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Abstract

The purpose of this study was to examine the effect of a combination of plyometric
exercises on leg muscle strength, reviewed from (BMI) at the Volleyball Club (PJKR) at
UKAW. This study used a quantitative method with a descriptive pretest-posttest
experimental approach. The population of this study consisted of 54 students who joined
the PJKR volleyball club at Artha Wacana Christian University, Kupang. Of the 54
populations, only 30 samples met the research criteria. The selected sample was from
PJKR students who joined the PJKR Volleyball Club at Artha Wacana Christian
University, Kupang. The results of this study indicate that the box jump and depth jump
training methods in the normal BMI category that are more effective are the depth jump
training method with an N-gain value or average of 0.3920 while the box jump N-gain
value or average is 0.2034 and the sig value of the depth jump and thin BMI is sig 0.000
<0.05 and the box jump and thin BMI group is sig 0.007 <0.05, while the box jump and
depth jump training in the normal BMI category is more effective than the depth jump
training method with an N-gain value or average of 0.4387, while the box jump has an
N-gain value or average of 0.3581, with a sig depth jump value of sig 0.000 <0.05 and the
box jump sig value of 0.001 <0.05, and the box jump and depth jump training method in
the obese BMI category is more effective than the box jump with an N-gain value or
average of 0.3559 while depth jump with N-gain value or average of 0.3065, with sig box
jump value of 0.001 <0.05 while depth jump 0.000 <0.05. Based on the results of this
study it can be concluded that plyometric training must be adjusted to individual
attributes, especially those related to BMI
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INTRODUCTION
technique and supervised by a trained coach to

Sport is a deliberate and planned physicalpreventinjury and achieve optimal training results.
activity starting from the direction, purpose, time The goal of this exercise is to improve muscle
and location and Sport can be done individually orstrength, speed, and explosiveness. Depth jump
in groups. Sport is not only a competitive physicalfraining is a type of plyometric exercise in which
activity that aims to improve physical abilities andathletes jump from a high height, then land quickly
skills but also functions as a holistic health tool thatand perform a vertical jump quickly. Depth jump
promotes overall well-being, mental health, andraining, a form of plyometric training, involves
social interaction (Murtadho et al., 2023)athletesjumping from a high position and quickly
Volleyball is known as a sport played by twotransitioning to a vertical jump upon landing
opposing groups of six players each, emphasizind THAKUR et al., 2016). This method not only
the importance of physical fitness, psychologicalincreases muscle strength but has also been shown
traits, and injury prevention (Sadrincevaite &0 be effective in certain sports contexts, such as
Griciate, 2023). To excel in volleyball, players mustvolleyball, where plyometric trainingsuchas depth
master various techniques such as serving, downjumps can lead to substantial increases in extremity
pass, top pass, block, and smash (Topan Arisandi emmuscle strength (Hidayat et al., 2018). Based on
al., 2023). Leg strength is the ability of the leghe description of the problems above, it is
muscles or soles of the feet to produce power omecessary to evaluate the problems currently being
energy in performing various physical activitiesfaced by the PIKR UKAW volleyball club, namely
such as running, jumping, or kicking (Radulovié ethat physical abilities are not in accordance with
al., 2022). Lower extremity endurance traimngwhat is desired in the sense that they are still low,
effectively improves explosive power in track andresulting in low leg muscle strength which has an
field athletes, as demonstrated by increased jumpeffect on the height of the jump in doing a smash.
distance and sprint time (Litao et al., 2023). LegBased on the problems described in the
muscle strength plays a critical role in improvingoackground above, in accordance with the
volleyball athlete performance, affectinga variety off€searcher’s observations, itis seen that the training
essential skills for the game. Plyometric training is aProgram is not appropriate so that it can cause a
type of training in which the movement requiresdecrease in endurance and leg muscle strength.
jumping or active movement. The combination o PJKR students at Artha Wacana Christian
plyometric training significantly improves legUniversity Kupang want to achieve their goals
muscle strength in volleyball athletes, which isbecause of training, so the researcher will follow up
important for improving explosive power andon this study with the title "The Effect of
overall performance, but has limited impact on armPlyometric Exercise Combination on Leg Muscle
muscle strength (Muhammad et al., 2023). TwoStrength in Terms of Body Weight at the PJKR
types of plyometric training that are similar to thisVolleyball Club at Artha Wacana Christian
explanation are plyometric box jump and depthUniversity Kupang"
jump training. Plyometric training is characterized
by a unique combination of rapid muscle stretching M ETHODS
and explosive contraction, making it important for ~ The type of research used is experimental
improving athlete performance. research. According to Budiwanto, (2017)
experimental research is a method that tests the
relationship between cause and effect variables.
In this study, one or more variables are

Box jump training Box jump training is
jumping from the floor onto a box or platform and

then landing safely. Box jump training, a form of
plyometric training, involves jumping from the
floor onto a box or platform and landing safely
back on the ground (Maetal., 2024). This exercise
is commonly performed by athletes in various
sports, and should be performed with correct
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manipulated to see their effect on other variables,
while variables that are not related to the problem
being studied are controlled as much as possible.
The data in this study were compiled into a
research design framework with a 3x2 factorial
design, with the division of participants who had
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thin weight, normal weight and overweight each
divided into 3 groups by matching ABABAB
determined into 6 groups graphically. According
to Budiwanto, (2017) "population is the total
number of objects or subjects that have certain
characteristics and qualities determined by
researchers to be investigated, and then
conclusions are drawn from the results of the
study". The population used in this study was the
PJKR Volleyball Club at Artha Wacana
Christian University, Kupang, with a total of 56
students. According to Sugiyono, (2013)
Sampling technique is a way or method of taking
samples from the population to be used as
research objects. Some commonly used sampling
techniques include simple random sampling,
stratified sampling, systematic sampling, cluster
sampling, and purposive sampling. So in this
study the researcher used a purposive sampling
technique with a total of 30 students with several
factors that need to be considered. The data
collection technique in this study was a test and
measurement before the pretest and posttest
samples were given, the body mass index was first
measured, to determine the weight of each
category. The study was conducted 3 times in 1
week for 30 volleyball club participants. The
meeting was held 3 times in 1 week for 30
volleyball club participants, by looking at the leg
strength ability, held on Monday, Wednesday
and Friday. The meeting in this training was held
in the morning between 07:30 - 08:30 WITA, the
training activities were carried outin 16 meetings.

Data analysis was carried out by examining
the influence or difference in the results of the
pretest and posttest of leg muscle strength. The
data analysis technique used in this study using
the SPSS 22 system, namely using ANOVA with
two paths, namely (two-way ANOVA) at a
significance level of 0.05. Furthermore, in order
to be able to compare the same treatment, it is
necessary to use the Tukey Test (Rusydi Ananda
& Muhammad Fadhli, 2018). Before conducting
the hypothesis test, the researcher conducted a
prerequisite analysis test with the Kolmogorov
Smirnov non-parametric statistical test, the
method is to first determine the test hypothesis,
namely: Data from the decision making above is
then calculated using the SPSS program with the
Kolmogorov Smirnov method based on the
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magnitude of the probability or asymp.sig value
(2-tiled), the a value used is 0.05 with decision
making guidelines are:

RESULTS AND DISCUSSION

The data from this study are in the form of
pretest data and posttest data of leg muscle
strength. The research steps will be carried out in
three stages, namely in the first stage a pretest will
be carried out to determine the initial data of leg
muscle strength at the PJKR UKAW volleyball
club on November 25, 2024. The second stage of
this study will last for 1 month and 2 weeks
starting from November 25, 2024 to January 3,
2025. The implementation will last for 6 weeks
with a frequency of 3 times a week. The pretest
and posttest data of leg muscle strength are
presented in the following table:

Toto1 D 4 7 ERPAEEN . o tam Otcs T

Tabel Prectes dan Postiest Kekuatan Otot Tungkas

Gambar 4.1 Tabel preetes-posttestkekuatan otot

tungkai
Dari tabel deskriptif
RO | Box jump (AIBI) Depth jump (AIBI)
Prectest FPosttest N.Gain | Pregtest FPosttest N.Gai
1 119 183 .28 123 200 .35
2 117 140 11 121 192 .32
3 110 174 .30 100 185 .43
4 100 195 48 113 214 47
5 126 180 .24 126 214 .39
2834 3920
NO | Box jump (ALB3) Depth jump (AIB)
Prestest Pasttest Ngain | FPreetest Posttest N gain
1 119 199 37 123 215 4
2 117 183 30 121 204 .38
3 110 193 A0 100 22 61
4 | 100 200 50 113 208 45
5 | 125 177 23 126 205 35

3381 4387
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'NO | Boxjump (A1B3) Depth jump (A2B3)

Fregtest Posttest M.gain | Preestest Posttest | N.gain
‘1 119 180 28 |13 178 | .35

2 117 198 37 |12 200 |36

3 110 175 31 | 100 175 | s
4 100 27 54 |13 179 31

H 126 190 % 126 181 24

3559 3085

Figure 4.2 Results of the N-gain value test

Keterangan

The training group used the
Box Jump training method
and a thin BMI to increase leg
muscle strength

The training group used the
Box Jump training method
and a normal BMI to increase

leg muscle strength.

The training group used the
Box Jump training method
and an Obese BMI to increase

leg muscle strength.

The training group used the
depth jump training method
and a thin BMI to increase leg
muscle strength.

The training group used the
depth jump training method
and a normal BMI to increase

leg muscle strength.

The training group used the
depth jump training method
and an excessive BMI to
increase leg muscle strength.

This normality test is conducted to determine
whether the data obtained is normally distributed
or not. This normality test uses the Shapiro-Wilk
testbecause the observation data is less than 50.

AlB1

Al1B2

AIlB3

A2B1

A2B2

A2B3

Kelompok P Keterangan
Pre_A1B1 953 Normal
Poz_AlB1 873 Normal
Pre_A1B2 040 Normal
Poz AIB2 933 Normal
Pre_A1B3 047 Normal
Posz AIB3 927 Normal
Pre_A2B1 944 Normal
Poz_AZB1 963 Normal
Pre_AJB2 972 Normal
Poz_A2B2 919 Normal
Pre_AJB3 900 Normal
Poz_AZB3 919 Normal

Figure 4.3 Normality Test.

60

Based on the results of the statistical analysis of
the normality test that has been carried out using
the Shapiro-Wilk test on all pretest and posttest
data of leg muscle strength, it is known that the
normality test results have a significant value of >
0.05 so that it can be concluded that the data is
normally distributed because the P value is greater
than 0.05. Homogeneity test is conducted to
determine whether the variance of the compared
data groups shows homogeneity (equality) or
heterogeneity (disparity). In this investigation, the
assessment of homogeneity is conducted in
relation to leg muscle strength. The homogeneity
test of this study is the Levene Test, the test results
are presented in the table

Figure 4.4 Homogeneity test

Based on the results of the homogeneity test
carried out using the Levene Test, the final data
from the calculation results were 0.102 > 0.05.
These results explain that each group has
homogeneous variance data.

Hypothesis Testing.

The results of the hypothesis testing of this study
were conducted through data analysis and one-
way Paired Sample Test ANOVA. The following
is the sequence of hypothesis testing results. The
first hypothesis in this study states that "There is
an influence of the training group using the box
jump training method and thin BMI on increasing
leg muscle strength". Based on the results of the
analysis, the following data was obtained. The
data

Kelompok

2000

‘ AIB1 PrePost

Figure 4.5 Hypothesis testing (1)
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Hypothesis Testing.

The results of the hypothesis testing of this study
were conducted through data analysis and one-
way Paired Sample Test ANOVA. The following
is the sequence of hypothesis testing results. The
first hypothesis in this study states that "There is
an influence of the training group using the box
jump training method and thin BMI on increasing
leg muscle strength". Based on the results of the
analysis, the following data was obtained. The
data

| Reloapok | Mem Upper [T |Df

o
O

&l

| AIB) PrePost | 7600
|

10 440 i RIS
1040 | 8045 | -530

4156

0,001

Figure 4.6 Hypothesis testing (2)

From the results of the Paired Sample Test box
jump and Normal BMI in the table, it can be seen
that the significant p value is 0.001 and the t value
is -9.196. Because the significant p value is 0.001
<0.05, it means that HO is rejected. Thus, it can be
seen that there is a significant difference in
influence. Based on the findings obtained from
this paired sample test, the significance value
(0.001) was observed to be less than 0.05,
indicating a statistically significant difference
between the Pretest and Posttest measurements in
the box jump and Normal BMI groups. The third
hypothesis in this study states that "There is an
influence between the training group using the box
jump training method and Obesity BMI on
increasing leg muscle strength. Based on the
results of the analysis, the following data were
obtained. The data can be seen in the table

Kelmpok | Mo [SD  |Lower T |Df |Sg

L FP\;,?

AIB3 PrePost | 5800 | T30 1387|5401 |95 |4 | o0l

Figure 4.7 Hypothesis test (3)

From the results of the Paired Sample
Testbox jump and Normal BMI in the table, it can
be seen that the significant value of p is 0.015 and

61

the t value is -9.723. Because the significant value
of p is 0.001 <0.05, it means that HO is rejected.
Thus, it can be seen that there is a significant
difference in influence. Based on the findings
obtained from this paired sample test, the
significance value (0.001) was observed to be less
than 0.05, indicating a statistically significant
difference between the Pretest and Posttest
measurements in the box jump and Normal BMI
groups. The fourth hypothesis in this study states
that "There is an influence of the training group
using the depth jump training method and thin
BMI on increasing leg muscle strength. Based on
the results of the analysis, the following data were
obtained. The data can be seen in the tableari

Kelmpok | Mem (SD  |Lower |Upper [T |Df |Sig

L8300 [ 1034 | -BLESE [-3354

ST

AIBI PrePust 0.000

Figure 4.8 Hypothesis testing (4)

From the results of the Paired Sample Test depth
jump and thin BMI in the table, it can be seen that
the significant p value is 0.017 and the t value is -
14.859. Because the significant p value is 0.000
<0.05, it means that HO is rejected. Thus, it can be
seen that there is a significant difference in
influence. Based on the findings obtained from
this paired sample test, the significance value
(0.000) was observed to be less than 0.05,
indicating a statistically significant difference
between the Pretest and Posttest measurements in
the depth jump and thin BMI groups. The fifth
hypothesis in this study states that "There is an
influence of the training group using the depth
jump training method and normal BMI on
increasing leg muscle strength. Based on the
results of the analysis, the following data were
obtained.

Mean | SD

(Sl
]
o
5
L

Uper [T |Df |Sig

Ke‘a:vmmk

082 PrePost | 520 | 951 T35 | B35 2 | o0m

Figure 4.9 Hypothesis testing
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From the results of the Paired Sample
Test depth jump and Normal BMI in the table, it
can be seen that the significant value of p is 0.000
and the t value is -19.323. Because the significant
value of p is 0.000 <0.05, it means that HO is
rejected. Thus, it can be seen that there is a
significant difference in influence. Based on the
findings obtained from this paired sample test, the
significance value (0.000) was observed to be less
than 0.05, indicating a statistically significant
difference between the Pretest and Posttest
measurements in the depth jump and Normal
BMI groups. The sixth hypothesis in this study
states that "There is an influence of the training
group using the depth jump training method and
normal BMI on increasing leg muscle strength.
Based on the results of the analysis, the following
data were obtained.

Kelompok em |SD Upper T

— ok

- £1 Vi L) <412
ADB3 PrePost | 44240 | 15 BT 47145 [ -104% | 4

.....

Figure 4.10 Hypothesis testing

D From the results of the Paired Sample
Test depth jump and BMI Obesity in table 4.10 it
can be seen that the significant value of p is 0.000
and the t valueis -47.143. Because the significant
value of p is 0.000 <0.05 means HO is rejected.
Thus it can be seen that there is a significant
difference in influence. Based on the findings
obtained from this paired sample test, the
significance value (0.000) was observed to be less
than 0.05, indicating a statistically significant
difference between the Pretest and Posttest
measurements in the depth jump and BMI Obesity
groups. The seventh hypothesis in this study states
that "There is a significant interaction of the
Plyometric method (box jump and depth jump
training) and BMI (thin, Normal and Obese) on
increasing leg muscle strength. Based on the
results of the analysis, the following data were
obtained.
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Sowre of Squares Df | MeamSquae | F Sig
Metode Latikan 1381122 1 | 13811 1972 010
Kelompok 1317362 2 | 638781 KR 037
Metode Latihan * | 1714.054 2 | §&STm7 4947 016
Kelompok

R Squored = ,512 (Adjusted R Squared = ,406)
Figure 4.11 Hypothesis Testing

The exercise method variable shows a
significant effect on the results, with an F value of
7.972 and a Sig. value of 0.010 (p <0.05). This
value can be seen that there are differences in the
methods used that have a significantimpact on the
results. Showing that the group variable has a
significant effect on the dependent variable
(research results) with an F value of 3.802 with a
significant level (Sig 0.037 <p 0.005) this explains
that there is a significant difference in the results
of the study based on the exercise group. In
addition, the interaction between the Group and
Method variables also has a significant effect on
the results, with an F value of 4.947 and a
significance level of 0.016 (p <0.05). This shows
that thereis a significantinteraction effect between
the two variables. This significance shows that the
combination of group and method gives
significantly different results. In other words, the
effectivenessofthe method can vary depending on
the particular group. This study aims to analyze
the effect of plyometric training methods,
especially box jump and depth jump, on
increasing leg muscle strength based on BMI
categories, namely thin, normal, and obese.

Discussion of the study based on the results
of the study Thin BMI (A1B1) There was a
significant increase in leg muscle strength. Box
jump training with a significance value of 0.007
(<0.05). This shows that training with the box
jump method is more effective in increasing leg
muscle strengthin individuals with thin BMI. This
is supported by previous studies which state that
individuals with lighter body mass tend to more
easily utilize elastic energy in the eccentric
contraction phase in depth jumps compared to
box jumps (Markovic & Mikulic, 2010). Normal
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BMI (A1B2) The increase in leg muscle strength
was greater compared to the thin BMI group with
a significance value of 0.001. These results
indicate that individuals with normal BMI are
more responsive to box jump training compared
to those with thin BMI. This finding is in line with
research by Slimani et al. (2016) which states that
plyometric training with a depth jump model is
more effective in increasing leg muscle strength
compared to box jump training. Obese BMI
(A1B3) The increase in leg muscle strength was
also statistically significant with a significance
value of 0.001, but slightly lower than the normal
BMI group. This suggests that although box jumps
are effective, obese individuals may face
biomechanical barriers that affect their response to
exercise.

So it can be concluded that box jump training
is proven to be effective in increasing leg muscle
strength in all BMI groups (thin, normal, and
obese), with various levels of significance. In
individuals with a thin BMI, the increase in leg
muscle strength was significant (p = 0.007), but
lower than the normal BMI and obese groups.
Individuals with a normal BMI showed the
greatest response to training (p = 0.001),
consistent with previous studies highlighting the
effectiveness of jumping in increasing muscle
strength. Meanwhile, the obese group also
experienced a significant increase (p = 0.001),
although slightly lower than the normal BMI
group, due to biomechanical limitations.

Based on the results of the study of thin BMI
(A2B1) depth jump training method there was a
significant increase in the significance value of
0.000. This increase was higher than box jump
training in the same group, which indicates that
the depth jump training method is more effective
for individuals with thin BMI. This study shows
that the depth jump training method shows
superior improvement in increasing leg muscle
strength compared to the box jump training
method, especially among individuals with thin
BMI. This finding is in line with the statement put
forward by Markovic & Mikulic (2010), which
shows that individuals with reduced body mass
are more adept at utilizing elastic energy during
the eccentric contraction phase, thus increasing
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the efficiency of muscle contraction during the
execution of the depth jump. Normal BMI (A2B2)
The increase in leg muscle strength was also
statistically significant at a significance value of
0.000. These results are consistent with the group
with normal BMI in box jump training, except
that depth jump gave slightly better results. In the
normal BMI group, experiencing a statistically
significant increase in leg muscle strength (p =
0.000) indicates that the depth jump training
method has slightly superior results compared to
the box jump training method. This observation
confirms what was stated by Suleimani et al.
(2016), which showed that the jump training
method that focuses on depth jumps is more
effective than box jumps in increasing lower
extremity muscle strength. BMI in obese
individuals (A2B3) Although the increase was
significant at a significance value of 0.000, these
results indicate that individuals with obese BMI
still experienced a smaller increase compared to
the normal and thin BMI groups. Biomechanical
factors such as body weight may be a limiting
factor. For individuals with obese BMI, while the
increase in leg muscle strength was statistically
significant (p = 0.000), the results were relatively
lower when compared to normal and lean BMI
groups. (Peng et al., 2017). So it can be concluded
that the depth jump training method is more
effective than box jump in increasing leg muscle
strength, especially for individuals with lean and
normal BMI. Depth jump allows for more optimal
utilization of elastic energy, increasing the
efficiency of muscle contraction. However, for
individuals with obese BMI, although there is an
increase in muscle strength, the response tends to
be lower due to the biomechanical obstacles faced
when performing plyometric training.

Two-way ANOVA analysis showed a
significant interaction between the plyometric
training method and BMI on increasing leg
muscle strength with a significance value of 0.016
(<0.05). This shows that the effect of training
varies depending on a person's BMI category. The
results of the Tukey post-hoc test showed that
significant differences occurred between several
groups, especially between the group with normal
BMI and the group with obese BMI. This
confirms that BMI plays a role in determining the
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effectiveness of plyometric training. The group
with a thin BMI showed a greater increase than
the other groups. This is due to biomechanical
factors, because individuals with a thin BMI have
a lighter body mass, making it easier to perform
explosive movements that are the basis of
plyometric training. The group with a normal
BMI showed a significantincrease, indicating that
they were in ideal condition to get maximum
benefits from plyometric training. The obese BMI
group experienced a significant increase but was
lower than the other two groups. The factor of a
larger body mass can be an obstacle in performing
explosive training, so that the adaptation response
to plyometric training tends to be slower.

CONCLUSION

The results of this study found that the
increase in leg muscle strength was not the same
in all categories of Body Mass Index (BMI).
Individuals with a lean BMI experienced a greater
increase in muscle strength compared to
individuals withnormal and obese BMI. This may
be due to body composition factors, where
individuals with a lean BMI have a lighter body
weight so that the additional load received during
exercise is relatively smaller compared to
individuals with an obese BMI. Thus, plyometric
training is more optimal in increasing leg muscle
strength in individuals with a low BMI.
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