.05). According to the Bonferroni test results, which were conducted to 
determine which group showed more development, it was revealed that the participants in experimental group 1 showed 
more development than the participants in experimental group 2 and the control group. It is indicated that plyometric 
exercises done on sand contribute more to the development of biomotor performance in taekwondo athletes. When previous 
studies were examined, it was found that plyometric training increased the physical performance of athletes by improving 
factors such as power production and muscle elasticity (Smith et al., 2017; In addition, studies indicating that exercises 
performed on sand provide more power production and resistance, continuity of power produced, and development of 
balance on an unstable surface show more development in many performances have supported our planned training program 
and revealed that we can find stronger results and supported our study (Brown & Lee, 2019; Jones & Taylor, 2018). 

In the study, significant differences were detected according to the post-test results of the anaerobic and aerobic 
parameters of the participants. According to the Bonferroni test results conducted to determine which group showed more 
development, it was determined that the participants in experimental group 1 (participants who did plyometric training on 
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the sand) showed more development than the participants in experimental group 2 and the control group. When the 
literature is examined, it is stated that performance parameters such as anaerobic and aerobic endurance, speed and power 
production are important, such as taekwondo, and these training programs provide significant contributions to performance 
parameters such as anaerobic and aerobic endurance, speed and power production (Williams & Jones, 2018). Since more 
resistance occurs in exercises done on the sand, the muscles can contract for a longer time using less oxygen. This situation 
causes more development (Guilherme et al., 2019). These types of exercises cause the muscle to contract faster and work at 
higher intensity in a short time, increasing anaerobic and aerobic performance and decreasing fatigue levels (Miller & 
Thompson, 2017). In addition, it is stated that exercise done on sand causes more energy consumption (Rodriguez & Diaz, 
2020). These studies support our work. 

According to the post-test results of the participants' technical performances, significant differences were found (p<.05). 
According to the Bonferroni test results conducted to determine which group showed more development, the participants in 
experimental group 1 (participants who did plyometric training on sand) showed more development than the participants in 
experimental group 2 and the control group. According to this finding, it is seen that plyometric training done on sand leads 
to improvements, especially in a sport where technical performance is important, such as taekwondo. When previous studies 
were examined, it was determined that the types of training done on sand developed some technical skills in athletes (Lee & 
Lee, 2021). In a study conducted by Aydemir (2021), it was found that plyometric training significantly improved the motor 
skills of taekwondo athletes in the 12-14 age group. The study concluded that plyometric exercises enhanced speed, agility, 
and balance in taekwondo techniques, and these improvements helped athletes become more successful in competitions. 
Such training enables athletes to apply their technical skills faster and more powerfully. In Boyanmıs (2022) research, a 
combination of plyometric training and blood flow restriction training was applied to taekwondo athletes aged 15-19. The 
study found that plyometric exercises improved the technical performance of taekwondo athletes, with noticeable 
improvements observed in jumping, kicking, and defensive movements used during combat. 

As a result, in this study where different training types are examined, it is seen that plyometric exercises performed on 
sand have positive effects on biomotor and technical performance development. According to these results, it has been 
revealed that plyometric training on sand, which will be added to training methodologies, will play an active role especially in 
sports such as taekwondo where speed, power, endurance and technical skills are high. 

Conclusion and Recommendation 
 
When the results of the study were examined, significant differences and improvements were detected in the test results 

of some biomotor and technical performance parameters of the participants. According to the Kruskal-Wallis test results in 
the study, no significant difference was found in the biomotor pre-test results of the participants between the groups 
(p>0.05). The fact that no significant differences were found in the pre-test results of the participants indicates that there was 
no significant difference within the group and that the participants had similar characteristics. 

 
According to the Wilcoxon Signed Ranks test results, in which the pre-test-post-test comparison of the participants within 

the groups was made, significant differences were found in the performance parameters of speed, agility, jumping, flexibility 
and balance (p<.05). According to these findings, it is shown that there was a significant improvement in the performances of 
each group in the training programs applied to the participants for 8 weeks. According to the Kruskal-Wallis test results, which 
were conducted to compare some biomotor post-test measurements of the participants, significant differences were 
detected (p<.05). According to the Bonferroni test results, which were conducted to determine which group showed more 
development, it was observed that the participants of Experimental Group 1 showed more development than the participants 
of Experimental Group 2 and Control Group. In this case, it was found that plyometric training done on sand contributed more 
to the development of some biomotor performance of taekwondo athletes. 

 
When the post-test results of the participants' anaerobic and aerobic performance parameters were compared with the 

Kruskal-Wallis test, significant differences were also found in the max. power, fatigue index, relative power and MaxVo2 tests 
(p<.05). According to the Bonferroni test results, which were conducted to determine which group showed more 
development, the performances of the experimental group 1 participants showed more development than the anaerobic and 
aerobic performances of the experimental group 2 and control group participants. This indicates that the training program of 
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the experimental group 1 was more effective. 
 
In terms of examining the post-test measurements of the athletes' technical performance, significant differences were 

found in the Kruskal-Wallis test, palding chagi (right and left) and yop chagi (right and left) tests (p<.05). According to the 
Bonferroni test results, which were conducted to determine which group showed more development, the technical 
performance development of the experimental group 1 participants was more pronounced than the technical performance 
developments of the experimental group 2 and control group participants, and this group showed more progress against the 
other two groups. 

 
According to these results, some suggestions can be made to maximize the performance development of athletes. 
- Considering that the participants of the experimental group 1 (participants who did plyometric exercises on the sand) 

showed more development, the training program applied by this group can be adapted to the training programs. The 

training program applied by reaching a larger audience can produce more beneficial results. 

- According to the test results applied to the participants, some technical performances showed results in favor of the 

experimental group 1 participants (participants who did plyometric exercises on sand). Especially in the development 

of direct throwing techniques such as yopchagi and paldingchagi, the addition of these training programs to 

taekwondo training programs may produce more beneficial results. 

- Considering that the training program applied to the participants of experimental group 1 (plyometric training done 

on sand) showed more development, more efficient results can be obtained by planning individual studies by 

considering individual differences during the training. 

- The diversity of the study can be increased by conducting studies in different age groups. 

- Developments in different branches can be followed through studies conducted in different branches. 

- By conducting long-term studies, athletes' performances can be examined holistically throughout the year. 

- coach seminars and national team camps for the work to become a more qualified and sustainable identity. 

- In conclusion, this study has shown that a proper training program provides significant improvements in the biomotor 

and technical performances of athletes. However, it can be said that to increase these improvements, the training 

should be more customized and the differences within the group should be considered. 
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