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Table 1. Characteristics of the subjects

. Age Height Body weight career
Section

(v1s) (cm) (kg) (vear)
51 26 179 73 14
32 23 176 68 14
S3 22 173 63 9
S4 21 172 76 11
S5 21 180 75 8
S6 20 180 70 6
s7 20 182 93 8
S8 20 168 73 6
59 20 168 75 7
510 20 175 71 7

M+SD 20.78+1.95 174.89+5.01 73.78+7.82 8.44+3.02




B AT B HPETE GPBY A RN guE FASET, A

TjAg 7T (HDR-HC7/HDV 1080) ¥ =
A= WA ZFsh o, gA=E A

& 60frame/secE 38tal, =ZA| X (exposure time)< 1/500secE A4 3t T

Table 2. Experimental equipments

Equipments Model Manufacturer
Camcorder (Mini DV) HDR-HC7/HDV 1080i SONY
Tripod 055XDB MANFROTTO
Control object 2m>2mx1m VISOL
A/D sync box VSAD-101-USB-V2 VISOL
LED MP-20B MATIN
Light - VISOL
Kwon 3D XP Motion Analysis Package ver 4.0 VISOL
Force Platform AMTI OR6-7-2000 AMTI

B AFA FFEA FHlE (F)HIEY Kwon3D XP Motion Analysis Package
ver. 40 ZE IS ARESt] FAEY A AEE AAFAZEAWE )Y AANAE

AZste YA (empirical) W24 F  HEZQA  Abdel-Aziz & Karara(1971)2]

DLT(Direct Linear Transformation) 25 o]&3to] Ao Azxpsmel el 4HH
FHIE Afolo EAstE WA O, AHEE oW o FARES of&sta] WM

A4:(36 points)E A4she] £E8HH Wl U@ ARE BEIAT.
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BAegal, B3 YA E <Figure 1>3 Zth

Table 3. Marker attachment points

£ o835t olnf <Table 3> o] JUAAEH 217] <l 7I=H 1071=

YEEH A TEL ARE 47] Hst B

Plagenhoef, Evans ¢} Abdelnour(1983)¢] #t&

F7kaho]

=A AABEH =4 AABEH
1 Toe 17 Medial epicondyle
2 Heel 18 Left  Thigh
3 Lateral malleolus 19 Anterior superior iliac spine
4 Medial malleolus 20 Lateral wrist
5 Right Shank 21 Medial wrist
6 Lateral epicondyle 22 Right Lateral elbow
7 Medial epicondyle 23 Medial elbow
8 Thigh 24 Shoulder
9 Anterior superior iliac spine 25 Lateral wrist
10 Sacrum 26 Medial wrist
11 Toe 27 Left Lateral elbow
12 Heel 28 Medial elbow
13 Lateral malleolus 29 Shoulder
Left
14 Medial malleolus 30 Chin
15 Shank 31 Nose
16 Lateral epicondyle




Figure 1. Marker attachment points
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Figure 2. Body segment angle during show Gumdo

- 0" dPZL=(hip angle) : & (trunk)et tHE (thigh)HE7} o] F+ HdHAEE B

L o 1 o

skl A (sagittal plane)oll A (1)@ AH, (&S 2HoE AAS AT



-0 575 (ankle angle) : 315l (shank) 9t (foot) M E7} o] F+= HAHAEE Ao 3}

, ORe WEERo e AASAT

2
k1
=
2y
rlo
Y
I\
M
Jp

- 6% BA) AEAZER angle) : AT (sagittal plane)ol Al S 7L FH Aol s
4 AL ARE Tk T AE F(dot product) € ] el 4EHS

U-V XY+ XY, + X, Y,
R ARG GET:

= 75]9]5]]:4 7:“}1\_]_'%_ COSQQ] 173)\"% Xﬂ-j—_’_ ’S}U‘j 0= arccosc® —TL’S]—%E]-
- 1@ (hip) A=< ALt

EHQ(thlgh)‘E‘g Hl B Sthigh (Xl, Xj, Xk)g} /\o]-ﬂ](trunk) 24 dg Strunk(Yi/ Yj, Yk)

e

*S;fhigh * S’trunk

Y = arccos |

S;fhigh| ¢ |*S;frunk:



- FEBH (knee) 29| A4t
&) (shank) B 9B S, 00X, X, XSk U= (thigh) B 9B S 0 (Yi, Y, YK)

7 olge 7

Sshank ¢ *gthz'gh

(8= arccos
| Sshank| * | ‘Sythigh |

- HERH (ankle) 2= AlLF

2Hfoot) -4 M E E*foot(Xi, Xj, Xk)9} 3}%|(shank) &4 HE] gshank(Yi, Yj, Yk)7}

o2t 7
Sfoot * Sshank:
. = arccos
‘ Sfoot ° | 'S;hémk|
- =4 F3}&(impact loading rate)] A4k

H3&o gea o] A AlA7} wolSols A T

A Munro, Miller & Fuglevand, 1987).

Loading Rate = (Fzmax - Fz50) / (TFzmax - Tz50) (BW(N)-sec ')

@ Ao} 2 AHHY (Max. vertical GRF)
g2 ZF oAt B4 Al A gk Y (force platform)ol] o] &

AAE &t F Hzol 4D A £8 AAnd g2 7 oy

Max. Vertical GRF = Max. Vertical GRF/body weight(BW(N))
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1/500sec= AA st TAHES 10sec 5 FYe & HA BAAA Y& AAEA
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Table 4. Change of Target time by distance and points in Kumdo(unit: sec)

Target points

Section Head Wrist Total average
SD 0.08+0.02 0.08+0.02 0.08+0.02
Phase 1 LD 0.09+0.02 0.08+0.02 0.08+0.02
Total average 0.08+0.02 0.08+0.02 0.08+0.02
SD 0.30+0.05 0.25+0.05 0.27+0.06
Phase 2 LD 0.35+0.06 0.31+0.06 0.33+0.06
Total average 0.33+0.06 0.2840.06 0.30+0.06
SD 0.03+0.02 0.05+0.01 0.04+0.02
Phase 3 LD 0.03+0.02 0.03+0.03 0.03+0.02
Total average 0.03+0.02 0.04+0.02 0.03+0.02
SD 0.40+0.05 0.38+0.07 0.39+0.06
Total LD 0.47+0.07 0.42+0.05 0.45+0.07
Total average 0.44+0.07 0.40+0.06 0.42+0.07

SD: Short distance LD: Long distance
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Figure 5. Change of Target time by distance and points in Kumdo

Table 5. Change of Target time by distance and points in Kumdo

Source SS df MS F P Duncan
P1 0.000 1 0.000 0338 565 NS
Farget o) T2 0.025 1 0.025 7908 008"  W>H
P3 0.002 1 0.002 3771 060 NS
Total 0.016 1 0.016 4379 043+ WsH
P1 0.000 1 0.000 0723 401 NS
Distance(D) P2 0.030 1 0.030 9583  004%  SSL
P3 0.000 1 0.000 0919 344 NS
Total 0.029 1 0.029 7753 008  S>L
P1 0.000 1 0.000 1132 2% NS
D P2 0.000 1 0.000 0076 784 NS
P3 0.001 1 0.001 1454 236 NS
Total 0.001 1 0.001 0256 616 NS
P1 0.013 36 0.000
. P2 0113 36 0.003
P3 0.016 36 0.000
Total 0133 36 0.004
Pl 0275 40
P2 3.931 40
Total P3 0.061 40
Total 7231 40

p<05 *p<01, NS: No significant difference H: Head W: Wrist, S: Short L Long Target
point(T), Distance(D): main effect. TxD: interaction
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Table 6. Dorsiflexionplantarflexion angle of L ankle by distance and points in

Kumdo(unit: degree)

Target points

Section Head Wrist Total average

SD 91.42+10.48 96.38+8.10 93.90+9.47

Event 1 LD 95.59+11.44 93.65+11.35 94.62+11.14
Total average 93.51+10.89 95.01+9.70 94.26+10.21

SD 87.52+13.28 91.35+9.41 89.44+11.37

Event 2 LD 89.67+13.39 88.26+12.22 88.97+12.50
Total average 88.60+13.02 89.81+10.73 89.20+11.79

SD 120.95+14.31 100.82+9.77 110.88+15.78

Event 3 LD 134.72+11.60 125.12+8.88 129.92+11.19
Total average 127.83+14.51 112.97+15.43 120.40+16.59

SD 123.60+16.05 105.98+12.38 114.79+16.62

Event 4 LD 134.82+11.20 131.1249.00 132.97+10.07
Total average 129.21+14.65 118.55£16.65 123.88+16.39

SD: Short distance LD: Long distance
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Figure 6. Angle of L ankle by distance and points in Kumdo

Table 7. Dorsiflexionplantarflexion angle of L ankle by distance

101

and points in

Kumdo
Source 5SS df MS F pP Duncan
Event 1 22.737 1 22.737 0.209 .650 NS
Target point(T) Event 2 14.621 1 14.621 0.099 755 NS
Event 3 2208.972 1 2208.972 17200 .001*** H>W
Event 4 1135.859 1 1135.859 7.361  .010** H>W
Event 1 5.142 1 5.142 0.047 829 NS
Distance(D) Event 2 2211 1 2.211 0.015 904 NS
Event 3 3623.926 1 3623.926 28218 .001*** L>S
Event 4 3307.548 1 3307.548 21.435 .001*** L>S
Event 1 118.810 1 118810  1.092 303 NS
T*D Event 2 68.810 1 68.810 0.464 500 NS
Event 3 277.267 1 277267 2159 150 NS
Event 4 484.509 1 484509  3.140 .085 NS
Event 1 3918.536 36 108.848
Error Event 2 5339.679 36 148.324
Event 3 4623.388 36 128.427
Event 4 5555.097 36 154.308
Event 1  359455.170 40
Total Event 2 323705.787 40
Event 3 590581.825 40
Event 4  624324.930 40

#p<01, *p<0.001, NS: No significant difference H: Head W: Wrist S: Short L: Long
Target point(1), Distance(D): main effect, TxD: interaction
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Table 8. Dorsiflexionplantarflexion angle of R ankle by distance and points in

Kumdo(unit: degree)

Section Head Target points Wrist Total average

SD 85.03£4.99 88.24+7.51 86.63+6.42

Event 1 LD 88.98+6.33 84.12+6.44 86.55+6.70
Total average 87.00£5.91 86.18+7.13 86.59+6.47

SD 92.47+10.06 96.87+5.91 94.67+8.34

Event 2 LD 95.74+13.79 90.74+10.01 93.24+12.00
Total average 94.11411.87 93.81£8.60 93.96+10.23

SD 92.95+7.96 96.05+8.48 94.50+8.16

Event 3 LD 102.43+11.19 104.14+13.33 103.29+12.01
Total average 97.69+10.63 100.09+11.64 98.89+11.07

SD 96.5616.57 103.61+£7.29 100.09+7.66

Event 4 LD 104.58+10.79 108.65+12.21 106.61+11.41
Total average 100.57+9.62 106.13+10.12 103.35+10.14

SD: Short distance LD: Long distance
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Table 9. Dorsiflexion plantarflexion angle of R ankle by distance and points in

Kumdo
Source SS df M5 F p Duncan
Event 1 6.751 1 6.751 0.166 .686 NS
Target point(T) Event 2 0.909 1 0.909 0.009 927 NS
Event 3 57.741 1 57.741 0.527 473 NS
Event 4 309.142 1 309.142 3.418 .073 NS
Event 1 0.065 1 0.065 0.002 968 NS
Distance(D) Event 2 20.436 1 20436  0.192 .664 NS
Event 3 772.299 1 772299  7.049 .012* L>S
Event 4 426.010 1 426.010 4.710 .037* L>S
Event 1 162.678 1 162.678  3.998 .053 NS
<D Event 2 220.858 1 220.858  2.071 159 NS
Event 3 4.885 1 4.885 0.045 834 NS
Event 4 22.143 1 22143  0.245 624 NS
Event 1 1464.746 36 40.687
Error Event 2 3838.836 36 106.634
Event 3 3944.397 36 109.567
Event 4 3256.172 36 90.449
Event 1  301551.981 40
Total Event 2 357199.841 40
Event 3  395964.210 40
Event 4  431266.731 40

*p<05, NS: No significant difference S: Short, L: Long Target point(T), Distance(D): main
effect, TxD: interaction
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Table 10. Flexiongxtension angle of L knee by distance and points in

Kumdo(unit: degree)

Target points

Section Head Wrist Total average

SD 155.40+8.91 160.18+7.28 157.79+8.28

Event 1 LD 155.01+12.50 154.13+9.54 154.57£10.83
Total average 155.21+1056 157.15+8.82 156.18+9.66

SD 151.48+12.58 156.06£9.46 153.77£11.08

Event 2 LD 148.85+10.92 149.05+11.20 148.95+10.76
Total average 150.17+11.54 152.55+10.71 151.36+11.06

SD 164.78+8.92 149.53+13.56 157.15+13.64

Event 3 LD 165.85+8.81 162.42+9.98 164.14+9.33
Total average 165.31£8.65 155.97+13.34 160.64+12.06

SD 163.85+8.93 147.34+13.96 155.59+14.21

Event 4 LD 162.99+9.91 161.32+9.98 162.15+9.72
Total average 163.42+9.19 154.33+13.82 158.87+12.47

SD: Short distance LD: Long distance
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Table 11. Flexion gxtension angle of L knee by distance and points in Kumdo

Source 55 df M5 F p Duncan
Event 1 37.925 1 37.925 0.400 531 NS
Target point(T) Event 2 57.055 1 57.055 0.464 .500 NS
Event 3 872.398 1 872398 7921  .008** H>W
Event 4 826.685 1 826.685 6999  .012* H>W
Event 1 103.906 1 103906  1.095 302 NS
Distance(D) Event 2 232.383 1 232383  1.888 178 NS
Event 3 487.654 1 487.654 4428 .042* L>S
Event 4 430.234 1 430.234  3.643 .064 NS
Event 1 79.944 1 79.944  0.843 365 NS
TsD Event 2 48.207 1 48.207 0.392 535 NS
Event 3 349.662 1 349.662 3175 .083 NS
Event 4 550.745 1 550.745 4.663  .038*
Event 1 3414.585 36 94.850
Error Event 2 4430.431 36 123.068
Event 3 3964.807 3 110.134
Event 4 4252.031 36 118.112
Event 1  979320.586 40
Total Event 2 921159.705 40
Event 3  1037932.882 40
Event 4 1015670.778 40

p<05 *p<01, NS: No significant difference H: Head W: Wrist S: Short L: Long
Target point(T), Distance(D): main effect, TxD: interaction
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Table 12. Flexiongxtension angle of R knee by distance and points in

Kumdo(unit: degree)

Target points

Section Head Wiist Total average
SD 152.81+7.82 150.53£9.89 151.67+8.76
Event 1 LD 154.43+11.41 150.42+9.79 152.43+10.55
Total average 153.62+9.56 150.48+9.58 152.05+9.58
SD 130.33+10.93 127.31+15.13 128.82+12.94
Event 2 LD 127.15+12.08 124.10£9.54 125.63+10.71
Total average 128.74+11.33 125.70£12.42 127.22+11.83
SD 124.47+7.81 126.88+16.84 125.68+12.84
Event 3 LD 128.64+9.48 124.79+10.19 126.71+9.78
Total average 126.56+8.72 125.83+13.59 126.20+11.28
SD 128.42+7.53 134.73+10.27 131.57+9.34
Event 4 LD 134.04+9.06 128.23+8.27 131.14+8.95
Total average 131.23+8.61 131.48+9.67 131.36+9.04

SD: Short distance LD: Long distance
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Figure 9. Angle of R knee by distance and points in Kumdo



Figure 13. Flexiongxtension angle of R knee by distance and points in Kumdo

Source 55 df MS F p Duncan

Event 1 98.690 98.690  1.025 318 NS
Event 2 92.348 92348  0.631 432 NS
Event 3 5.257 5.257 0.039 844 NS
Event 4 0.617 0.617 0.008 930 NS

Target point(T)

Event 1 5.738 5.738 0.060 809 NS
Event 2 102.215 102.215  0.699 409 NS

1
1
1
1
1
1
1
1
1
1
1
1

Distance(D) - pooes 10776 10776 0.080  .779 NS

Event 4 1.905 1905 0024 877 NS
Event 1 7.456 7456 0077 782 NS

D Event 2 0.004 0.004 0000 .99 NS
Event 3 97.966 97966 0728 399 NS
Event 4  367.290 367290 4698 037
Event 1 3465425 36 96262

Error Event 2 5265016 36 146250
Event 3 4846418 36  134.623
Event 4 2814366 36 78177
Event 1  928318.041 40
Event 2 652892.907 40

Total

Event 3  641971.310 40
Event 4  693362.462 40

p<05 N5: No significant difference H: Head W: Wrist, S: Short, L: Long Target
point(T), Distance(D): main effect. TxD: interaction
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14>9} 2o}, oo W& HIFEA = <Table 15>9} 7o), EFAY A A= &
o ztol7b YERHA ¥, EbAAE Y wet Event 3oA &2 At 11 ARt
o AdE e 2o fFoT zol7h vepgon, 43548 ade fle ZoE Ug
Wk

<Figure 10> BA X9} 7Agjd @ %= JUBE 4= W 19z e
W Aol

o

HAd Ztz o] W3l= <Table

ru o
i
>
e
it
Y



Table 14. Flexiongxtension angle of L hip by distance and points in Kumdo(unit:

degree)
Section Head Target points Wrist Total average

SD 150.70+4.29 154.88+2.96 152.79+4.18

Event 1 LD 150.53+5.67 151.29+3.92 150.91+4.76
Total average 150.61+4.90 153.08+3.85 151.85+4.53

SD 150.94+3.20 152.43+2.50 151.68+2.90

Event 2 LD 150.08+2.41 150.75+3.52 150.42+2.96
Total average 150.51+2.79 151.59+3.09 151.05+2.96

SD 142.60+4.26 143.66+3.42 143.13+3.80

Event 3 LD 138.24+6.74 138.80+7.28 138.52+6.84
Total average 140.42+5.93 141.23+6.07 140.82+5.94

SD 141.64+3.42 143.36+3.31 142.50+3.39

Event 4 LD 138.63+6.74 140.05+6.17 139.34+6.33
Total average 140.13+5.43 141.70+5.11 140.92+5.26

SD: Short distance LD: Long distance
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Figure 10. Angle of L hip by distance and points in Kumdo



Table 15. Flexiongxtension angle of L hip by distance and points in Kumdo

Source 55 e/ d M5 F P Duncan
Event 1 60.984 1 60.984  3.262 079 NS
Target point(T) Event 2 11.628 1 11.628 1.342 254 NS
Event 3 6.654 1 6.654 0.207 652 NS
Event 4 24.666 1 24666  0.929 342 NS
Event 1 35.325 1 35325  1.890 178 NS
Distance(D) Event 2 16.011 1 16.011 1.848 182 NS
Event 3 212.680 1 212.680 6.631  .014* S>TL
Event 4 99.954 1 99.954 3.764 .060 NS
Event 1 29.361 1 29361  1.571 218 NS
<D Event 2 1.684 1 1.684 0.194 662 NS
Event 3 0.634 1 0.634 0.020 .889 NS
Event 4 0.233 1 0.233 0.009 926 NS
Event 1 672.981 36 18.694
Error Event 2 311.925 36 8.665
Event 3  1154.675 36 32.074
Event 4 955.874 36 26.552
Event 1  923120.367 40
Event 2 912981319 40
Total

Event 3  794640.303 40
Event 4 795404.805 40

p<05 NS: No significant difference H: Head W: Wrist S: Short, L Long Target
point(T), Distance(D): main effect. TxD: interaction

TALES fle AoE UERETL
<Figure 11> BHA X8 7 go] W& 5 JEHH 24 ¥WstE 1402 Yg
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Table 16. Flexionfxtension angle of R hip by distance and points in Kumdo(unit:

degree)
Section Head Target points Wrist Total average

SD 143.99+6.11 139.26+5.52 141.62+6.16

Event 1 LD 144.79+6.57 141.61+5.52 143.20+6.13
Total average 144.39£6.19 140.43£5.50 142.41£6.12

SD 135.30+8.03 130.03+7.63 132.67+8.09

Event 2 LD 133.61+6.07 131.09+6.13 132.35+6.08
Total average 134.46+6.98 130.5616.76 132.51+7.06

SD 88.50+10.18 91.64+12.14 90.07+11.02

Event 3 LD 82.67+10.04 80.18+8.40 81.43+9.10
Total average 85.59+10.29 85.91+11.74 85.75+10.89

SD 92.43+11.18 96.95+7.70 94.69+9.63

Event 4 LD 89.13+8.83 82.73£8.26 85.93+8.95
Total average 90.78+9.95 89.84+10.66 90.31+10.19

SD: Short distance LD: Long distance
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Figure 11. Angle of R hip by distance and points in Kumdo



Table 17. Flexiongxtension angle of R hip by distance and points in Kumdo

Source 55 e/ d M5 F P Duncan
Event 1 156.543 1 156.543  4.431 .042% H>W
Target point(T) Event 2 151.615 1 151.615  3.077 .088 NS
Event 3 1.053 1 1.053 0.010 921 NS
Event 4 8.806 1 8.806 0.107 746 NS
Event 1 24.887 1 24.887 0.704 407 NS
Distance(D) Event 2 1.013 1 1.013 0.021 887 NS
Event 3 747274 1 747274  7.078 012 NS
Event 4 768.184 1 768.184  9.296 .004** S>L
Event 1 5.984 1 5.984 0.169 683 NS
<D Event 2 18.818 1 18818  0.382 540 NS
Event 3 79.045 1 79.045 0.749 393 NS
Event 4 297.746 1 297.746  3.603 066 NS
Event 1 1271.773 36 35.327
Error Event 2 1773.698 36 49.269
Event 3 3801.015 36 105.584
Event 4  2974.998 36 82.639
Event 1 812714.525 40
Total Event 2 704281.124 40
Event 3 298749172 40

Event 4 330291.398 40

p<05 *p<01, NS: No significant difference H: Head W: Wrist, S: Short L: Long
Target point(1), Distance(D): main effect, TxD: interaction
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Table 18. Horizontal displacement of

Kumdo(unit: m)

COM(x) by distance and points in

Target points

Section Head Wrist Total average
SD 0.00+0.01 0.00+0.01 0.00+0.01
Phase 1 LD 0.00+0.01 0.00+0.01 0.00+0.01
Total average 0.004+0.01 0.00+0.01 0.00+0.01
SD 0.03+0.01 0.02+0.01 0.03+0.01
Phase 2 LD 0.03+0.02 0.01+0.02 0.02+0.02
Total average 0.03+0.02 0.02+0.02 0.02+0.02
SD 0.01+0.01 0.01+0.01 0.01+0.01
Phase 3 LD 0.01+£0.01 0.01+0.01 0.01+0.01
Total average 0.01£0.01 0.01£0.01 0.01£0.01
SD 0.03+0.02 0.03+0.02 0.03+0.02
Total LD 0.03+0.03 0.02+0.02 0.02+0.02
Total average 0.03+0.02 0.02+0.02 0.03+0.02

SD: Short distance LD: Long distance , phasel: event 1-event2, phaseZ: event 2-event3,

phase3: event 3-event4
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Figure 12. Horizontal displacement of COM(x) by distance and points in Kumdo



Table 19. Horizontal displacement of COM(x) by distance and points in Kumdo

Source SS df Ms F P Duncan
P1 0.000 1T 0000 004 841 NS
Farget poni() 2 0.001 1 0001 4166 049  H>W
P3 0.000 1 0000 1927 74 NS
Total  0.001 1 0001 1172 286 NS
P1 0.000 1 0000 1018 320 NS
Distance(D) P2 0.001 1 0001 1906 176 NS
P3 0.000 1 0000 0063 804 NS
Total  0.001 1 0001 1930 173 NS
P1 0.000 1 0000 0367 549 NS
D P2 0.000 1 0000 0706 406 NS
P3 0.000 1 0000 0063 804 NS
Total  0.000 1 0000 0652 425 NS
P1 0002 36 0000
Error P2 0011 36 0000
P3 0002 36 0000
Total 0017 36  0.000
P1 0003 40
P2 0034 40
Total P3 0004 40

Total 0.049 40

*p<05, N5: No significant difference H: Head W: Wrist, Target point(T), Distance(D):
main effect, TxD: interaction
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Table 20. Horizontal displacement of COM(y) by distance and points in

Kumdo(unit: m)

Section

Target points

Total average

Head Wrist
SD 0.05+0.02 0.05+0.02 0.05+0.02
Phase 1 LD 0.06+0.01 0.05+0.02 0.06+0.01
Total average 0.05+0.02 0.05+0.02 0.05+0.02
SD 0.41+0.12 0.26+0.06 0.33£0.12
Phase 2 LD 0.55+0.11 0.43+0.11 0.49+0.12
Total average 0.48£0.13 0.35+0.12 0.41£0.14
SD 0.04+0.03 0.06+0.03 0.05+0.03
Phase 3 LD 0.05+0.04 0.06+0.05 0.06+0.05
Total average 0.05£0.04 0.06+0.04 0.06+0.04
SD 0.49+0.12 0.37+0.10 0.43+0.13
Total LD 0.66+0.12 0.55+0.09 0.60+0.12
Total average 0.58+0.15 0.46+0.13 0.52+0.15

SD: Shart distance LD: Long distance , phasel: event I-event?, phaseZ: event 2-event3,

phase3: event 3-event4

Horizontal displacement of
COM(cm)

—] . head

—1L. wrist

Figure 13. Horizontal displacement of COM(y) by distance and points in Kumdo



Table 21. Horizontal displacement of COM(y) by distance and points in Kumdo

Source SS df Ms F P Duncan
P1 0.000 1 0000 0260 610 NS
Farget poni() 2 0172 1 0172 16260  001**  H>W
P3 0.001 1 0001 0884 353 NS
Total 0146 1 0146 12422 001**  H>W
P1 0.001 1 000l 3818 059 NS
Distance(D) P2 0.256 1 0256 24256  001**  L>S
P3 0.000 1 0000 0153  .698 NS
Total 0303 1 0303 25688  001%* LS
P1 0.000 1 0000 0857 361 NS
D P2 0.003 1 0003 0307 58 NS
P3 0.000 1 0000 0153  .698 NS
Total  0.001 1 0001 0054 817 NS
P1 0009 36 0000
. P2 0380 36 0011
P3 0059 36 0002
Total 0424 36 0012
P1 0113 40
P2 7551 40
Total P3 0182 40

Total 11.545 40

**p<001, N5: No significant difference H: Head W: Wrist S: Short, L Long Target
point(T), Distance(D): main effect. TxD: interaction
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Table 22. Horizontal displacement of COM(z) by distance and points in

Kumdo(unit: m)

Section

Target points

Total average

Head Wrist
SD 0.94+0.04 0.94+0.05 0.94+0.05
Event 1 LD 0.94+0.04 0.93+0.05 0.93+0.04
Total average 0.94£0.04 0.94£0.05 0.94£0.04
SD 0.92+0.05 0.92+0.06 0.92+0.05
Event 2 LD 0.91+0.05 0.91+0.05 0.91+0.05
Total average 0.91£0.04 0.91£0.05 0.91+0.05
SD 0.89+0.05 0.88+0.04 0.89+0.05
Event 3 LD 0.90+0.06 0.85+0.05 0.87+0.06
Total average 0.90+0.05 0.86+0.05 0.88+0.05
SD 0.89+0.05 0.86+0.05 0.88+0.05
Event 4 LD 0.90+0.06 0.84+0.05 0.87+0.06
Total average 0.89+0.05 0.85+0.05 0.87+0.05
SD: Short distance LD: Long distance
qs - L. wrist
S
E ’E‘ 1.1
= E ' 75!!!&:
E 8 L e —— —— T
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Figure 14. Horizontal displacement of COM(z) by distance and points in Kumdo
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Table 23. Horizontal displacement of COM(z) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1  0.000 1 0.000 0.009 927 NS
Target point(T) Event 2 0.000 1 0.000 0.002 .966 NS
Event 3 0.010 1 0.010 3.839 .058 NS
Event 4  0.018 1 0.018 7.044 .012* H>W
Event 1  0.000 1 0.000 0.214 646 NS
Distance(D) Event 2 0.001 1 0.001 0.561 459 NS
Event 3 0.002 1 0.002 0.597 445 NS
Event 4 0.001 1 0.001 0.260 613 NS
Event 1  0.001 1 0.001 0.283 598 NS
<D Event 2 0.000 1 0.000 0.183 671 NS
Event 3 0.003 1 0.003 1.312 260 NS
Event 4  0.001 1 0.001 0.582 451 NS
Event 1  0.075 36 0.002
Error Event 2 0.087 36 0.002
Event 3 0.093 36 0.003
Event 4  0.090 36 0.002
Event 1  35.182 40
Total Event 2 33.493 40
Event 3  31.030 40

Event 4  30.527 40

p<05 N5: No significant difference H: Head W: Wrist, Target point(T), Distance(D):
main effect, TxD: interaction

A= 491X 9 Ao wa 7t opilE ¥ AAFUANEEY -9 L=
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Table 24. Velocity of COM(x) by distance and points in Kumdo(unit: m/ec)

Target points

Section Head Wrist Total average
SD 0.06+0.08 0.03+0.12 0.04+0.10
Event 1 LD 0.04+0.05 0.07+0.07 0.05+0.06
Total average 0.05£0.07 0.05£0.10 0.05+0.08
SD 0.02+0.08 0.04+0.03 0.01+0.07
Event 2 LD 0.03+0.06 0.04+0.04 0.03+0.05
Total average 0.02+0.07 0.00+0.06 0.01£0.07
SD 0.16+0.11 0.15+0.04 0.16+0.08
Event 3 LD 0.16+0.08 0.15+0.10 0.15+0.09
Total average 0.16+0.10 0.15+0.08 0.15+0.09
SD 0.19+0.10 0.19+0.06 0.19+0.08
Event 4 LD 0.17+0.08 0.16=0.09 0.16+0.08
Total average 0.18+0.09 0.18+0.08 0.18+0.08
SD: Short distance LD: Long distance
-g —L. wrist
é 0.5
=
8 0.3
=2
:;E'- 0.1 -M-
=
ﬁ 0.1
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Figure 15. Velocity of COM(x) by distance and points in Kumdo
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Table 25. Velocity of COM(x) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1  0.000 1 0.000 0.004 950 NS
Target point(T) Event 2 0.007 1 0.007 2.150 151 NS
Event 3 0.001 1 0.001 0.134 716 NS
Event 4  0.000 1 0.000 0.008 929 NS
Event 1  0.001 1 0.001 0.187 668 NS
Distance(D) Event 2 0.020 1 0.020 5.933 .020% L>S
Event 3 0.000 1 0.000 0.027 870 NS
Event 4 0.006 1 0.006 0.848 363 NS
Event 1  0.008 1 0.008 1.044 314 NS
<D Event 2 0.013 1 0.013 3.807 .059 NS
Event 3 0.000 1 0.000 0.009 925 NS
Event 4  0.001 1 0.001 0.129 721 NS
Event 1  0.265 36 0.007
Error Event 2 0.124 36 0.003
Event 3  0.286 .36 0.008
Event 4  0.257 36 0.007
Event 1 0.359
Total Event 2 0.169

Event 3 0.247
Event 4 1.508

*p<.05, N5: No significant difference S: Short, L: Long Target point(T), Distance(D): main
effect, TxD: interaction

A= g49x9t Aol @E 7t oWlE ¥ AAFAAANEES] 1§ &5
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Table 26. Velocity of COM(y) by distance and points in Kumdo(unit: m/Aec)

Target points

Section Head Wrist Total average

SD 0.54+0.12 0.48+0.12 0.51+0.12

Event 1 LD 0.59+0.13 0.60+0.14 0.59+0.13
Total average 0.56+0.13 0.54+0.14 0.55+0.13

SD 0.69+0.13 0.68+0.13 0.68+0.13

Event 2 LD 0.77+0.15 0.75+0.15 0.76+0.15
Total average 0.73+0.14 0.71+0.14 0.72+0.14

SD 1.74%0.46 1.27+0.31 1.50+0.45

Event 3 LD 2.10+0.27 1.93+0.32 2.01+0.30
Total average 1.92+0.41 1.60+0.45 1.76+0.46

SD 1.75+0.48 1.27+0.34 1.51+0.47

Event 4 LD 2.10+0.27 1.99+0.33 2.04+0.30
Total average 1.92+0.42 1.63+0.49 1.78+0.47

SD: Short distance LD: Long distance

Velocity of COM(y)(cm/sec)

——=— S. head

—r—S. Wwrist

L. head

— L. wrist

41

(3 8
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Figure 16. Velocity of COM(y) by distance and points in Kumdo
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Table 27. Velocity of COM(y) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1 0.009 1 0.009 0.508 481 NS
Target point(T) Event 2 0.003 1 0.003 0.151 699 NS
Event 3  1.014 1 1.014 8.526 .006** H>W
Event 4  0.840 1 0.840 6.449 .016* H>W
Event 1 0.076 1 0.076 4527 .040% L>S
Distance(D) Event 2 0.058 1 0.058 2.966 094 NS
Event 3  2.605 1 2.605 21.910 .001%** L>S
Event 4  2.817 1 2.817 21.636 007 % L>S
Event 1 0.010 1 0.010 0.618 437 NS
T<D Event 2 0.000 1 0.000 0.000 996 NS
Event 3  0.211 1 0.211 1.778 191 NS
Event 4  0.353 1 0.353 2.708 109 NS
Event 1 0.605 36 0.017
Crror Event 2 0.705 36 0.020
Event 3 4.280 36 0.119
Event 4  4.688 36 0.130
Event 1  12.795 40
Total Event 2 21.640 40
Event 3 131917 40

Event 4 135236 40

<05 *p<01, **p<0.001, N5: No significant difference H: Head W: Wrist, S: Short, L:
Long Target point(1), Distance(D): main effect, T<D: interaction
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Table 28. Velocity of COM(z) by distance and points in Kumdo(unit: m/ec)

Target points

Section Head Wrist Total average
SD 0.24+0.20 0.20+0.13 0.22+0.17
Event 1 LD 0.24+0.16 0.30+0.14 0.27+0.15
Total average 0.24+0.18 0.25+0.14 0.25+0.16
SD 0.31+0.18 0.23+0.11 0.27+0.15
Event 2 LD 0.34+0.14 0.35+0.14 0.34+0.14
Total average 0.32+0.16 0.29+0.14 0.314£0.15
SD 0.15+0.32 0.34+0.23 0.25+0.29
Event 3 LD 0.13+0.26 0.20+0.22 0.17+0.23
Total average 0.14+0.28 0.27+0.23 0.21+0.26
SD 0.22+0.33 0.44+0.27 0.33+0.31
Event 4 LD 0.17+0.23 0.260.22 0.21+0.23
Total average 0.20£0.28 0.35£0.26 0.27+0.28
SD: Short distance LD: Long distance

Velocity of COM(z)(cm/sec)

—— S. Wrist

L. head

—L. wrist

Figure 17. Velocity of COM(y) by distance and points in Kumdo



Table 29. Velocity of COM(z) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1 0.000 1 0.000 0.016 901 NS
Target point(T) Event 2 0.011 1 0.011 0.515 478 NS
Event 3  0.164 1 0.164 2.510 122 NS
Event 4  0.239 1 0.239 3.381 074 NS
Event 1 0.028 1 0.028 1.079 306 NS
Distance(D) Event 2 0.056 1 0.056 2.671 A11 NS
Event 3 0.067 1 0.067 1.030 317 NS
Event 4 0.134 1 0.134 1.890 178 NS
Event 1 0.028 1 0.028 1.079 306 NS
<D Event 2 0.018 1 0.018 0.836 367 NS
Event 3  0.034 1 0.034 0.515 477 NS
Event 4  0.046 1 0.046 0.646 A27 NS
Event 1 0.925 36 0.026
Crror Event 2 0.756 36 0.021
Event 3  2.349 36 0.065
Event 4 254 36 0.071
Event 1  3.405 40
Total Event 2 4.612 40
Event 3  4.312 40

Event 4 5.927 40

NS: No significant difference T, D: main effect, TxD: interaction

AE AR Ao mE 7 o|E ¥ A3te] 7274 =e] WSt <Table
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Table 30. FR-LR angle by distance and points in Kumdo(unit: degree)

Target points

Section Head Wrist Total average
SD -7.59%2.96 -6.81£2.95 -7.20£2.91
Event 1 LD -5.71+2.92 -5.75+3.93 -5.73+3.37
Total average -6.65+3.02 -6.28+3.43 -6.46+3.19
SD -7.18+3.85 -6.04£3.50 -6.61£3.63
Event 2 LD -5.24+3.36 -5.35+4.17 -5.29+3.69
Total average -6.21+3.66 -5.7043.76 -5.9513.67
SD 6.12+5.74 7.56%5.20 6.84+5.38
Event 3 LD 11.9948.18 8.63+5.90 10.31£7.15
Total average 9.06+7.51 8.10+5.44 8.58+6.49
SD 5.83£5.46 7.40+5.92 6.61+5.60
Event 4 LD 11.2948.59 9.25+5.90 10.27+7.25
Total average 8.5617.55 8.32+5.83 8.44£6.66
SD: Short distance LD: Long distance

10

FR/LR angle(degree)
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Figure 18. Front-rear, left-right angle by distance and points in Kumdo



Table 31. Front-rear, left-right angle by distance and points in Kumdo

Source 55 df M5 F P Duncan
Event 1 1.346 1 1.346 0.130 721 NS
Target point(T) Event 2 2.630 1 2.630 0.189 .667 NS
Event 3 9.145 1 9.145 0.226 637 NS
Event 4 0.550 1 0.550 0.013 911 NS
Event 1 21.671 1 21.671 2.089 157 NS
Distance(D) Event 2 17.402 1 17.402 1.249 271 NS
Event 3 120.567 1 120.567 2.981 093 NS
Event 4  133.708 1 133.708 3.083 .088 NS
Event 1 1.672 1 1.672 0.161 690 NS
<D Event 2 3.917 1 3.917 0.281 599 NS
Event 3 57.779 1 57.779 1.428 .240 NS
Event 4  32.558 1 32.558 0.751 392 NS
Event 1  373.419 36 10.373
Error Event 2 501.634 36 13.934
Event 3 1456220 36 40.451
Event 4 1561.337 36 43.370
Event 1 2069.469 40
Total Event 2 1943150 40
Event 3 4586.213 40

Event 4 4578.304 40

NS: No significant difference T, D: main effect, TxD: interaction
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Table 32. Center of pressure variables by distance and points in Kumdo

Target points

Section Head Wrist Total average

SD 0.08+0.14 0.05+0.06 0.07+0.11

ACOPx(cm) LD 0.15+0.32 0.09+0.20 0.12+0.26
Total average 0.12+0.25 0.07+0.14 0.09+0.20

SD 0.14+0.09 0.17+0.16 0.15+0.13

ACOPy(cm) LD 0.30+0.54 0.11+0.06 0.20+0.39
Total average 0.22+0.39 0.14+0.12 0.18+0.29

SD 0.02+0.06 0.02+0.04 0.02+0.05

COP area(cm) LD 0.20+0.61 0.01+0.01 0.11+0.43
Total average 0.11+0.43 0.01+0.03 0.06+0.31

SD: Short distance LD: Long distance

ACOPx(em)

ACOPy(cm)
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Figure 19. ACOPx by distance and points in Kumdo

Figure 20. ACOPy by distance and points in Kumdo
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Figure 21. COP area by distance and points in Kumdo

Table 33. Center of pressure variables by distance and points in Kumdo

m SD(EHead)
-SDCWTis)
O LD(Eead)
m L DWTist)

Source 55 a Ms F P Duncan
COPx(cm) 0.028 1 0.028 0.664 421 NS
Target point(T) ~ COPy(cm) 0.066 1 0.066 0.793 379 NS
COP area(cm)  0.101 1 0.101 1.065 309 NS
COPx(cm) 0.031 1 0.031 0.740 395 NS
Distance(D) COPy(cm) 0.026 1 0.026 0.310 581 NS
COP area(cm)  0.073 1 0.073 0.771 386 NS
COPx(cm) 0.002 1 0.002 0.042 840 NS
=D COPy(cm) 0.112 1 0.112 1.345 254 NS
COP area(cm)  0.089 1 0.089 0.942 338 NS
COPx(cm) 1.500 36 0.042
Error COPy(cm) 2.987 36 0.083
COP area(cm) 3416 36 0.095
COPx(cm) 1.904 40
Total COPy(cm) 4470 40

COP area(cm)  3.835 40

N5: No significant difference T, D: main effect, TxD: interaction
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Table 34. Sword acceleration(x) by distance and points in Kumdo(unit: m/ec)

Target points

Section Head Wrist Total average

SD 0.55+0.3 0.48+0.04 0.51£0.05

Event 1 LD 0.54+0.03 0.48+0.04 0.51+0.05
Total average 0.55+0.03 0.48+0.04 0.51£0.05

SD 0.55+0.03 0.47+0.04 0.51+0.05

Event 2 LD 0.54£0.03 0.47+0.04 0.50+0.05
Total average 0.54£0.03 0.47+0.04 0.51£0.05

SD 0.55+0.05 0.49+0.05 0.52+0.06

Event 3 LD 0.55+0.05 0.46+0.03 0.50+0.06
Total average 0.55£0.05 0.47+0.04 0.51£0.06

SD 0.55+0.05 0.45+0.04 0.50+0.06

Event 4 LD 0.56£0.03 0.45+0.06 0.50+0.07
Total average 0.55+0.04 0.45+0.05 0.50+0.07

SD: Short distance LD: Long distance
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Figure 22. Sword acceleration(x) by distance and points in Kumdo



Table 35. Sword acceleration(x) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1 0.051 1 0.051 38459  .001*** H>W
Target point(T) Event 2 0.059 1 0.059 40.692  .001*** H>W
Event 3  0.063 1 0.063 27.647  .001*** H>W
Event 4  0.103 1 0.103 49.069  .001*** H>W
Event 1 0.000 1 0.000 0.108 744 NS
Distance(D) Event 2 0.000 1 0.000 0.134 717 NS
Event 3 0.003 1 0.003 1.414 242 NS
Event 4  0.000 1 0.000 0.008 930 NS
Event 1 0.000 1 0.000 0.079 781 NS
T<D Event 2 0.000 1 0.000 0.090 765 NS
Event 3 0.002 1 0.002 0.734 397 NS
Event 4  0.001 1 0.001 0.364 550 NS
Event 1 0.047 36 0.001
Error Event 2 0.052 36 0.001
Event 3 0.081 36 0.002
Event 4  0.075 36 0.002
Event 1  10.539 40
Total Event 2 10.340 40
Event 3  10.632 40

Event 4  10.233 40

**p<0.001, N5: No significant difference H: Head W: Wrist, S: Short L: Long Target
point(T), Distance(D): main effect. TxD: interaction
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Table 36. Sword acceleration(y) by distance and points in Kumdo(unit: m/ec)

Target points

Section Head Wrist Total average
SD 2.05+0.11 2.04+0.12 2.05+0.11
Event 1 LD 1.84+0.16 1.81+0.11 1.82+0.14
Total average 1.94£0.18 1.93£0.16 1.94+0.17
SD 2.09£0.09 2.08+0.11 2.08+0.10
Event 2 LD 1.90+0.17 1.87+0.12 1.88+0.14
Total average 2.00+0.17 1.97+0.16 1.9840.16
SD 2.64+0.09 2.58+0.07 2.61+0.09
Event 3 LD 2.61+0.13 2.57+0.10 2.59+0.11
Total average 2.63+0.11 2.57+0.09 2.60+0.10
SD 2.68+0.12 2.64+0.07 2.660.10
Event 4 LD 2.66+0.10 2.62+0.10 2.64+0.10
Total average 2.67+0.11 2.63=0.09 2.65%0.10
SD: Short distance LD: Long distance
é 2.4
E 1.4 -
'—E 1.2
b 1”. S ';"1"' . 4III1 “61” “81”. 101

Figure 23. Sword acceleration(y) by distance and points in Kumdo
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Table 37. Sword acceleration(y) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1 0.003 1 0.003 0.153 .698 NS
Target point(T) Event 2 0.006 1 0.006 0.394 534 NS
Event 3  0.027 1 0.027 2.706 109 NS
Event 4  0.016 1 0.016 1.673 204 NS
Event 1 0.498 1 0.498 30.186 0.007%** S>L
Distance(D) Event 2 0403 1 0.403 24.976 0.007*** S>L
Event 3 0.006 1 0.006 0.592 0.447 NS
Event 4 0.003 1 0.003 0.272 0.605 NS
Event 1 0.000 1 0.000 0.016 901 NS
<D Event 2 0.001 1 0.001 0.037 848 NS
Event 3 0.000 1 0.000 0.023 .880 NS
Event 4  0.000 1 0.000 0.002 965 NS
Event 1 0.594 36 0.016
Crror Event 2 0.581 36 0.016
Event 3 0.357 36 0.010
Event 4  0.355 36 0.010
Event 1 151.027 40
Total Event 2 158.424 40
Event 3 270917 40

Event 4 281.103 40

**p<0.001, NS: No significant difference [S: Short, L: Long Target point(T), Distance(D):
main effect, TxD: interaction

AT BAAAS Aol & 7t oWlE W 37 o] Jt&EE W= <Table 38>
7 2t} old] mE MFEAS AAIT AT <Table 39>9F o], BHAA o we} BE
oM Ed A HelEgAo] EHEARY O WE FHE B {43 2olE YU,
et2 7o) wat Event 2014 S Agrt 71 ARt o WE FPS Bl o3
Zpol & Uetiglon, 4248 ade (e AoE Yelgth

<Figure 24> BFAAI9} 7ol e 4 Ao 7tEE WstE 1Ho2 Ye
Aol



Table 38. Sword acceleration(z) by distance and points in Kumdo(unit: m/Aec)

Target points

Section Head Wrist Total average

SD 1.19+0.07 1.08+0.07 1.14+0.09

Event 1 LD 1.13+0.09 1.05+0.09 1.09+0.10
Total average 1.16+0.09 1.07+0.08 1.11+0.09

SD 1.25£0.15 1.15+0.11 1.20+0.14

Event 2 LD 1.12+0.09 1.06+0.11 1.09+0.10
Total average 1.18+0.14 1.10+0.11 1.1440.13

SD 1.83+0.03 1.26+0.03 1.55+0.29

Event 3 LD 1.82+0.04 1.24+0.04 1.53+0.30
Total average 1.82+0.03 1.25+0.04 1.54+0.29

SD 1.90+0.08 1.38+0.09 1.64+0.28

Event 4 LD 1.89+0.09 1.33£0.17 1.61+0.31
Total average 1.89+0.08 1.36+0.13 1.62+0.29

SD: Short distance LD: Long distance

Sword acceleration(z)(m/sec)

L0 B o o o e

——=— S. head

—r—S. Wwrist

L. head

— L. wrist

1 21

41

(3 8

81

101

Figure 24. Sword acceleration(z) by distance and points in Kumdo
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Table 39. Sword acceleration(z) by distance and points in Kumdo

Source 55 df MS F P Duncan
Event 1  0.083 1 0.083 12.781 .001%** H>W
Target point(T) Event 2 0.067 1 0.067 5.097 .030* H>W
Event 3 3.259 1 3259  2396.645 .001*** H>W
Event 4 2856 1 2.856 222945  .001*** H>W
Event 1  0.026 1 0.026 3.947 .055 NS
Distance(D) Event 2 0.117 1 0.117 8.948 .005** S>L
Event 3 0.003 1 0.003 2.153 151 NS
Event 4 0.009 1 0.009 0.732 398 NS
Event 1  0.003 1 0.003 0.512 479 NS
<D Event 2 0.005 1 0.005 0.394 534 NS
Event 3 0.000 1 0.000 0.071 791 NS
Event 4  0.004 1 0.004 0.332 568 NS
Event 1  0.235 36 0.007
Error Event 2 0472 36 0.013
Event 3 0.049 36 0.001
Event 4  0.461 36 0.013
Event 1  49.975 40
Total Event 2 52977 40
Event 3  97.874 40

Event 4 108.800 40

#p<01, *p<0.001, N5: No significant difference H: Head W: Wrist, S: Short, L: Long
Target point(1), Distance(D): main effect, TxD: interaction

ASEA A A9 Azt e AWwy Wl A%, H-9 Ay, Ao

T2 A AR (Max. Fz), 34 §3h&(impact loading rate) #2433 Th.

A= gAA9 Aol e AHuke o] M3lE <Table 40>3 2o} thd=te] A
Hi Z(N)S 2 gAY AlF(body weight) 0.2 Uro] EF3F 819 (BW(N)) ©]
of W2 HFEAS AT AF}E <Table 41>3 2on, AF7dzes oS3} 2o
AEgrE o] Wele BANA} A wet {93 Aol

AAAT, £2ekd A9 21 A B Aol o 2 A5Ee yely, SEe4 A9
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<Figure 25> EHA9A 9 Ao B2 -9 Adie] WsE yepd Aol
<Figure 26>& EFASIAS} Aelo] WE A% Auuwee] WaE 1Yo Uk 2

olct.

Table 40. GRF by distance and points in Kumdo(unit: BW(N))

Target points Total average

Section Head Wrist

SD 0.08+0.29 -0.01+0.23 0.04+0.26

X LD -0.11+0.26 -0.05+0.20 -0.08+0.23
Total average -0.01+0.28 -0.03+0.21 -0.02+0.25

SD -0.10+0.44 -0.30+0.07 -0.20+0.32

Y LD -0.07+0.41 -0.26+0.47 -0.16+0.44
Total average -0.08+0.41 -0.28+0.33 -0.18+0.38

SD 4.86+1.20 4.16+1.33 451+1.28

Z LD 5.38+0.96 4.73+1.09 5.05+1.05
Total average 5.12+1.09 4.44+1.22 4.78+1.19

SD: Short distance LD: Long distance

L m SD(Head)
= SD(Wrist)
OLD(Head)
m L D(Wrist)

0.05

(X)(BWN)

-0.05 -

GRP

Figure 25. GRF(x) by distance and points in Kumdo
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m SD(Wrist)
OLD(Head)
m L D(Wrist)
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GRP(y)(BW(N))

-0.25 -
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Figure 26. GRF(y) by distance and points in Kumdo
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Max. vertical GRF(BW(N))

Figure 27. Max. vertical GRF by distance and points in Kumdo

Table 41. Max. vertical GRF by distance and points in Kumdo

m SD(Head)
= SDCWrist)
O LD(Eead)
=L D(Wrist)

Source SSs af Ms F P Duncan
X 0.003 1 0.003 0.058 812 NS
Target point(T) Y 0.377 1 0.377 2.578 117 NS
Z 4,559 1 4.559 3.440 072 NS
X 0.135 1 0.135 2.218 145 NS
Distance(D) Y 0.012 1 0.012 0.081 778 NS
V4 2.956 1 2.956 2.231 144 NS
X 0.048 1 0.048 0.788 381 NS
TxD Y 0.000 1 0.000 0.000 .998 NS
Z 0.008 1 0.008 0.006 938 NS
X 2.184 36 0.061
Error Y 5.269 36 0.146
Z 47.708 36 1.325
X 2.389 40
Total Y 6.971 40
Z 969.440 40

N5: No significant difference H: Head W: Wrist, T, D: main effect, TxD: interaction
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<ABSTRACT>

A Motor Dynamic Analysis of the Attacking Moves
Depending on the Striking Spots and Distances

Choi, Jaejun

PA Education Major, Graduate School of Education, Jeju University

Supervising Professor Jaecheong Ryu

The purpose of this study is to perform motor dynamics or motor analysis of the attacking moves of
Kendo in different distances or on different target spots, secure the skills of the athletes and prevent
injuries, and identify the correct training regimen and problems related to injuries. For this study, 10
adult athletes with at least 6 years of experience in Kendo were selected as the subjects.

The variables analyzed for this study included the time variables for each phase, the angular
displacement of the lower-limb joints, motor stability, and floor reactions. And, in order to verify the
differences of these variables depending on the striking spots and distances the researchers used SPSS
ver 18.0 program to perform a two-way ANOVA, with the significance level set at P<0.05.

The conclusion of this study was as follows;

1. Time variables change

The time changes depending on the striking spots and distances of Kendo was faster in short-range
strikes and the wrist-strike moves, with a statistically significant difference.

2. The angular displacement of the lower-limb joint

1) The angle of the ankle joint

The angle of the left ankle showed a significant difference depending on the striking spots and distances,
while the angle of the right ankle did not have a significant difference in terms of the striking spots and
but had one in different distances.

2) Angle of the knee joint

The angle of the left knee joint differed significantly depending on the striking spot and the distance.
The angle of the right knee joint did not differ depending on the spot and distance, while it had
interactive effects.

3) Hip joint angles

The left hip angle joints did not have a significant difference due to the spot. But, the distance had a
significant impact. The angle of the right hip joint differed significantly depending on the spot and
distance.

3. Motor stability

The changes in the center of the body mass differed significantly depending on the striking spots, which
were the left/right, front/rear and vertical spots. And, the distance had a significant impact in terms of
the forward/backward changes.



The change in the speed of the center of the body mass differed significantly based on the distance in
the left/right changes. But, in the forward/backward changes, the striking distances and spots showed
significant differences, but without such in the vertical changes.

The changes in the slop of the body and the COP variables were without significant differences
depending on the hitting spots and distances.

As for the change of the acceleration of the sword, the differences were significant with the changes in
the left/right/up/down directions. And, the distances resulted in significant differences in
forward/backward/vertical changes.

4. Changes in the ground reaction variables

The changes in the ground reaction variables depending on the striking spots and distances did not have
significant differences in terms of the left/right/up/down as well as the maximum ground reactions.

¥ This is a master’s thesis submitted to the Committee of the Graduate School of Education of Jeju
University in February 2017.
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