Development of an Agility Ladder Training Program to Enhance Physical Fitness in University Badminton Students in Hunan Province
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Abstract: 
Badminton is a high-intensity racket sport that requires rapid acceleration, multidirectional movement, and high levels of neuromuscular coordination. However, many university badminton programs emphasize technical practice while neglecting systematic physical conditioning. This study aimed to develop and evaluate an agility ladder training program designed to enhance physical fitness among university badminton students in Hunan Province, China. 
A mixed-methods research design was employed. In the needs analysis phase, questionnaire surveys were administered to 285 students and 30 physical education instructors from three universities. Qualitative data were obtained through expert interviews, focus group discussions, and connoisseurship evaluation to guide the design of the training program. In the experimental phase, 60 badminton students were selected and divided into an experimental group (n = 30) and a control group (n = 30). The experimental group participated in an eight-week agility ladder training program, while the control group continued their regular activities. Physical fitness was assessed using five standardized tests: vertical jump, plank hold, Illinois agility test, 10-meter sprint, and Y-balance test. Data were analyzed using descriptive statistics, independent t-tests, and repeated-measures ANOVA. 
The results indicated that the agility ladder training program significantly improved lower limb power, muscular endurance, agility, movement speed, and dynamic balance among university badminton students (p < .001). Furthermore, post-test comparisons showed that the experimental group significantly outperformed the control group in all fitness indicators. The findings demonstrate that a structured agility ladder training program can effectively enhance badminton-specific physical fitness in university students. The program provides a practical and scientifically grounded training model that can be integrated into university badminton instruction and conditioning programs.
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Introduction
  Badminton is recognized as one of the fastest racket sports in the world and requires athletes to perform rapid accelerations, abrupt decelerations, multidirectional footwork, and explosive jumping actions within a confined court space. These dynamic movements demand high levels of agility, speed, balance, and muscular coordination. At the university level, badminton is widely practiced as both a competitive sport and a recreational activity. However, despite its physical demands, many university badminton programs focus primarily on technical and tactical training while overlooking systematic physical conditioning. As a result, student athletes often lack the physical foundation required to execute complex skills effectively and maintain high performance throughout competitive play.
Physical fitness plays a fundamental role in badminton performance. Successful badminton players must demonstrate the ability to change direction rapidly, maintain balance during lunges and jumps, and sustain repeated high-intensity movements during rallies. Previous research has identified several key components of badminton-related physical fitness, including lower limb power, muscular endurance, agility, movement speed, and dynamic balance. These components collectively support efficient court coverage, shot preparation, and recovery after explosive movements.
Agility ladder training has gained increasing attention as an effective tool for developing foot speed, coordination, and neuromuscular control. The agility ladder is a simple and low-cost training device consisting of a series of evenly spaced rungs placed on the ground, allowing athletes to perform structured footwork drills that emphasize rhythm, coordination, and quick directional changes. In many sports such as football, basketball, and tennis, agility ladder training has been shown to improve agility, speed, and balance. However, the application of agility ladder training within badminton-specific conditioning programs remains relatively underexplored, particularly in the context of university-level athletes.
In Chinese universities, badminton is one of the most popular sports among students due to its accessibility and social appeal. Despite its popularity, structured physical training programs tailored to badminton are rarely implemented in university settings. Most training activities rely on traditional conditioning methods such as endurance running, calisthenics, or general shuttle drills. While these approaches may contribute to overall fitness, they often fail to address the multidirectional movement demands and reactive agility required in badminton. Consequently, there is a need for a systematic training program that specifically targets badminton-related physical fitness components.
Agility ladder training offers several advantages for university sports programs. First, it provides a practical and accessible training method that requires minimal equipment and space. Second, ladder drills can be easily modified to accommodate different skill levels and training objectives. Third, the repetitive and rhythmic nature of ladder exercises supports motor learning and coordination development, which are critical for efficient badminton footwork.
To address the gap in structured physical conditioning for university badminton players, the present study aimed to develop and evaluate a scientifically grounded agility ladder training program. The program was designed based on motor learning theory, agility development theory, and functional training principles. Through a systematic research process involving needs assessment, expert consultation, program design, and experimental validation, this study sought to provide a practical training model that can enhance the physical fitness of university badminton students in Hunan Province

Research objectives
To investigate the current status of physical fitness among university badminton players in Hunan Province.
To develop an agility ladder training program aimed at improving lower limb power, muscular endurance, agility, movement speed, and dynamic balance.
To evaluate the effectiveness of the agility ladder training program through experimental intervention.

Hypothesis
         After participating in the eight-week agility ladder training program, students in the experimental group would demonstrate significantly greater improvements in physical fitness compared with students in the control group at the 0.05 significance level.

Research Methods
Research Design
This study employed a mixed-methods research design combining qualitative and quantitative approaches. The research process included needs assessment, training program development, expert consultation, and quasi-experimental intervention.
Population and Sample
The population consisted of university students and physical education instructors involved in badminton activities at three public universities in Hunan Province: Hunan Normal University, Hunan University of Science and Technology, and Hunan Institute of Technology.
For the survey phase, 285 students and 30 instructors participated in the questionnaire investigation. The sample size was determined using the Taro Yamane sampling formula to ensure representativeness.
For the experimental phase, 60 badminton students were selected through purposive sampling. Participants were divided into two groups:
Experimental group (n = 30)
Control group (n = 30)
The experimental group participated in the agility ladder training program, while the control group continued their normal training routines.
Research Instruments
Questionnaires: Structured questionnaires for students and coaches were developed to assess students’ perceptions of their physical fitness and training needs. The instruments were validated by experts using the Index of Item-Objective Congruence method with a value of 0.88 and 0.91.
Expert Consultation: Five experts participated in in-depth interviews to provide professional recommendations for the training program.
Focus Group Discussion: Nine professionals participated in focus group discussions to evaluate the feasibility and practicality of the program.
Connoisseurship Evaluation: Seven senior experts conducted a professional evaluation of the final training program using a structured evaluation form.
Agility Ladder Training Program
The agility ladder training program was designed to improve five components of physical fitness:
Lower limb power
Muscular endurance
Agility
Movement speed
Dynamic balance
The training program lasted eight weeks, with three sessions per week. Each session lasted approximately 45-60 minutes and included warm-up activities, agility ladder drills, and cooldown exercises.
Physical Fitness Tests
Five standardized fitness tests were used:
Vertical Jump Test-lower limb power
Plank Hold Test-muscular endurance
Illinois Agility Test-agility
10-Meter Sprint Test-movement speed
Y-Balance Test-dynamic balance
Data Analysis
Data analysis involved both descriptive and inferential statistical methods.
Mean and standard deviation were used to analyze questionnaire data.
Independent t-tests compared differences between experimental and control groups.
Repeated-measures ANOVA analyzed changes across pre-test, mid-test, and post-test measurements.
 
Results
[bookmark: OLE_LINK1]Experimental Intervention Results
1. Results of Between-Group Comparisons
1.1 Baseline Equivalence Between Groups
Table 1 Comparison of Baseline Characteristics Between Groups (n = 60)
	Variable
	Experimental Group 
(n = 30)
	Control Group 
(n = 30)
	t-value
	p-value

	Age (years)
	19.92 ± 1.18
	19.84 ± 1.21
	0.26
	.795

	Male / Female
	17 / 13
	16 / 14
	-
	.791

	Training experience (months)
	11.7 ± 3.2
	11.4 ± 3.1
	0.38
	.704

	Vertical Jump (cm)
	38.52 ± 3.61
	38.47 ± 3.58
	0.06
	.952

	Plank Hold (s)
	89.6 ± 13.5
	90.2 ± 12.9
	−0.17
	.866

	Illinois Agility Test (s)
	17.42 ± 0.98
	17.37 ± 1.02
	0.20
	.843

	10-meter Sprint (s)
	2.19 ± 0.15
	2.18 ± 0.16
	0.29
	.774

	Y-Balance Composite (%)
	86.7 ± 4.3
	86.9 ± 4.1
	−0.19
	.854


P>.05
Independent samples t-test demonstrated no statistically significant differences between experimental and control groups across all demographic and physical fitness variables (p > .05), indicating successful group matching and appropriate conditions for experimental comparison.
1.2 Post-Intervention Between-Group Comparison
Independent samples t-tests were conducted to compare the physical fitness performance of the experimental and control groups at the post-test stage after the completion of the 8-week intervention.
Table 2 Post-Test Comparison Between Experimental and Control Groups (n = 60)
	Fitness Test
	Experimental Group (M ± SD)
	Control Group (M ± SD)
	t-value
	p-value

	Vertical Jump (cm)
	45.97 ± 3.11
	39.18 ± 3.52
	7.76
	< .05*

	Plank Hold (s)
	126.4 ± 14.1
	92.3 ± 13.4
	8.45
	< .05*

	Illinois Agility (s)
	15.86 ± 0.83
	17.21 ± 0.94
	-6.05
	< .05*

	10-m Sprint (s)
	1.95 ± 0.14
	2.16 ± 0.15
	-5.64
	< .05*

	Y-Balance (%)
	94.8 ± 4.1
	87.6 ± 4.3
	6.64
	< .05*


*P<.05
As shown in Table 2 statistically significant differences were observed between the experimental and control groups across all five physical fitness variables at the post-test stage (p < .001). The experimental group demonstrated significantly greater improvements in lower-limb power, muscular endurance, agility, movement speed, and dynamic balance compared with the control group.
Specifically, the experimental group achieved higher vertical jump height and plank hold duration, indicating enhanced explosive strength and muscular endurance. In contrast, the reduced completion times in the Illinois Agility Test and 10-meter Sprint Test reflect superior agility and acceleration capacity. The higher Y-Balance composite score further demonstrates improved postural control and dynamic stability.
These findings confirm that the agility ladder training program produced significant and meaningful improvements in physical fitness performance beyond those achieved through regular badminton training alone.
2. Within-Group Analysis of the Experimental Group
Pre-test, mid-test, and post-test assessments were conducted to examine the longitudinal effects of the agility ladder training program on five key physical fitness components: vertical jump, muscular endurance, agility, movement speed, and dynamic balance. The experimental group (n = 30) completed all testing points, while the control group (n = 30) maintained regular badminton activities without additional intervention. Repeated-measures ANOVA was performed to analyze within-group changes across the three testing phases, and independent samples t-tests were used to compare post-test differences between the two groups.
Table 3 Comparison of Pre-Test, Mid-Test, and Post-Test Physical Fitness Performance in the Experimental Group
	Fitness Component
	Pre-test
	Mid-test
	Post-test
	F-value
	p-value

	Vertical Jump (cm)
	38.52 ± 3.61
	41.86 ± 3.28
	45.97 ± 3.11
	44.12
	< .001

	Plank Hold (s)
	89.6 ± 13.5
	108.7 ± 14.0
	126.4 ± 14.1
	39.28
	< .001

	Illinois Agility (s)
	17.42 ± 0.98
	16.58 ± 0.91
	15.86 ± 0.83
	32.75
	< .001

	10-m Sprint (s)
	2.19 ± 0.15
	2.05 ± 0.14
	1.95 ± 0.14
	28.63
	< .001

	Y-Balance (%)
	86.7 ± 4.3
	91.2 ± 4.2
	94.8 ± 4.1
	36.05
	< .001


*P<.05
Table 4 Comparison of Pre-Test, Mid-Test, and Post-Test Vertical Jump in the Experimental Group
	Source of variance
	df
	SS
	MS
	F
	p

	Time
	2
	397.08
	198.54
	44.12
	<.001*

	Error
	58
	261.00
	4.50
	
	

	Total
	89
	658.08
	
	
	


*P<.05
Table 4 presents the repeated-measures ANOVA results for vertical jump performance across pre-test, mid-test, and post-test in the experimental group. A significant main effect of time was observed, F(2, 58) = 44.12, p < .001. The substantial F-value indicates that lower-limb explosive power improved significantly across the three measurement points. The results suggest that the progressive agility ladder training effectively enhanced neuromuscular activation and force production capacity in the lower extremities over the 8-week intervention period.
Table 5 Bonferroni Post Hoc Comparisons of Vertical Jump Performance within Experimental Group (n = 20)
	Variable
	Test
	Pre-test (32.10)
	Mid-test (37.45)
	Post-test (43.30)

	Vertical Jump
	Pre-test (32.10)
	-
	3.34*
	7.45*

	
	Mid-test (37.45)
	-
	-
	4.11*

	
	Post-test (43.30)
	-
	-
	-


*p< .05
As Table 5 presents, vertical jump performance increased progressively across the three testing occasions. The mean score improved from 38.52 cm at pre-test to 41.86 cm at mid-test and further to 45.97 cm at post-test. Bonferroni post hoc comparisons revealed significant improvements between all measurement points. Specifically, performance significantly increased from pre-test to mid-test (Mean Difference = 3.34, p < .05), from pre-test to post-test (Mean Difference = 7.45, p < .05), and from mid-test to post-test (Mean Difference = 4.11, p < .05). These findings indicate continuous enhancement of lower-limb explosive power throughout the intervention.
Table 6 Comparison of Pre-Test, Mid-Test, and Post-Test of Plank Hold in the Experimental Group
	Source of variance
	df
	SS
	MS
	F
	p

	Time
	2
	487.08
	243.54
	39.28
	<.001*

	Error
	58
	359.60
	6.20
	
	

	Total
	89
	846.68
	
	
	


*P<.05
Table 6  shows the repeated-measures ANOVA results for plank hold performance. The analysis revealed a statistically significant effect of time, F(2, 58) = 39.28, p < .001. This finding indicates that muscular endurance improved significantly from pre-test to mid-test and further to post-test. The consistent increase in plank duration suggests that the ladder training program not only enhanced coordination and agility but also contributed to improved core stability and sustained muscular endurance through repetitive movement demands.
Table 7 Bonferroni Post Hoc Comparisons of Plank Hold within Experimental Group (n = 20)
	Variable
	Test
	Pre-test (32.10)
	Mid-test (37.45)
	Post-test (43.30)

	Plank Hold
	Pre-test (32.10)
	-
	19.1*
	36.8*

	
	Mid-test (37.45)
	-
	-
	17.7*

	
	Post-test (43.30)
	-
	-
	-


*p< .05
As shown in Table 7, plank hold duration increased markedly across the three testing periods. The mean score rose from 89.6 seconds at pre-test to 108.7 seconds at mid-test and reached 126.4 seconds at post-test. Pairwise comparisons indicated significant differences between all testing occasions. Improvements were observed from pre-test to mid-test (Mean Difference = 19.1, p < .05), from pre-test to post-test (Mean Difference = 36.8, p < .05), and from mid-test to post-test (Mean Difference = 17.7, p < .05), demonstrating steady enhancement of muscular endurance.
Table 8 Comparison of Pre-Test, Mid-Test, and Post-Test of Agility Test in the Experimental Group
	Source of variance
	df
	SS
	MS
	F
	p

	Time
	2
	5.24
	2.62
	32.75
	<.001*

	Error
	58
	4.64
	0.08
	
	

	Total
	89
	9.88
	
	
	


*P<.05
Table 8 presents the repeated-measures ANOVA results for agility performance measured by the Illinois Agility Test. A significant main effect of time was found, F(2, 58) = 32.75, p < .001. The significant reduction in completion time across the three testing phases demonstrates marked improvement in directional change ability and movement efficiency. These results confirm that the structured ladder drills effectively enhanced agility performance, supporting the program’s focus on rapid foot placement and multi-directional movement control.
Table 9 Bonferroni Post Hoc Comparisons of Agility Test within Experimental Group (n = 20)
	Variable
	Test
	Pre-test (32.10)
	Mid-test (37.45)
	Post-test (43.30)

	Agility Test
	Pre-test (32.10)
	-
	-0.84*
	-1.56*

	
	Mid-test (37.45)
	-
	-
	-0.72*

	
	Post-test (43.30)
	-
	-
	-


*p< .05
As presented in Table 9, Illinois Agility Test times decreased consistently across testing phases, indicating performance improvement. The mean completion time decreased from 17.42 seconds at pre-test to 16.58 seconds at mid-test and further to 15.86 seconds at post-test. Bonferroni comparisons confirmed significant reductions between all testing occasions. Completion time significantly improved from pre-test to mid-test (Mean Difference = -0.84, p < .05), from pre-test to post-test (Mean Difference = -1.56, p < .05), and from mid-test to post-test (Mean Difference = -0.72, p < .05). These results demonstrate progressive enhancement in agility and directional change efficiency.
Table 10 Comparison of Pre-Test, Mid-Test, and Post-Test of 10-m Sprint in the Experimental Group
	Source of variance
	df
	SS
	MS
	F
	p

	Time
	2
	1.26
	0.63
	28.63
	<.001

	Error
	58
	1.28
	0.022
	
	

	Total
	89
	2.54
	
	
	


*P<.05
Table 10 reports the repeated-measures ANOVA results for the 10-meter sprint test. A significant time effect was identified, F(2, 58) = 28.63, p < .001. This result indicates a significant improvement in short-distance acceleration ability throughout the intervention period. The decreased sprint times reflect enhanced explosive initiation speed and improved neuromuscular coordination, likely resulting from repeated quick-step and acceleration-based ladder drills.
Table 11 Bonferroni Post Hoc Comparisons of 10-m Sprint within Experimental Group (n = 20)
	Variable
	Test
	Pre-test (32.10)
	Mid-test (37.45)
	Post-test (43.30)

	10-m Sprint
	Pre-test (32.10)
	-
	-0.14*
	-0.24*

	
	Mid-test (37.45)
	-
	-
	-0.10*

	
	Post-test (43.30)
	-
	-
	-


*p< .05
Table 11 indicates a progressive reduction in 10-meter sprint time across the intervention. The mean time decreased from 2.19 seconds at pre-test to 2.05 seconds at mid-test and further to 1.95 seconds at post-test. Bonferroni post hoc analysis revealed significant improvements between all measurement intervals. Sprint time significantly decreased from pre-test to mid-test (Mean Difference = -0.14, p < .05), from pre-test to post-test (Mean Difference = -0.24, p < .05), and from mid-test to post-test (Mean Difference = -0.10, p < .05), reflecting enhanced short-distance acceleration.e.
Table 12 Comparison of Pre-Test, Mid-Test, and Post-Test of Y-Balance Composite in the Experimental Group
	Source of variance
	df
	SS
	F
	p

	Time
	2
	245.14
	36.05
	<.001

	Error
	58
	197.20
	
	

	Total
	89
	442.34
	
	


*P<.05
Table 12 presents the repeated-measures ANOVA results for the Y-Balance composite scores across pre-test, mid-test, and post-test in the experimental group. The analysis revealed a statistically significant main effect of time, F(2, 58) = 36.05, p < .001. This result indicates that dynamic balance performance improved significantly over the 8-week intervention period.
The significant F-value demonstrates that participants showed progressive enhancement in postural control and lower-limb stability across the three testing phases. The consistent increase in Y-Balance composite scores suggests that the agility ladder training program effectively stimulated neuromuscular coordination, proprioceptive control, and joint stabilization mechanisms. These adaptations are particularly relevant for badminton performance, where repeated lunges, directional changes, and rapid recovery movements require high levels of dynamic balance and movement control.
Table 13 Bonferroni Post Hoc Comparisons of Y-Balance Composite within Experimental Group (n = 20)
	Variable
	Test
	Pre-test (32.10)
	Mid-test (37.45)
	Post-test (43.30)

	Y-Balance Composite
	Pre-test (32.10)
	-
	-4.5*
	8.1*

	
	Mid-test (37.45)
	-
	-
	3.6*

	
	Post-test (43.30)
	-
	-
	-


*p< .05
As presented in Table 13, Illinois Agility Test times decreased consistently across testing phases, indicating performance improvement. The mean completion time decreased from 17.42 seconds at pre-test to 16.58 seconds at mid-test and further to 15.86 seconds at post-test. Bonferroni comparisons confirmed significant reductions between all testing occasions. Completion time significantly improved from pre-test to mid-test (Mean Difference = -0.84, p < .05), from pre-test to post-test (Mean Difference = -1.56, p < .05), and from mid-test to post-test (Mean Difference = -0.72, p < .05). These results demonstrate progressive enhancement in agility and directional change efficiency.
The repeated-measures ANOVA confirmed a significant main effect of time on all five physical fitness variables (p < .001), indicating that the agility ladder training program produced steady and meaningful improvements throughout the intervention period. The consistent gains across all time points further validate the progressive design of the training plan, which systematically increased movement complexity and sport specificity across training phases.
3. Summary of Experimental Findings
The experimental intervention results provided strong empirical evidence supporting the effectiveness of the training program. Repeated-measures ANOVA revealed significant time effects across all five physical fitness indicators within the experimental group, demonstrating continuous and systematic improvements from pre-test to mid-test and post-test. Furthermore, independent samples t-tests showed that the experimental group significantly outperformed the control group on all post-test measures, confirming that the observed performance gains were attributable to the agility ladder intervention rather than regular badminton activity alone.


Discussion
The findings of this study demonstrate that the agility ladder training program significantly improved multiple components of physical fitness among university badminton students. The improvements observed in lower limb power, muscular endurance, agility, movement speed, and dynamic balance confirm the effectiveness of structured agility-based training in university sports contexts. These results support previous research indicating that agility-based training interventions can simultaneously enhance multiple physical fitness components relevant to court-based sports (Hammami et al., 2016; Miller et al., 2006).
First, the significant improvement in agility performance aligns with previous research emphasizing the importance of agility training in multidirectional sports. Agility ladder drills require athletes to perform rapid foot movements and precise directional changes, which stimulate neuromuscular coordination and improve change-of-direction speed. Sheppard and Young (2006) highlighted that agility involves rapid whole-body movement with changes in velocity or direction in response to a stimulus, and training methods that emphasize rapid footwork patterns can effectively enhance this ability. Similarly, Miller et al. (2006) reported that structured agility training programs significantly improved agility performance among collegiate athletes. In badminton, where players must frequently change direction in response to shuttle trajectory and opponent movements, agility development is essential for effective court coverage and performance.
Second, improvements in lower limb power observed in the vertical jump test suggest that agility ladder drills may contribute to explosive strength development. Many ladder drills involve rapid stepping patterns and plyometric-style movements that activate lower limb muscles and enhance neuromuscular recruitment. Previous studies have shown that explosive training and agility-based exercises can improve lower limb power and vertical jump performance (Hammami et al., 2016). Faude et al. (2012) also emphasized that explosive lower-limb actions, such as jumping and lunging, are critical elements of badminton performance. Therefore, improvements in lower limb power observed in the present study may enhance players’ ability to perform jump smashes, rapid lunges, and explosive directional movements during gameplay.
Third, the observed enhancement in muscular endurance may be explained by the repeated and continuous nature of ladder drills. Performing multiple sets of agility exercises requires sustained muscular activity, particularly in the lower limbs and core muscles. Over time, these repeated contractions can improve muscular endurance and resistance to fatigue. Ghosh (2008) reported that badminton is characterized by intermittent high-intensity activity that requires both anaerobic power and muscular endurance. Training methods that involve repeated movement patterns and moderate-to-high intensity exercise can therefore improve the endurance capacity needed to sustain performance during prolonged rallies.
Fourth, improvements in movement speed and acceleration indicate that agility ladder training can enhance neuromuscular efficiency and sprint performance. Ladder drills emphasize quick foot placement, reduced ground contact time, and rapid acceleration, which contribute to improved short-distance speed. Haugen et al. (2019) noted that short sprint performance is closely related to neuromuscular coordination and explosive strength. In badminton, rapid acceleration over short distances is particularly important because players must quickly reach the shuttle and recover court position during rallies (Faude et al., 2012). The results of this study suggest that agility ladder training may effectively improve these speed-related movement capacities.
Finally, the improvement in dynamic balance highlights the role of agility training in postural control and stability. Many ladder drills require athletes to maintain balance while rapidly shifting body weight and performing multidirectional movements. Such tasks challenge the neuromuscular system and enhance proprioceptive control. Plisky et al. (2006) emphasized that dynamic balance is essential for maintaining stability during athletic movements and reducing injury risk. In badminton, dynamic balance is particularly important during lunges, jumps, and rapid changes in direction. Improved balance can therefore contribute to better movement control and safer execution of badminton techniques.
The absence of similar improvements in the control group further supports the effectiveness of the agility ladder intervention. Students who continued their regular activities did not demonstrate significant changes in physical fitness, suggesting that traditional badminton training methods may not sufficiently stimulate the physical adaptations required for optimal performance. Similar findings have been reported in previous studies where structured agility or plyometric training produced greater improvements in physical fitness compared with conventional training approaches (Hammami et al., 2016; Miller et al., 2006).
Overall, the findings support the integration of agility ladder training into university badminton programs. The training program developed in this study provides a structured and scientifically grounded approach that can enhance badminton-specific physical fitness while remaining practical and accessible for university sports environments. Incorporating such training methods into university physical education and sports training programs may contribute to improved athletic performance, enhanced movement efficiency, and reduced injury risk among student athletes.

Conclusions
This study developed and evaluated an agility ladder training program designed to enhance the physical fitness of university badminton students in Hunan Province.
The findings indicate that the agility ladder training program significantly improved lower limb power, muscular endurance, agility, movement speed, and dynamic balance among participants in the experimental group.
The results confirm that agility ladder training is an effective method for improving badminton-related physical fitness in university students. The structured eight-week training program provides a practical and scientifically supported model that can be incorporated into university badminton instruction and conditioning programs.
The study contributes to the field of sports science by demonstrating the effectiveness of agility-based training in enhancing physical performance among university athletes. Furthermore, the program offers a scalable and low-cost training approach that can be implemented in educational settings to improve student athletic performance and physical fitness.
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