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Abstract. This study's purpose was to compare the components of arm muscle
strength, flexibility, and agility between elite and sub-elite men's badminton ath-
letes. The method used in this study is comparative research with a quantitative
approach. The research subjects used were 22 male athletes divided into two
groups: six elite athletes and 16 sub-elite athletes. Data collection uses secondary
data consisting of three components: arm muscle strength, flexibility, and agility.
The instruments used were 30-second push-ups to measure arm muscle strength,
standing trunk flexion to measure flexibility, and side steps to measure agility.
Data analysis techniques used include descriptive statistics and the Mann-Whit-
ney test. Microsoft Excel and SPSS applications were used to perform data anal-
ysis. The results of the study from the Mann-Whitney test showed that the signif-
icance value of the arm muscle strength variable was 0.001 (p<0.05), the flexi-
bility variable was 0.555 (p>0.05), and the agility variable was 0.000 (p<0.05).
Thus, this study concludes that there is a significant difference between elite and
sub-elite men's badminton athletes in arm muscle strength and agility variables,
while in the flexibility variable, there is no significant difference.

Keywords: Athlete, Badminton, Cardio, Games, Performance,
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1 Introduction

Badminton is one of the most popular racquet sports [1] dan and has been played
by around 200 million people worldwide [2]. The popularity of badminton is believed
to have increased when it became an Olympic sport in 1992 [3]. There was a change in
the point calculation system, which made badminton games even more attractive [4].
In this Sport, Indonesia is one of the countries that dominates and has very proud
achievements [5].
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Known as the fastest racquet sport in the world, even the shuttlecock's speed in
high-intensity rallies can exceed 400 km/hour [6], [7]. This Sport is characterized by
intermittent activity with high intensity [8]. According to research, currently, the rela-
tionship between several physical components such as shoulder strength, muscle en-
durance, power, agility, flexibility, and speed are the determining factors for the per-
formance of badminton players [9].

Until this research was done, there had not been any research in badminton that
had previously analyzed the differences in the components of arm muscle strength,
flexibility, and agility between elite and sub-elite men's badminton athletes. Previous
studies have examined badminton players' physical and physiological characteristics in
a country and compared elite and non-elite athletes [10]-[12]. With this research, em-
pirical evidence will be known about the differences between elite and sub-elite men's
badminton, especially in arm muscle strength, flexibility, and agility.

2 Method

3.1 Research Design

This study uses a comparative research method with a quantitative approach. Com-
parative research was used in this study because it aims to compare one sample group
with another sample group based on specific variables and measures [13]. This study
will compare three variables (arm muscle strength, flexibility, and agility) in two sam-
ple groups (elite and sub-elite male badminton athletes).

3.2 Participants

The subjects in the study were male badminton athletes with a total of 22 athletes.
These athletes were divided into two groups based on their ability to compete: 6 elite
and 16 sub-elite athletes. Participants who are considered elite athletes are badminton
athletes who are on the Indonesian national team. In contrast, sub-elite athletes are bad-
minton athletes at the provincial level. The sub-elite athletes in this study were athletes
in East Java Province.

3.3 Data Collection and Instrument

The data collected in this study is secondary data collected by the Achilles Sport
Science and Fitness Center, State University of Surabaya. The data collected included
arm muscle strength, flexibility, and agility. The instruments used were 30-second
push-ups to measure arm muscle strength [14], standing trunk flexion to measure flex-
ibility [15], [16], and side steps to measure agility [17], [18].

3.4 Data Analysis

The data analysis technique used in this study is a descriptive statistical test using
the mean and standard deviation, a data requirements test using normality and homo-
geneity tests, and hypothesis testing using the Mann-Whitney test. The applications
used to perform data analysis are Microsoft Excel and SPSS.
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3 Results

The results of the descriptive analysis in this study presented data on the character-
istics of the research subjects, including age, height, weight, and body mass index. Data
on the characteristics of the research subjects are presented using the mean and standard
deviation (SD).

Table 1. Descriptive statistics on the characteristics of the research subjects

No Variable Mean + SD
Elite (N = 6) Sub-elite (N = 16)
1 Age (years) 18,83 £ 1,33 21,63 +2,75
2 Height (cm) 174,27 £4,79 166,44 £ 13,51
3 Weight (kg) 62,9 +£5,45 61,06 = 14,92
4 BMI (kg/m?) 20,69 + 1,28 21,72 £ 3,83

The Shapiro-Wilk normality test and Levene's homogeneity test were used in this
study to determine whether to test the hypothesis using para-metric or non-parametric
statistics. The following normality test results can be seen in the table below.

Table 2. Shapiro Wilk normality test

No Variable Group p-value (sig.)

1 Arm muscle strength Elite 0.679*
Sub-elit 0.184*

2 Flexibility Elite 0.772%*
Sub-elit 0.240%*

3 Agility Elite 0.338%
Sub-elit 0.487*

*p>0.05, it can be concluded that the data is usually distributed

The above normality test results show that all data variables in this study have a
normal distribution (p>0.05). Furthermore, the homogeneity test results are presented
in the table below.

Table 3. Homogeneity test

No Variable p-value (sig.)
1 Arm muscle strength 0.806*
2 Flexibility 0.009
3 Agility 0.647*

*p>0.05 indicates a homogeneous data variant
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Table 3 above shows the results of the Levene's homogeneity test. The homogeneity
test results showed variables with non-homogeneous data variances, namely the flexi-
bility variable (p<0.05). Therefore, the hypothesis test used in this study is the Mann-
Whitney test, which aims to compare two groups between elite and sub-elite athletes.
The table below presents the results of the Mann-Whitney test.

Table 4. Mann-Whitney test

No Variable p-value (sig.)
1 Arm muscle strength 0.001*
2 Flexibility 0.555
3 Agility 0.000*

*p<0.05, there is a significant difference

The results of the Mann-Whitney test revealed that two variables showed a signifi-
cant difference between elite and sub-elite athletes, namely arm muscle strength and
agility (p<0.05). At the same time, there was no significant difference in the flexibility
variable (p>0.05). It can be seen in the image below to make it easier to see the differ-
ence between elite and sub-elite men's badminton athletes in each variable.

50 4633 » 23,69 50 47.33

a0 2 18,93 a0

3231

M Elite W Sub-elite M Elite m Sub-elite M Elite W Sub-elite
(a) (b) ©
Figure 1. Differences between elite and sub-elite athletes in all variables: (a) arm
muscle strength, (b) flexibility, and (c) agility

The graphic above shows that elite athletes are better than sub-elite athletes on arm
muscle strength and agility variables. In contrast, on flexibility variables, sub-elite ath-
letes have better flexibility than elite athletes.

4 Discussion

The results of the Mann-Whitney test data showed significant differences between
elite and sub-elite men's badminton athletes in the variables of arm muscle strength and
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agility (p<0.05). On the other hand, the flexibility variable did not show a significant
difference between elite and sub-elite athletes (p>0.05). These results are appropriate
because elite athletes have a higher level of ability when compared to sub-elite athletes,
both physically, technically, and mentally.

As is well known, this badminton sport is characterized by specific movement pat-
terns and intense action, consisting of decelerations, rapid acceleration, and changes in
direction over short distances with explosive movements. [19]. With the type of game
that requires fast and repetitive movements with high intensity for a short duration [20],
elite badminton athletes need better performance in maximum strength, speed, agility,
endurance, power, and flexibility [21].

This study's results show that the components of arm muscle strength and agility in
elite athletes are significantly better compared to sub-elite athletes. However, the flex-
ibility variable found that sub-elite athletes had better flexibility than elite athletes, alt-
hough the difference between the two was not significant. The results of this study are
in line with previous research, which states that flexibility and strength have a negative
correlation direction; that is, the greater a person's strength, the more flexibility will
decrease, and vice versa [22]-[24]. However, other studies reveal that muscle strength
is not affected by the degree of muscle flexibility, but flexibility can affect the maxi-
mum angle of exertion of muscle strength, which is one of the factors causing injury
[25], [26]. Even so, it should be remembered that skeletal muscle is a motor system that
plays a vital role in the body, where the level of muscle strength and flexibility compo-
nents in skeletal muscle is crucial in preventing injury for athletes [27], [28].

5 Conclusion

This study concludes that there is a significant difference between elite and sub-elite
men's badminton athletes in the arm muscle strength and agility variables. In contrast,
in the flexibility variable, there is no significant difference. This research implies that
the results of this research can be used as material for consideration and attention to
trainers as practitioners in the field so that they pay attention to the development of the
physical condition of each athlete. For athletes who have reached the elite level, re-
member the flexibility component in improving the physical aspect. Flexibility is one
of the physical components that significantly impacts athletes in achieving the highest
performance. The limitations and shortcomings of this study were that the subjects used
were only male athletes, and the number of subjects was relatively small. Suggestions
and recommendations for further research are that research subjects need female ath-
letes. Besides, athletes at the sub-elite level are used not only for athletes in one prov-
ince.
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