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Abstract : The aim of this study was to cluster according to the bone age of elementary school
students in order to analyze the physique, physical fitness, and skeletal maturation of each cluter
group and to provide basic data for the balanced development of elementary school students through
data analysis. The subjects of this study were 2243 students aged 8 to 13 years, and the skeletal
maturation were calculated by applying them to the TW3 method score conversion table after the
X-ray films were taken. A total of 2 components in physique were measured using a
stadiometer(Hanebio, Korea, 2021) and the Inbody 270(Biospace, Korea, 2019), and a total of 7
components in physical fitness, which included muscular strength(Hand Grip Strength), balance(Bass
Stick Test), agility(Plate Tapping), power(Standing Long Jump), flexibility(Sit&Reach), muscular
endurance(Sit-Up), and cardiovascular endurance(Shuttle Run) were measured as well. K-Means
clustering method, cross—tabulation analysis, and one—way variable analysistANOVA) were conducted
for data processing using the SPSS PC/Program(Version 26.0) and Bristics Studio Tool, and it was
considered significant at the level of p< .05. The results of this study may be summarized as follow.
First, as a result of clustering using three components of skeletal maturation: retarded, normal, and
advanced, cluster 1(Retarded) showed excellence in muscular strength, balance, and agility. cluster
2(Normal) showed poor flexibility, whereas cluster 3(Advanced) showed excellence in muscular
strength. Second, as a result of analyzing the differences in physique according to the clustering of
elementary school students by their individual characteristics, cluster 3(Advanced) showed excellence in
height, weight, and body fat percentage. Third, as a result of analyzing the differences in physical
fitness according to the clustering of elementary school students by their individual characteristics,
cluster 3(Advanced) showed excellence in Hand Grip Strength(Left, Right), whereas cluster
1(Retarded) showed excellence in Bass Stick Test, and cluster 3(Advanced) showed excellence in
Standing Long Jump.

Keywords . Elementary School Students, Skeletal Maturation, Physical Fitness, Clustering, Cluster
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Table 1. General Characteristics of Participants

(%)
Cluster 1 Cluster 2 Cluster 3 Total
Sex M 276(12.3) 570(25.4) 289(12.9) 1135(50.6)
F 270(12.0) 557(24.8) 281(12.5) 1108(49.4)
8 68(3.0) 146(6.5) 76(3.4)
290(12.9)
Percentage of Total (12.4) (12.9) (13.3)
9 57(2.5 119(5.3 63(2.8
2.5 6.3 @9 239(10.7)
Percentage of Total (10.9) (10.5) (11.0)
10 77(3.4 161(7.2 81(3.6
30 7.2 3.6 319(14.2)
A Percentage of Total (14.1) (14.2) (14.2)
& 11 115(5.1) 233(10.4) 116(5.2) 464007
Percentage of Total (21.0) (20.6) (20.3) '
12 124(5.5 254(11.3 127(5.4
G5 (113 G- 505(22.5)
Percentage of Total (22.7) (22.5) (22.2)
13 105(4.7 214(9.5 107(4.8
“.7 ©-5 48 426(19.0)
Percentage of Total (19.2) (18.9) (18.7)
Total 546(24.3) 1127(50.2) 570(25.4) 2243(100)
Table 2. Measuring Components of Bone Age, Physique, Physical Fitness
Factor Components Content Measuring Instrument
B Diagnosis Radiation Equipment
Bone Age Bone Age X-ray, TW3 (DK Medical System, Korea, 2006)
Heioht Measurement of Stadiometer
. & Height (Hanebio, Korea, 2021)
Physique
Weicht Measurement of Inbody 270
& Weight (Biospace, Korea, 2019)
Muscular Hand Grip Grip Strength Indicator .
Strength Strength (Donghwa Athletic Corporation,
China, 2019)
Custom—Made Stick
Balance Bass Stick Test (Wood Land Furniture Workshop,
Korea, 2021)
Custom—Made Board
Agility Plate Tapping (Wood Land Furniture Workshop,
Physical Fitness Korea, 2021)
Power Standing Long Standing Long Jump Mat
owe Jump (Promax, Taiwan, 2006)
Flexibility Sit&Reach Sit & Reach Box

(World Sports Industry, Korea, 2019)
Muscular Sit—Up Board

Endurance Sit=Up (Everlast, China, 2013)
Cardiovascular All-=In-One CD Player System
Endurance Shuttle Run (INVIO, Korea, 2019)
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Korea)& ol-&sto] ZAstqlon, A4 A4,
Inbody 270& ARgste] & 2719 A|A 849l
A AFE SHstAT AYL2 oy =747
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Clustering n M SD F Sheffe
1° 546 135.620 10.7835

H(gir%“ 2 1127 139.898 11.6231 74,389 a<b<c
3¢ 570 144.198 12.8262
1° 546 33.509 8.8262

W{gg ht 2 1127 37.682 11.0098 95.204""" a<b<c
3¢ 570 42.579 12.7386
1° 546 25.095 7.6205

Pef(cgfl;tf at 2 1127 26.293 7.9759 17.884""" alblc
3¢ 570 27.901 7.9657

T p(.001
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Fig. 1. Clustering of the Physical Fitness.
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Table 4. Clustering of the Differences in Physical Fitness

Clustering n M SD F Sheffe
1° 546 12.9925 4.62928
Hand C(;Efft)s“e“gth 2 1127 145618 565426 578837 adble
3¢ 570 16.6101 6.46446
1° 546 13.882 5.0786
Hand Grip Strength 2 1127 15.646 6.0740 549107 adblc
(Right)
3¢ 570 17.726 7.1288
1° 546 28.5573 32.99071
Bass Stick Test 2° 1127 25.4930 28.89242 6.887"" ca
3¢ 570 22.1473 24.24361
18 546 7.8110 1.88481
Plate Tapping 2 1127 7.6722 1.95927 2.100 N.S.
3¢ 570 1.5772 1.86991
1° 546 130.785 24.6818
Standing Long Jump 2 1127 133.494 24.8091 3.029" alc
3¢ 570 134.275 26.8121
18 546 8.497 6.7357
Sit & Reach 2 1127 8.194 7.1482 2.941 N.S.
3¢ 570 9.080 7.3756
1° 546 38.20 51.413
Sit-Up 2 1127 39.30 44.704 0.303 N.S.
3¢ 570 40.44 50.906
18 546 46.01 23.904
Shuttle Run 2 1127 49.00 24.569 3.336 N.S.
3¢ 570 49.51 27.299
"p< .05, T pC .01, T pg 001

N.S. @ Non-Significance
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