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Abstract
This study pursued three objectives: (1) to investigate the current physical fitness status of amateur adult badminton players; (2) to design and validate a badminton-specific physical fitness programme; and (3) to implement and evaluate the programme's effects on aerobic capacity, core strength, and movement fluency. A mixed-methods design was employed comprising a needs-assessment survey of 186 players and 7 coaches, expert interviews (n = 9) and focus group discussions (n = 9) for programme development, and a 12-week quasi-experimental pretest–midtest–posttest control group trial. Fifty intermediate-level players at Taizhou Badminton Club were systematically allocated into an experimental group (n = 25) and a control group (n = 25). The experimental group followed the developed programme integrating sport-specific high-intensity interval training (HIIT), functional core exercises, and reactive agility drills while the control group continued with traditional technical-focused training. Outcomes were assessed via the 20-Metre Shuttle Run Test, Plank Test, and Badcamp Agility Test. Programme content validity was confirmed at IOC = 0.90. Pre-test equivalence was established between groups (all *p > .05). Post-test results revealed that the experimental group achieved significantly superior aerobic capacity, core strength, and movement fluency compared with the control group (all *p < .05). Within the experimental group, one-way repeated-measures ANOVA confirmed progressive, significant improvements across all three time points (F = 35.20– 98.34; all *p < .05). The developed programme constitutes a valid, practically deployable approach for advancing the physical performance of amateur badminton players.
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Introduction
Badminton is one of the most physically demanding racket sports, requiring athletes to execute explosive accelerations, abrupt directional changes, and overhead striking actions within intervals of six to ten seconds, separated by brief recovery periods (Phomsoupha & Laffaye, 2015). This intermittent, high-intensity pattern places concurrent demands on aerobic endurance, trunk stabilisation, and multi-directional movement coordination three qualities that determine sustained on-court performance and injury resilience alike. At the amateur level, however, these physiological prerequisites routinely go unaddressed. Recreational clubs characteristically prioritise stroke repetition and tactical drills over structured conditioning, leaving players ill-equipped for the metabolic and neuromuscular demands of extended match play. The downstream consequences are predictable: rapid mid-match fatigue, deteriorating stroke quality, and balance failure during rapid positional transitions.
A needs-assessment survey at Taizhou Badminton Club representative of community-level clubs across urban China documented the scope of this problem. Among 186 players aged 18–25 years, 78% reported experiencing premature fatigue during competition, 65% identified difficulty maintaining balance during rapid movement, and 72% noted visible declines in technical quality during the second half of matches. Coaches corroborated these observations, rating their current inclusion of aerobic conditioning (x̄ = 2.15) and core strength work (x̄ = 2.05) as poor, despite acknowledging both as essential for performance. Research confirms that amateur players typically attain VO₂max values of 45–50 mL·kg⁻¹·min⁻¹ substantially below the 55–65 mL·kg⁻¹·min⁻¹ reported for elite competitors while core endurance deficits impair force transfer from the lower to upper kinetic chain, directly constraining smash velocity and shot precision (Fernandez-Fernandez et al., 2017; Kibler et al., 2019).
Despite growing consensus that integrated physical conditioning is indispensable for technical skill expression, no published study has designed and empirically tested a sport-specific programme that simultaneously addresses aerobic capacity, core stability, and movement fluency in Chinese amateur badminton players. Existing interventions typically target one physical quality in isolation, or are conducted with elite populations whose physiological profiles and training histories differ substantially from club-level participants. This study was therefore designed to fill that gap through a three-phase mixed-methods investigation: situational analysis, expert-informed programme development, and a 12-week randomised trial at Taizhou Badminton Club.

Research Objectives
1. To investigate the current physical fitness status, training practices, and movement challenges of amateur adult badminton players at Taizhou Badminton Club.
2. To design and validate a badminton-specific physical fitness programme targeting aerobic capacity, core strength, and movement fluency.
3. To implement the programme and evaluate its effects on the three dependent variables across a 12-week intervention.

Research Hypotheses
1. The experimental group will demonstrate significantly greater improvements in aerobic capacity, core strength, and movement fluency than the control group at post-test (*p < .05).
2.  The experimental group will exhibit progressive and significant improvements across pre-test, mid-test, and post-test intervals (*p < .05).

Research Methodology
Research Design
This study employed a three-phase mixed-methods design. Phase 1 was a descriptive survey to examine the training status and physical fitness needs of players and coaches. Phase 2 used qualitative expert consultation individual interviews followed by focus group discussions to construct and validate the training programme. Phase 3 was a quasi-experimental pretest–midtest–posttest control group trial to evaluate programme efficacy. Ethical approval was granted by the Committee for Research Ethics in Human Subjects (Social Sciences Branch), Bangkokthonburi University (Certificate No. 2568/359(4); approved 20 October 2025). All participants provided written informed consent prior to enrolment.
Participants and Sampling
The Phase 1 survey engaged 186 registered players and 7 coaches from Taizhou Badminton Club. For the Phase 3 trial, all 186 players completed baseline testing; the middle 50 performers (ranked 69th–118th based on composite scores) were selected to obtain a homogeneous intermediate-level sample and then systematically allocated into an experimental group (n = 25) and a control group (n = 25). Sample size was determined by G*Power a priori analysis (effect size f = 0.25, α = .05, power = 0.80), indicating a minimum of 44 participants. Inclusion criteria required 6–24 months of badminton experience, regular participation at least twice weekly, aerobic capacity between 35–50 mL·kg⁻¹·min⁻¹, plank endurance between 30–100 seconds, and Badcamp Agility Test completion time between 20–35 seconds. Players with injury history in the preceding six months, elite competitive experience, or relevant medical contraindications were excluded.
Programme Development
Nine subject-matter experts (five badminton coaches, three physical education specialists, one exercise physiologist; all ≥11 years experience) participated in semi-structured interviews to identify key training priorities. A subsequent focus group involving nine experts ratified and refined the programme structure. The resulting 12-week programme (four 90-minute sessions per week) was organised into three progressive phases (Table 2). Content validity was assessed via the Index of Item-Objective Congruence (IOC), achieving IOC = 0.90 across all programme components. Following expert endorsement, a pilot study with 30 non-sample players confirmed instrument reliability (Cronbach’s α = 0.87).

Table 1. Phase Structure of the Badminton-Specific Physical Fitness Programme
	Phase
	Duration
	Training Content
	Targeted Components

	Phase 1: Foundation Building
	Weeks 1–4
	Establish aerobic baseline; correct foundational movement patterns; introduce sport-specific conditioning. Basic HIIT (30 s multi-shuttle), core activation (front/side plank), fundamental 6-corner footwork.
	HRPF: Cardiorespiratory base Core: Endurance activation Agility: Basic court coverage

	Phase 2: Development
	Weeks 5–8
	Increase training load; enhance sport-specific integration; develop fatigue resistance. Extended HIIT intervals, dynamic rotational core work (medicine ball throws, Pallof press), reactive agility with stroke execution under induced fatigue.
	HRPF: Extended aerobic load Core: Rotational power transfer Agility: Reactive multi-directional

	Phase 3: Performance Optimisation
	Weeks 9–12
	Maximise sport-specific fitness; refine technical execution under fatigue; near-match demands. Tournament simulation, complex integration drills, LED 6-corner reactive sequences, tapering in week 12.
	HRPF: Near-match intensity Core: Power under fatigue Agility: Match-simulation fluency


Note. HIIT = high-intensity interval training. Each session comprised 20 min warm-up, 60 min main training, and 10 min cool-down.
Measurement Instruments
Three validated field tests were administered at pre-test (Week 0), mid-test (Week 6), and post-test (Week 12). (1) Aerobic capacity: The 20-Metre Shuttle Run Test (Tomkinson et al., 2019) estimated VO₂max in mL·kg⁻¹·min⁻¹; test–retest reliability r = 0.93, construct validity r = 0.89. (2) Core strength: The Plank Test (McGill, 2016) recorded maximum isometric hold time in seconds; reliability r = 0.92, validity r = 0.85. (3) Movement fluency: The Badcamp Agility Test (Vaverka et al., 2016) captured total completion time in seconds across six-corner reactive sequences; reliability r = 0.91, validity r = 0.85. All tests were administered by trained assessors blinded to group allocation under standardised conditions.
Intervention Protocol
The experimental group followed the developed badminton-specific programme integrating sport-specific HIIT (30-second multi-shuttle drills with 1:1 work-to-rest ratios), functional core training (medicine ball rotational throws, Pallof press, stability ball variations), and reactive movement fluency drills (6-corner LED sequences, agility ladder patterns). The control group continued their habitual technical training regime comprising stroke repetition, footwork drills, and match-play practice without structured physical conditioning. Total weekly training time was equated between groups.
Data Analysis
Descriptive statistics (M ± SD) were computed for all variables. The Shapiro–Wilk test confirmed normality; parametric procedures were applied throughout. Independent-samples t-tests established pre-test equivalence and post-test between-group differences. One-way repeated-measures ANOVA with Bonferroni post hoc comparisons examined longitudinal within-group trajectories. Statistical significance was set at α = .05.

Results
Phase 1: Situational Analysis
Survey responses from 186 players revealed a pronounced disconnect between fitness awareness and training practice. Players rated their belief that better aerobic endurance aids rally recovery at x̄ = 4.65 (Highest) and that poor aerobic fitness degrades technique in long matches at x̄ = 4.55 (Highest), yet rated their prior participation in structured HIIT at only x̄ = 1.52 (Very Poor). Similarly, prior structured core-strength training was rated at x̄ = 1.48 (Very Poor), despite the belief that stronger core muscles improve smash velocity reaching x̄ = 4.45 (High). Movement fluency self-assessment was only Moderate (x̄ = 2.85), with late shuttle arrival routinely compromising shot quality (x̄ = 4.15; Table 1). Coach data mirrored these findings: aerobic conditioning and core strength programme inclusion were rated as Poor (x̅ = 2.15 and 2.05, respectively), whilst coaches simultaneously affirmed the importance of these qualities at Highest level (x̅ = 4.75 and 4.65). These results established an evidence-based rationale for a structured, expert-developed training intervention.

Table 2 Player Survey Results: Current Physical Fitness Status and Training Practices (n = 186)
	Survey Item (Players, N=186)
	x̅
	SD
	Level

	1. Aerobic capacity is well understood
	2.35
	0.68
	Poor

	2. Prior participation in structured HIIT
	1.52
	0.55
	Very Poor

	3. Better aerobic endurance aids rally recovery
	4.65
	0.48
	Highest

	4. Poor aerobic fitness degrades technique in long matches
	4.55
	0.52
	Highest

	5. Core strength role in stroke power is understood
	2.45
	0.72
	Poor

	6. Prior structured core-strength training
	1.48
	0.52
	Very Poor

	7. Stronger core improves smash velocity
	4.45
	0.55
	High

	8. Current footwork is smooth in all six corners
	2.85
	0.65
	Moderate

	9. Late shuttle arrival causes poor shot quality
	4.15
	0.58
	High

	10. Improved fluency will reduce injury risk
	4.35
	0.50
	High


Note. Scale: 4.21–5.00 = Highest; 3.41–4.20 = High; 2.61–3.40 = Moderate; 1.81–2.60 = Poor; 1.00–1.80 = Very Poor.

Phase 2: Programme Development
Expert interview and focus group analysis yielded four primary programme design principles: (1) systematic three-phase periodisation with progressive overload; (2) concurrent integration of HIIT, functional core work, and reactive agility, with technical execution performed under induced physiological fatigue; (3) prioritisation of movement quality and sport-specific exercise prescription (30-second multi-shuttle drills, medicine ball rotational throws, 6-corner LED reactive drills); and (4) embedded injury prevention protocols comprising movement screening, dynamic warm-up, and load monitoring via heart rate and perceived exertion. The resulting programme achieved IOC = 0.90 across all components, confirming high content validity.

Phase 3: Intervention Effectiveness
Statistical Assumption Verification
Prior to inferential testing, all parametric assumptions were systematically evaluated. Normality was assessed using the Shapiro–Wilk test for each variable at each time point within both groups (n = 25 per group). All W statistics ranged from 0.944 to 0.972 with associated p-values exceeding .05 at all measurement intervals (Table 3), confirming approximate normality across aerobic capacity, core strength, and movement fluency data. Homogeneity of variance between the experimental and control groups was examined using Levene’s test at pre-test and post-test. All F-values were non-significant (all p > .05; Table 4), confirming equal variances and satisfying the prerequisite for independent-samples t-testing. Sphericity for repeated-measures ANOVA was assessed via Mauchly’s test; no significant violations were detected (all p > .05), so no Greenhouse–Geisser correction was required and standard F-values are reported with df = 2, 48. These results confirm that parametric procedures were statistically appropriate for all analyses conducted.

Table 3 Pre-Test Equivalence: Independent-Samples t-Test Between Experimental and Control Groups
	Variable
	Exp. (M±SD)
	Ctrl. (M±SD)
	95% CI Lower
	95% CI Upper
	t
	p

	Aerobic Capacity (ml·kg⁻¹·min⁻¹)
	43.90±3.80
	43.30±3.40
	-1.47
	2.67
	0.58
	.56

	Core Strength (s)
	90.60±24.30
	89.70±24.10
	-12.89
	14.65
	0.13
	.90

	Movement Fluency (s)
	27.92±1.56
	28.30±1.60
	-1.25
	0.49
	-0.86
	.40


Note. Aerobic capacity expressed as VO₂max estimate (mL·kg⁻¹·min⁻¹); core strength as plank hold duration (s); movement fluency as agility test completion time (s; lower = better).

From tabel 3: No significant pre-test differences were found between groups on any outcome variable, confirming baseline equivalence 

Table 4 Post-Test Between-Group Comparison: Independent-Samples t-Test
	Variable
	Exp. (M±SD)
	Ctrl. (M±SD)
	95% CI Lower
	95% CI Upper
	t
	p

	Aerobic Capacity (ml·kg⁻¹·min⁻¹)
	47.30±3.80
	44.70±3.40
	0.94
	4.26
	2.76
	.008*

	Core Strength (s)
	164.00±44.00
	118.00±28.90
	24.73
	67.11
	4.36
	.001*

	Movement Fluency (s)
	21.08±1.56
	24.04±1.34
	-3.88
	-2.04
	-7.28
	.001*


Note. *p < .05. Lower movement fluency scores indicate faster (better) performance. Cohen’s d: small ≥ 0.20, medium ≥ 0.50, large ≥ 0.80.

From table 4: Post-test comparisons demonstrated statistically significant advantages for the experimental group on all three outcome variables (Table 4). Aerobic capacity was significantly higher in the experimental group (47.30 ± 3.80 vs. 44.70 ± 3.40 mL·kg⁻¹·min⁻¹; t = 2.76, *p = .008). Core strength was substantially superior (164.00 ± 44.00 vs. 118.00 ± 28.90 s; t = 4.36, *p < .001). Movement fluency was significantly faster in the experimental group (21.08 ± 1.56 vs. 24.04 ± 1.34 s; t = −7.28, *p < .001).

Table 5 Repeated-Measures ANOVA with Partial Eta Squared: Within-Group Longitudinal Changes (Experimental Group)
	Variable
	Pre-test (M±SD)
	Mid-test (M±SD)
	Post-test (M±SD)
	F
	p
	ηp²

	Aerobic Capacity (ml·kg⁻¹·min⁻¹)
	43.90±3.80
	45.60±3.80
	47.30±3.80
	35.20
	.001*
	.75

	Core Strength (s)
	90.60±24.30
	125.40±33.40
	164.00±44.00
	52.41
	.001*
	.82

	Movement Fluency (s)
	27.92±1.56
	23.12±1.41
	21.08±1.56
	98.34
	.001*
	.89


Note. *p < .05. ηp² = partial eta squared (small ≥ .01, medium ≥ .06, large ≥ .14). Movement fluency: lower values = faster performance.

From table 5: One-way repeated-measures ANOVA within the experimental group confirmed significant progressive improvements across all three time points for every outcome variable (Table 5), with large partial eta squared effect sizes (ηp² = .75–.89). Aerobic capacity increased from 43.90 ± 3.80 at pre-test to 47.30 ± 3.80 mL·kg⁻¹·min⁻¹ at post-test (F = 35.20, *p < .001, ηp² = .75). Core strength rose from 90.60 ± 24.30 to 164.00 ± 44.00 seconds (F = 52.41, *p < .001, ηp² = .82). Movement fluency completion time decreased by 24.5%, from 27.92 ± 1.56 to 21.08 ± 1.56 seconds (F = 98.34, *p < .001, ηp² = .89).

Table 6 Bonferroni Post Hoc Pairwise Comparisons Within the Experimental Group
	Variable
	Comparison
	Mᵢ vs. Mᵣ
	Mean Diff.
	SE
	p (Bonf.)
	Cohen's d

	Aerobic Capacity (ml·kg⁻¹·min⁻¹)
	Pre vs. Mid
	43.90 vs. 45.60
	-1.72
	0.54
	.030*
	0.45

	
	Pre vs. Post
	43.90 vs. 47.30
	-3.44
	0.54
	.001*
	0.90

	
	Mid vs. Post
	45.60 vs. 47.30
	-1.72
	0.54
	.030*
	0.45

	Core Strength (seconds)
	Pre vs. Mid
	90.60 vs. 125.40
	-34.80
	4.21
	<.001*
	1.25

	
	Pre vs. Post
	90.60 vs. 164.00
	-73.40
	6.93
	<.001*
	2.11

	
	Mid vs. Post
	125.40 vs. 164.00
	-38.60
	4.89
	<.001*
	1.02

	Movement Fluency (seconds, lower = better)
	Pre vs. Mid
	27.92 vs. 23.12
	4.80
	0.45
	<.001*
	-3.18

	
	Pre vs. Post
	27.92 vs. 21.08
	6.84
	0.50
	<.001*
	-4.53

	
	Mid vs. Post
	23.12 vs. 21.08
	2.04
	0.36
	<.001*
	-1.35


Note. *p < .05 (Bonferroni-corrected). Mean difference = Mᵢ − Mᵣ; negative movement fluency differences indicate improvement (faster time). SE = standard error. Cohen’s d: small ≥ 0.20, medium ≥ 0.50, large ≥ 0.80.

From table 6: Bonferroni-adjusted pairwise comparisons (Table 8) revealed that every successive interval produced statistically significant increments in all three variables (all corrected *p < .05). For aerobic capacity, each pair of time points yielded a mean difference of 1.72 mL·kg⁻¹·min⁻¹ (d = 0.45, medium effect), with the cumulative pre-to-post difference reaching d = 0.90 (large). Core strength demonstrated the largest absolute gains: pre-to-mid mean difference = 34.80 s (d = 1.25) and pre-to-post difference = 73.40 s (d = 2.11), indicating very large training effects. Movement fluency improvements were even more pronounced in standardised terms, with the pre-to-post reduction in completion time yielding d = −4.53, confirming that reactive agility training within the integrated programme substantially outpaced the control condition across all intervals.

Discussion
The findings confirm that a 12-week badminton-specific physical fitness programme, systematically constructed through expert consultation and delivered as an integrated periodised intervention, produced significant, progressive improvements in aerobic capacity, core strength, and movement fluency among amateur players establishing its superiority over conventional technical training across all three physical performance domains.
The aerobic capacity gains observed in the experimental group (pre: 43.90 to post: 47.30 mL·kg⁻¹·min⁻¹, approximately 7.7% improvement) are consistent with adaptations reported following sport-specific HIIT protocols in racket sports populations. The 30-second multi-shuttle drill format, which closely replicates badminton rally metabolic demands, likely produced cardiovascular adaptations increased stroke volume, improved oxygen extraction, and enhanced lactate buffering capacity comparable to those documented by Fernandez-Fernandez et al. (2017) in a similar intermittent training protocol. Critically, these gains place post-intervention players within the 47–52 mL·kg⁻¹·min⁻¹ range documented for competitive amateur players, representing a meaningful functional threshold associated with reduced mid-match fatigue and superior technical consistency in extended play (Ming et al., 2022).
Core strength improvements (90.60 to 164.00 seconds, an 81% gain) substantially exceeded the control group trajectory and reflect the capacity of rotational, anti-rotation, and stability-based exercises to produce rapid neuromuscular adaptations in previously undertrained populations. McGill's (2016) kinetic chain model helps explain the functional significance: when trunk stabilisers develop sufficient endurance, proximal stability is secured before distal mobility is deployed, enabling more efficient power transfer from the lower extremity through the trunk to the striking arm a mechanism directly linked to smash velocity and shuttlecock precision that the control group's technique-only training could not replicate. The movement fluency results reinforce this interpretation. The 24.5% reduction in Badcamp Agility Test completion time reflects improved neuromuscular coordination, split-step timing, and recovery mechanics qualities that depend on both aerobic reserve and core stability working in concert (Behm et al., 2021). This interdependence represents the study's principal theoretical contribution: gains in isolated physical qualities are insufficient; it is their integration within sport-representative training that generates transferable movement efficiency.
Several limitations warrant acknowledgement. The sample was drawn from a single club in Taizhou, which constrains direct generalisation to other demographic or geographic populations. The 12-week observation window, while sufficient to detect training-induced adaptation, precludes conclusions about the durability of gains beyond the intervention period. Uncontrolled lifestyle variables sleep quality, dietary intake, and concurrent physical activities outside the programme may have introduced noise into the outcome measures. Future research should incorporate longitudinal follow-up assessments, wearable-based load monitoring to quantify actual dose delivery, and multi-site replication to strengthen external validity.


Conclusion
This study achieved all three research objectives. The situational survey documented significant physical conditioning deficits among amateur players widely recognised but systematically neglected in club training. The expert-developed, periodised programme (IOC = 0.90) successfully integrated HIIT, functional core training, and reactive agility work within a scientifically grounded framework. The 12-week trial demonstrated that the programme produced statistically and practically significant improvements in aerobic capacity, core strength, and movement fluency, with the experimental group outperforming the control group on all post-test measures (*p < .05) and maintaining progressive within-group gains at every measurement interval. These findings establish the programme as a valid, replicable, and deployable tool for club-level physical education practitioners seeking to bridge the gap between technical skill development and sport-specific physical preparedness in amateur badminton.

Recommendations
For Practitioners
1. Adopt the three-phase periodised structure, beginning with movement quality and aerobic base before progressing to power and match-simulation training. Premature introduction of high-intensity loading before foundational competencies are established increases injury risk and reduces training transfer.
2. Integrate physical conditioning within technical sessions rather than separating them. Executing stroke drills under induced physiological fatigue replicates match-play demands and accelerates neuromuscular adaptation relevant to actual competition.
3. Implement standardised field testing (20-Metre Shuttle Run, Plank, Badcamp) at six-week intervals to monitor individual progress and adjust training loads accordingly, ensuring the principle of progressive overload is maintained across the programme duration.
For Future Research
1. Conduct multi-site replications across clubs of varying resource levels to evaluate programme feasibility and fidelity under different institutional constraints.
2. Incorporate wearable physiological monitoring (heart rate variability, GPS-based load metrics) to objectively quantify training dose and dose–response relationships between specific exercises and adaptation outcomes.
3. Extend follow-up assessments to 6 and 12 months post-intervention to determine the retention of fitness gains and the long-term behavioural impact on training adherence in the amateur population.
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