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Abstract  Background: Attacking and defending along 

with jumping aggressively are needed by volleyball 

players. Methods to increase leg muscle power include
bodyweight training and plyometrics. However, the 

application of this method is limited to knowing the effect 

of one model only, and previous studies claimed that the 

jump height as power means that it is not suitable. 

Important aspects such as training dosage settings, and 

exercise variations still need further research. The purpose 

of the study was to determine the effect of body weight 

training and plyometrics on leg muscle power. Materials 

and Methods: The research method used in this study was 

experimental with a pretest-posttest control design. The 

participants of this study were male volleyball players 

aged 16-17 years totaling 30 people, who were selected by 

purposive sampling. The research instrument used was the 

vertical jump test. Data collection techniques include field 

tests, analysis of relevant articles, and observation. Data 

analysis was carried out using the Harman formula to 

determine power, assisted by Excel. Furthermore, the 

results of the study were analyzed using the Kruskal-

Wallis formula with the help of SPSS version 23. Results: 

Peak power was found to have a significance value of 

0.002<0.05, the difference between mean body weight and 

plyometrics was 

404.11, and the mean difference between the control group 

and plyometrics was 229.16. Conclusions: The 

plyometrics method group was better than the control

group and body weight training group on increasing peak

power on the leg muscle power of young volleyball 

players. 

Keywords  Plyometrics and Body Weight, Average 

Power, Peak Power, Young Volleyball 

1. Introduction

The goal of volleyball is to win by getting as many balls 

into the opposing team's area as possible [1]. There is a lot 

to learn in volleyball, including technique, strategies, and 

physical fitness. The physical part of volleyball is very 

essential [2]. Techniques such as smashes, passing, and 

blocking are inseparable from the physical aspect. This is 

consistent with prior research that several aspects support 

athlete performance, notably technique, tactics, mental and 

physical [3]. 

Volleyball is classified as a sport requiring maximum 

strength and speed. Volleyball matches are characterized 
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by high intensity when launching assaults and defense, 

followed by low intensity, such as standing and walking 

frequently for lengthy periods. This leg power is vital in 

matches for smashing and blocking [4], [5]. As a result, 

coaches must comprehend and take into account the sport's 

biomechanical requirements. 

Weight training is used as a means to build leg muscle 

power. It improves strength, hypertrophy, coordination, 

and muscle power [6], [7]. This exercise is considered a 

functional movement training modality since the 

movements are performed holistically [8]. Aside from that, 

plyometrics is another viable option. Plyometrics enhances 

physical qualities such as speed, strength, and power [9]. 

As a result, the combination of speed and strength is 

critical for high-achieving sports [10], [11]. These two 

training approaches are intended to improve leg muscular 

power in young volleyball players. 

Of course, there are already studies on plyometrics and 

weight training, such as the combination of plyometrics 

and weight training [12], the effect of plyometrics side-to-

side box shuffle and leap to box [13], and the comparison 

of plyometrics and weight training [14], [15]. Even 

though these studies exist, they are confined to 

determining the impact of one of the plyometrics or weight 

training methods. Meanwhile, important aspects such as 

training program presentation, including intensity and 

volume settings, training level, and exercise variation 

principles, have not been well discussed in the studies 

mentioned above. Therefore, it is critical to understand the 

exercise program, particularly how to manage the exercise 

dosage. The training dose corresponds to providing a 

pharmacological dose; if the dose is exceeded, an overdose 

occurs; if the training dose remains low, it will not have an 

adaptive effect on the body. Similarly, when training 

settings surpass capacity without regard for other criteria 

such as recovery management and the use of suitable 

progressive overload, overtraining occurs [16]. By prior 

research, physical training must take into account the 

amount of training load, the principle of individuality, and 

the level of training consistency [17], [18], [19]. 

Aside from that, previous studies claim that vertical 

jump results are described as leg muscle power, which is 

incorrect because power is related to height and weight, not 

just jumping as a parameter of power results. For example, 

studies by Broto [20] and Maulana [21] discuss power but 

only present jump results. This is also not consistent with 

Harman's power calculation formula, which shows average 

and peak power [22]. In this context, previous research was 

still focused on testing leg muscle power, but the 

parameters to justify leg muscles could not be said to be 

correct because the results of the jump could not be said 

to be the result of power, so a formula was needed to 

obtain leg muscle power data. Although the likelihood of 

this problem is seen as simple, it has an impact on the 

analysis of information and is not accurate in evaluation. 

In addition, logically plyometric exercises have an 
element of jumping, so that they will increase the power 
of the leg muscles. However, bodyweight training with 

explosive movements can certainly increase the power of 

the leg muscles because the movements that will be used 
in bodyweight training are fast and strong. 

This causes anxiety in the author's mind based on 

previous studies. In this context, the purpose of the study is 

to test the plyometric and body weight training methods to 

increase leg muscle power by analyzing the power results 

using the Harman formula. It is hoped that this research 

will provide knowledge and provide training 

recommendations to increase power. This research is very 

important considering that the previous facts about the 

effectiveness of the Plyometrics training method are still 

inconsistent. In addition, this study needs to be conducted 

to describe the Plyometrics and weight training programs 

according to the dosage and training range to increase 

power. This research is expected to make a contribution to 

the field of physical condition coaching, especially in the 

sport of volleyball. 

2. Materials and Methods

2.1. Participants and Data Collection 

This research is a field-testing experiment [23]. This 

study uses a pseudo-experiment with a two-group 

pretest-post-test control design approach. The independent 

variables include plyometrics, weight training, and a 

control group, and the dependent variable is leg muscle 

power. The experimental group was given plyometric 

training and weight training while the control group carried 

out the technique as usual. This study included 30 male 

volleyball players aged 16 to 18 years old. Participants 

were chosen using a purposive technique with the 

following criteria: (1) players had participated at the 

regional level, (2) male, (3) were consistent in following 

previous training based on scheduled attendance, and (4) 

belonged to the same club. The vertical jump was used as 

the study instrument. Data collection methods include 

observations, interviews, and field tests. The treatment in 

this study employed body weight training and plyometrics 

training methods. To find out more about this program, it is 

presented in the following table: 
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Table 1.  Plyometrics and Body Weight Training Program 

Week Meeting Practice Items Exercise Dosage 

1-6 1-18 

(1) Single-leg squat right 

(2) Single-leg squat left 

(3) Right side squat 

(4) Left side squat 

(5) Cross-legged squats 

(6) Power lunges 

(7) Power reverse lunges 

(8) Smash movement while jumping 

(9) The block movement while jumping 

Method: bodyweight training circuit 

Sets: 2-3-4-5-6 

Reps per post: 8-10-12 

Rest between sets: 3 minutes 

Working time: fast 

1-6 1-18 

(1) Tuck jump 

(2) Standing long jump 

(3) Hurdle jump medium 

(4) Hurdle jump high 

(5) Squat jumps 

(6) Left lateral squat jump 

(7) Lateral squat jump right 

(8) Smash movement while jumping 

(9) The block movement while jumping 

Method: Circuit plyometrics 

Method: Circuit training 

Sets: 2-3-4-5-6 

Reps per post: 8-10-12 

Rest between sets: 3 minutes 

Working time: fast 

 

Description: Before carrying out the training program, 

athletes are guided to carry out a static and dynamic 

warm-up. The authors then provide directions for the 

athletes' training program. After all, athletes understand, 

that the athletes perform bodyweight training for group A, 

plyometrics for group B, and no training for the controls. 

After finishing the training program, the athletes are 

instructed to relax. The training program is carried out in 

18 meetings, three times per week. This is in accordance 

with previous studies, which said that training for 16 or 

more physiological encounters can be said to be consistent 

in physical ability [24]. 

2.2. Statistical Analysis 

The study was conducted across 18 meetings, beginning 

with an initial test and concluding with a final test. The 

Harman formula was used in the data analysis of peak 

power. The data analysis used to test the comparison of 3 

groups used a non-parametric test considering that the 

sample used in one group was relatively small. The next 

step was to perform quantitative descriptive analysis, 

which included presenting the mean, maximum, minimum, 

and standard deviation values, as well as hypothesis testing 

utilizing alternative Kruskal Wallis analysis of one-way 

ANOVA with the SPSS version 23 application. 

3. Result 

In this section, the authors gave the findings from a 

demographic description of the sample, which includes age, 

weight, height, pretest vertical jump, and posttest vertical 

jump. The authors then delivered the results of average and 

peak power as follows: 

Table 2.  Results of Demographic Description of Research Sample 

Variable Min Max Mean Std.Dev 

Age 16 18 17.03 .765 

Weight 52 75 62.87 5.164 

Height 163 181 171.43 5.104 

Vertical Jump Pretest 51 68 59.40 4.099 

Vertical Jump Posttest 53 68 61.50 4.313 

According to Table 2, the demographic results include 

the sample's average age of 17 years, average body weight 

of 62.87 kg, average height of 171 cm, pretest vertical 

jump of 59.40 cm, and posttest vertical jump of 61.50 cm. 
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Table 3.  Results of Pretest-Posttest Analysis for Each Group 

Variable Group Min Max Mean Std.Dev 

Peak Power 

Control Pretest 7268.4 7953.7 7618.560 288.8619 

Control Posttest 7346.1 8129.3 7699.030 280.8192 

Pretest Body Weight Training 7206.5 8241.7 7849.220 343.2561 

Posttest Body Weight Training 7268.4 8241.7 7873.980 332.6800 

Pretest Plyometrics 7448.4 8359.8 7818.400 282.8584 

Posttest Plyometrics 7701.7 8483.6 8103.140 228.7688 

Table 3 above displays the peak power of the control 

group, pretest was found to be 7618.560 and posttest 

7699.030, the body weight training group pretest to be 

7849.220 and posttest 7873.980, the plyometrics group 

pretest to be 7818.400 and posttest 8103.140. These results 

are presented in a diagram below: 

Figure 1.  Pretest-Posttest Value Diagram of Peak Power 

Table 4.  Results of Kruskal Wallis Posttest Analysis for Control Group, 
Body Weight Training and Plyometrics 

Variable Group Mean Sig Description 

Posttest 

Peak 

Power 

Control 7873.980 

0.022 

There are 

significant 

differences 

Body Weight 

Training 

7699.030 

Plyometrics 8103.140 

Based on Table 4 above, the results on the peak power 

variable have been found to have a significance value of 

0.002<0.05 which means that there is a significant 

difference between the comparison of the control group, 

bodyweight training, and plyometrics. In this case, 

plyometrics training was better than the control group with 

a mean value difference of 229.16, while the plyometrics 

group was better than the body weight training group with 

a mean value difference of 404.11. To make the 

comparison clearer, you can see the diagram below as 

follows: 

Figure 2.  Comparison Diagram of Posttest Scores for Each Group 

4. Discussion

The purpose of this study is to test the plyometric 

training method and body weight training by analyzing the 

results of peak power. The results obtained by the 

plyometric group are superior to bodyweight training and 

the control group, with a significance value of 0.022 

<0.05, meaning that it has a significant difference with the 

mean value of the plyometric peak power group being 

8103.140, the body weight training group is 7699.030 and 

the control group is 7873.980. The author's doubt is 

answered that plyometric training is indeed superior to 

bodyweight training with a fast rhythm. Interestingly, the 

control group was better than the body weight training 

group. 
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It is possible that because each group has no control 

from the coach which causes the results of the body weight 

training group to experience the final test decline. In 

addition, it is possible that the basic strength of athletes is 

inadequate so it is necessary to improve strength training to 

get better power results. Based on the problems that have 

been described, the author finds a novelty, namely the 

program and variations of training models are more 

innovative, and intensity and volume settings are clearly 

described. In addition, the author produces peak power 

results with a formula so that the results found are not the 

height of the jump or the distance of the jump. Another 

novelty is that the author found new facts and strengthened 

previous studies that plyometric training is better at 

increasing leg muscle power. This is reinforced by 

previous research which states that Olympic-style 

weightlifting and plyometrics can provide similar or 

greater performance adaptations [25]. Other research also 

says the plyometrics training method is overall more 

effective than conventional training methods [26]. 
Previous studies have suggested bodyweight training as 

a practical training method to maintain sports performance 

[27], [28]. However, in this case, improving the 

plyometrics training method is better than the body weight 

training method. It can be observed that the nature of 

plyometrics training is fast and strong with muscle 

contraction being isokinetic. Isokinetic contraction is 

similar to isotonic contraction but the difference is that 

isokinetic contraction produces movement quickly and 

constantly. Several studies reinforce these findings that 

plyometrics training has a positive impact on speed, power, 

and jumping ability in volleyball players [29]. This 

exercise optimizes the ability of muscles to produce 

maximum ability in a relatively short time [30], [31]. 
Analyzed through kinetic and kinematic loads 

plyometrics exercises have characteristics of jumping, 

jumping, and sprinting movements quickly so that they are 

effective in stimulating fast muscle fibers in a short time 

[32], [33]. The kinetic analysis provides insight into the 

impulses acting on the leg joints during exercise while the 

kinematic analysis analyzes the motion and position when 

jumping [34]. Understanding this can prevent the risk of 

injury and maximize plyometrics training [35]. 

In response to the above, coaches need to pay attention 

to the readiness of athletes to practice bodyweight training 

and plyometrics according to the training phase and 

training dose. The body weight training method provides 

an increase in strength and power, but it needs to be 

understood that the body weight training method is more 

suitable for anatomical adaptation preparation and 

strength maintenance. Then, to increase the training dose, 
one can only increase repetitions and sets, and there is no 
external load as an additional load. However, the body 

weight training method is good to use to prepare for 

plyometrics training. 
As a basis for plyometrics training, of course, athletes 

must have a foundation of strength training. The 

foundation of strength training is not only trained using the 

body weight training method but can be combined with 

free weights such as barbells and dumbbells. Previous 

studies state that muscle endurance is one of the 

foundations for carrying out explosive exercises [36]. 

Although muscle endurance and power are different, these 

aspects are closely related. This is reinforced by other 

studies that good muscle endurance will contribute to 

maintaining muscle power for a relatively long duration 

[37], [38]. In line with other studies adequate leg muscle 

endurance helps volleyball players to carry out movements 

properly for a long duration and minimize the occurrence 

of injuries [39]. 

In addition, when viewed from the nature and 

movements, plyometrics training can be categorized into 

two, namely plyometrics with low impact and high 

impact. Plyometrics with low impact includes pogo jump, 

jump rope, ladder drill, jumping jack, and so on. Then, 

high-impact plyometrics such as depth jump, reactive 

depth jump, box jump, high hurdle jump, and so on are 

included [40]. High and low-impact plyometrics training 

methods are equally good to be given to athletes, but when 

using high-impact plyometrics methods senior athletes 

need to pay attention to important conditions, meaning that 

before practicing high-impact plyometrics senior athletes 

must have completed the general periodization stage for 

strength training so that athletes can lift barbell squats 

1.5-2 times body weight [41]. 

Of course, this is the job of a coach, seeing that it is very 

complex, the coach must master both practice and theory. 

In response to the above, trainers must master core skills, 

namely teaching, management, analysis, and leadership 

skills [42], [43]. Therefore, by mastering this subject 

matter, the coach can solve problems in the field of 

coaching, especially to foster the physical performance of 

athletes. Therefore, these findings are expected to provide 

information and the latest findings, and be useful for 

practitioners to understand the plyometrics training method 

to increase the leg muscle power of volleyball players. 

5. Conclusions

In light of the research findings and discussion, it can be 

concluded that the plyometrics training method group 

outperformed the control and body weight training groups 

in terms of increasing average and peak power in volleyball 

players aged 17-18 years. It is expected that this research 

will provide information on how to increase power using 

the plyometrics training method, the stages of plyometrics 

training, and the types of low and high-impact plyometrics 

training for volleyball coaches, as well as scientific 

contributions for researchers and academics involved in the 

development of physical conditions, particularly in 

volleyball. This research is far from perfect, though, so it is 

hoped that in the future, studies will compare increasing 

power with the inclusion of female samples, examine the 
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factors that affect increasing power with the use of 

moderator variables, and conduct longitudinal 

experiments. 
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