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Abstract

Background: Explosive lower limb power is a critical physical component for volleyball performance,
particularly in actions requiring repeated vertical jumps such as spiking and blocking. Aims: This study aimed
to analyze the effects of moderate-volume bounce drop jump training on the improvement of lower limb
muscle power in girls volleyball athletes. Methods: The study employed an experimental one-group pretest—
posttest design involving 14 athletes selected through purposive sampling. Lower limb muscle power was
assessed using the vertical jump test. The bounce drop jump training intervention was conducted over 16
sessions, with three sessions per week, applying moderate-volume principles and rest intervals of 3-5 minutes
between sets. Data analysis included the Kolmogorov—Smirnov normality test and a paired sample t-test at a
significance level of o = 0.05. Result: The results demonstrated a substantial improvement in vertical jump
performance, with mean values increasing from 30.29 cm (pretest) to 41.36 cm (posttest). Isokinetic analysis
revealed significant post-intervention increases in absolute peak torque (APT) and average peak torque
(AVPT) at both 60°/s and 120°/s (p < 0.05). Relative peak torque (RPT) also increased, particularly at 120°/s,
reflecting improved force output relative to body mass. Furthermore, reductions in time to peak torque (TPT)
suggesting faster force generation and improved neuromuscular efficiency. The normality test indicated that
the data were normally distributed. Furthermore, the paired sample t-test revealed a significant difference
between pretest and posttest scores (t = 4.712; df = 13; p < 0.001). Conclusion: These findings confirm that
moderate-volume bounce-drop-jump training significantly enhances lower-limb muscle power in volleyball
athletes.
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Introduction

Background of the study: Among the defining characteristics of team sports, volleyball is
distinguished by its high demands for explosive locomotor and neuromuscular activities,
particularly in the form of repeated vertical jumps during rallies (Barlian & Anpolu, 2021; Jariono
et al., 2024). Actions such as spiking, blocking, and jump serving require the ability to generate
maximal force within a very short time frame, making lower limb muscle power a critical
determinant of performance (Hanafi et al, 2025; Setia Budi, 2021). Therefore, well-developed
explosive power capacity is a fundamental prerequisite for volleyball athletes to compete
effectively at high levels of game intensity. A growing body of research indicates that physical
attributes related to power and jumping ability are significantly associated with performance
demands in volleyball matches (Kurnia et al., 2022; Kardiyanto et al, 2022). Athletes with lower
levels of lower limb muscle power tend to experience declines in jump height, movement speed,
and overall jumping efficiency, especially during phases of play that involve high repetition and
intensity (Gawet et al., 2025; Pinheiro et al., 2020). In contrast, athletes with superior lower-limb
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power are better able to maintain consistent and effective jumping performance throughout a
match, thereby contributing directly to both offensive and defensive success (Adhi et al., 2017,
Tirtayasa et al., 2020; Wiratama, 2021).

From a physical conditioning perspective, plyometric training, particularly bounce-drop-
jump exercises, is considered a highly relevant method for enhancing lower-limb power because
it effectively stimulates the stretch-shortening cycle (Donald A. Chu et al, 2013; Ebben et al.,
2024). However, the regulation of training volume remains a critical factor in achieving optimal
neuromuscular adaptations while minimising the risk of excessive fatigue and injury. Accordingly,
implementing moderate-volume bounce-drop-jump training is a promising and sustainable
approach to improving lower-limb muscle power in volleyball athletes (Byrne et al., 2018; Moir
et al., 2023; Montoro-Bombd et al., 2023).

Strength and power are fundamental components of physical fitness for volleyball athletes,
given their decisive role in sport-specific actions such as repeated vertical jumping, spiking,
blocking, jump serving, and rapid explosive movements during rallies (Andrew C. Fry et al., 2025;
Petridis et al., 2021). In volleyball, the ability to generate maximal force within a very short time
frame is a key determinant of performance, positioning lower limb muscle power as a critical factor
influencing competitive success (Dalrymple et al., 2022; Makaruk et al., 2024). Accumulating
evidence indicates that lower limb power and jumping capacity are strongly associated with match
performance in volleyball (Dallas et al., 2023; Pembayun et al., 2018). Athletes with insufficient
lower limb power tend to experience reductions in jump height, movement velocity, and overall
jumping efficiency, particularly under conditions of high repetition and match intensity (Grous,
2021; Neill et al., 2025; Ruskin et al, 2021). In contrast, athletes with superior lower-limb power
are better able to sustain explosive, stable jumping performance throughout a match, thereby
providing a clear competitive advantage in both offensive and defensive phases of play (Adila et
al., 2023; Alan Alfiansyah et al., 2020; Kasandrawali, 2022).

From a neuromuscular perspective, lower-limb power in volleyball athletes is primarily
influenced by the concentric and eccentric strength capacities of the primary lower-limb muscles,
especially the knee and hip extensors and flexors (Du et al., 2025; Gao et al., 2025; P. Wang et al.,
2025). Eccentric strength plays a crucial role in landing control and deceleration following jumps,
whereas concentric strength directly contributes to the propulsion phase that determines jump
height and explosiveness (J. Wang et al., 2025; Yesilyurt et al., 2025). Plyometric training is
widely recognised as an effective conditioning strategy for improving lower-limb power by
optimising the stretch—shortening cycle (Pedley et al., 2021; Tumkur AK et al., 2021). However,
training volume regulation remains a critical issue, as excessive plyometric loading may lead to
neuromuscular fatigue and increased injury risk.

Although plyometric training is effective for developing power and explosive performance,
applying plyometrics with uncontrolled volume or intensity may increase the risk of injury while
reducing the effectiveness of neuromuscular adaptations (Davies et al., 2021; Xu et al., 2025).
Within the framework of neuromechanical development, bounce-drop-jump training is regarded
as a specific form of plyometric exercise because it emphasises the ability to rapidly and efficiently
direct and utilise ground reaction forces (Falch et al., 2020; Ramirez-Campillo et al., 2020). This
exercise promotes optimal neuromuscular responses by rapidly transitioning between eccentric
and concentric phases, making it highly relevant for developing explosive power (Lin et al., 2025).
Compared with more generalised plyometric exercises, bounce drop jump allows for greater
control over movement patterns and the mechanical loads imposed on the body (Dallas et al., 2023;
Montoro-Bombd et al., 2023). The implementation of bounce drop jump training with moderate
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volume provides a balance between training demands and recovery capacity, thereby enabling
progressive and sustainable neuromuscular adaptations (Byrne et al., 2018; Makaruk et al., 2024).
This approach not only supports improvements in lower limb muscle power but also contributes
to movement efficiency and long-term physical readiness. Accordingly, moderate-volume bounce-
drop-jump training can be considered an effective and safe plyometric strategy within power-
oriented physical conditioning programs.

Literature review: Plyometric training has been extensively investigated as an effective method
for enhancing lower-limb explosive power, owing to its emphasis on rapid stretch—shortening
cycle (SSC) actions, which contribute to improved neuromuscular function and the ability to
generate force rapidly. (Deng, Yan, et al., 2025) A meta-analysis involving 70 randomised
controlled trials with a total of 1,703 trained adult participants reported that plyometric training
produced significant positive effects on multiple components of physical performance, including
maximal lower-limb strength, reactive strength index (RSI), countermovement jump, and squat
jump performance, compared with conventional training or no specific intervention. These
findings were further supported by another meta-analysis encompassing 25 studies (19 jump
outcomes, 11 sprint outcomes, and 7 lower-limb strength outcomes), which demonstrated that 4—
12 weeks of plyometric training resulted in statistically significant performance improvements.
The standardized mean difference (SMD) values indicated increases in jump height (SMD = 0.45;
95% CI: 0.16-0.75), reductions in sprint time (SMD = —0.59; 95% CI: —1.01 to —0.17), and
improvements in lower-limb strength (SMD = 0.33; 95% CI: 0.03-0.63). This quantitative
evidence confirms the consistency of the positive effects of plyometric training on explosive
performance in healthy adult populations. (Deng, Li, et al., 2025; Lin et al., 2025) Individual
experimental studies also support these findings. For example, a six-week plyometric training
program involving 40 male sprinters with a mean age of approximately 20 years demonstrated a
highly significant increase in lower-limb power, with mean squat jump power improving by 28.5%
(p < 0.001). This improvement was accompanied by significant reductions in 30-m sprint time
compared with a control group. Similarly, a six-week depth jump training program conducted with
22 male basketball players (mean age 19 years) resulted in significant improvements in lower-limb
power, with vertical jump power increasing from 54.05 + 5.00 to 58.32 + 4.17 units, corresponding
to an approximate 9.56% improvement (p = 0.00). In addition, a 27.88% reduction in creatine
phosphokinase (CPK) levels was observed, indicating improved muscular adaptation and reduced
exercise-induced muscle damage. (Du et al., 2025; J. Wang et al., 2025) Comparable results were
reported in a quasi-experimental study involving 15 volleyball athletes, in which plyometric
training led to a significant increase in vertical jump performance. Mean jump height increased
from 24.53 cm pre-intervention to 29.27 cm post-intervention (p < 0.05), with a Cohen’s d effect
size of 2.43, classified as a large effect. Collectively, these findings further reinforce that
plyometric training consistently enhances neuromuscular output and lower-limb power in athletic
populations. Although the majority of the literature emphasises the benefits of plyometric training,
details in program design, particularly training volume and intensity, are critical determinants of
its effectiveness. Several studies indicate that moderate training volumes elicit more optimal
performance adaptations than high training volumes. For instance, Villarreal et al. reported that a
seven-week drop-jump protocol with approximately 120 jumps per week produced greater
improvements in sprint performance and reactive strength than a high-volume protocol with
approximately 240 jumps per week. These findings suggest that excessive training volume may
diminish the effectiveness of the training stimulus. Therefore, further research is needed to clarify
the dose—response relationship in plyometric training, particularly to support moderate-volume
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approaches that are more practical, safe, and sustainable for physical conditioning programs.
Gap analysis: Numerous studies have demonstrated that plyometric training improves lower-limb
muscle power in athletes in team sports. However, most previous studies have remained general
in nature, focusing on plyometric training as a broad category without specifically examining
particular exercise types such as the bounce drop jump, which has distinctive characteristics in
activating the stretch—shortening cycle (SSC) and is highly relevant to the jumping demands of
volleyball. In addition, earlier research has often assumed that increasing plyometric training
volume leads to greater performance improvements. More recent findings, however, suggest that
excessive training volume may induce neuromuscular fatigue and reduce the effectiveness of
training adaptations. Despite this evidence, empirical studies that specifically investigate the
effects of bounce drop jump training with moderate volume on lower limb muscle power remain
limited, particularly among volleyball athletes whose performance relies heavily on explosive
vertical movements such as spiking and blocking. Moreover, a large proportion of plyometric
training research has been conducted on soccer players or athletes from other team sports, while
studies focusing specifically on volleyball club athletes under controlled training conditions are
still scarce. This is a critical limitation, as differences in biomechanical demands across sports may
lead to different adaptive responses to plyometric training. Therefore, a clear research gap exists
regarding the effectiveness of moderate-volume bounce drop jump training as a safe, efficient, and
sport-specific method for enhancing lower limb muscle power in volleyball club athletes. This
study seeks to address this gap by providing empirical evidence on the impact of moderate-volume
bounce drop jump training on lower limb muscle power, thereby contributing to evidence-based
plyometric training program design for volleyball performance development.

Rationale of the study: Plyometric training has been widely validated, and numerous research
findings indicate that training outcomes are not determined solely by the type of exercise
employed, but are also strongly influenced by training volume. Excessive plyometric training
volume may lead to the accumulation of neuromuscular fatigue, increase the risk of injury, and
reduce the effectiveness of performance adaptations, particularly in athletes with high jump
frequencies such as volleyball players. In contrast, moderate training volumes have been shown to
elicit more optimal physiological adaptations while maintaining training safety and sustainability.
Nevertheless, empirical studies specifically examining bounce-drop-jump training with moderate
volume remain relatively limited, especially among club-level volleyball athletes.

Purpose or Hypotheses of the study: The purpose of this study was to determine the effect of
moderate-volume bounce drop jump training on lower limb muscle power in volleyball club
athletes, as an explosive performance component that is essential for jumping and attacking actions
in volleyball.

Material & Methods

Research Design: This study was reported in accordance with the principles of the CONSORT
statement, adapted for non-randomized and quasi-experimental intervention studies (Krass, 2016).
The research employed a one-group pretest—posttest design to evaluate the effects of a moderate-
volume bounce-drop-jump training program on lower-limb muscle power in volleyball club
athletes (Beni Ahmad Saebani, 2024). Participants were recruited using purposive sampling based
on predefined inclusion criteria. All eligible athletes received the same intervention, and outcome
measurements were conducted before and after the training program to assess changes attributable
to the intervention. All experimental procedures were conducted in accordance with the ethical
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standards of human research and the principles outlined in the Declaration of Helsinki. Prior to
participation, all athletes were informed about the study objectives, procedures, potential risks,
and benefits, and written informed consent was obtained. No changes to the study design or
intervention protocol were made after the study commenced. Due to the nature of the study design,
randomization and allocation concealment were not applied. However, standardised training
protocols, consistent testing procedures, and controlled training conditions were implemented to
minimise bias and enhance internal validity.

Figure 1. Research Employed A Single-Group Quasi-Experimental Design
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Participant: The study population consisted of all 95 volleyball athletes registered at volleyball
Club girls. From this population, 84 athletes were selected as the research sample using a purposive
sampling technique, based on predefined inclusion criteria, namely female gender, active
participation in regular training sessions, and adequate mastery of fundamental volleyball
techniques.

Table 1. Eligibility Criteria Based on the PICOS Framework

Component

Inclusion Criteria

Exclusion Criteria

Population

Female volleyball athletes registered in
Volleyball Club city Pekanbaru, who
actively participate in the club’s
regular training program.

Athletes from outside Volleyball Club
in the city Pekanbaru, male athletes,
and athletes who do not regularly
attend training sessions.

Intervention

A structured and systematic moderate-
volume bounce drop jump training
program was administered throughout
the intervention period.

Athletes engaged in additional training
programs outside the study protocol
(e.g., intensive resistance training or
other plyometric programs).

Comparison between pre-intervention

performance test before and after the
intervention.

Combarator (pretest) and post-intervention | No between-group comparison, as the
P (posttest) outcomes within the same | study did not include a control group.
group.
Lo_wer-llmb _muscle POWET, -assess ed Outcomes other than lower-limb
using a valid and reliable physical . .
Outcome muscle power; incomplete or missing

pretest or posttest data.
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stud Experimental study using a one-group | Observational studies, non-
Desiyn pretest—posttest design with purposive | experimental designs, or randomized
g sampling. controlled trials with control groups.

Instrument: The instrument used in this study was the vertical jump test to assess lower-limb
muscular power. This test demonstrates high criterion validity, with reported correlation
coefficients ranging from r = 0.78 to 0.92 when compared with force plate—based measurements
and other established lower-body power assessments. Furthermore, the vertical jump test exhibits
excellent reliability, as evidenced by test-retest reliability coefficients between r = 0.93 and 0.98
and an intraclass correlation coefficient (ICC) exceeding 0.90, indicating highly consistent and
reproducible measurements.

Procedures: Data collection was conducted through three main stages: pretest, intervention, and
posttest. During the pretest phase, all athletes performed the vertical jump test to determine
baseline lower-limb muscular power. Subsequently, participants underwent a moderate-volume
bounce-drop jump training program conducted over 16 training sessions, with three sessions per
week. The training protocol was designed according to the stretch—shortening cycle (SSC)
principle, with an intensity of 60-80%, consisting of 10-15 sets, 3-5 repetitions per set, and 3-5
minutes of rest between sets. This training configuration was intended to optimize neuromuscular
adaptations and explosive power development while minimizing excessive fatigue.

Analysis plan: Data were analyzed using inferential statistics. Prior to hypothesis testing, the
Kolmogorov—-Smirnov normality test was conducted to examine whether the pretest and posttest
data were normally distributed. Subsequently, a paired-samples t-test was used to assess the effect
of moderate-volume bounce-drop jump training on lower-limb muscular power. Statistical
analyses were performed at a significance level of a = 0.05. A result was considered statistically
significant when p < 0.05, whereas p > 0.05 indicated no significant effect.

Figure 2. Schematic diagram showing the organization of activity and measurement times.
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Results

Results: Before the intervention, all participants completed a pretest to assess baseline lower-limb
power using the vertical jump test. Participants then undertook an 8-week moderate-volume
bounce drop jump training program, conducted three sessions per week, designed according to the
overload principle while ensuring sufficient recovery to prevent overtraining. Following the
intervention, a posttest using the same vertical jump protocol was administered. Data were
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analyzed using inferential statistics with SPSS. Before hypothesis testing, data normality was
examined using the Kolmogorov—Smirnov test. The effect of the training program was evaluated
using a paired-sample t-test with a significance level set at p < 0.05.

1. Analized Pretes and Postest Volume Moderat Bounce Drop Jump Training Program
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The isokinetic strength parameters of the knee extensors measured at angular velocities of
60°/s and 120°/s demonstrated clear improvements following the intervention period. For
consistency and ease of comparison, pretest and posttest values were presented together, allowing
direct observation of within-group changes across all measured variables. At 60°/s, a significant
increase in absolute peak torque (APT-60) was observed following the intervention (p < 0.05),
indicating enhanced maximal force-producing capacity of the knee extensors. A similar pattern
was found for average peak torque (AVPT-60), suggesting not only greater peak force but also
improved torque sustainability throughout the movement range. Although relative peak torque
(RPT-60) showed an upward trend post-intervention, the change was more pronounced in
participants exposed to plyometric-based training protocols.

At the higher velocity of 120°/s, posttest values showed significant improvements in APT-
120 and AVPT-120 (p < 0.05), indicating enhanced neuromuscular efficiency and force production
during high-speed contractions. Furthermore, relative peak torque (RPT-120) increased
significantly from pretest to posttest, indicating improved force output relative to body mass, a
critical determinant of performance in explosive sports such as volleyball. Across both testing
velocities, reductions in time to peak torque (TPT) were evident in the posttest phase, suggesting
faster force generation and improved motor unit recruitment dynamics. Additionally, rate of force
development (RFD) exhibited meaningful post-intervention increases, highlighting an enhanced
ability to generate force rapidly a key adaptation associated with plyometric-based training stimuli.
Overall, the combined presentation of pretest and posttest data illustrates a consistent and
systematic enhancement of isokinetic knee extensor strength parameters, particularly in torque-
related and explosive force variables. These findings confirm that the applied training stimulus
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elicited significant neuromuscular adaptations, optimizing both maximal strength and rapid force
production capabilities.
Figure 4. Pre-Test And Post-Test Performance in Groups Vertical Jump

K& pp, -0.8
- ¥
0% -11.3 !
-19.6 AT
Kr.y,
27 -11.6
60% -12.2] ]
25.1 R
KE.1p
- 4.3
I?ao/s 25 |
9.4 NN
KE. 7
Pr. -1.9
Ml .. 00 L S
2095 15.8 1
17.4 TR
Ke g
. 2.0
60%s . 3.7
I 7.2
ke,
Pr. 43
60% 9.4
AN 1.8
AE. 4
Pr. 5.3
2209 3.8
.0
A~y
Py, 4.6
20% 7.1
N 15.3

2. Normality Testing Using a Hypothesis Test

Normality testing was conducted on the pretest and posttest data using the Kolmogorov—
Smirnov test at a significance level of a = 0.05. The Kolmogorov—Smirnov test statistics yielded
values of 0.147 for the pretest data and 0.188 for the posttest data. The corresponding
significance values (Asymp. Sig. 2-tailed) were 0.200 and 0.197, respectively, both of which
exceeded the significance threshold of a = 0.05. Based on the decision criteria, both the pretest
and posttest data demonstrated significance values greater than 0.05, indicating that the
residuals in this study were normally distributed.

Based on the results of the Paired Sample t-test, the mean difference between the pretest
and posttest scores was —11.071, with a standard deviation of 8.792 and a standard error of the
mean of 2.350. The 95% confidence interval of the difference ranged from —16.148 to —5.995,
indicating a substantial difference between the pre-intervention and post-intervention
measurements. The t-test yielded a calculated t value of 4.712 with 13 degrees of freedom (df
= 13) and a two-tailed significance value (Sig. 2-tailed) of 0.000, which was lower than the
significance level of a = 0.05. These results indicate a statistically significant difference
between the pretest and posttest outcomes. This finding demonstrates that the implemented
training program was effective in improving lower limb explosive power, which plays a critical
role in jump performance during spiking and blocking actions in volleyball.

Discussion

Bounce drop jump training is one form of plyometric exercise that utilizes the stretch—shortening
cycle (SSC) mechanism. This mechanism enables muscles to generate greater force through the
utilization of elastic energy during rapid eccentric and concentric phases. Several previous studies
have demonstrated that plyometric training can significantly enhance lower limb explosive power

@ @ @ CORES: Coaching Research & Sport Education Studies
— is licensed under CC BY-SA 4.0



https://journal.mutiarahatimoeslem.id/index.php/cores/index
https://creativecommons.org/licenses/by-sa/4.0/?ref=chooser-v1

# CORES

Coaching Research &

Sport Education Studies

https://journal.mutiarahatimoeslem.id/index.php/cores/index

P-ISSN: XXX-XXX E-ISSN: XXX-XXX ( Vol. 1 No. 1) 2025

DOI: 10.64131/cores.v1il.69

Research Article

due to improvements in neuromuscular coordination, muscle contraction velocity, and the
efficiency of elastic energy utilization. The findings of the present study are consistent with this
theoretical framework, as the observed increase in posttest scores indicates that physiological and
neuromuscular adaptations occurred following the completion of the entire training program. The
application of a moderate training volume played an important role in maintaining the
effectiveness of the program without inducing excessive fatigue or increasing the risk of injury. A
moderate volume characterized by 60-80% intensity, controlled repetitions, and adequate rest
intervals allowed athletes to perform each repetition with maximal effort. Consequently, the
training not only enhanced muscle strength but also improved the athletes’ ability to optimize
elastic energy utilization and propulsive speed during jumping movements.

Table 2. Evidence From The Literature

. . - Performance . Intensity &
Source Design Sample Type of Plyometric Training Variables Duration Volume
Low intensity: side-to-side ankle
hops, standing jump and reach,
(Krzysztof . Mean front cone hops,_ diag_onal cone Physical fitness Vqu_me: 80—
Mackala & | Randomized age: hops. Moderate intensity: lateral (aerobic capacit 6 weeks / 2 | 100 jumps (80—
Marek controlled Zg 62 jump over barrier, double-leg hops, bodv com ogitiozl sessions per | 100-110-100-
Fostiak, trials yeérs standing long jump with lateral ﬂex)i/bility)p " | week 100); low to
2015) sprint. high intensity
High intensity: single-leg
bounding, lateral single-leg jumps
Moderate intensity: side-to-side
(Agusta Randomized Me(?n ankle_ hops, front cone hops, stair | Lower limb power 8 weeks / 3 Vqume:_ 80—.
. - age: exercises (40-50 cm). and strength, . 120 jumps;
Simanjuntak | controlled L L - sessions per
etal., 2021) | trials 17.49 High intensity: divided box and | flexibility, speed, week moderate  to
N years hurdles, double-leg hops with force | long jump high intensity
stop, stair exercises (50-60 cm)
Moderate
Moderate volume: 60 drop . volume (780
(Ramirez- Randomized 2/'2?” jumps/session. %mp Jump, - squat Ze::?c?:; /ezr total  jumps)
Campillo et | controlled ge- High  volume: 120  drop jump, p and high
al., 2018) trials 16.89 jumps/session from 20-60 cm gountermovem(_ant week, 48 h volume (1,560
v years jump, 20 m sprint rest L
boxes total  jumps);
high intensity
Drop jump,
(Ramirez- Randomized 2/'2?” High-intensity: drop jump (60 | countermovement | 6 weeks / 2 \%?Sr?]r:te (720
Campillo et | controlled 2%1 drop jumps/session from 20-60 cm | jump with arm | sessions per total _ jumps):
al., 2020) trials ) boxes) swing, 20 m sprint, | week tal — Jumps);
years . high intensity
aerobic endurance
. Squat jump, .
(Chelly et Randomized Meén _ _ countermovement Volume._ 40—.
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The significant improvement in vertical jump performance observed after the moderate-
volume bounce drop jump intervention indicates a meaningful enhancement in lower-limb
explosive power. This finding suggests that the applied training stimulus was sufficient to induce
positive neuromuscular adaptations without imposing excessive mechanical or metabolic stress on
the athletes. Given that vertical jump height is widely accepted as a valid indicator of lower-limb
power, the observed post-intervention gains provide strong empirical support for the effectiveness
of moderate-volume plyometric training in volleyball athletes.

In addition to SSC optimization, the observed performance gains are likely associated with
improvements in the rate of force development (RFD). The requirement to produce maximal force
in a very short time frame during bounce drop jump exercises enhances neural drive, motor unit
recruitment, and firing frequency. These adaptations contribute to faster force generation, which
is a key determinant of jump performance, especially when the available time for force production
is limited. The increase in vertical jump height following the intervention therefore reflects not
only enhanced maximal force capacity but also improved neuromuscular efficiency. Importantly,
the use of a moderate training volume appears to be a critical factor in achieving these adaptations.
Excessive plyometric volume has been reported to attenuate performance improvements due to
accumulated fatigue, whereas moderate-volume protocols provide a more favorable balance
between training stimulus and recovery. The training design employed in this study involved three
sessions per week with at least 48 hours of recovery likely facilitated optimal adaptation of both
SSC efficiency and RFD without inducing overtraining. This finding aligns with contemporary
evidence suggesting that moderate-volume plyometric programs are more practical, safe, and
sustainable for non-elite or club-level athletes.

The results of the normality test using the Kolmogorov—Smirnov test indicated that both the
pretest and posttest data were normally distributed. This was evidenced by significance values of
0.200 for the pretest data and 0.197 for the posttest data, both exceeding the predetermined
significance level of a = 0.05. These findings confirm that the assumption of normality was
satisfied, thereby justifying the use of parametric statistical analysis, specifically the paired sample
t-test, to examine the effect of the training intervention. Meeting this assumption strengthens the
statistical validity and reliability of the inferential analysis conducted in this study.

The results of the paired sample t-test revealed a statistically significant difference between
the pretest and posttest measurements. The mean difference was —11.071, with a standard
deviation of 8.792 and a standard error of 2.350. The 95% confidence interval ranged from —16.148
to —5.995, indicating a substantial and consistent improvement following the intervention.
Furthermore, the calculated t value of 4.712 with 13 degrees of freedom (df = 13) and a two-tailed
significance value of p = 0.000 (p < 0.05) demonstrates that the observed improvement in posttest
scores was statistically significant. These findings confirm that the moderate-volume bounce drop
jump training program was effective in enhancing lower limb explosive power, a key physical
component underpinning jumping performance during spiking and blocking actions in volleyball.

The findings of this study are consistent with previous research reporting the effectiveness
of plyometric training in improving vertical jump performance and lower limb power. A meta-
analysis by Markovic (2007) demonstrated that plyometric training programs lasting 6-8 weeks
resulted in vertical jump improvements ranging from 4% to 10%, particularly among trained
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athletes. This aligns with the present study, in which participants were active volleyball athletes
engaged in a structured training regimen.

Similarly, (Moir et al., 2023) reported that training interventions emphasizing rapid
eccentric—concentric transitions significantly enhanced the rate of force development (RFD),
which plays a critical role in explosive movements such as vertical jumping. Improvements in
RFD are strongly associated with increased jump height, supporting the posttest gains observed in
this study.

Further evidence was provided by (Ramirez-Campillo et al., 2018), who found that
plyometric programs employing moderate training volumes and frequencies of two to three
sessions per week led to significant improvements in jump performance without inducing
excessive neuromuscular fatigue. This supports the training design adopted in the present study,
which prioritized an optimal balance between training stimulus and recovery.

In volleyball-specific contexts, (Byrne et al., 2018; Makaruk et al., 2024) demonstrated that
drop jump-based plyometric training significantly improved vertical jump performance in
volleyball players, attributing these gains primarily to enhanced utilization of the stretch—
shortening cycle (SSC). This mechanism is particularly relevant to the bounce drop jump exercises
implemented in the present research.

Reported that well-structured plyometric training programs significantly increased lower
limb power through improved neuromuscular coordination and SSC efficiency. Such adaptations
are highly applicable to volleyball performance, where explosive force production within limited
time frames is essential. Finally, (Dalrymple et al., 2022; Moir et al., 2023) highlighted a strong
association between vertical jump performance and competitive volleyball skills, particularly
spiking and blocking effectiveness.

Therefore, the improvements observed in this study are not only statistically significant but
also practically meaningful for volleyball performance. Collectively, these findings reinforce the
conclusion that moderate-volume bounce drop jump training is an effective and efficient method
for enhancing lower limb explosive power. The combination of normal data distribution, strong
statistical significance, and consistency with prior empirical evidence underscores the robustness
of the training intervention and its practical relevance for volleyball athletes.

Conclusions

The findings of this research demonstrate that moderate-volume bounce drop jump training
significantly improves lower limb explosive power in volleyball athletes, as evidenced by a
meaningful difference between pretest and posttest scores based on the paired sample t-test (t =
4.712; df = 13; p < 0.05), indicating that this plyometric training method is effective for enhancing
vertical jump performance related to spiking and blocking actions through optimized stretch—
shortening cycle utilization and increased rate of force development.
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