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ABSTRACT 
Background & objective: Plyometric training is widely used to improve explosive performance in 
handball, but evidence remains limited regarding its transfer to sport-specific flying shoot performance 
in female university athletes. This study examined whether a short-duration progressive plyometric 
programme could improve flying shoot performance compared with a control condition. 
Materials & Methods: A quasi-experimental, non-randomized controlled pretest–posttest design was 
used involving 68 female university handball athletes, with 34 participants in the experimental group and 
34 in the control group. The experimental group completed a four-week progressive plyometric 
programme consisting of 12 sessions incorporating hurdle jumps, box jumps, single-leg hops, and 
medicine-ball throws, while the control group did not receive the additional plyometric intervention. 
Flying shoot performance was assessed using a standardized three-attempt accuracy test, with scores 
summed across attempts. The primary analysis used analysis of covariance (ANCOVA), with posttest 
score as the dependent variable, group as the fixed factor, and pretest score as the covariate. 
Assumption checks included Shapiro–Wilk and Levene tests, and non-parametric sensitivity analyses 
were performed 
Results: Baseline flying shoot performance was comparable between groups (5.03 ± 1.14 vs 5.12 ± 
1.09; p = 0.746). Posttest scores increased to 7.94 ± 1.10 in the experimental group and 5.26 ± 1.02 in 
the control group. The adjusted between-group difference was 2.753 points (95% CI 2.548–2.959), 
F(1,65) = 717.125, p < 0.001, partial η² = 0.917. Sensitivity analyses confirmed the direction of the 
primary finding. 
Conclusions: A four-week progressive plyometric programme was associated with substantially greater 
improvement in flying shoot performance among female university handball athletes. These findings 
extend international evidence by supporting transfer from combined upper- and lower-body plyometric 
training to a sport-specific technical outcome, although generalization should remain cautious. 
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Global and Theoretical Context 
Critical Review of Existing Evidence 

Research Gap, Novelty, and International Contribution 
Objectives and Hypotheses 

 

MATERIALS AND METHODS 
Study Design 
Participants 
Group Allocation 
Flying Shoot Performance Assessment 
Plyometric Training Intervention 

The experimental group completed a four-week progressive 
plyometric training programme consisting of 12 supervised 

sessions performed three times per week on non-consecutive 
days. The programme consisted of three progressive phases: 
adaptation, development, and peak. Four principal exercises 
were implemented throughout the intervention: 1) hurdle jumps; 
2) box jumps; 3) single-leg hops; and 4) medicine-ball throws. 
Training volume and exercise demand were progressively 
increased across the intervention period.

 
Table 1. Structure of the progressive plyometric training programme 

Phase Sessions Exercises Sets Repetitions 
Rest between 

sets 
Primary training emphasis 
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Adaptation 1–4 
Hurdle jump, box jump, single-leg hop, 
medicine-ball throw 

3 6 / 6 / 5 / 8 60–90 s 
Familiarisation and low-intensity 
plyometric exposure 

Development 5–8 
Hurdle jump, box jump, single-leg hop, 
medicine-ball throw 

4 6 / 6 / 6 / 8 60 s 
Progressive overload and moderate 
training demand 

Peak 9–12 
Hurdle jump, box jump, single-leg hop, 
medicine-ball throw 

4 8 / 8 / 6 / 10 45–60 s High explosive-output demand 

Each session began with a standardized 10–15-minute warm-up 
and ended with an approximately 10-minute cool-down. 
Attendance was recorded throughout the intervention. 
Participants attending at least 80% of the planned sessions were 
classified as adherent. All 34 experimental-group participants met 
this criterion. 

Control Condition 
Intervention Fidelity, Adherence, and Safety 
Monitoring 
Outcome Measures 
Statistical Analysis 
Ethical Considerations 

The study was conducted in accordance with ethical 

principles for research involving human participants and with the 
Declaration of Helsinki. Ethical approval was obtained from the 
Lembaga Penelitian dan Pengabdian FKIP Universitas Islam 
Riau (Approval No. UIR/LPPM-FKIP-PE/26/01-3419). Before 
participation, all participants received information regarding the 
study objectives, procedures, potential risks and benefits, 
voluntary nature of participation, confidentiality, and their right to 
withdraw without penalty. Written informed consent was obtained 
before data collection. Participant information was anonymized 
for analysis and reporting. Access to identifiable research 
information was restricted to the research team. No financial 
inducement was provided for participation.

 

RESULTS 
Participant Flow and Baseline Characteristics 
Assumption Testing 
Normality 

Normality was assessed separately for pretest, posttest, and 
change scores using the Shapiro–Wilk test. Statistically 
significant deviations from normality were observed in all 
distributions.

 
Table 3. Shapiro–Wilk normality test 

Variable Group W p value Interpretation 

Pretest Experimental 0.920 0.016 Non-normal 
Pretest Control 0.919 0.015 Non-normal 
Posttest Experimental 0.920 0.016 Non-normal 
Posttest Control 0.913 0.010 Non-normal 

Change score Experimental 0.510 <0.001 Non-normal 
Change score Control 0.672 <0.001 Non-normal 

The greatest departures from normality were observed for the 
change scores, reflecting the highly concentrated changes within 
each group. 

Homogeneity of Variance 
Primary Outcome 

Flying shoot performance was the primary outcome. At 
posttest, the experimental group achieved a mean score of 7.94 
± 1.10 points, compared with 5.26 ± 1.02 points in the control 
group. The experimental group demonstrated a mean 
improvement of 2.91 ± 0.38 points, whereas the control group 
improved by 0.15 ± 0.50 points. The unadjusted between-group 

difference in change scores was 2.765 points (95% CI 2.550–
2.980), t(66) = 25.685, p < 0.001. The standardized between-
group difference in change scores corresponded to Hedges' g = 
6.16. The primary analysis used ANCOVA, with posttest flying 
shoot score as the dependent variable, group as the fixed factor, 
and baseline flying shoot score as the covariate. After adjustment 
for baseline performance, the estimated posttest mean was 7.98 
points in the experimental group and 5.23 points in the control 
group. The adjusted between-group difference was 2.753 points 
(95% CI 2.548–2.959). A significant group effect was observed, 
F(1,65) = 717.125, p < 0.001, partial η² = 0.917.

 
Table 5. Primary flying shoot outcome by study group 

Outcome Experimental (n = 34) Control (n = 34) Between-group estimate 95% CI Effect size p value 

Pretest, mean ± SD 5.03 ± 1.14 5.12 ± 1.09 −0.09 — — 0.746 
Posttest, mean ± SD 7.94 ± 1.10 5.26 ± 1.02 — — — — 
Change score, mean ± SD 2.91 ± 0.38 0.15 ± 0.50 2.765 2.550–2.980 Hedges' g = 6.16 <0.001 
Adjusted posttest mean¹ 7.98 5.23 2.753 2.548–2.959 partial η² = 0.917 <0.001 

Adjusted using ANCOVA with posttest flying shoot score as the dependent variable, group as the fixed factor, and pretest score as the covariate. 
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Figure 2. Baseline-adjusted posttest flying shoot scores by study group. Points represent ANCOVA-estimated marginal means and error bars 
represent 95% confidence intervals. The model adjusted posttest performance for baseline flying shoot score. 
 

Supplementary Within-Group Analyses 
Within-group comparisons were conducted as supplementary 

analyses. The experimental group increased from 5.03 ± 1.14 at 
pretest to 7.94 ± 1.10 at posttest. The mean increase was 2.91 

points (95% CI 2.78–3.04), paired t(33) = 44.821, p < 0.001. The 
control group changed from 5.12 ± 1.09 to 5.26 ± 1.02 points. 
The mean increase was 0.15 points (95% CI −0.03 to 0.32), 
paired t(33) = 1.713, p = 0.096.

 
Table 6. Supplementary within-group analyses 

Group Pretest, mean ± SD Posttest, mean ± SD Mean change 95% CI t (df) p value 

Experimental 5.03 ± 1.14 7.94 ± 1.10 2.91 2.78–3.04 44.821 (33) <0.001 
Control 5.12 ± 1.09 5.26 ± 1.02 0.15 −0.03–0.32 1.713 (33) 0.096 

Sensitivity Analyses 
Intervention Fidelity, Adherence, and Safety 

The intervention was implemented with complete participant 
retention and full adherence to the predefined attendance 
criterion among experimental-group participants. Outcome 
completeness was 100% in both groups, with no loss to posttest 

assessment and no missing primary-outcome data. No 
intervention discontinuations, adverse events, or serious adverse 
events were recorded in either group during the study period. 
These findings indicate that the intervention protocol was feasible 
to complete within the study setting and was not associated with 
any recorded safety events during the four-week intervention 
period.

 

DISCUSSION 
Principal Findings 
Comparison with International Evidence 
Theoretical, Methodological, and Practical 
Implications 
Strengths and Limitations 
Future Research 

Future work should establish the reliability and 
responsiveness of the flying shoot scoring instrument in larger 
samples and consider a greater number of trials or technology-
assisted measures to reduce discreteness and measurement 

error. Multi-method assessment combining accuracy, ball 
velocity, and jump characteristics would provide a more complete 
representation of performance. Finally, implementation and cost-
effectiveness studies are warranted. Plyometric programmes are 
relatively simple to deliver, but their real-world value depends on 
coach training, equipment availability, scheduling, athlete 
adherence, injury surveillance, and compatibility with existing 
technical training. Pragmatic multicentre trials could therefore 
examine not only whether the intervention works under controlled 
conditions, but also whether it can be implemented consistently, 
safely, and economically within university handball programmes.

 

CONCLUSION 
A four-week progressive plyometric training programme was 

associated with substantially greater improvement in flying shoot 
performance among female university handball athletes 
compared with the control condition. The baseline-adjusted 
analysis supported a clear between-group difference, and the 
direction of the finding was consistent across supplementary and 
sensitivity analyses. These results extend the existing handball 
literature by showing that a short-duration programme combining 
lower- and upper-body plyometric exercises may transfer to a 
sport-specific technical outcome rather than only to isolated 
physical-performance measures. The findings are relevant to 

university-level handball programmes internationally, particularly 
in settings where structured explosive-power training is limited 
and practical, low-cost conditioning strategies are needed. 
However, the results should be generalized cautiously because 
the study involved a single university-level female athlete 
population, a relatively short intervention period, a discrete 
performance measure, non-randomized group allocation, and no 
longer-term follow-up. Replication in larger, multicentre, and 
preferably randomized controlled studies is required before 
broader causal or population-level conclusions are made.
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