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Abstract 

The purpose of this study was to investigate the effects of various sports in-
terventions on adolescents’ physical fitness. One hundred twenty adolescents 
were recruited from a college (60 males and 60 females) and were randomly 
divided into four equal groups. The experimental groups (Group 1, Group 2, 
and Group 3) each received 1.5 hours of medium-intensity sport interven-
tions three times a week. The only difference among them was that Group 1 
did tennis, Group 2 did basketball, and Group 3 did gymnastics. Group 4, on 
the other hand, served as a control group, receiving no intervention. Subjects 
in each of the four groups were tested before and after the intervention using 
the National Physical Fitness Standards for Students (2014 Revision) items. 
The test results were analyzed using a one-way ANOVA. The independent 
variable was the sport natures, whereas the dependent variable was the dif-
ference between pre and post-intervention measurements. It was found that 
1) the experimental groups outperformed the control group on all test indi-
cators; 2) The basketball group improved significantly more than the tennis 
and gymnastics groups in terms of spirometry performance; 3) The gymnas-
tics group improved significantly more than the tennis and basketball groups 
in terms of sitting forward bend; 4) The tennis group improved significantly 
more than the basketball and gymnastics groups in one-minute sit-up per-
formance. To conclude, this study found that after-school training could 
promote adolescents’ physical fitness. In detail, tennis training can signifi-
cantly improve one-minute sit-up performance. Basketball training can sig-
nificantly improve vital capacity. Gymnastic training can significantly en-
hance the sitting forward bend performance. 
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1. Introduction 

Regular engagement in youth sport has a range of benefits (Perkins & Hahn, 
2020) and has been shown to improve important physical qualities as muscle 
endurance (Faigenbaum et al., 1999), coordination (Loprinzi et al., 2012), flex-
ibility (Merkel, 2013), aerobic capacity (Boreham & Riddoch, 2001) and muscu-
lar strength (Mohamed et al., 2009). However, systematic and comprehensive 
comparisons of which sports have more significant effects on which qualities are 
lacking. To that end, this research aimed to investigate the effect of after-school 
training on adolescents’ physical fitness and how different sports impact the 
outcome. The study, described in greater detail below, provided after-school 
sports training (tennis, basketball, and gymnastics) to 120 Chinese students 
(50% females, 50% male). This study conducted after-school training in tennis, 
basketball, and gymnastics for adolescents in a college. The subjects’ activities 
were tracked and monitored. At the end of the experiment, all subjects were re-
quired to participate in physical fitness tests. The tests were conducted following 
the National Physical Fitness Standards for Students (2014 Revised). The find-
ings could aid trainers in developing a more tailored exercise program for tee-
nagers. 

2. Research Objects and Methods 

2.1. Ethical Considerations 

This study adhered to the American Psychological Association Code of Ethics 
and was approved by the Institutional Review Board of the authors’ institution. 
Every subject was required to sign an informed consent form before the start of 
the experiment. 120 year-6 students were recruited from a local college. 

2.2. Overview of Approach 

The present study used a research design of 4 groups (Group 1: tennis group, 
Group 2: basketball group, Group 3: gymnastics group, and Group 4: control 
group) to provide different interventions to each of the four experimental 
groups. Subjects were required to complete a pre-physical fitness test at the be-
ginning of the experiment. Once completed, Group 1, Group 2, and Group 3, 
which consist of 90 subjects, received different after-school training according to 
the experiment design at the beginning. Subjects in these three experimental 
groups were regularly monitored during the experiment to ensure their exercise 
duration, exercise frequency, and exercise intensity were reasonably consistent. 
In contrast, the control group (Group 4) did not receive any long-term struc-
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tured after-school training other than everyday physical exercises. At the end of 
the program, subjects completed the physical fitness again to make an accurate 
and detailed comparison. 

2.3. Experimental Variables 

Independent variable:  
Nature of sports—Group 1: tennis group, Group 2: basketball group, Group 3: 

gymnastics group, and Group 4: control group (not participate in any sport). 
Dependent variable:  
Change in performance in the physical fitness test. 

2.4. Subjects 

The subjects were all year-6 students from a local college. The experimental 
groups consist of students who were originally enrolled in after-school training 
programs. These students were randomly chosen as the study subjects and were 
evenly distributed into Group 1, Group 2, and Group 3. In contrast, the control 
group was made up of 15 male and 15 female students who were chosen at ran-
dom from the unenrolled students from the college. 

Experimental group:  
• Group 1 (tennis program intervention group) consisted of students who vo-

luntarily signed up for the after-school tennis instruction program (30 stu-
dents; male: female = 1:1). 

• Group 2 (basketball program intervention group) included students willingly 
signed up for the after-school basketball training program (30 students; male: 
female = 1:1). 

• Group 3 (gymnastics program intervention group) was made up of students 
who voluntarily sign up for the after-school gymnastics programs, including 
aerobics (18 students) and wushu (12 students) (30 students; male: female = 1:1). 

Control group: 
• Group 4 was made up of students who do not engage in any after-school 

training program (30 students, male: female = 1:1) (Figure 1). 
 

 

Figure 1. Average score of physical fitness test before exercise intervention. 
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All subjects in this study were in good health, with no cardiovascular condi-
tions that made them unfit for exercise, and a gender ratio of 1:1. The four 
groups’ pre-intervention physical fitness test scores were evaluated using 
one-way ANOVA. As a result, no substantial difference was found among the 
four groups (p > 0.05). This outcome meant that the four groups were essentially 
at the same level in physical fitness scores before the exercise intervention. 

2.5. Exercise Intervention 

Program coaches guided subjects in experimental groups to attend 1.5-hour af-
ter-school training sessions three days a week (Monday, Wednesday, and Fri-
day), including technical and physical training. In contrast, the control group 
did not engage in any after-school training during the experiment except for 
everyday exercise. The intervention lasted two semesters. 

2.6. Statistical Analysis 

The physical fitness test results were gathered, organized, and analyzed using the 
SPSS17.0 statistical software. Apart from the test scores, background data of the 
subjects, such as BMI, were also collected. Since the pre-test results may affect 
the post-test results, this study used the difference between the pre and post-test 
results as an indicator for performance comparison. One-way ANOVA was em-
ployed to analyze the difference in performance among the four groups. 

3. Experimental Results 

3.1. Comparison of the Difference in Total Physical Fitness Test  
Scores between Groups before and after Exercise  
Intervention 

After two semesters of sports intervention, the physical fitness test scores of sub-
jects in each group showed unequal changes, with Group 2 > Group 1 > Group 
3 > Group 4. One-way ANOVA was conducted to analyze the difference in 
physical fitness test scores before and after the intervention. As a result, a signif-
icant difference was found between the experimental group (Group 1, Group 2, 
and Group 3) and the control group (Group 4) (p = 0.000, 0.000, and 0.000, re-
spectively). However, the discrepancies between the groups were not significant 
when compared two by two (p = 1 > 0.05). This result suggested that all three 
programs (tennis, basketball, and gymnastics) positively impact subjects’ physi-
cal fitness test scores. Besides, the growth in scores with exercise interventions is 
substantially greater than natural growth (Figure 2). 

3.2. Comparison of Individual Physical Fitness Test Scores before  
and after Exercise Intervention 

3.2.1. Comparison of the Difference in Spirometry Scores in Each Group  
before and after Exercise Intervention 

Spirometry is a vital functional indicator that represents the level of growth and 
development of a person. It refers to the amount of gas exhaled as forcefully as 
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possible by the human body after a single maximum exhalation with no time 
limit. It thus defines the extent of development of body functions, representing 
the maximum functional operation of the lung organs at one time. The spirome-
try score indirectly indicates a person’s lung function. A person with a high vital 
capacity is able to deliver more oxygen to the body in a single breath. Figure 4 
displays the differences between the two spirometry scores before and after the 
two semesters of the exercise intervention. The results revealed the impact of the 
exercise intervention on the subjects’ spirometry test scores. A positive value in-
dicates an improvement in subjects’ spirometry test scores over the two seme-
sters. In contrast, a negative difference value shows a reduction in spirometry 
test scores before and after the two semesters of study (Figure 3). 

The spirometry test scores of subjects in each group showed unequal changes 
after two semesters of exercise intervention, with Group 2 > Group 1 > Group 
3 > Group 4. The differences in their spirometry test scores before and after ex-
ercise intervention were analyzed using one-way ANOVA. The discrepancies  
 

 

Figure 2. Differences in total scores of the physical fitness test before and after the 
exercise intervention. ** represents p < 0.01; * represents p < 0.05. 

 

 

Figure 3. Differences in spirometry test scores before and after the exercise intervention. 
** represents p < 0 .01; * represents p < 0.05. 
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between the experimental group (Group 1, Group 2, and Group 3) and the con-
trol group (Group 4) were significant (p = 0.002, 0.000, and 0.006, respectively). 
This result suggested that all three exercise programs could substantially im-
prove subjects’ lung function performance. Besides, a two-by-two comparison of 
Group 1, Group 2, and Group 3 revealed significant differences between Group 
1 and Group 2 (p = 0.027), as well as between Group 2 and Group 3 (p = 0.013). 
Alternatively, no significant difference was found between Group 1 and Group 3 
(p = 1.000). This outcome meant that the basketball program intervention im-
proved subjects’ spirometry efficiency the most, substantially more than the ten-
nis program intervention, gymnastics program intervention, or natural increase. 

3.2.2. Comparison of the Difference between the Scores of Sitting  
forward Bend Test in Each Group before and after Exercise  
Intervention 

The seated forward bend test is often used to determine the maximum range of 
motion of the trunk, waist, and hip joints at rest. It reflects the stretch and elas-
ticity of the above-mentioned joints, ligaments, and muscles. It is the most im-
portant test indicator of physical flexibility growth (Figure 4). 

The subjects in each group had unequal changes in their seated forward bend 
test scores after two semesters of exercise intervention, with Group 3 > Group 
1 > Group 2 > Group 4. The differences in their seated forward bend test scores 
before and after the exercise intervention were analyzed using a one-way 
ANOVA. The differences between the experimental groups (Group 1, Group 2, 
and Group 3) and control group (Group 4) were substantial (p = 0.001, 0.002, 
and 0.000, respectively). This result indicated that all three exercise programs 
could help subjects perform better on seated forward bend tests. Besides, a 
two-by-two analysis of Group 1, Group 2, and Group 3 showed significant differ-
ences between Group 1 and Group 3 (p = 0.022) and Group 2 and Group 3 (p = 
0.013). Alternatively, no significant difference was found between Group 1 and 
Group 2 (p = 1.000). This result revealed that the gymnastics program intervention 
improved subjects’ physical flexibility the most, substantially more than the tennis 
program intervention, basketball program intervention, or natural increase. 

 

 

Figure 4. Difference in sitting forward bend test scores before and after the exercise 
intervention. ** represents p < 0.01; * represents p < 0.05. 
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3.2.3. Comparison of the Difference of One-Minute Sit-up Test Scores in  
Each Group before and after Exercise Intervention 

The sit-up test is a fitness test that measures the strength and endurance of the 
muscles in the human waist and abdomen (Figure 5). 

Subjects in each group reported varying improvements in their one-minute sit-up 
test scores after two semesters of the exercise intervention, with Group 1 > Group 
2 > Group 3 > Group 4. One-way ANOVA was performed to analyze the difference 
in one-minute sit-up test scores before and after the exercise intervention. The 
differences between the experimental groups (Group 1, Group 2, and Group 3) 
and control group (Group 4) were substantial (p = 0.000, 0.015, and 0.017, respec-
tively). This outcome meant that all three exercise programs could potentially im-
prove subjects’ performance on one-minute sit-up tests. Besides, a two-by-two 
analysis of Group 1, Group 2, and Group 3 showed significant differences between 
Group 1 and Group 2 (p = 0.000) and Group 1 and Group 3 (p = 0.000). Alterna-
tively, no significant difference was found between Group 2 and Group 3 (p = 
1.000). This finding showed that the tennis program intervention increased sub-
jects’ strength and endurance of the muscles significantly more than the basketball 
program intervention, gymnastics program intervention, or natural increase. 

4. Discussion 

4.1. Comparative Analysis of the Difference in Total Physical  
Fitness Test Scores before and after Exercise Intervention 

Subjects in all three experimental groups (Group 1, Group 2, and Group 3) sub-
stantially increased their physical fitness test scores after two semesters of exer-
cise intervention. This outcome was because subjects in the experimental groups 
were more active in exercise than the control group during the experiment. 
Hence, based on the relationship between physical activity and physical fitness, 
subjects in the experimental groups should be physical “healthier” than the sub-
jects in the control group. The exercise intervention habits in the three experi-
mental groups improved physical fitness test scores more than natural growth. 

 

 

Figure 5. Difference in one-minute sit-up test scores before and after the exercise 
intervention. ** represents p < 0.01; * represents p < 0.05. 
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4.2. Comparative Analysis of Individual Test Scores of Physical  
Fitness Test before and after Exercise Intervention 

4.2.1. Comparative Analysis of the Difference in Spirometry Test Scores  
of Each Group before and after Exercise Intervention 

Li Yongming (2013) pointed out that the rate of aerobic energy supply could hit 
more than 96.8% in sports activities with an exercise period of more than 10 
minutes. As subjects used to have a high demand for oxygen and vital capacity 
during the exercises, the human body naturally increases the volume of a single 
gas exhalation and inhalation when stimulated for an extended period. Vital vo-
lume refers to the largest volume of gas exhaled by the human body after a single 
maximum inhalation. Hence, a long time of tennis, basketball, or gymnastics 
training undoubtedly increases the human body’s vital capacity. Since the sub-
jects who took part in the experimental groups had never received systematic in-
struction in the sport before, they were only at a primary competitive stage. 

All three sports require relentless effort to counteract the athletes’ own gravity 
for movement. For example, for tennis, athletes must continue to move quickly 
while hitting the ball. The quick movement of the ball after the stroke, primarily 
overcoming the athletes’ own gravity, and the kinetic energy of the tennis ball 
acting on the racket, are the most powerful single stimulus of the tennis sport. 
For basketball, athletes must keep moving fast while holding the ball. In addition 
to dribbling, passing, and shooting motions that transcend the athletes’ own 
gravity to travel rapidly and acting force on the basketball, the basketball sport 
also involves physical contact with opposition athletes from time to time. For 
gymnastics, athletes must continue to work out to counteract their gravity by 
leaping and spinning. Gymnastics is a systematic activity that allows people to 
act despite their own gravity. When comparing the three sports, tennis, basket-
ball, and gymnastics should make athletes perform work out continuously dur-
ing the exercise. However, in terms of single stimulus intensity, basketball ath-
letes need to transcend their own gravity and engage in physical combat with 
opposing athletes. Hence, the intensity of the single stimulus received in the 
basketball activities should be greater than that in tennis and gymnastics. Hence, 
the basketball program intervention would have a more significant impact on 
body functions, especially oxygen demand and consumption, as well as chest 
expansion and respiratory system improvement. As a result, subjects in the bas-
ketball program intervention group had a greater effect on spirometry test score 
increases before and after the two-semester exercise intervention than subjects in 
the tennis program intervention group or the gymnastics program intervention 
group. 

4.2.2. Comparative Analysis of the Difference between the Scores of  
Sitting forward Bend Test in Each Group before and after the  
Exercise Intervention 

According to the findings, the gymnastics intervention had the greatest impact 
on the growth of subjects’ test scores in the seated forward bend. This result was 
largely dictated by the gymnastics program’s characteristics and training me-
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thods. Athletes need to show off their bodies as much as possible in the gymnas-
tics sport. They often need to perform complicated movements such as splits, 
which necessitate a torso stretch and elasticity. Even during jumping, tumbling, 
and spinning, the body must also be stretched and strengthened. Because of 
these characteristics, gymnastics would have a significant effect on subjects’ body 
flexibility. Although tennis and basketball also require the human body to make 
certain unusual movements to cope with unpredictable circumstances, the mo-
tion is rarely high. Hence, there is little training regarding body flexibility in the 
program. As a result, subjects in the gymnastics program intervention had a 
more significant impact on subjects’ performance in the seated forward bend test 
than the tennis program and the basketball program. 

4.2.3. Comparative Analysis of the Difference between the One-Minute  
Sit-up Test Scores of the Groups before and after the Exercise  
Intervention 

One-minute sit-ups primarily respond to the waist and abdomen’s power capa-
bility. It tests a person’s muscle strength on the one hand and muscle endurance 
on the other. The strength of the waist and abdomen is the core of the whole 
body’s strength, acting as a support in the movement process. They are essential 
to carry out the motions in tennis, whether it is serving or backhand pumping at 
the baseline. As the most important part of the power chain, the power of all 
motions when playing tennis cannot be separated from the role of the waist and 
abdomen. In contrast, when playing basketball, the body is in displacement mo-
tion most of the time. Even in technical motions such as passing, catching, and 
throwing, the role of the waist and abdomen mobilized is far from being com-
parable to the role in tennis. Despite the fact that the waist and abdomen are of-
ten mobilized during physical confrontations, the frequency of mobilization per 
unit of time in the entire training or game cannot be comparable to tennis. Last-
ly, gymnastics is a sport that performs motions by overcoming athletes’ own 
gravity. Although the frequency of mobilization of the waist and abdomen per 
unit of time is comparable to that of a tennis program, the capacity to do work is 
vastly different. In contrast, tennis requires athletes to overcome gravity for 
movement and transfer the force generated by the lower limb stomp to the rack-
et holding hand to hit the tennis ball. Therefore, the power and energy of the 
work done by the lumbar abdomen mobilized by tennis exceed basketball and 
gymnastics, both in training and during competition. As a result, subjects in the 
tennis program intervention group had a greater impact on the increase in 
one-minute sit-up program test scores than the basketball program intervention 
group and the gymnastics program intervention group. 

5. Conclusion 

This study set out to determine the effects of various sports interventions on 
adolescents’ physical fitness. 120 year-6 students were recruited from a local col-
lege. Our findings suggest that 1) after-school training in different sports could 
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significantly improve the physical fitness of adolescents; 2) after-school training 
has specific characteristics in promoting the physical fitness of adolescents. In 
summary, tennis training can improve one-minute sit-up performance signifi-
cantly. Basketball training can improve vital capacity significantly. Gymnastics 
training can significantly enhance sitting forward bend performance. Further 
research should be performed to other age groups and sports. 
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