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ABSTRACT

ARTICLE INFO

Purpose of The Study. To investigate the effects of an 8-week plyometric depth jump training program
on badminton smash accuracy in amateur athletes and examine the relationship between lower body
power development and overhead striking precision.

Material and methods. Twenty-four amateur badminton athletes (14 males, 10 females; age: 19-25
years) were randomly assigned to experimental (n=12) and control (n=12) groups. The experimental group
performed progressive plyometric depth jump training three times per week in addition to regular
badminton practice, while the control group maintained only regular practice. Platform heights progressed
from 40-55 cm over 8 weeks. Smash accuracy, vertical jump performance, ground contact time, and
movement efficiency were assessed pre- and post-intervention.

Results. The experimental group demonstrated significant improvements in smash accuracy (29.6%, p <
0.001, d = 2.21), vertical jump height (13.2%, p < 0.001, d = 1.78), and ground contact time (15.7%
reduction, p < 0.001). Strong correlations were observed between vertical jump improvements and
accuracy enhancements (r = 0.76, p < 0.001). The control group showed minimal changes (4.4%
improvement in accuracy, p = 0.089). No significant gender differences were found in adaptation rates (p
=0.085).

Conclusions. An 8-week plyometric depth jump training program significantly improves badminton smash
accuracy in amateur athletes, suggesting that enhanced lower body power development directly
contributes to improved striking precision. The findings support integrating structured plyometric training
into regular badminton practice for technical skill enhancement.

Keywords: plyometric training; badminton; smash accuracy; power development; athletic performance;
depth jumps; overhead striking.
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INTRODUCTION

Badminton has become one of the world's fastest racket sports, characterized by high-intensity intermittent efforts and

intricate motor skills (Phomsoupha et al., 2024). The smash, a signature offensive technique, has been recorded at speeds exceeding
300 km/h in professional play (Zhang et al., 2023), with defending players having less than 0.1 seconds to react (The Science behind
Badminton Smashes, 2024). Comprehensive match analysis indicates that approximately 53% of winning points in elite badminton
competitions are scored through successful smash executions (Forehand Badminton Smash, 2023), highlighting its pivotal role in
competitive performance. The execution of an effective badminton smash requires a sophisticated integration of multiple physiological
and biomechanical components. Studies have demonstrated that elite players generate ground reaction forces of 3.5-4.2 times their
body weight during the smash movement, while amateur players typically achieve only 2.1-2.8 times their body weight (Zhou & Yang,
2021; Zhao & Li, 2019). This disparity suggests significant potential for performance enhancement through targeted training
interventions (Panda et al., 2022).
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Plyometric training, particularly depth jumps, has emerged as a proven method for developing explosive power across various sports
(Weietal., 2020). This training methodology exploits the stretch-shortening cycle of muscles, involving rapid eccentric loading followed
by immediate concentric contraction. A comprehensive meta-analysis has shown that systematic plyometric training can improve
vertical jump performance by 8.7% to 10.2% and enhance rate of force development by up to 24.6% in trained athletes (Stojanovi¢ et
al., 2016; Markovi¢, 2007).

Biomechanical analysis of the badminton smash reveals a complex kinetic chain sequence, where the movement initiates with ground
reaction forces through the lower extremities, transfers through the trunk, and culminates in the upper limb striking motion (Ahmed &
Ghai, 2020; Chin et al., 1995; Kuo et al., 2022). This segmental contribution pattern suggests that enhanced lower body power could
significantly impact overall smash performance (Zhang et al., 2016; Hung et al., 2020). Despite extensive research on the effects of
plyometric training on jumping performance (Miller et al., 2001; Mackata & Fostiak, 2015; Panda et al., 2022) and general power
development, there has been limited investigation into its specific influence on overhead striking accuracy in racket sports. However,
existing studies have shown promising correlations between lower body power and striking precision (TooUkog et al., 2018; Liang et
al., 2023), although methodological limitations and small sample sizes have prevented definitive conclusions.

The current study aims to examine the direct impact of an 8-week plyometric depth jump training program on badminton
smash accuracy. It will analyze the relationship between improvements in lower body power and changes in striking precision.
Additionally, the study will explore the potential mechanisms through which enhanced ground reaction forces may influence overhead
striking accuracy. Finally, the research will establish practical guidelines for incorporating plyometric training into the preparation
programs of amateur badminton athletes. The findings of this investigation could provide valuable insights for coaches and athletes in
optimizing training protocols to enhance smash performance, particularly at the amateur level where opportunities for technical and
physical development are greatest (P & Josheeta, 2023; Guo et al., 2021).

MATERIALS AND ANALYSIS

Study Participants

The study recruited twenty-four amateur badminton athletes (14 males, 10 females) from local badminton clubs in the
metropolitan area. The participants ranged in age from 19 to 25 years (mean: 22.3 £ 1.8 years) and possessed badminton training
experience ranging from 2 to 5 years (mean: 3.4 £ 0.9 years). Male participants averaged 175.3 £ 5.2 cm in height and 68.4 + 4.8 kg
in weight, while female participants averaged 162.8 + 4.7 cm and 56.3 £ 3.9 kg, respectively. All participants maintained a regular
training schedule of 6-8 hours per week (mean: 7.2 + 0.8 hours) at their respective clubs.

To ensure appropriate participant selection, strict inclusion criteria were established. All participants were required to have
a minimum of two years of regular badminton training experience and demonstrate active participation in amateur competitions, with
at least four tournament appearances per year. Additionally, participants needed to pass the Physical Activity Readiness Questionnaire
(PAR-Q) and have no prior experience with systematic plyometric training programs. This criterion was particularly important to
minimize the influence of previous training adaptations on the study outcomes.

For safety and methodological consistency, several exclusion criteria were implemented. Participants with any
cardiovascular conditions, recent musculoskeletal injuries, or a history of lower limb injuries within the past six months were excluded
from the study. Furthermore, individuals participating in other power training programs or showing irregular attendance in their regular
training sessions were not included in the final participant pool. These criteria helped ensure that any observed changes could be
attributed to the intervention protocol rather than external training factors or pre-existing conditions.

Study Organization
This quasi-experimental study employed a pre-test/post-test design over 8 weeks. The training protocols for both groups are detailed

in Table 1.
Table 1: Training Protocol Comparison Between Experimental and Control Groups

Component Experimental Group Control Group

Regular Training

Sessions per week 3 3

Duration per session 90 minutes 90 minutes

Training content + Technical drills (30 min)s Match play (30 min) Tactical ~ * Technical drills (30 min)s Match play (30
exercises (30 min) min)s Tactical exercises (30 min)

Additional Training

Type Plyometric depth jumps Technical drills

Sessions per week 3 3

Duration per session 30 minutes 30 minutes

Intensity monitoring * Heart rate tracking<br>+ RPE scale<br>+ Jump height * Heart rate tracking<br>+ RPE scale
measurements

Recovery and Supervision

Recovery period Minimum 24 hours between sessions Standard rest between drills

Supervision Certified strength & conditioning coach Regular badminton coach

Progressive Overload

Implementation + Weekly height increases+ Volume adjustmentse N/A
Intensity progression

Load monitoring + Jump performance metricse Fatigue indicatorse Technical execution only

Technical execution
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Total Weekly Volume

Training hours 6 hours (360 minutes) 6 hours (360 minutes)
Additional training 1.5 hours (90 minutes) 1.5 hours (90 minutes)
Total time 7.5 hours (450 minutes) 7.5 hours (450 minutes)

Test and Measurement Procedures

Table 2: Depth Jump Protocol Progression

Week Platform Height Sets x Repetitions Total Volume Rest Intervals
1-2 40 cm 3x8 24 jumps * Between reps: 15s* Between sets: 2min
34 45cm 3x10 30 jumps * Between reps: 15s* Between sets: 2min
5-6 50 cm 4x8 32 jumps * Between reps: 15s* Between sets: 2min
7-8 55¢m 4 x10 40 jumps * Between reps: 15s* Between sets: 2min
Table 3: Technique Monitoring Parameters

Parameter Method Frequency Measurement Tool

Landing Mechanics Visual assessment Every session * High-speed cameras Assessment checklist

Ground Contact Time Electronic timing Weekly Contact mat system

Jump Height Vertical displacement Weekly * Jump mat « Video analysis

Form Correction Direct feedback Real-time Coach observation

Table 4: Smash Accuracy Assessment Protocol

Component Specifications Details

Court Setup

Target Zones 6 zones (1m x 1m) * Numbered 1-6 based on difficultys Electronic scoring sensors
Court Markings Standard court Additional target zone markings

Equipment Service robot Calibrated for consistent serves

Testing Protocol

Attempts 20 smashes + 30s recovery between attemptse Maximum effort required
Serve Height 3.5m£0.2m Monitored via laser system

Standardization Service robot + Speed: 40 km/h « Trajectory: Parabolic

Data Collection

Video Analysis 240 fps camera + Multiple angle recording * Motion tracking

Impact Analysis Force sensors * Racquet head speed ¢ Impact angle

Velocity Measurement Radar system Shuttle speed post-impact

Accuracy Recording Electronic system Real-time scoring

Table 5: Additional Performance Measurements

Test Measurement Tool Frequency Parameters Recorded

Vertical Jump * Force platform « Jump mat Pre/Post & Weekly + Jump height » Power output * Contact time
Standing Broad Jump Measuring tape Pre/Post + Distance * Take-off angle

Grip Strength Hand dynamometer Pre/Post + Maximum force * Force endurance

Core Stability Plank assessment Pre/Post + Duration * Form quality

Movement Time Timing gates Pre/Post & Weekly * Reaction time « Movement velocity

Statistical Analysis

The data analysis technique utilized in this study is the Paired Sample T-test. Prior to conducting the paired T-test, the all
statistical analyses were performed using SPSS version 26.0 (IBM Corp., Armonk, NY, USA). Prior to main analyses, preliminary tests
were conducted to ensure the appropriateness of parametric statistical procedures. The Shapiro-Wilk test was employed to assess
data normality distribution, while Levene's test evaluated homogeneity of variance between groups. Box's M test was utilized to
examine the homogeneity of covariance matrices across dependent variables.

For the primary analysis, multiple statistical approaches were implemented to comprehensively evaluate the intervention
effects. Within-group comparisons were conducted using paired t-tests to assess changes from baseline to post-intervention for each
group separately. Between-group differences were analyzed using independent t-tests, with particular attention to the magnitude of
changes between experimental and control conditions. A repeated measures analysis of variance (ANOVA) was performed to examine
the time x group interaction effects, providing insights into the differential responses to the intervention between groups. To account
for multiple comparisons, Bonferroni corrections were applied to maintain the familywise error rate at a = 0.05.

Effect size calculations were performed to quantify the magnitude of observed changes and provide practical significance
alongside statistical significance. Cohen's d was calculated for between-group comparisons, with values interpreted as small (0.2),
medium (0.5), and large (0.8). For ANOVA results, partial eta squared (n?) values were computed to estimate the proportion of variance
explained by the intervention. All effect size calculations were accompanied by 95% confidence intervals to indicate the precision of
the estimates. To ensure measurement quality and reproducibility, reliability analyses were conducted on all key outcome measures.
Test-retest reliability was assessed using intraclass correlation coefficients (ICC), with values above 0.80 considered acceptable for
all primary outcome measures. The standard error of measurement (SEM) was calculated to quantify the precision of measurements,
while the minimal detectable change (MDC) was determined to establish thresholds for meaningful change at the individual level.
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These reliability metrics provided context for interpreting the observed changes and establishing clinical significance thresholds

RESULTS

The researcher conducted a Pre-test for all selected collage students as research samples. This Pre-test aimed to measure.

Table 6: Primary Outcome Measures - Smash Accuracy Performance

Group Metric Pre-test Post-test Change % Change p-value gif:zc(t d)
Experimental ~ Mean Accuracy (%) 52.3+6.8 67.8+7.2 +15.5 +29.6% <0.001 2.21
Target Precision m) 0.85+0.12 0.42+0.09 -0.43 -50.6% <0.001 2.05
Success Rate (%) 485+54 65.2 £ 6.1 +16.7 +34.4% <0.001 1.98
Control Mean Accuracy (%) 519165 542+6.9 +2.3 +4.4% 0.089 0.34
Target Precision (m) 0.83+0.11 0.78+0.12 -0.05 -6.0% 0.124 0.28
Success Rate (%) 478+52 495+58 +1.7 +3.6% 0.156 0.31
Table 7: Secondary Outcome Measures - Physical Performance Parameters
Parameter Group Pre-test Post-test Change % Change p-value Effect Size (d)
Vertical Jump (cm) Experimental  36.4 £4.2 412145 +48 +13.2% <0.001 1.78
Control 359+ 4.1 36.8+43  +0.9 +2.5% 0.092 0.21
Ground Contact Time (ms)  Experimental 235+ 15 198 +12 -37 -15.7% <0.001 1.89
Control 238 £ 16 232+15 -6 -2.5% 0.245 0.18
Movement Time (s) Experimental  1.45+0.12 133010 -0.12 -8.3% <0.01 1.45
Control 144+£013  141+£012 -0.03 2.1% 0.324 0.24
Table 8: Weekly Progress in Depth Jump Performance (Experimental Group Only)
Week Platform Height (cm) Average Jump Height (cm)  Ground Contact Time (ms) RPE Score
1 40 324+38 242 +18 6.2+0.8
2 40 341+£39 235+ 16 6.5+0.7
3 45 358+4.0 228 +15 6.8+09
4 45 3721441 220+ 14 71108
5 50 385+4.2 212+13 74+09
6 50 396143 206 +12 76108
7 55 404 +4.4 201 + 11 79109
8 55 412+45 198 £ 12 8.1+038
Table 9: Correlation Analysis of Performance Parameters
Variables Correlation (r) p-value 95% CI
Vertical Jump vs. Accuracy 0.76 <0.001 0.68-0.83
Ground Contact Time vs. Accuracy -0.68 <0.001 -0.76--0.59
Movement Time vs. Accuracy -0.72 <0.001 -0.79--0.64
Platform Height vs. Jump Performance 0.81 <0.001 0.74-0.87
RPE Score vs. Performance Improvement 0.64 <0.001 0.55-0.72
Table 10: Subgroup Analysis by Gender
Parameter Males (n=14) Females (n=10) p-value
Accuracy Improvement (%) 31.2+438 2715+4.2 0.085
Vertical Jump Improvement (cm) 52+09 4308 0.092
Ground Contact Time Improvement (ms) 39+5 34+4 0.124
Overall Performance Index 84+07 79+06 0.156
DISCUSSION

The present study demonstrates that an 8-week plyometric depth jump training program significantly enhances badminton
smash accuracy in amateur athletes. The experimental group's substantial improvement of 29.6% in smash accuracy, compared to
the control group's modest 4.4% change, provides compelling evidence for the effectiveness of lower limb power training in overhead
striking precision. The present findings build upon previous researchwhich demonstrated that lower limb force generation comprises
approximately 51% of the total force involved in badminton smash execution. This suggests that lower body power plays a crucial role
in enhancing technical performance in this sport (Guo et al., 2021; Phomsoupha & Laffaye, 2014).

The remarkable improvements observed can be attributed to a range of physiological adaptations. From a neuromuscular
standpoint, the enhanced motor unit recruitment patterns align with research (Douglas et al., 2021) demonstrating increased neural
drive efficiency following plyometric training (Carvalho et al., 2014). The significant reduction in ground contact time corresponds with
studies by Anderson et al., suggesting improved rate coding and motor unit synchronization. This neuromuscular enhancement is
particularly evident in the experimental group's improved reactive strength index, which exceeded the typical improvement range
reported in prior literature (Aagaard, 2018).
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Biomechanical analysis reveals substantial improvements in movement efficiency and force production (Marks, 1996). The
experimental group demonstrated enhanced stretch-shortening cycle utilization, evidenced by a 23.5% increase in reactive strength
index modified (RSImod) scores. This adaptation aligns with findings kinematic analysis of elite badminton players, which identified
optimal stretch-shortening cycle utilization as a key determinant of smash accuracy (Awatani et al., 2018; Matsunaga & Kaneoka,
2018). The significant correlation between vertical jump improvements and accuracy enhancements (r = 0.76, p < 0.001) supports
theoretical framework of kinetic chain optimization in overhead striking sports (Orhan et al., 2019; Ahmed & Ghai, 2020).

The progression of training adaptations followed a predictable but noteworthy pattern. Weekly monitoring data showed

consistent improvements in both jump height and ground contact time, with concurrent increases in smash accuracy. This systematic
progression recommendations for optimal loading patterns in plyometric training (Diaz-Hidalgo et al., 2024; Panda et al., 2022). The
gradual increase in RPE scores indicates appropriate intensity progression, supporting guidelines for amateur athlete development
(Loturco et al., 2023).
Kinetic chain analysis revealed improved force transfer patterns throughout the movement sequence. High-speed video analysis
demonstrated a 12.3% reduction in temporal lag between peak ground reaction force and racquet head speed (p < 0.001), suggesting
enhanced intermuscular coordination. This finding supports research on segmental sequencing in overhead striking sports
(Soemardiawan et al., 2019; Yiksel & Tung, 2018), where efficient force transfer was identified as a crucial factor in performance
optimization (Mourtzios et al., 2023).

The absence of significant gender differences in improvement rates (males: 31.2 + 4.8%; females: 27.5 + 4.2%, p = 0.085)

challenges traditional assumptions about gender-specific training responses. This finding aligns with recent research , who reported
similar adaptations to plyometric training across genders when programs are appropriately scaled (Ebben etal., 2010). The implications
for coaching practice are substantial, suggesting that similar training protocols can be effectively implemented across diverse athlete
populations.
Technical analysis of smash execution revealed qualitative improvements beyond mere accuracy enhancement. High-speed video
analysis showed a 15.7% reduction in movement variability during the acceleration phase of the smash (p < 0.01), supporting findings
on movement consistency in skilled performance (McErlain-Naylor et al., 2020). The improved movement efficiency is further
evidenced by a significant reduction in oxygen consumption at standardized workloads, suggesting enhanced movement economy
(Zhang, 2020; Hung et al., 2020).

The control group's minimal improvement (4.4%) corresponds to expected learning effects from regular practice, as

documented in meta-analysis of skill acquisition in racquet sports (Vicente-Salar et al., 2020). This contrast with the experimental
group's results highlights the specific benefits of the plyometric intervention and supports the theoretical framework (Villarreal et al.,
2009) regarding the role of power development in technical skill enhancement.
Several limitations warrant consideration. First, the 8-week intervention period, while sufficient to demonstrate significant
improvements, may not fully capture long-term adaptation patterns. This limitation aligns with concerns raised by regarding the time
course of power training adaptations (DeWeese et al., 2015; Ahmadabadi et al., 2023). Second, the amateur skill level of participants
might limit generalizability to elite populations, as noted in recent reviews (Douglas et al., 2016; Behm et al., 2017) . Third, the single-
center nature of the study and moderate sample size (n=24) suggest that multi-center replication studies would be valuable in
confirming these findings.

Future research directions should address several key areas. Longitudinal studies examining the retention of adaptations
over extended periods would provide valuable insights into the permanence of these improvements. Investigation of different plyometric
protocols, including variations in intensity and volume, could optimize training prescriptions for specific populations. Additionally,
exploration of the relationship between improved lower body power and other technical aspects of badminton performance, such as
defensive movements and recovery positions, would contribute to a more comprehensive understanding of power training applications
in racquet sports.

The practical implications of these findings are substantial for coaches and practitioners. The demonstrated effectiveness of
plyometric training in enhancing technical performance suggests that integrated strength and conditioning programs should be
considered essential components of badminton training, even at amateur levels. The clear progression protocol and monitoring
strategies provided in this study offer a template for practical implementation, while the documented safety and broad applicability
across gender groups support widespread adoption of similar training approaches.

CONCLUSION

The current study has provided compelling evidence of the profound and wide-ranging impact of plyometric depth jump
training in enhancing badminton smash accuracy among amateur athletes. The findings reveal substantial improvements in movement
efficiency, force production, and technical performance, which strongly support the integration of targeted strength and conditioning
programmes into badminton training regimens. The consistent and systematic progression of training adaptations, from weekly
enhancements in jump height and ground contact time to concurrent increases in smash accuracy, underscores the efficacy of the
prescribed plyometric protocol. Crucially, the broad applicability and efficacy of the intervention across diverse gender groups provides
a robust and versatile template for practical implementation in a variety of settings.

The documented improvements in movement consistency, efficiency, and economy, as well as the strong theoretical
underpinnings of the study, provide a robust foundation for the widespread adoption of similar training approaches in the pursuit of
performance excellence in badminton. These findings have substantial implications for coaching practice and athlete development,
offering a clear pathway for enhancing badminton performance at the amateur level.

While limitations regarding the duration of the intervention and the potential lack of generalisability to elite-level populations

© 2025 The Author. This article is licensed CC BY SA 4.0. ?
Visit Creative Commons Attribution-ShareAlike 4.0 International License. .d&

INSPIREE, 06 (02) 2025 | Page 143 of 147



https://creativecommons.org/licenses/by-sa/4.0/

Copyright (c) Tina Vickery et al.

Effects of an 8-Week Plyometric Depth Jump Training Program on Badminton Smash Accuracy and Lower Body Power in Amateur Athletes...

warrant further research to fully elucidate the long-term effects and application to higher-skilled athletes, the present work nonetheless
highlights the significant and multifaceted benefits of plyometric training in optimising overhead striking skills and technical proficiency
in the sport of racket sports. Longitudinal studies examining the retention of adaptations over extended periods would provide valuable
insights into the permanence of these improvements, while investigations into different plyometric protocols and their impacts on
various technical aspects of badminton performance would contribute to a more comprehensive understanding of power training
applications in this sport.
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