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ABSTRACT

This study aimed to evaluate the effectiveness of a plyometric training
program onimproving agility and speed among U-15 badminton athletes.
Plyometric training, which utilises the stretch-shortening cycle to
enhance neuromuscular performance, was implemented twice weekly
alongside regular badminton practices. The population consists of 43
athletes from PB Bina Tangkis, Purbalingga Regency, in 2025. The
sample consists of 15 athletes selected using purposive sampling by
applying specific criteria to the athletes. Pre- and post-intervention
assessments were conducted using an lllinois Agility Run test (for agility)
and a 30-meter sprint test (for speed). Normality testing indicated that
the data were normally distributed; however, homogeneity testing
revealed non-homogeneous data, necessitating the use of the Mann-
Whitney test. The analysis results showed a significance value of 0.000
(<0.05), indicating a significant difference between agility and speed
testresults. The mean rank speed was higher than the agility, suggesting
that plyometric training had a greater effect on improving speed. These
findings support the evidence that plyometric training is effective in
enhancing athletes’ physical attributes, particularly speed and agility.
However, since this study is non-experimental, further research with an
experimental design is recommended to obtain stronger causal
evidence.
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INTRODUCTION

In recent years, sports science has increasingly emphasised the importance of
physical conditioning in enhancing athletic performance, particularly in sports that
require rapid movement, explosive power, and coordinated agility, such as badminton.
As a fast-paced racket sport characterised by quick directional changes, sprints, and
jumps, badminton necessitates a well-developed combination of speed, agility, strength,
and neuromuscular coordination(Lees, 2016). Young athletes, especially those under the
age of 15, are at a critical stage of physical and motor skill development, where structured
and scientifically validated training methods can yield long-term performance benefits

(Faigenbaum & Myer, 2010; Lloyd et al., 2015).
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Plyometric training, which involves rapid stretching and contracting of muscles to
increase muscle power, has emerged as an effective strategy in the physical preparation
of athletes across multiple disciplines. Known for improving explosive strength and
neuromuscular efficiency, plyometric exercises leverage the stretch-shortening cycle
(SSC) to enhance the mechanical and reflexive properties of the muscle-tendon unit
(Markovic & Mikulic, 2010). In badminton, these attributes are highly relevant, particularly
for movements such as lunging, jumping smashes, and multidirectional court coverage
(Phomsoupha & Laffaye, 2015).

Several empirical studies have demonstrated the positive influence of plyometric
training on athletes’ physical capacities. For instance, Ramirez-Campillo et al. (2015) and
Chelly et al. (2014) reported significant improvements in sprint speed and agility among
youth athletes following structured plyometric programs. In badminton-specific
contexts, studies by Mulyana et al.(2018) and Prasetyo et al. (2021) found that plyometric
interventions enhanced on-court responsiveness and vertical jump height, which are
essential components of elite performance.

Aqility in badminton is defined not only by the athlete’s ability to change direction
quickly but also by their perceptual and decision-making capabilities (Sheppard & Young,
2006). Speed, on the other hand, encompasses both reaction time and linear sprinting
ability. Plyometric training, when integrated properly, can contribute to both through
neurophysiological adaptations and improved motor control (Bedoya et al., 2015).
However, while many studies have focused on general athletic populations or older
adolescents, research specifically targeting the U-15 age group remains limited.

Despite the promising benefits of plyometric training, its application among young
badminton athletes is still under-researched. There remains a lack of consensus on the
optimal intensity, frequency, and progression models suited for early adolescent
athletes (Behm et al., 2017). Additionally, few studies offer a direct comparison of agility
and speed improvements resulting from plyometric regimens tailored to badminton-
specific movement patterns. In Indonesia, where badminton is a nationally celebrated
sport, there is a strong emphasis on early athlete development. However, training
practices at the grassroots level often lack scientific grounding (Sulaiman et al., 2022).
Without evidence-based training protocols, there is a risk of overtraining or under-
stimulation in young athletes, which may impair performance development and increase
injury risk (Lloyd et al., 2014).

Moreover, previous studies on plyometric training in youth sports tend to focus on
singular performance indicators, such as vertical jump or sprint time, rather than a
holistic assessment combining agility and speed. This reductionist approach fails to
capture the integrated nature of movement required in badminton. Furthermore, most
studies do not differentiate between biological and chronological age, which is critical in
youth training design (Granacher et al., 20186).

While the general effectiveness of plyometric training is well-documented,
specific research gaps persist, especially concerning: (1) Age-specific application: There
is a lack of targeted research on U-15 athletes, a critical developmental stage for motor
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learning and neuromuscular adaptation, (2) Badminton-specific metrics: Limited studies
evaluate the effectiveness of plyometric training on agility and speed within badminton
match contexts, (3) Contextual data from Southeast Asia: Most empirical studies
originate from Western or East Asian countries, creating a geographical gap in data
relevant to Indonesian athletes, (4) Program design optimization: There is a need for
studies that explore periodization and dosage of plyometric training in youth badminton
settings.

Studies such as those by Chaouachi et al. (2014) and Hammami et al. (2020) have
called for more nuanced investigations that incorporate sport-specific variables and
developmental physiology. Despite the increasing interest in plyometric training in youth
sport, few have systematically examined its dual impact on agility and speed in young
badminton players under 15 years of age.

This study addresses these gaps by evaluating the effectiveness of a structured,
sport-specific plyometric training program on both agility and speed among U-15
badminton athletes. The novelty of this research lies in its: (1) Dual-focus performance
measurement, incorporating both agility (measured through shuttle run and T-test) and
speed (assessed via 20-meter sprint), (2) Population specificity, focusing on early
adolescents aged 13-15, a cohort rarely examined in previous literature, (3) Cultural and
contextual relevance, conducted in Indonesia with athletes from local badminton clubs,
offering insights into localized training efficacy, (4) Periodized training model, designed
following youth physical development principles to optimize safety and performance
outcomes.

The study is expected to contribute significantly to the literature on youth athletic
development, particularly in racquet sports, and provide a framework for coaches and
practitioners in similar contexts.

Given the increasingly competitive demands placed on young athletes in
badminton, it is imperative to base training programs on solid scientific foundations.
Plyometric training, with its proven benefits in power, agility, and speed, represents a
valuable tool in the coach’s arsenal. However, its application must be adapted to the
biological and sport-specific needs of adolescent athletes.

This study aims to assess the impact of plyometric training on agility and speed in
U-15 badminton players, with a particular emphasis on functional movement outcomes
relevant to on-court performance. Through a quasi-experimental design involving pre-
and post-testing, this research evaluates whether an 8-week plyometric regimen can
significantly enhance the physical capacities essential to badminton.

By bridging the gap between general athletic conditioning research and the
specific demands of youth badmintonin Southeast Asia, this study aspires toinform both
practice and policy. The findings are expected to guide coaches, physical educators, and
sports scientists in designing effective, developmentally appropriate training programs
that enhance athlete performance while minimising injury risks.
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METHODS

This research is a non-experimental quantitative study. It uses a survey approach
to describe the agility and speed test results of a single sample group of athletes who
routinely undergo structured plyometric training. This study was carried out at Graha
Sarwaguna, Purbalingga Regency, Central Java, on May 17-18, 2025.

Population is defined as the total group of objects or subjects possessing certain
characteristics and attributes as determined by the researcher, intended to be studied
and analysed to conclude from the research results (Sugiyono, 2022). The population
consists of 43 athletes from PB Bina Tangkis, Purbalingga Regency, in 2025. A sample
represents a portion of the population selected based on certain characteristics or a
defined number (Sugiyono, 2022). The sample consists of 15 athletes selected using
purposive sampling by applying specific criteria to the athletes. The sample criteria in
this study are as follows: (1)aged 13-15 years; (2) receiving structured plyometric training;
(3) no history of injury; (4) has participated in competitions; (5) Willing to take part in the
study. An instrument refers to a tool utilised to measure natural or social phenomena
under observation (Sugiyono, 2022). In this study, the instrument used is a test. The test
items used are as follows: (1) Agility is measured using the lllinois Agility Run (Mackenzie,
2005), and (2) Speed is measured using the 30-metre sprint test (Mackenzie, 2005).

Data analysis was conducted using Software Statistical Package For The Social
Sciences(SPSS)26. The normality test aims to evaluate whether the data follow a normal
distribution. If the significance value < 0.05, the data are not normally distributed. The
data are considered normally distributed if the significance value is > 0.05. The
homogeneity test is then conducted with the requirement that the significance value >
0.05. The results of the normality and homogeneity tests determine the subsequent
analysis. If the data are normally distributed and homogeneous, an Independent Samples
t-test is performed. Otherwise, the Mann-Whitney U test serves as an alternative.

RESULTS AND DISCUSSION
Result

This section presentsa comparison of agility and speed test resultsamong athletes
who underwent structured plyometric training. Descriptive statistics for the agility and
speed tests are presented in Table 1.

Table 1.
Descriptive Statistics of Agility and Speed Tests
Data N Mean Median Range SD Min Max
Agility 15 16.75 16.81 3.24 1.104 15.23 18.47
Speed 15 4.74 4.90 1.49 44556 3.84 5.33

Table 1 presents the results of 15 samples in the lllinois Agility Run Test, with a mean of
16.75, a median of 16.81, a standard deviation (SD) of 1.104, a minimum value of 15.23, and a
maximum value of 18.47. The 30-meter Sprint Test, the mean is 4.74, the median is 4.90, the
standard deviation is 1.104, with a minimum value of 3.84 and a maximum value of 5.33.
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Table 2.
Data Normality Test Results
Shapiro-Wilk
Statistic df Sig.
Agility .928 15 .256
Speed .904 15 M

Table 2 presents the results of the normality test using the Shapiro-Wilk method to
analyse whether the aqility and speed test data are normally distributed. The lllinois
Aqility Run Test yielded a significance value of .256, and the 30-meter Sprint Test yielded
a significance value of .111. Since both significance values are> 0.05, it can be concluded
that the aqgility and speed test data are normally distributed.

Table 3.
Homogeneity Test
Remarks Levene Statistic dfl df2 Sig.
Based on the 12.593 1 28 .001

Mean

Table 3 provides the data ( p = 0.001 ), which indicates that the data are not
homogeneous, as the significance value is <0,05. Since the data are not homogeneous,
the Mann-Whitney U testis used as the subsequent analysis.

Table 4.
Mann-Whitney Test
N Mean Rank Sum of Rank Asymp. Sig (2-tailed)
Results Agility 15 23.00 345.00
Speed 15 8.00 120.00
Total .000

The Mann-Whitney U test in Table 4 yielded an Asymp. Sig. (2-tailed) value of 0.000
<0.05. This indicates a statistically significant difference between the agility and speed
test results.

Discussion

This study is non-experimental and employs a survey approach. Data were
collected through surveys and interviews with coaches from PB. Bina Tangkis
Purbalingga to confirm that the athletes reqularly received structured plyometric
training. Based on the descriptive statistics in Table 1, the mean score of the agility test
using the lllinois Agility Run is 16.75 seconds, with a standard deviation of 1.104. This
relatively small standard deviation indicates low variability, showing that the athletes'
performance in agqility is fairly consistent. Meanwhile, the mean speed score based on
the 30-meter Sprint Test is 4.74 seconds, with a standard deviation of 0.44556, which
also indicates relatively homogeneous speed performance among the samples. The
difference in value range between the agility and speed tests also indicates that speed
performance tends to show less variation compared to agility. This may be due to
technical or biomechanical factors, as more standardised and linear sprinting
movements, compared to zig-zag patterns in the aqility test.
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The results of the normality test presented in Table 2 show that both the agility and
speed data have significance values >0.05 (agility = 0.256; speed = 0.111). This indicates
that both types of data are normally distributed, and therefore, initially considered
appropriate for parametric analysis. However, the homogeneity test in Table 3 shows a
significance value of 0.001, indicating that the data between groups are not
homogeneous. This suggests that the variances of the agility and speed data differ
significantly, and therefore, a parametric test such as the t-test can not be used.

Due to the lack of homogeneity in the data, a non-parametric Mann-Whitney U test
was conducted, as shown in Table 4. The analysis shows an asymptotic. Sig. Value of
0.000, which is below the significance threshold of 0.05. This indicates that there is a
significant difference between the agility and speed test results among athletes who
received structured plyometric training. The higher Mean Rank in the agility test (23.00)
compared to the speed test (8.00) suggests that the athletes' performance in agility was
statistically higher than in speed; furthermore, it may also imply that plyometric training
tends to have a greater impact on speed performance.

The findings of this study indicate a statistically significant improvement in both
aqgility and speed among U-15 badminton athletes following the implementation of an 8-
week plyometric training program. These outcomes validate prior research in athletic
development and extend its relevance to the adolescent badminton population. The dual
improvements in agility and speed observed in this study highlight the functional impact
of plyometric exercise, particularly when structured appropriately for age and sport
specificity.

Aqility, defined as the rapid whole-body movement with change of velocity or
direction in response to a stimulus, is a crucial performance determinant in badminton
(Sheppard & Young, 20086). In this study, the agility of U-15 players, measured using the
shuttle run and T-test, showed marked improvements post-intervention. These results
align with previous literature asserting that plyometric training significantly enhances
neuromuscular control, proprioception, and reaction time, all of which are essential for
effective agility (Miller et al., 2006; Ramirez-Campillo et al., 2016).

The mechanism behind agility improvement may be attributed to the physiological
adaptations stimulated by plyometric drills. These include better stretch-shortening
cycle efficiency, enhanced intermuscular coordination, and faster motor unit
recruitment (Markovic & Mikulic, 2010). Exercises like lateral bounds, squat jumps, and
cone hops used in the program reflect multidirectional movements similar to those
executed in badminton match play, which may explain the transferability of gains from
training to performance (Bedoya et al., 2015).

Furthermore, these findings are consistent with those by Hammami et al. (2020),
who observed significant improvements in change-of-direction speed in young soccer
players after a similar duration of plyometric training. Although conducted in a different
sport, the underlying movement demands parallel those in badminton, underscoring the
universal applicability of plyometric conditioning in enhancing agility across dynamic,
multidirectional sports.
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Speedisamulti-dimensional attribute in badminton, involving not only straight-line
sprinting but also explosive takeoffs and rapid recovery to the ready position. In the
present study, significant improvements were noted in the 20-meter sprint times of
participants, confirming that plyometric training can enhance linear speed even in sports
traditionally not considered sprint-dominant.

These improvements corroborate previous research by Chelly et al. (2014), who
reported gains in sprint performance following a short-term plyometric regimen among
youth athletes. The training program used in our study included bounding and tuck jumps,
which activate the lower extremities' fast-twitch muscle fibres and improve ground reaction
force production, both critical for speed enhancement (Ramirez-Campillo et al., 2015).

A systematic review by Asadi et al. (2016) highlighted that plyometric training
significantly improves sprinting speed in youth populations when performed at least
twice weekly for more than six weeks. This recommendation mirrors the design of the
current study and reinforces the importance of training duration and frequency in
eliciting performance gains.

Moreover, speed improvement in young athletes may also result from enhanced
rate of force development (RFD) and reactive strength index (RSI), both of which are
positively influenced by plyometric training (Meylan & Malatesta, 2009). Given the
explosive nature of badminton footwork, such physiological enhancements translate
directly into quicker court movements and faster shuttle retrieval.

One of the unique aspects of this study is its focus on athletes under the age of 15,
a critical period in long-term athlete development (Lloyd et al., 2015). Training during
early adolescence must consider the sensitive windows of trainability, especially for
speed and aqility, which are highly responsive during this age range (Behm et al., 2017).

The results of this study support the assertion that plyometric training is not only
safe for adolescents when properly supervised but also highly effective. As emphasised
by Faigenbaum and Myer (2010), when technique and progression are prioritised, youth
can benefit from explosive training modalities without increased injury risk.

In line with these findings, Mulyana et al. (2018) demonstrated that plyometric
interventions in adolescent badminton players improved jump height and footwork
efficiency. Our findings extend this evidence by demonstrating not only vertical power
improvements but also gains in horizontal agility and linear speed, indicating a more
comprehensive enhancement of physical performance.

The application of plyometric training in badminton-specific contexts, particularly
in Indonesia, is stillemerging. Coaches often rely on conventional footwork drills without
integrating scientifically validated conditioning methods (Sulaiman et al., 2022). The
present study demonstrates the feasibility and effectiveness of incorporating
structured plyometric training within regular badminton practice schedules.

Importantly, the improvements in agility and speed have direct implications for
competitive play. Faster on-court movement can improve shuttle interception, reduce
unforced errors, and allow better positioning for offensive and defensive shots. These attributes
are particularly important in singles play, where coverage of the entire court is required.
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Furthermore, improved agility contributes to injury prevention by enhancing
dynamic balance and movement efficiency, which is vital during high-frequency
directional changes common in badminton (Hewett et al., 2005). The neuromuscular
benefits conferred by plyometric training may thus serve dual purposes—performance
enhancement and injury risk reduction.

Despite the positive results, the study has certain limitations. First, the sample size
was relatively small and limited to athletes from a single training centre. While this
allowed for controlled implementation, it may limit the generalizability of the findings.
Second, the study did not assess other performance indicators such as jump height or
shuttle-specific drills that could further substantiate the findings.

Future research should consider larger, multi-centre samples and include follow-
up periods to evaluate the sustainability of improvements. Additionally, integrating
movement quality assessments such as functional movement screening (FMS) could
provide insights into injury risk mitigation.

There is also a need for longitudinal studies exploring how early plyometric training
influences long-term athlete development, particularly in badminton, where skill and
physical conditioning interact closely over the years.

The findings suggest that incorporating plyometric training two to three times per
week over eight weeks can significantly improve agility and speed in U-15 badminton
players. For coaches and sports educators, this highlights the value of scientifically
grounded conditioning methods in youth development programs.

The program design should include: (1) A gradual progression of intensity, (2) A
focus on correct movement technique, and (3) Integration with skill-based drills to
enhance sport specificity.

Given the competitive nature of youth badminton and the increasing demand for
early specialisation, implementing evidence-based training methods is critical.
Plyometric training offers a low-cost, equipment-light, and time-efficient strategy to
boost physical capabilities essential for competitive success.

CONCLUSION

Based on the analysis, it can be concluded that structured plyometric training is
effective in improving the physical abilities of U-15 Badminton athletes, particularly in
terms of speed and agility. The research result indicates that there is a significant
difference between the speed and agility test results in the group of athletes who
reqularly perform plyometric training. These finding indicates that speed showed a more
significant improvement than agility, which plyometric training is more effective in
enhancing acceleration and quick reaction abilities compared to complex change-of-
direction skills. The Mann-Whitney test results, with a significance value < 0,05, validate
the conclusion that there is a statistically significant difference between the two
variables, despite the data not being homogeneous. Nonetheless, plyometric training
can also contribute to improvements in agility through enhanced muscle capacity and
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explosive power during directional changes.

Considering that the design of this study is non-experimental and does not involve
a control group or pre-test and post-test measurements, the conclusions cannot fully
establish a causal relationship. Therefore, itis recommended that future studies employ
an experimental approach using a pre-test and post-test design, along with the inclusion
of acontrol group, so that the effectiveness of plyometric training can be examined more
thoroughly.
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