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Abstract
This study aimed to develop a Tai Chi exercise program to improve the skill-related physical fitness of junior high school students in Guangdong Province. Junior high school students in Guangdong face ongoing difficulties in developing balance, agility, coordination, reaction time, speed, and strength, while routine physical education often lacks an integrated and sustainable approach. Tai Chi, characterized by coordinated breathing, controlled movement, weight shifting, and postural regulation, offers a culturally meaningful and school-based training option. The study adopted a mixed-method and quasi-experimental design, involving 2,617 students and 36 physical education teachers from six junior high schools in Guangdong Province, with 320 students selected for the main study. The experimental group received 8 weeks of Tai Chi training, while the control group followed regular physical education activities. Data were collected at pre-test, mid-test, and post-test and analyzed using independent-sample t-tests, repeated-measures ANOVA, and Bonferroni post hoc comparisons.
The results showed that after the intervention, the experimental group significantly outperformed the control group in balance, agility, coordination, reaction ability, speed, and strength, with all post-test differences reaching statistical significance. Repeated-measures ANOVA and Bonferroni comparisons also demonstrated continuous improvement from pre-test to post-test within the experimental group. In conclusion, the developed Tai Chi exercise program effectively enhanced the skill-related physical fitness of junior high school students in Guangdong Province. Its progressive structure, practical feasibility, and multidimensional benefits suggest that Tai Chi can serve as a valuable alternative in school physical education and can support adolescent physical development in a sustainable way.
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Introduction
This document examines the need to develop a Tai Chi exercise program for improving the skill-related physical fitness of junior high school students in Guangdong Province, where adolescents are increasingly confronted with declining physical condition, insufficient movement quality, and growing psychological pressure under an academically intensive educational environment (Yang, 2025). In current school physical education practice, many students show weaknesses in balance, agility, coordination, reaction ability, speed, and body control, while routine training often emphasizes short-term task completion rather than sustained improvement in comprehensive fitness. These conditions not only restrict students’ athletic development and daily physical performance, but also increase the likelihood of fatigue, poor posture, low exercise motivation, and reduced participation in school-based physical activity (Yu & Gong, 2023). Against this background, Tai Chi has attracted attention as a culturally rooted and scientifically valuable form of exercise that combines coordinated breathing, postural regulation, weight transfer, and controlled movement, making it especially suitable for adolescents who require safe, structured, and sustainable physical training (Li & Chang, 2021).
Tai Chi is important not only because it can enhance balance control, neuromuscular coordination, flexibility, muscular endurance, and movement efficiency through low-impact practice, but also because its mind-body integration helps strengthen concentration, emotional adjustment, self-discipline, and stress management among students in a critical stage of physical and psychological development (Sun, 2024). In Guangdong, where schools often face limitations in time, space, and equipment for diversified fitness training, Tai Chi provides a feasible and low-cost option that can be implemented in both school and home settings without specialized facilities (Yang & Yang, 2023). Therefore, conducting this study is meaningful for addressing the current weaknesses of junior high school students’ skill-related physical fitness, enriching the content of school physical education, and constructing a practical training model with educational, health, and cultural value. By combining structured intervention with quantitative and observational evaluation, the study seeks to provide a replicable basis for improving adolescent fitness and promoting the inheritance of traditional sports culture in contemporary education (Li, 2023).
Research objective
Main Objective
to develop tai chi exercise program to improve skill-related physical fitness of middle school students in Guangdong province.
Subsidiary Objectives
1）To study the current situation and existing problems in skill-related physical fitness of middle school students in Guangdong province.
2）to design a tai chi exercise program aimed at improving skill-related physical fitness of middle school students in Guangdong province.
3）to experiment with a tai chi exercise program to improve skill-related physical fitness of middle school students in Guangdong province.

Research Hypothesis
After 8 weeks of training with tai chi exercise program, the skill-related physical fitness of middle school students in the experimental group was better than that of the control group, with a statistically significant difference at p < 0.05.





Research Methodology
Population and sample
The population for this research consisted of 2,617 students and 36 physical education teachers from six junior high schools in Guangdong Province, including Gaozhou, Luoding, Guangya, Guangzhou No. 6, Nanhai, and Guangzhou Tianhe Junior High Schools. These students were distributed across the schools as follows: Gaozhou Junior High School (510 students), Luoding Junior High School (420 students), Guangya Junior High School (460 students), Guangzhou No. 6 Junior High School (390 students), Nanhai Junior High School (420 students), and Guangzhou Tianhe Junior High School (417 students). To determine the sample for the questionnaire survey, the Taro Yamane formula was applied, with a 95% confidence level and a specified margin of error, resulting in a sample size of 320 students. The distribution of the samples among the schools was: Gaozhou (62 students), Luoding (51 students), Guangya (56 students), Guangzhou No. 6 (48 students), Nanhai (51 students), and Guangzhou Tianhe (52 students). For the experimental phase, purposive sampling was used to select Guangya Junior High School as the experimental site. A total of 40 students volunteered to participate and were assessed through a 200-meter sprint test to determine their physical fitness levels. Based on the sprint times, the 40 students were ranked from slowest to fastest, with the 20 students with the lowest scores selected for the study. These students were then randomly assigned to two groups: the experimental group and the control group, each consisting of 20 students.

Research Instrument
1.Questionnaire Survey
The questionnaires for students and physical education teachers will be designed using a five-point Likert scale, based on a review of literature and previous empirical studies. After the initial draft is completed, three experts in physical education will review the questionnaire to ensure clarity, relevance, and alignment with research objectives. The validity of the questionnaire will be assessed using the Item-Objective Congruence (IOC) method, with IOC values ranging from 0.60 to 1.00.
2.Expert Interview Questionnaire
The interview outline will be developed based on the literature review and questionnaire results, using open-ended questions. Three experts will assess the outline using the IOC method.
3.Focus Group Outline
The focus group outline will also use open-ended questions, aiming to develop a specific Tai Chi exercise program.
4.Tai Chi Exercise Program
An 8-week Tai Chi exercise program will be designed and implemented, with sessions held three times a week, lasting 45 to 60 minutes, including warm-up, main Tai Chi practice, and cool-down activities. The program aims to improve balance, flexibility, coordination, reaction time, speed, and power through progressive training.

Validation of Research Instruments
Validation was carried out through expert review rather than relying only on initial drafting, which helped strengthen the academic quality and practical suitability of the research tools. The two questionnaires were examined by three specialists in physical education and sports science to confirm clarity, relevance, and consistency with the study objectives. The research further applied the Item-Objective Congruence method, with acceptable IOC values set from 0.60 to 1.00, to verify content validity before formal data collection. The research instruments were validated using the Item-Objective Congruence (IOC) method, with all IOC values exceeding 0.90. The IOC value for the Questionnaire Survey was 0.92, for the Expert Interview Questionnaire it was 0.94, for the Focus Group Outline it was 0.90, and for the Tai Chi Exercise Program it was 0.94. These high IOC values confirm the strong content validity of each tool, ensuring their relevance and alignment with the research objectives.

Protection of the Participants’ Rights
Participant protection was reflected in the sampling criteria, consent requirements, and withdrawal rules used throughout the study. Only students who had passed a medical examination, were physically healthy, and were able to participate in regular exercise were included. Participation had to be voluntary, with consent obtained from both parents and the school, ensuring that students were not enrolled without approval from key guardians.This study has obtained ethical approval from the Ethical Committee of Bangkokthonburi University (certificate no. 2569/153(7), issued on February 26, 2026).

Data Collection
1.Literature Review
A comprehensive review of domestic and international literature related to Tai Chi training and skill-related physical fitness will be conducted. This review will provide the theoretical foundation for designing the questionnaires, developing expert interview outlines, and creating the Tai Chi training framework.
2.Questionnaire Survey
A structured questionnaire will be distributed to 320 junior high school students (aged 12–16) and physical education teachers from six selected schools in Guangdong Province. The questionnaire aims to gather data on the current status, influencing factors, and challenges related to adolescents' skill-related physical fitness, serving as preliminary data for the experimental design and expert consultations.
3.Expert Interviews
Seven experts with extensive backgrounds in Tai Chi instruction, sports education, and adolescent physical fitness will be invited for semi-structured interviews. The goal is to analyze the current situation of students' skill-related physical fitness, identify key problems, and explore improvement strategies using Tai Chi training methods.

Data Analysis
1. Questionnaire Survey using mean (x̄) and standard deviation (S.D.) to analyze the data.
2. Expert interviews, focus group discussions and connoisseurship discussions were analyzed using the content analysis method.
3.One-way repeated measures ANOVA and post hoc were used to compare the results of pre-test, mid-test, and post-test of 200 meter sprint ability of the experimental group.
4.Independent t-test was used to compare the post-test result of the experimental group and the control group after the intervention.

Research results

Table 1 The basic information of the subject on experimental group and the control group.
	Variables
	Experimental group
	Control group

	
	x̄±SD
	x̄±SD

	Age (year)
	14.33±1.16
	14.32±1.22

	Height (cm)
	168.71±1.12
	168.30±1.42

	Weight (kg)
	50.95±4.86
	50.25±5.38

	BMI
	22.45±1.19
	21.72±1.73


Table 1 showed the basic demographic data of the experimental and control groups were similar, with 20 participants in each group. Both groups had a comparable age range, with an average age of 14.33 ± 1.16 years for the experimental group and 14.32 ± 1.22 years for the control group, indicating no significant age difference between the two groups. The height averages were also very similar: 168.71 ± 1.12 cm for the experimental group and 168.30 ± 1.42 cm for the control group, suggesting similar physical stature. The average weight in the experimental group was 50.95 ± 4.86 kg, slightly higher than the control group's 50.25 ± 5.38 kg. The BMI values also showed a minor difference, with the experimental group at 22.45 ± 1.19 and the control group at 21.72 ± 1.73.

Table 2 Comparison of each test ability between the experimental group and the control group     at pre-test using independent sample t-test.
	Variables
	Experimental
group
	Control
group
	t
	df
	p

	
	x̄±SD
	x̄±SD
	
	
	

	Balance Ability
	26.60 ± 2.20
	26.10 ± 2.00
	0.21
	44
	0.836

	Agility Ability
	11.79 ± 0.21
	11.76 ± 0.23
	0.82
	48
	0.417

	Coordination Ability
	81 ± 19
	82± 18
	-0.52
	52
	0.606

	Reaction Ability
	0.27 ± 0.03
	0.26 ± 0.02
	2.23
	32
	0.548

	Speed Ability
	8.92± 0.54
	8.94± 0.55
	2.13
	43
	0.587

	Strength Ability
	8.13 ± 1.26
	8.19 ± 1.31
	6.29
	33
	0.513


*p>0.05
Table 2 showed the pre-test results comparing the experimental and control groups show no significant differences in most of the variables. For balance ability, agility, coordination, reaction, speed, and strength, the p-values are all greater than 0.05, indicating no statistically significant differences between the two groups at baseline. This suggests that both groups started with similar skill-related physical fitness levels, making it appropriate to evaluate the effectiveness of the Tai Chi program in subsequent tests.

Table 3 Comparison of each test ability between the experimental group and the control group at post-test using independent sample t-test.
	Variables
	Experimental
group
	Control
group
	t
	df
	p

	
	x̄±SD
	x̄±SD
	
	
	

	Balance Ability
	31.30 ± 2.10
	26.50 ± 2.60
	2.62
	20
	0.014*

	Agility Ability
	10.76 ± 0.36
	11.74 ± 0.22
	2.45
	30
	0.01*

	Coordination Ability
	123 ± 17
	83 ± 19
	-11.23
	30
	0.00*

	Reaction Ability
	0.20 ± 0.02
	0.27 ± 0.03
	3.16
	41
	0.01*

	Speed Ability
	7.88 ± 0.43
	8.91± 0.49
	2.11
	37
	0.01*

	Strength Ability
	9.35 ± 1.16
	8.26 ± 1.22
	4.57
	42
	0.01*


*p<0.05 
Table 3 showed post-test results where the experimental group demonstrated significant improvements in all measured abilities compared to the control group. Significant differences (p<0.05) were observed in balance ability, agility, coordination, reaction time, speed, and strength. The experimental group outperformed the control group across all variables, suggesting that the Tai Chi exercise program had a positive effect on improving skill-related physical fitness in junior high school students.

Table 4 Comparison of each test ability at pre-test, mid-test, and post-test within the experimental group using repeated measures ANOVA.
	Variable
	Source of variant
	Sum of squares
	df
	MS
	F
	p

	Balance Ability
	Between group
	127.27
	2
	63.63
	38.567
	0.01*

	
	Within group
	29.84
	18
	1.65
	
	

	
	Total
	157.11
	20
	
	
	

	Agility Ability
	Between group
	9.35
	2
	4.68
	58.21
	0.01*

	
	Within group
	1.61
	28
	0.06
	
	

	
	Total
	10.96
	30
	
	
	

	Coordination Ability
	Between group
	8820.13
	2
	4410.13
	42.81
	0.01*

	
	Within group
	1854.71
	18
	103.32
	
	

	
	Total
	10674.84
	20
	
	
	

	Reaction Ability
	Between group
	0.19
	2
	0.27
	5.18
	0.01*

	
	Within group
	0.11
	38
	0.06
	
	

	
	Total
	0.20
	40
	
	
	

	Speed Ability
	Between group
	12.14
	2
	13.32
	5.18
	0.01*

	
	Within group
	44.29
	38
	9.15
	
	

	
	Total
	56.43
	40
	
	
	

	Strength Ability
	Between group
	15.35
	2
	7.51
	5.18
	0.01*

	
	Within group
	55.14
	38
	5.72
	
	

	
	Total
	70.49
	40
	
	
	


*p< 0.05 
Table 4 presents the comparison of each test ability at pre-test, mid-test, and post-test within the experimental group using repeated measures ANOVA. The results indicate significant differences (p<0.05) for all variables, including balance ability, agility ability, and coordination ability. For balance ability, the F-value of 38.567 (p=0.01) suggests substantial improvement across the tests. Similarly, agility ability and coordination ability also show significant results with F-values of 58.21 and 42.81, respectively.

Table 5 Comparison of balance ability test results within the experimental group using Bonferroni post hoc test.
	Dependent
	Mean
	Pre-test
	Mid-test
	Post-test

	
	
	61.25
	67.97
	76.69

	Pre-test
	61.25
	
	5.20*
	10.30*

	Mid-test
	67.97
	
	
	5.10*

	Post-test
	76.69
	
	
	


*p< 0.05 
Table 5 Revealed significant improvements in balance ability at different time points. From pre-test to mid-test, the balance score increased by 5.20 points (p < 0.05), and from pre-test to post-test, the improvement was 10.30 points (p < 0.05). Additionally, the mid-test to post-test comparison showed a 5.10-point improvement (p < 0.05). These results indicate that the Tai Chi exercise program effectively enhanced balance ability at each stage of the intervention.

Table 6 Comparison of agility ability test results within the experimental group using Bonferroni post hoc test.
	Dependent
	Mean
	Pre-test
	Mid-test
	Post-test

	
	
	63.16
	68.65
	78.32

	Pre-test
	63.16
	
	2.70*
	5.20*

	Mid-test
	68.65
	
	 
	2.50*

	Post-test
	78.32
	
	
	


*p< 0.05 
Table 6 Revealed significant improvements at different time points. From the pre-test to mid-test, agility improved by 2.70 seconds (p < 0.05), and from the pre-test to post-test, the improvement was 5.20 seconds (p < 0.05). Additionally, the mid-test to post-test comparison showed a 2.50-second improvement (p < 0.05). 

Table 7 Comparison of coordination ability test results within the experimental group using Bonferroni post hoc test.
	Dependent
	Mean
	Pre-test
	Mid-test
	Post-test

	
	
	62.37
	67.59
	77.48

	Pre-test
	62.37
	
	4.60*
	9.90*

	Mid-test
	67.59
	
	
	5.30*

	Post-test
	77.48
	
	
	


*p< 0.05 
Table 7 Revealed significant improvements at different time points. From the pre-test to mid-test, coordination improved by 4.60 points (p < 0.05), and from the pre-test to post-test, it improved by 9.90 points (p < 0.05). Additionally, the mid-test to post-test comparison showed a 5.30-point improvement (p < 0.05).

Table 8 Comparison of reaction time ability test results within the experimental group using Bonferroni post hoc test.
	Dependent
	Mean
	Pre-test
	Mid-test
	Post-test

	
	
	61.72
	67.13
	78.25

	Pre-test
	61.72
	
	0.90*
	2.00*

	Mid-test
	67.13
	
	
	1.10*

	Post-test
	78.25
	
	
	


*p< 0.05 
Table 8 Showed significant differences in multiple comparisons. The pre-test and mid-test comparison yielded a significant difference with a t-value of 0.90* (p<0.05), and the pre-test and post-test comparison showed a significant difference with a t-value of 2.00* (p<0.05). However, the mid-test and post-test comparison did not show a significant difference with a t-value of 1.10* (p<0.05). 

Table 9 Comparison of speed ability (50-meter sprint test) at pre-test, mid-test, and post-test within experimental group, comparing two groups using the Bonferroni test.
	Dependent
	Mean
	Pre-test
	Mid-test
	Post-test

	
	
	62.17
	67.72
	77.68

	Pre-test
	62.17
	
	1.70*
	3.90*

	Mid-test
	67.72
	
	
	2.20*

	Post-test
	77.68
	
	
	


*p< 0.05 Represents a significant difference
Table 9 The Bonferroni test comparisons between the pre-test, mid-test, and post-test in the experimental group revealed significant differences. The pre-test and mid-test comparison yielded a significant difference with a t-value of 1.70* (p<0.05), and the pre-test and post-test comparison showed a significant difference with a t-value of 3.90* (p<0.05). Additionally, the mid-test and post-test comparison showed a significant difference with a t-value of 2.20* (p<0.05). 

Table 10 Comparison of strength ability (shot put test) at pre-test, mid-test, and post-test within experimental group, comparing two groups using the Bonferroni test.
	Dependent
	Mean
	Pre-test
	Mid-test
	Post-test

	
	
	63.22
	67.41
	78.56

	Pre-test
	63.22
	
	2.40*
	6.30*

	Mid-test
	67.41
	
	
	3.90*

	Post-test
	78.56
	
	
	


*p< 0.05 
Table 10 Showed significant differences. The pre-test and mid-test comparison yielded a significant difference with a t-value of 2.40* (p<0.05), and the pre-test and post-test comparison showed a t-value of 6.30* (p<0.05), indicating strong improvement. Additionally, the mid-test and post-test comparison also showed a significant difference with a t-value of 3.90* (p<0.05). 

Discussion
The study investigates the effects of an eight-week Tai Chi program on skill-related physical fitness among junior high school students. The pre-test revealed no significant differences between the experimental and control groups, establishing baseline comparability. However, post-test results demonstrated significant improvements in balance, agility, coordination, reaction time, speed, and strength for the experimental group, affirming the program's effectiveness. These results align with previous research, such as Liu (2024), who emphasized Tai Chi's role in developing proprioception and body control, both crucial for balance and coordination. Zhang (2024) similarly documented Tai Chi's positive impact on balance and core stability, further supporting the findings of this study. Additionally, Shaliva (2019) highlighted Tai Chi's capacity to improve agility and reaction time, showcasing the importance of fluid movement transitions, a principle incorporated into this program.
The design of the Tai Chi program, which progressively built from basic exercises to more advanced ones, reflects the application of periodized training and progressive overload principles. This structured approach likely facilitated adaptive responses, enabling improvement in multiple physical fitness components. The expert validation process ensured the program's alignment with the developmental needs of adolescents, as discussed by Cai (2024). These results suggest that Tai Chi can be an effective tool for enhancing physical fitness, providing a culturally meaningful and low-impact alternative to traditional athletic training. Furthermore, Tai Chi’s potential psychological benefits should be acknowledged, as Du (2022) found that it enhances psychological resilience, helping students perform better under pressure. This holistic mind-body approach may play a role in the observed improvements in reaction time and coordination.

Conclusion

The results revealed significant improvements in the experimental group across all measured components of physical fitness. Specifically, balance, agility, coordination, and strength all showed substantial progress. The experimental group outperformed the control group in all post-test assessments, confirming the positive impact of Tai Chi exercises. Within the experimental group, there were significant improvements from the pre-test to the post-test in agility (5.20 seconds), coordination (9.90 points), and strength (6.30 points), emphasizing the program's effectiveness.
Based on the findings, it is evident that the Tai Chi exercise program offers a more effective approach than traditional physical education programs in enhancing skill-related physical fitness. The progressive nature of the training, which focused on balance, coordination, and strength, contributed to the sustained improvements observed over the 8-week period. These results support the inclusion of Tai Chi in school-based physical education programs to improve overall physical fitness and athletic performance.

Recommendations
Recommendation for this research
1.Develop a structured Tai Chi exercise curriculum for middle school physical education programs in Guangdong, focusing on skill-related fitness components such as balance, agility, coordination, reaction time, speed, and strength.
2.Include personalized training and periodization based on students' fitness assessments, with specialized Tai Chi training for teachers.
3.Incorporate Tai Chi into other school activities to enhance overall well-being and establish a sustainable framework with standardized assessments and digital resources for long-term implementation.


Recommendations for Further Research
1.Investigate the impact of the Tai Chi exercise program on various student subgroups (gender, age, initial fitness levels) for more tailored program design.
2.Extend research to include longitudinal studies to assess the long-term effects of Tai Chi on balance, agility, and coordination post-program.
3.Explore the link between physical improvements and psychological factors like concentration, stress resilience, and self-efficacy, and compare Tai Chi with other physical activities.
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