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g o gttt (Newell, 1991).

AR, AEEA BHoE, dgolt 4Ee Fikel A4-5% 2% 9o

17k3h 4 gke] Aol et el wa Yk TFH v
$E BT AYANY, 2EAFS AAY UL PO Aol

S50l AQHA webd Uehbs GEA WEE BAEE FREE A
e A £ 7162 G5 0 BAY YNE FAHOE AT

T UE DAE A Fu(HAX, 2000).
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3. 2= Ay
1) 23 A o3

U
[H
i)

HY F2& o= 2 (Address), M=% (Back Swing), U9

(Downswing), 9 E (Impact), Z&2-F ~F(Follow Through)® ¥ %}E 0]

$EGH WAES oo AFAxHA ol FolAo Ak NP WA A
AR W WF e AY PYS Fol A& FUow AP 4F
£2 wolol @k R WY FAL HH dow N BAss v
H(Miss Sho)el €% g4l guroz A7lee] g2 A + A

AYE 29 Fan A2 FAdgs A7 AEH ABHLE Fojo}

WA AP AT S ATIAE & TEF, 2013)

2) 98 2EZ239 i o]

HE  AERAA M FQ

rot
ko
[-'O
rlo
&
1
1o
o
Y
ules
o,
)

Heuler(1995)= =2 3y A 714 271 JdHE Fi S5 =9 ¥
ol dX|sfjof s, YHE F+] =g} Eo] 2oy Tgja JHE A

El(sweet spot)ell Stolof stt}ar A A|sh

111
.ﬁ
<
)
=)
=)
=
©
(o))
59
WH
[H
i)
o,

~ERZA Fo| WP GFL F FoF F A4 Koo 2=

o
Ast=A], dHE S Fo]29 42 ¥WE (normal vector) GAl HE A3}
AA s oF grh. Palmer(1993)= &9 Wakol FFS F+= A °F 90%7F
YHAE T3 FH FHolxo waeln uymA 10%= 29 Axmes AT
UERSETE oF 25mellA] HE S 9 259 eake HEY AT

]_
8 Aqss ©F dHE HY dolsue] AR: v FasrhPel

_28_



2002). ¥M®H2 HE Stwo] HE =of g Wy FHS o] Fi UA
ge W A7 A F 7HA FEE uUre]l B 7 ATHE3,2007).
A= HAY d=e] W wFe dst= 2o M gy XA R
HE Aol dE] AY(slice putting) ©3](hook putting) HE =2 %3y
Wk F2o] Hol A &2 Afold oldl ABe L2 ¥E Wof
Aol A WEgow FWsto] A HY gz A& WA HlurtA

Ak B4, AEWe Aok 2ol A W 542 o] Fu wE Fse)

HY HAA =0 FAl ¥Rt ofyet Fte] "X AA] FQd}
o WY ®BEe o= oA WAy ©EA AZRe s gl A 7t
A JAHE 7pA o] AIZHE W &35 o] SART 5575 HXY o
Aol Fom avkE "X 9oxrt Are AS o|vdth(Delay et al,
1997)
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© 2]

BACK STROKE FORWARD STROKE TOTAL 5TROKE STROKE
TIME TIME TIME TEMPO

OO D

a3 1, Hy "% 38 (Delay et al., 1997)

3) e E dx g4 ¥y dx

b
rin
>
o
rlo
N
N
N
N
1o

faztel #7143 W4 9EE AXn Je

(Fraisse, 1987). At&vltt 3f WA ®\IXE 7I3vdsE 842 AgdA+=2

A A= a9 oW (Drake et al., 2000; Moelants, 2002), Ab&Fe]l 3% %A o)

Uetthe WA "xs e AU WE Sol oM AEHT o

& WA "x= JiQlviek thFe Al wrEbd ek (Boltz, 1994).

HY FaAFFANA gFetA FaAEE A, W AAol wet A 9
Ll

Aw ErHe Anl AEHoR me 58 FES FA57
7

1o
o)
o
rir
T,
{
Lo
&
2|
2,
[}

A3 d o] Fask g<Qlolth(Karlsen et al., 2008). o]uf <l
A9 F38& Adsta dAHAA Fhe7] A s A -9 FERER
$5¢A g4 (motor sequence learning)ol] whetA L ¥ FZbo] YERY
of sl=d ®lxe} Elol® A& Fo] QT HH(Ivry, 1996; Meegan et
al., 2000). ®E&}t Blol FHo HA2 XY eAE dotsto] F3HY

©RE #4, AF/NA AAUZ /128 Fu WAL FPeEE 2
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e Fu WERRY U4 FAS e v FAvid dvht A4L
AAEA el FAsI] el EAE Adsed £52 F ¢ A

Ao AU AHE

- T s
Ele] " (Timing), E]% (Rhythmicity), ¥ % = (Attention), +& & (Motor
Planning), <=4 A 2] (Sequencing) ©| &
al.,2008).
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4. AR(F2d84)3} 923 (machine learning)

1) ARl did o] 3

nfo] & AFA(Myron Kruger)dll ]3] 1970dd] BT 2 &2 o] 2 (video
place)ell BldH ‘¢l 338 A (artificial reality)’e] g3t 73 2S AL}
7F Ba = A Al Al 7HE AAE EFske] AlAlstar AFEAL
Ve AAE 2AeAA, HAFEH A AL F Jdes st= ASFH 9
o]~ 74 L3tH(Billinghurst et al.,2005). &= S7dAe 23 7}
ol FAX Aol AAl ARt S AEsh=E Al
2 dA AAI d AAE DA E ALE A Al A FEEe] ALEA R
FdE =4 RS Avete 7le2 Ao s tHAzuma, 1997). AR
o] A= AelH(Sheridan)ell olsl g on] 1= ARe] HHFH L
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- CLASSIFICATION
SUPERVISED L J
LEARNING
Develop predictive
model bosed on both R S
input and sutput data
. / REGRESSION

MACHINE LEARNING \

UNSUPERVISED | )
LEARNING sl | CLUSTERING

Group ond interpret
dota based only L
on input dota

/

o 2. MAled &7 (Nasteski, 2017)

3) HAHY APFAT

o
ik
ofo
b
rO
4
il
o)
N
o2
i)
kl
o,
v}

2x =z Fopoll M HZ wAlYyd

Zhang & Li(2021)& wAleld daglFs A&ste] A7v f7]d A3

T8t 2AE Z7] S e 258t aA S A3 Zrv H7)
P o

HAE FAste] WA AN AEE Rzl LA

=2 AFd A7 Kim. J & T. Choe, 20197} Ak =2 =9 5245

A8k 98 IMU AdlA e wAleldS &8st 48 A7 (Kim, M.&

Park, S, 2020) & 23X =° HAledS AHEsto] Aoy sty ==
48 F v gYgd ATV A= ok olHH AEFA TS 7|Ne
2 3 HAgy 7)4S F8eH Zanone¥ Kelso(1997)7F =3k 74742
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2 oATelAE maede 483 AR 98 oty Zeade 2 L9
Aoh iAol we SHEY 83 1o we WEss sua
AT A, AF w2 24wy, A9 AR, AFAA, AR A4E

B AgelAs v 204014 404 Akele] Al & 4018 e] Fholatoitt.
ATt =y B AF AP At A e srte ol

24 7S F8h WA THIRB No.2211_004-014). 25 AR AL
£ B3 9 £ Aol vehle Fojats AddA Al
o, = E7]Ake] Alelstal 258 9% F 36w e ARE FH6
T AE APl wE ofupRo]  Fy fFdow AnfEXAIO
(Smartscore) ol ZgAle] oA HFit TP} 2x 745 VFo2 i
g sk 2 Ao dAg Aot
3194)% AHgste] AEsAS

o)
AEsol BE 2718 wEagch MEAde 2 A

rO

] 30 ol dor AAsAL, s = AFY 3d ol e YA 10 o]
st= A4 s tH(Paradisis & Rees, 2000; Richardson et al., 2012).

AR ¥H g5 ZRIadE A8 ddS T 18¥eoly HJod By AH9
), SdxH9)olH, 7]z FAE HSdA0%), SHAOE)E T4

FRom dd A, B AT7HAARSTYH o] $AE WAT<E 1>,

o
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# L A7Rela AR

4 JAACE) AH0D) FHOKE) AYFHON)
A8 oAy NEEA 9 35.345.2 16.542.4 34.2+3.3
A AR ER sy 9 36.7%3.4 56.3%6.6 7.8%1.4
24 Ar)|zA H] <& 2} 9 34.8+4.2 17.243.7 33.743.2
e ¥ Sk 9 36.5+4.4 57.4459 8.1+1.3

2. 249 A 2 A WH

1) Fhvletet AN 74

2 AFdAE HE 3A A AR ASS 9 9 Frie A
(FA0615A)¢} Al 4 (acA2040-90uc, Basler, Germany)E A&3lti<1#
3>, Zhdlgkel AMA7F 23 © FER2, s 2040 x 2046 px, EZE A
%9 S0fps®E AA AT Fhulel AMA = 4 x dm F3F A AF Gl A
256m Eolol A F d=d F dE fAAE AZEHO BAS FIAA

T3} AE ) §49 2F AARAh

=)

a9 3. Zhdekel AlA
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2) AA <2 (recognition)® 4 (tracking)

AA Q14 A dolE wolyd ¥gol Wasth HolE wlode 9

ARk Solow Am veld AME BE 5 v 3, 44, 19

A oy F&S 98 v]d A4 RGB Hloly HSV wW3sjof sir},
HSVE 2o Al 7FA] £4<1 Hue(HM %), Saturation( %), Value(¥d =)<

4y 2HOER AL RAFE WHOE APl AL AXAT Wt Y F

A 221 (Object recognition) % ¥ F=L2 HSV oJu|X|o|A F3L-F 9]
A] A ste] Mask-Image(S9)E AAdstal o|m|x|Z2 A4 2}
al

o]B¥ g OpenCVE &&3t =EEZX](Morphology)”’|Hoe=z 4

1
ox
oL

(o]
Ll

(opening), 3 (closing), 1 °]t]¢1E (gradient), ¥ 3 (tophat) 181 &
& 3 (blackhat) W4 & &3 ITH<E 2>, o] F Fa o= AA H Fi

@ gele] 2= AA Do ojvAE WRIAT<1Y 4>,

2. REEA AL AA A4

Fl

RS |
a4 open = dilate[erode(src)]
23 close = erodeldilate(src)]
aglolgAdE gradient = dilate(src) - erode(src)
g3 tophat = src — open(src)
EFH blackhat = close(src) - src
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=
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e 9% of:

b
= o

Ho
B
M

(x,y)

A3

1=

Z

so] 9]

3

Z1E%. 25 A AR

}o] dealtaTime<s

S

3}

2 deltaTimes

=]
=

ol

i

4

Nr

Astt< 28 4>,

041
Al
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kel

£A ¥ E G
o=~ A (xy) #xE 7NEG SA
LR A (xy) #H3xE, AT SA
gk Wbl wg
L ES- I .
s A27)eh ARE 54 AA (xy) 23 &
JdAE TRAF JE AL 54
AR HE Fhell w2 AT
BRaT
A7)1¢F A1 54
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4) MAYY T2 A2H

—
)
Ll
iie]
ofo

ol
ol

HoApo A WAy TR a1We go]Q (python WA 3.10
of AAE T3l AA A FH& T volyHE g5 FH 4499 A
g o R e E dATe ol WEe FaldA ol
A &85 (supervised learning) WHS AEglon dHoly AMEZ 5
A o) Fdo] AR WolWA AHIE7F =& GBDT(gradient boosting
decision tree)E A}-& 3}t tHFreidmand & Jerome, 2001). A =38t5ol A 7]
TOo 2 AT dHeolHE A HYe HE dHolHE A"ttt olu
GBDT®| HAstet A5 7fadol olFox a4 lightGBMe &-&3H3d
omn o= HE AFdA & wAlyy 2o HJEETF 22 Fo
2 Yetg (A A S 9, 2022). 53], XGBooste} vlusle] g5 A8 AlZH

e

[e)
A&

I
ot
o

r (

1
HAY Fdd & FRe= A3E(%), 22 H9l(em), =29 ¥ *E(bpm) 1

029 Aoem@ FRAAGE 4> AR50 AAAA A

e dolE AAEE 199 F AR $A9 ¥ wud

R4

M
1
~N
M
=2
>1E1

= AAste] 53 HolH AES Rl g5zt 7 5E dolH=
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>3 2t

oo

xr
il

0
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2

Hr

0

g

A x BAH87HAD S 3

& E(%)

jze)

A

rHy

,.v_wwo

AAH87HAD S 43

A x

#1(cm)

b

N

o

il
e

X (bpm)

2]
“

29 =27](cm)

g

ol
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Data package 1 Data package 2

Distance
Tempo
Back
Follow

Difference data
collection

Practice information
guideline

a9 7. 55 dHolH 55 % Al

oH

Distance

Tempo
Back

Follow

_37_



2 A7eA ddAES ddeR 38 HolH=

3678 ¢l 723 HH

dolH= 77 UAY sdol X dHelHE Alestar St HolH+=

674571, H7ldlolg 1788712l H7IHolHE FAA Y. olE &83te oA
PgES T3 B wayy dgolHe nd AHET S5 <F 5> B &2
S FA7F 0908 Ev v Rdo] AEE W ATl =2 £Fog e
Py
% 5. lightGBM a8 d w8 A%
484= A= A& F1 AUC
0.9175 0.9122 0.9026 0.9046 0.9140

5) MY = AR 4 A

HoAfo A HY 8 Al WAy T2 HEol FEE Hn Y
H = ARE 4357 f1dl CAPTOAIA 7iEs  HE
(Captogolf, Italy)E AF&3 Aoltp<ay 9>, CAPTO AA =

AXZE g o] HE e w2 glel #dd FEo AY A £ A HE

7}Vs 3t MSE(mean square error)© 0.1%=9] %A 3
L

$29 - YUE - VRS 224N 2ERa A4 B

de T Aot 2 AgelAE 2T 200 ZE e
o WMoz doly

= Aot} o2 Ba o= - HolAw -

EBERERE

A4S AdeA &

A ootk HEHo 29 AHREE =W (face), AFZ E (shaft), ©}o]

(lie), AA(arc)& dHFH Nyt tesde] 25

ohoslg A E olgelol ¥ ¥ PGAYIA ¥l AR 3
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a9 9. e A% 2% A4

3. 4d dx

I Zo<ady 10>,

Ko
=

=

A%

44

7o)

B3

B
L

A e yHs 7}
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| A A} |
49 77
249 A A A%
MAey T2 ANzd A
H&Ea | Edx | aEsEs | sdd
]
A sy 3l 9
249 A | TA Qe
A% x ero] =4 A
]
A9 e B EE
Al x gho] x4 A
[
A% e R
A x gro] =4 A
[
| AFF AL |
]
| A A |
| ole #4 2 A% |

D A3 &4l
BT Folsh FelAEL ATHCIAE YA AT % FNEF

AgetA stk At 54, ddaAel tigk Aot i AR wBe

of w3k FolA AGT H FHstAY oldietA] Fek Fitol e =
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a9 11 A% T3 A7) BAE

2) AP AL

AT eI 5A4S FE8] ol ¥ AFoxe ApAHAE A
Aletadtt FAAAE Aol AbgetE HEHRE st on, AAAA A 1
g w7 43S 9 w37 AgdE 334 F 939 AHFS FAEAT
AR ARE 12784 wrekel] whel Al (Im, 25m 3.5m) ZF 243]% F 72
3] AR 6>
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F 6. APEHA WS el o g

A 9 v
112 (3|4 |56 7|89 ]1011]12
Im 2 2 2 2 2 2 2 2 2 2 2 2
2.5m 2 2 2 2 2 2 2 2 2 2 2 2
3.5m 2 2 2 2 2 2 2 2 2 2 2 2

12 329 #lol= HAA EwulE(straight), BAA &do] ~(flat slice),
HAA  Z(flat hook), W& FHulZ(down straight), WzlZ &&fo]x
(down slice), W& Z(down hook), @241 Ze}o] A~(up slice), 1 il
Q2249 Z(up hook) #o]l2, Wk &= Fgo] wWE st PSS WA
el Azt FdsE AT FALE YEhdu<ad 12> A Zvbt

wAg oAy LE FAATl FAlets AA 29 A5 A= 2rh &

a9 12, Agst Bl mE 3 oA

_42_



3) Awd g 54

o=

P N _W« T K

Ho pb B o ioF T 25
7o OB & T w3 e

Woowm K s w2 .
W ol o = %

G 3 iO _ ;OL O_E
e ,DVL ﬂﬂ o T N
XK o~ N = <o 5 -
m N m < s ™ L -
oy BB N o] MA_U -
§ % o < ar U
X = —_— __OT H_I 90 O-_ ‘.|_me
o X2 = ° .
e o ow % G a
L i B :

1 ° I
= 5 L2 z%urﬁow
of X oh Doz ;

o @W#ﬂ R
= o = i Dk 2
w °F o o = ® ¥ .
"N NIy Al Z3
ﬁawﬁﬂ% ﬁa%@ﬂ%

L [

X N R T oM oZ < 0

e o Sy w oo W& -
R - = w x T w T
—_ N )

; M# Of - - ) ~ ”..Tﬂ KH 17_A| ‘m_l.,
W ﬂt Mw |\ WM o)) S T o A
3 oy & - E . :
T s Doy T " 35 i
T o B¢ W 8o R o u

@ w A » Z B2 1
o o XU ™ xR ® B

X [ze) > o#a < O.ﬁ ‘Ul i ﬂ.l

of = oo R : 5 oz .

= § 2 R E
- < ~ N U =
N OB T
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%%(%)E} 9_5(]' ‘?:“H(Cm), :I.E]_ﬂ Eﬂj]gi_g Xgi% Zﬂ%a}%?}q— /\ﬂE ]:g 2

+ s HAlYd gy FdshA 903 = siglen, M ER o] 14

ﬂ /ﬂ]E ]j]_:/;_ Z} %de}
1
L Ael x W@ FHAL
2
1 7{3] X Hol—él:lﬂeﬂ ?_Q?j_g‘ ] .
: 2 Ad x Wd TAAZS A x B FAadE
1
’ A9 x g B
2
% 8 AN 4¥ A
. L b | Ed A
& =A9 : 1m A 2.5m ¥4: 3.5m
E H = E R} el 1] 22 7} =aq
Ll s=w gn
! g g | 78 A
o | 1819 19 A& |
233 1H AF
S 73 A%
) D] o]
o ]:H e = < T %
2 2ﬂ g 1¥ Xﬂo E]ﬁ\ﬂll ;(éi T}?j oﬂf;
1| Y= g
3 s 339 194 A& ma o
2| 339 1 Al¥

- 44 -



4) AME HAF 2 S3A FGAF

AR HARE 33] shg F 24A1%te] A H AAjst ew,) spx] A= 48
A 7ro] Ak 5 A A A tH(Shafizadeh et al., 2011; Chiviacowsky et al .,
2019). A7 FHAXKES AP HAbeE wdstA A=et AAbe] wE 723

0y HAE Asgon e glol 1Yty

4. A A A
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Ab 1
Fof 247}

=

s

A

=7
:F.

1

Aolth. ALARANE st 33, A}

A8 B A Adeh AAbwd we ey

-

A whal e A UEn

2 AgelA
1) 39 AFP(BTE, 78 &4)

5. A5 EA
>

ol

oy

oK
~

A

Pl
hy
_ie

QO
cy

._/r:
X100 (4 D

EEER

AEE (%) =

SHCHSIm &

S

o]

)

ﬁo

4 2)
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o= uerdt

J@ —2)? +( —y)
7 22 W9 (Sim & Kim, 2010)

=

==

=

=3y

g
==

error

o7 X

==
RL

Kim, 2010).
7]

[e)

=



-2 (downswing)

3 37 =
SV empo) = =35 e thuckswing)

(%4 3)

P 29 TV oEdARE WAy G§AX 29 A7) JHE o
RAFAA A71E em B2 ST HEek FUAsA Al ut

A 29 A7) AR AS5E ddd oE WAy R AR

I}
=

o

2718 ARE Y5l Qv AR BEIIY

3) HAYY Y He Bt

Zhe kel Al

AE B3 Solet £ue 9¥ JuE vAYYe F§
o] e dolE ¥

19} X277t dasiey w3 b9 sk Bl A 3
4 7ts3 error 3P olE WoldE& W boundaryE s 1d1A
Python ®Algiyd <1 gzl A Adsk #Hy "dyel 3
7] dlolgE AAEE Haleld 2aS ckske Aotk waley Rde
oqAtAA A A7

(GBDT)Z 2} &3l tH(Friedman 2001). Decision tree (DT)E A E=38+<59

>

)
N
=
o,
=
)
a
il

FsAo] & gradient boosting decision tree
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o,

N
o
ot
Hir
Mo
(o

YrhsAE aste 89 % B4 BAGM de ASR

= O P -
ot DT $3F == (non-leaf node)= ¥ Wd dis] 54 21S &
Sot=A HAbstal, Aol wel 4= uE branch® Y4¥ HolHE &7

sttd, DT # == (leaf node)= decision®] A3} (37 FAAA= F,
7 EAME dolB)E dehith 98 HolHE BEF FE XA

Azt A2 e dRE B8 € ks =Edit a2diERR S k=

1%

3l DTS oA} 24 AAS olafjd = Utk DT gFolA 714
230G E71H S 2 Aot

Gradient boosting decision tree (GBDT)< predictive errorg # 43}3}
= Wegoz g%5% decision tree?] ensemblec]th. 37 EAlolA GBDT

o

1=
= 1

o) [e)
Fad Qe 44

ol

S A7) 938 ensembledt 2] decision tree?| leaf
node #< TSt GBDTS FHAslel A5 /MAS 98] B2 AFE9]
o]Foj i, . AH|zoA 8= 1 F 7P HAle Rdl LightGBM

-5t tHGoulin et al, 2017). 2 F& Hasshs Ao JFEW

ftlo
S

, 183 JHE HE J& HRE ugo g dAYsTh

p 2 AFolA AEH HAgyd B3 AF H7FE Root mean squared
error-obervation standard deviation ration(RSR), Nash-Sutcliffe of
Efficiency(NSE), Mean absolute error(MAE)2] 37}A] HI7IAFZ o]&
S TH(=214,5,6).

2
Z toobs Mg, m)

t=1

2
E t,obs t, obs)

t=1
: Observedvalueat timet, M; .4, : Predctedvalueat timet

RSR= (2] 4)

M

1, 0bs *
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71

E(M,m - M, obs)2
1

NSE=1—- (52 5)
Z(M, obs ‘Z‘lobs)2
t=1
M+ Observedvalueattimet, M, ,, : Predictedvalueat timet
Mobs : Average o f observedvalues
1 n
MAE = _Z|M,m_*]‘4t,obs| «ﬁlé} 6)

=1
n : Total @mberof observedvalus
M,  : Predictedvalueattimet

t,m
M, 0 Observedvalueat timet
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<
iz

o

oj
i
o)/

olp

fiTe)

29 AHE

3L

ATl A= SPSS 27.0

=

4a A

S|
=

p < 0.05=

o

o

o] tH(SPSS Inc, Chicago, USA).

]

7A
o

37F Aol uf

3

e

t 74 (independent

XE

s

S
=

sample t-test)

2

i

b %zt

7 A (independent

t

T
A
s
i

ol
oo
el

]
—_

B
NR
b

b=
g

3

oF

7]

S
=

sample t-test)

7A
o

0

)

5, gpA])ell wh

A AR, A}

ot z] 913

o9

E

Az 1Eal %

2~
‘:l._l_

(3-way mixed ANOVA)<S

A 3}l

=
=

Aol

S

-
T

Apol7b - yrEbY

o},

(Bonferroni correction)

B

fi%e)

Al

FSA et

S

& A4
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il
o
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E

0
o

O

o)l whel 23]

[}

k(12

] Aol A W

A (Performance accuracy)

3 A%

o

2=
T

1) 38 A FE(putting success rate)

1.

10>} 2o

<3

-
T

]_

)

)

B

)

7F A7l w

(9]:9%)
5 A

W
Ho
ze]
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ﬁ.
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e

50+4
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T
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SER
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HAale
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E t# A (independent sample t-test)S #2413+ A3} AMA, ALS 183 3}



Aol A B FofebA] @2 A3t verwth a2y Arizd Ju2 A
71(44.14%), A+5(46.45%), IFA1(47.07%) .= °F 3%<°] g3t o, =il
Hd A AP (4352%), AF§-(48.30%), A (50%) 2 oF 7% ddE H
FEE Uetlt. @2 gde] B Al A" AeE AolE E46H
Aal FHEE tHAS B4 A3 AR 28 A [Fo3 Aot
Uebgh 2712 Jee AR (65.28%), AFF-(67.28%), 4] (66.51%)= ¥
e zbol7h uEhuA gtoem, mAlEd FJuh2 ARA(66.05%), A
(73.61%), A (75.46%)= °F 10%°] =2 st55 a7} YE
A, AA, sdoliol wE Htat
(3-way mixed anova)E AF&3FtE Mauchlye @93 & AAzHe] 9
50| 088o% 5ol oew TEA 7S wEste Aow vyt o
g FEA 7HE Y e gES st AR A Feln gk Aol vt
ERE THEF=25.718, p<.001]. Al =3 de] 7
[F=8.018, p<0.001]. AlF*sedof o] A Fon gk 2ol 7F yepuA] 5k
UF=0.34, p=0.713]. AlF=dcxsdol o] A Foln| gk 2ol7F vy
A e ATHF=1.239, p=0.296]. Fweo] A Fgus Aeolrt dElRTh
[F=6.976, p=.013]. @] F9 Fend ztol7F yebRtvHE=309.809,
p<001]. A = SR As Fond Zol7b yEuA st
[F=2.410, p=.130]. Bonferroni A} A4S &3 FAZQ Zol& HASIA
o A7 2d JaelA s fFong Fi Aol 7k yERbA ekskeh T A A 2
4 Ao HAYy Jdo Hatol FonatA =tk vl
ARt @zte] HGato] fouetA Zdth ARl dEi AP R AL
o] Hyto]l FoustA =k, AbF-of HAoll= Fov gk o] 7b ek
A ekt wAalEd [l A= Abdel HlaE] ARFo] gho] fojwletAl =
gt MAled Hubol A= Abdol wls] 9] Fhol femEkAl =drh
Y Aol = ARSeF gx 8] ghe] Apelzb yEhubA] Skt

s
il
b
o|N
ol
ol
N
do
Ol
ol
2
e
M
r)«
M
1%
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3 1 ]
5 AT FHEAF F frogs
A=
He )
K .052 2.000 026 25.718 .000™
AR« Hek 016 2.000 .008 8.018 001"
AR« sEHAR .001 2.000 .000 .340 713
}\]7<'1 * }:}lﬂ— *
.003 2.000 .001 1.239 .296
SHo]
LFMNH) .065 64.000 .001
(He 7h)
At .031 1.000 031 6.976 013"
SR 1.361 1.000 1.361  309.809  .000™
A « o 011 1.000 011 2.410 130
o 141 32.000 .004

*p<. 05, #xp<.01, **#xp<.001

100.00
20.00
80.00
70.00
60.00
50.00
40.00

AEE(%)

30.00
20.00
10.00

0.00

A Nz

WA7|23 AE WojdEy Y

13

a9 14, visdAe] Ay 43E W
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100.00 |

# *

90.00

1 1
80.00 7 7
70.00
% 460.00
N.-Tri 50.00
Ho
70 40.00
30.00
20.00
10.00
0.00
A A5 14|

HAp[2E 4T WOMeE ARFH

a9 15, s8] Ay 4eE W

oA I LAMAE AA Al AA Y 5 (7230l A A
bel BAse Hh A

Z1el wE Fat ey flel tig Hit 2 FEHAE <E 12> 2

&
o,
1o,
ol
A
&
lo,
i)
=
to
_>|~l_rl
v
AC)
a
3
2,
f
Ll
-
™,
ol

F 12, "Hd 3 eAde (9 :cm)

4w A A A% 5 A

A 2 Y H<=#z} | 77.09+8.96 | 62.15+£10.24 | 55.62%9.04

AR ¢t St 52.04£2.52 39.78+3.39 35.45+3.68

A Hl<# 2t | 75.83+4.89 75.38+8.77 74.56+8.39

=
e =zt 53.63+7.37 51.74+11.99 46.1445.9
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~

M&as guel Woh AW dw &4 P eAwslel do|g B

7]

f

& SHEE (HAS BAS Ay ARS B 9] HAbelA BAA R
folatA vtk A1z E Jue APA(75.83em), AHE(75.38cm), T4
(74.56cm) & =Fel7b vy ergkom, wileid e AFA(77.09cm),
AFF-(62.15cm), IA(55.62cm) 2 oF 20cm Zf ol ZHI AdrF YERs

A
A8l FHEE S 24T 2 SAHCE FosA dEuH. A7
Z4d A& AFA(B3.63cm), AF$-(51.74cm), A (46.14cm) 2 °F 8cme] g
e A7 deden, wiled Jae AR (52.04cm), AF$(39.78cm),
32 (35.45cm) 2. & 9F 17ecm=z A7 24 FAenc o 2 84 gaist e

10
fob
[40
_0|L
32
BB
>,
juto)
o
L pay
o
o
Ho
10
_?L
2
o
A
Y
o

Greenhouse-Geisser?] k<
RS tHEF=31.214, p<.001]. Al=gdee] A9 Fondt Aol7} vetwktt
[F=13.14, p<.001]. AlH=d o] A Foug 2pol7b YEuA %okt
[F=0579, p=0518]. A A=«JF+dro] A Fond Zol7} vetsktt
[F=6.355, p=.007]. < A5 Fugd zol7t yEutF=14.515,
p<001l. =8 A Fon gk Zol7t YEbHHF=117.059, p<.001].
5 n gk Aol 7b yEbubAl e SkUHE=1.411, p=.244]. At
TAAJ] ZolE AA AT, FAHLR, Arxd JEH
L5

o Hito] feluahAl gtk vMEARRG SR A

‘|—’
o

do
lo

o

2
ftlo
of
%

of frolmabAl vrgkeh APARTH ALEel Wito] felmaal vtk AL
we} sx o] Aitol frolmaiA Wtk AFuch s Hitol §ojva
A G Az ARl AFug 31 ghol fejvulalAl ekt
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WAy Akl ARG AF, A4 ghel felulstAl wekot A
o} SR ol A Aol 7k A ekgtth Avlxd ArtelwA W& AR o
AR R felul g Aol A gkt A7 EA Perel WA S
A ) AT AFel felud Holzk AW, AR $H 9] gre]
FelusA wom AFE A grol foluetal Atk wiAled Aol
WA M&AAe] B AR AT, A gol felulshA o, A
Fuch A9 grol folulahAl Rtk Maled dekelwA Huxte 7
$ AR AT, A9 grol Fel s Al vhebe

o

¥ 13, A ok He E3EAEA A3
#+3 I _
) A= HEAF F o gE
AT
(At W]
K 1899.592 1.512 1256.475  31.214  .000°
AA o+ e 799.659 1.512 528.930 13.140  .000™
A« sd% 35.259 1.512 23.322 579 518
A = JAd
386.760 1.512 255.820 6.355 007
SHE
LA 1947.408 48.379 40.253
(At 7H]
At 1665.456 1.000 1665.456  14.515  .001™
SUE 13431.513 1.000 13431513  117.059  .000™
A « SHx 161.945 1.000 161.945 1.411 244
fol=2 3671.737 32.000 114.742
x*p<.05, #xp< .01, *#xp< 001
—_ 56 —

A&
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Fautg 22t cm)
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a9 17, SEAe] s

EE

AP A5 }3]
7|24 Fg S0{Aad AR T

o,

2% 16, MlsdAe] B el s

e

ol

ArH A= I3
==A7| 2% 2t @=Hi2{d AR ZT

o,

o A U}
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3 AZE EH HATEH LA

B ool A2l(Im, 25m, 35mel WE AFES AARLS ¢ oS
B 2U<ag 18> Aelel wE HEE WHE A 4728 Qo
A% BE Al EAAt SAR BFE A, AE, RA 6l fol @
Aol7h UErdA ekt malely dAwke]l A% w&Aa dgel Im A7
oA AFEES ok 10% FAAYoH, AR el A5 Imel A Fol
7F YElYA] oy 25me oF 10%, 35me oF 156%<9 &gE At
et HE dAle] A Az} "old4E HAl Fae dEs} ol
Ax el wel WY AEEL FAS ol B ATdNE Azt
Solytel weh faAe AFEE FA Pelgon Haxte A9 Al
AR A 1mst 35me] HEEE 29 h7ke Folh LpEdTh MsEe
49 F Im Agls 5%, dnt 54% =2 AP S7H W2 AFES &

il
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A7| 23 v 4AA A2 E=HA
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A A I3 A RES T4
SIMHZE B2SNATE s35MYTE BIm4ZE BISmEZE RISmAIZE

a9 18, Aglel wE HYy AFE W)

o
—
©
V
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oY
1)
1o

oabgsle MY AaEel A 4EER 7 wesok 3
Za® adolth fold Aust vt yRg Avn
A9 A7)z Aol A 35m Aol of 10em F4, #aed e

25m °F 13cm, 3.5m °F 22cme] FgH 237t yEhwt sd Ak A
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7] A FE s Edol EF LA CAN sHEe FasA B

MIINEE
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g 60,00
& 5000
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3000
2000
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0.00

MIIEE
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0.00

N
Hi=s8 At HMHE HIQE*IF ok
90.00 ] l
B0.00
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E 6000
b
1}
& 5000
= 4000
30.00
20.00
10.00
0.00
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-1mMRE w 2 5m MRE -3_5rnMRE l1mMRE -2511MRE #35m MRE
*‘EU& i HAMHE =3t | |
| 7000 !
5000
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E 4000
&
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Hlsaa Jake] HJrk AR dHE S= Ztme] W Apels #45)
&) =Y T E t7 4 (independent sample t-test)S 413 Ay npx HFr}

AN BAH o folahAl tehdth A7l e A7), A
F233), HAQ3P)E Wt de ggon, Waed Awe A

24 Aeko]l Hrl Ald dHAE Fr ZAro WME Jols By <3

nl O
M
1%
rot
iR
H
>~
>,
&Y
>~
>,
ot
i)
Y
o

¥ t3 A (independent sample t-test)=

oA mE foaA @e Ans dedd. Arzd gue A

A, AH, s8] wh Fiaels HTsry] st EFEAEA
S AFESE T Mauchlyd ©@9lsld AA kel folgdEo] 66602 059
Aow FHA AL wEsE Aow vehyth webd T3EA 7FA
FgES FAsA AlF A Feone zel7b vERRTHEF=15.83,
p<.001]. A ExFA e A9 fondt zo]7t JEFETHF=10.208, p<.001].
AR o fo] Z9 fFowgh Aol 7k VbR 2ok tHF=0.691, p=.505].

= A5 frolme Apolzh vrERUEA] U THEF=2.895,
p=063]. Jel A5 frojujg xpolrh veEbubA] @ ATHF=1.804, p=.189].
Aol A9 frojnet Aol7b e THE=65.787, p<.001]. =&
ol o] g frejm ek Apolzb vebubAl @ oktHF=0.355, p=.5551. AFF3A
S B8 FAAA Aols HASAL vGEARYG SHA] Hito] f9
mEk A SdTh AP ETE AR mhA o] Fho]l feowm Al vtom Al nch
g o] gho] FolmlatA vtokth Arlxd FHoo s Al wE fov
gk zpol7h gldvh 2eu wAaleld el A9 AbdEoh A, mhx ] g
o] frojmalAl vtom AlFrch sx e gho] fowEtA WA vreRgth

2
)
(e

*
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F 15, YYE = 72t W SRR i)
3 1 .
i AFE FEAF F frogs
A3
[ W]
A A .897 2.000 448 15.830  .000™"
AA o+ e 578 2.000 .289 10.208 000"
A+ s oH .039 2.000 .020 691 .505
AR« He o«
164 2.000 .082 2.895 .063
SHo R
QHFIANA] 1.813 64.000 028
(A 7H]
At 401 1.000 401 1.804 .189
ol 14.623 1.000 14.623  65.787  .000™
A« SHAR .079 1.000 .079 .355 555
R 7.113 32.000 222
*p<. 05, *xxp<.01, **+xp< 001
Bm EE+ 3 [
250
P
ar
& 2.00
2
1.50
1.00
Ap# ALS o} 3
-2}7| 23 g a=0{Al2|d AR AT
a9 20. &AL JHE = Zheo] W)

e

) 8+ w
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3}
=

A

I

ol

R

] &

Ak 2 A

o7 B 4

—_—

Mo

ze)
uAlO
e

0

o
4r

oy

4qr

i

}tH(Pope et al.,, 2014). Al @] w

Xés

A
=

MR

16>9} #Zt},

e <

]

u

=
RS

B

3t 3}

ﬁo

o
(E)
gia

_64_



¥ 16. W9 £ a9 ws (¥11:9%)

4 A A AL F 3 A
maey | HlsdA | 0.45£0.06 0.52+0.06 0.56+0.05
AR Rt A} 0.58+0.05 0.61%0.03 0.62%0.04
A7) 24 | dlsEA | 0.4840.08 0.47%0.06 0.47%0.06

e & Az} 0.59+0.06 0.59+0.05 0.59+0.05

%A Aue] @ Ad Y SR

=L

o
oX,
o,
2l
o,
il
M
1%

ol
o
o
o

=Y T2 t7 A (independent sample t-test)S £2135 Ay 3x] AAAIA
ANA SAHeE FolstAl dEtwt Arx
047), #A 04N = g5 BI7F YEubA] ko, waled I Abd
(0.45), AF$-(0.52), #x1(056)2 10% AE d¥gdo] F=HA a2 F

gl Gk AR Y SE duge Aol BAsy] s SRR (94
=
o

i
™
e
Mo
S
>
rN
>
.
&)
S
>
ot

X
ok
i,
B=)
i2)
B

—~
>~
>,
>,

ey
=2
X

(independent sample t-test)S
oAl yebstth A712E A2 AFH(059), AFF(0.59), 3H4](0.59)=
grEa st GEbA skerm, waled Fe> AFA(0.58), AFS-(0.61), T}

T

>
Hm

Aok, A, sl g FixtelE HFst7] St & A
S AF83F Y Mauchlye] @913 E HZAge]l fFel&&e] 001 vvte=z
05 mintes 94 7S wEehA ek AoR uekyth o,
Greenhouse— Geisser®] #t& &elstdnt. Aldlel B¢ vl gk 2fol7t 1
st tHEF=18519, p<.001]. AlAd=fwke]l A Foud Aol7b yewtt
[F=23.679, p<.001]. A Flx=dof o] B fon|gh Zpol7} YEhhA] &9
tHF=2.001, p=0.160]. Al A=l 49 Fojngt xfo]7t ERRE
CHF=4.905, p=0.023]. el A5 felvlgh Apel7b yehubA] &skd

EO*'

1=
RLENS N
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[F=2.294, p=0.14]. s#AolRo] A frojng xpo]7h EFTHE=38.023,
p<001]. Fe=sedof o] A Fofn gk Apol7F YEhbA] 2 ATHF=0.367,
p=0549]. A+ BE Tl FAA ZolE AT HlsHAEYG 58
2ol Hyto] Fojula A =ATHp<.001], AP RT AFF mkx] 9] Frol

EtAl Fow, ARF R 3x o] gro]l fofu|shAl =tk ArjEd el
M AlA e Aol zE bEuAl eetth ey HAlY Y Jde] A

o AFE 9hA 9] gho]l fFoulEtAl Eow, ALF R x]9] Fho] fons
A =gk A7z o] B sdoy, Algel wE zol7t yEhA|

gokth mAlEy FJob SollA HlsERe] AbHdRT AR kA o] gho] f
ouetAl wom, AbFREY A9 gro] FouletAl wokvh Al e
oM mEAe Abd R AR, wkx] 9] gho] frelulskAl A e

3 I ]
_ A BEAF F T E
AHS
e o)
A A 023 1.336 017 18.519  .000™
AR 030 1.336 022 23.679  .000™
A+ ol .003 1.336 .002 2.001 160
AR A
.006 1.336 .005 4.905 023
s ol
SF(AA) 040 42.736 .001
He )
g 018 1.000 018 2.294 140
seof it 301 1.000 301 38.023  .000™
A« sl .003 1.000 .003 367 549
2 253 32.000 .008

*p<. 05, *xxp<.01, **+xp< 001
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2) ¥ Ad#A (Tempo consistency)

9e) A A @xE Aol T

Ho
o
N
2
2
i
r O
:(I)L_’/
r
i
Al
ki
2
o,
N
-~

¥ 18. Ay A% o3 Py FFHA (] : bpm)
] A A A F T A
maEy | HEEA | 8.91£1.06 7.31%0.62 6.83%0.73
AR Hdt A} 6.61+0.45 5.35+0.49 5.25+0.41
A7) zA | AlEEA | 9.21£1.03 8.6+0.51 8.88+0.66
qe S 6.51%0.6 6.32+0.51 6.48+0.26
H]

t7 % (independent sample t-test)S #2413+ ZA3y} A% 1% H7}
AN FAACR FoeA detw. ArlE=E Fe2 AR (9.21bpm),
AFS(8.6bpm), A (8.88bpm)e] 7rAadte AES Hgow, walwy o
2 AFA(891bpm), AF$(7.31bpm), 3A](6.83bpm) o= A}7] &

OS5 #Aagted wel dagde] ddd AS & 5 Ak 584 Jde] o

L

=]
7boAd B daE ez HolE BAMEr] g8 =HrE @A

(independent sample t-test)S =43 A3} ARS 92 H7E A|7]o| A &



ARe= oA detwy. Arizd ge2 AR(6.51bpm), AR
(6.32bpm), 2+#](6.48bpm) 2.2 Fe]7b WERLA] b grow, Haled Hehe
AF4(6.61bpm), AHF-(5.35bpm), A1 (5.25bpm) = A7 2d [ekE

flie4
i

|=]
P4t

A, AlA, ssdol o mE PGaakolE HF3517]

fo
ol

bl &
g Mgtk Mauchlysl B892 A4 gkel fe3HE0] 0502 05017
oz THY AL wEaE AoE tehgth meb T4 g9 f

i)
M
ox X

p<001]. A=l A fFendk Zpol7b YEbutF=22.964, p<.001l.
AR d g fe]  Ag Zkol 7k vrebbA] @A THE=2.637,
p=0.079]. A= xsAol ol A9 fron gk zolrt vEbuA kot
[F=0.679, p=0511]. e A% Fm Zo]7b e tF=30.945,
p<001]. &@olol AS fFongt ozt e THF=164.041, p<.001].
Jem@ oo A9 fonug Aoyt yEhuA kT F=2.205,
p=0.147]. AFAALE B3 FAAA Aols AASAG Ar|2d Jun
of maleld Jee] ghol freofmahAl vkt p<.001]. Hl&G@AbE T %A}
o Hitol FomEA EATHp<001]. AFHRETE AFF[p<001], TA
[p<.001]9] gkel FrefwlahAl stom ArFHth Fx9] ghe feoju| gk Ao
7b gErgA eFokth A7l E Hdel A= AlA 7he] ghe] Aol frofn|
ahA ookt waleld FeelAE AR AR 3h2] o] Fhe] f-on| kA
om, ApF R B9 e Fojnue Ao|zp vpebhA] ekghrh.
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¥ 19. ¥y ®|x oz E3EAMEA A
3 1 ]
 A%E WFAF F f9uE
A3
(A U]
A1 20.786 2 10.393 43.263 0.001*
A« Jd 11.033 2 5.517 22.964 0.001*
A o] F 1.267 0.634 2.637 0.079
AR+ AT+
0.326 2 0.163 0.679 0.511
i b b
FIAA] 15.374 64 0.240
(A& 7H]
At 24.759 1 24.759 30.945 0.001™
S o5 131.245 1 131.245 164.041 0.001™
A« HAH 1.764 1 1.764 2.205 0.147
Q5 25.602 32 0.800
*p<. 05, *xp<.01, **+xp< 001
| %k
10.00 |
9.00 _%
E 8.00 &
S
o) 7-00
£
" g.00
5.00
4.00
A A3 n} 3|

-2} 23 HT e=0i2d AREHT

I9 24, ARl HE QoAb s
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Qo] B ARt Aol weh B Aol s Fdo| HHES Pt

A s w70 2lee SAs

ok
FJIEE HIsER MAHE HISSA | |
£
1400 1400 | o \
11[42
1200 1081 1200
- € 923
E1000 i Emuu 052 837
0
T 800 8 5800 4.0 637 45
& 400 o 600
g 3
E 400 Z 400
200 200
0.00 0']]
AR A2 T4 A ArE TR
BImEEQS WISmEMECR =35mEEQR} = imEE O3 -2.5mfc'.£“lﬁ =35mAUE O3t
L2 =84 H&d s8R | P |
10,00 1000 |
— 8.00 = a0
£ £ 562
2 2
5 5
5 600 E 400
& 5
o
2400 24 370
E
g £
0 2,00
0.00 0.00
AR =3 A A AE o3
BImEEOs W25mBEQA »3ISmET A BImEEOA m2EmEE0A = 3I5SmETCA

Iy 26 AR HXE ez} W3}

4) 29 A7) 4B - H2Y(back swing)

(BS-back swing) Z7]9 #Hit 3= Hiy FFAHAR ekt ol v

ARG JFoE FA} Be4E And 29 A/E AT B 5



At T Hue £dEnTd wE BS o3 HTd EFARE <E 20>9

%20, HY Wag F7] oA WY (&) : cm)
4 A A AL F 3 A
o) Al 7 Y Hl<Ezt | 4.0540.45 3.31%0.16 3.2£0.19
AR Rt A} 3.2410.22 2.71+0.2 2.59+0.21
A7) zd | dlsEA | 4.09£0.36 3.96+0.28 3.9240.26
s “dx 3.3140.21 3.24£0.18 3.140.11

Hlssedzbe] Jrh Al wag] | xpolE A 6] s SHIER
T, A HARAL A ol A
frolgt 23E yetith AVl P2 AR (4.09cm), AR-(3.96cm), 3t
A1(392cm) ] FdH Aol vewen, Waleyd HJehS A (4.05cm),
AF%(3.31em), FA(3.2cm)o. 2 °F lemz A7 ZFA HurHt) sky &3}
O A vetsn s8] J7F A A WXl ApolE B4 6]
&l Z=HEE t7 A (independent sample t-test)S A3 A3} AFS 3%
AN DANA frelg A3E vt A71xz2d J2 AFH(3.31em), A
F(324cm), FA@Blem)E A EA oW, HwAlYd Jo> AR (3.24em),

o
M
i
rol
iin
&
>
_1

A4 (independent sample t-test)

2 734 He wEse AR usgt med 734 shge)
FAFES FaAstarh A A% FAM@ AFol7h e THE-48716,
p<O0LL. A=A A folve Aol7h LhehgtHF=19529, p<.001l



NAxsALe] A fFoug  Aolzt UEluA FATHE=0.8%,
p=0414]. A A= dxmd o] o] A Fo|u| gk zpol7b YEUA Ut
[F=0.751, p=0476]. el A5 Fengh Aol7F Y tHF=48.217,
p<001]. &Aoo A9 Fondt o)t Ve THF=143.347, p<.001].
HAebemdol o] A9 Foug Aozl yEhA A THEF=0.699,
p=0.409]. Ar$+AA4E Tl FAAQ Aols HAAS AT A|xd HAE
ot WAy Jeel ol FojuatA Bkt p<001]. WS @R @)
o] Fito] FolvEtA wATHp<001]. AFA R AR kx| 9] Fhol fejv]
shA Wwom Al HT 3A 8] ke Fon g xpolrt yERA] ke =}
7123 Ao A9 ARG 529 gre] frejulshAl wekth yw Al Al
Ao Aol foustx] itk wAlEd Feel A9 AbdRg ALS
[p<.001], ¥A[p<.0011¢] gkel FolmatA wtom ALFwTh dAo e
fFoju gt zpol 7k vpEpubA] erokth.

E 2L sy 3] eAws) EFRARA A

8 11 ]
§ AT FHFAF F frogs
A3
(A W]
K 4.411 2 2.206 48.716  0.001
A« At 1.768 2 0.884 19.529  0.001
A b 0.081 2 0.040 0.894 0.414
AR+ A+ &
0.068 2 0.034 0.751 0.476
Ho
LFIAA] 2.897 64 0.045
(At 7H]
A 4,787 1 4,787 48.217  0.001
o] 14.231 1 14.231 143.347  0.001
Ak« o] R 0.069 1 0.069 0.699 0.409
o 3.177 32 0.099

x*p<.05, #xp< .01, *#xp< 001
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BS mean error{cm)

BS mean error(cm)

5.00

4.00 [ ]

3.00

2.00
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==BS_A7| 2 UG 8BS _D{A2{d 3T

a9 27, W&Exe Wy o3 Wi

400 | rEE
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2.00
At AZ 1|
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=A% 272 He  e-uag ojuald AR WL

% 28 A WAy 9 Wl
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ARz Fagct o 5
g Adadn 2 # Ak F dvel uEe nE BRaT o3 3
2

#3 FEALFE <E

¥ 22 HY FE2AF 7] 93 HY (49 cm)
4 A A AL F 3 A
mAey | HEdEs 4.39+0.3 3.5140.27 3.26+0.25
AR Rt A} 3.39+0.28 2.7910.14 2.85+0.21
A7 zAd | AlsER 4.440.32 4.26£0.32 4.17+0.3
e A 3.45+0.31 3.34+0.25 3.31+0.23

Hl s @zke] Jrh A AT fJAxe] ztolg #ASHY] fd SHxEE
t7 A (independent sample t-test)S =213k A3} AFS 91X HARA] A o] A
Frolgh 2345 bt Arlxzd JdeS AR (ddem), AFS-(4.26cm), 9HA]
(417cm)®] °Fztel ZAAE dehillon, WAy e ARA(4.39cm), A
$(35lcm), HA(3.26cm)e] St E37F dElEt sEAke] @b AR
d2 T Hzel zolE A 9 = ¥ t7 A (independent
sample t-test)= WA A3 AFS 9bA] HARAI A Folgk AdE o
EbWllth 271z d Hee A (345cm), AFF(3.34cm), 34| (3.31cm) #Fo] 7}
e erkor, waleld Jee AFA(3.39cm), AF=(2.79cm), 3HA]

=



M)

A, AlF, sdolio] we HdatelE HFsh7] flste] EFEAHEY
£ AH&stth Mauchly® @918 A8k fFegtEo] 03b% 0577k
ow TR HES WESA X Aoe® uEwt wmEbA,
Greenhouse-Geisser®] #2 Zdetdnt. A4 A5 Folvlgh AFel7b u
EFTHE=61.848, p<.001]. A&« ere] A fFowg Ao]7p vpelykt)
[F=27.32, p<.00l]l. Alf=sdolfeo] A9 Fougk Zol7b yetwktt
[F=5.865, p=0.008]. Al Al=F] Thxsid o] o] -9 fFofn|gh Apo]7b YEttA|
S ATHF=3.043, p=0.065]. HF&Fe A5 FAHF Aot vEw
[F=42.449, p<.001]. s &ofs-o] A fren et 2po] 7k YetHF=133.847,
p<.001]. Hebssdolito] F9 fFolu gk Zpol7F yehbA] e 9ktHF=1.984,
p=0.169]. A71x=4d FHdro wAed FHee grol fFofwlatA wEkth
[p<.001]. RlsEAEG @Ak Fho]l fFofnstAl AT p<001]. AP R
U ARS, 3pA 9] gho] FefulstAl wtom AbSEH T gbA| o] e fom gl
Zpol7b vrebUA]l ekl A7 2 Joe] AS AlAe] Aol 7b UERA|
gk MAEY e A APHdRT ARS, 99 gho] fefnsiAl
o AMF R SpA o] g2 Fon gk Zpol 7t UEbUbA] ettt Hl s # A}
A5 APRART AFS sk o] gho] FeulstAl vrom AbSE T Ao
= frelvlstA vokth sk g g AP R T ARS wkA] o] gho] 4t 1] s}
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F 23 99 BEAF 7] 2 W9 A A
3 I _ )
L ARE EEAF F frgE
AE
[ ]
A 5435  1.674 3247  61.848  0.001"
AA A 2401 1.674 1434  27.320 0.001"
A xS 0515 ~ 1.674  0.308 5865  0.008"
A A s
0.267  1.674  0.160  3.043  0.065
ks e
2 A4 2812 53571  0.052
(K 2]
A 5.594 1 5594  42.449  0.001"™
Sl 17.639 1 17.639  133.847  0.001°"
A« SR 0.261 1 0.261 1984  0.169
25 4.217 32 0.132

x*p<.05, #xp< .01, *#xp< 001

5.00

o~
=

o
o
=

FT mean error(cm)

2.00

_78_

BEEE

p |

1



5.00
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L2
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FT mean error{cm)

2.00

A A% 7
SFTA7|128 HY -=FT_ojAl2d 2

a9 30. sEAe] FRAF o W
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FEYFS e AW AP BEHQ SwanE wo] AT Aok

N
o
1:01'
o
X
[40
&
oy
pop
g
rlr
o
)
2
1)
w

(dynamic theory)ol] ulz} $E&
s arelste] A gaof shw, ofuf JHIHQlIe] AlAl WA e<ld €4

B agsfof st ol dAAo® #Aste] A &5t H o
wol Atk 53], ¥y A= 5s Al a7He P ™oy 1
7te] side] ggstnz olE adsob dth(Jonassen & Grabowski,
1993; Davis et al., 2008). 17F 7iQIvitt M st ®E7F =t ol
3k W2 ®E(internal tempo)E 183 AFEo] vER L 9 tH(Drake et
al, 2000; Lewis, 2004). & AToA+= HE HAdA o5 &&317] fl
2 Aol s Ay gugss A8 SAEE AL 2 A4 g=

2 28359
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2] (50%) &

(44%) N A A (47%) = °F 3% F 17 B

F AE(66%) el A T4 (75%) 2

AL (65%) 0l A T2 (67%) 2 WA &Y &3

7

ﬂ_mo

Mackenzie 2

A2l el AgAtel w

e

-

B et AL w8 ol
ERLEA

A8 A-F(Anderson & Magil, 2001; Wolf et al, 2013; Bourdin et al,
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Azl WaE AE A5 o= AW AR Ao wWayy I
o Im AP 2787l A 3+A(15.787H), 2.5m AFA(9.5670)0 A 944 (12
M) i 35m AP O117D) A 94 (8227 = vrEst o Arixd F
@ Im APHA2.787H) el A 32 (1470), 2.5m AP (117D el Al 521 (11.6771),
35m AFA(7.677/M) A A (82271 & YERGTH A71x2E Je] AL Im
A s AQdstar Fade] vepA erekow walwy Jdel A4 Im 9

=

25mel A A7lzd gend § ve SEansh dehdth 2eu 35m
Aol A F He BF 43E Pl YA & e el Aezt @
AAFE ¥ AT HETES Pl Ve G F U2 & & 9

|

oh. @zte] WgEs AuRy vy Joe 1m ARFA19.4470)00 4 3t
A1(20.1171), 25m A (16.227H)1 4 3421(19.3370), 3.5m AR (11.897H) el 4]
A (14.897M 2 vEbst o 7z ek Im AR (20.3370) 614 3]
(20.3371), 2.5m ARA15.6771)ll A 344](16.3370), 3.5m A (11.4470)l A
A (11.227D) 2 ettt FAA R folatA vebd A waed o
oA 25m¢et 35m A el vebon 2712 d QA= ol F
o] vtEbubA] kslth Arl2d Sl Jue] Ades A 109 FelAt
g oo w FAdA A” g5 Al At ol wet Arxd A
WRlel wet st ZAUF et o AL FoAW A wE o
7 YEA] @82 AH(Dias et al, 2014 dAsta ok a8y

2
)

=3 LAHEAMRE)E & VIeom Hojd
s

Ao xtE BAs= Wy (Dias et al, 2014; Sim & Kim. 2010)< =}
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EAsRT. A els MAled ool Arlxd FJdwy stEad
b 3A R A7 veuth AFAoR AHEY nsdxte] A
AFA(T7.09cm)l A 32](55.62cm) &2 9F 22cm A FA4H A
o sExke] A AR (G2.04cm)ol A 34 (42.36cm)E °F 10cm 33
H7F deiwt Aried Jde vlsdxs AP(75.83cm)ol A 34
(7456cm) = W3k7F YetuA] ekgkerm, sk AR (53.63cm)oll A 94|
(46.14cm)= °F 7cm FFE AAR7F vdERET HlsARe] Ag sd Tt

Ge wha sle AEe wownw Tyue] eAWsl Fad 2l
£ LAWAE Zolt Ao] MHAAY HAE Fo] FLE Hwo|n
SeE7t BolAm ke AL AAAT ARE Axdn 9

Delay et al., 1997, Sim & Ki

S Ao r7] s oAl TIEol JhQl
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HES 7|vo®2 Adoxs Fdl z=

A Abdel vls] gle A &7 verA ekgtod, waled g
AR Bl Aol A AA g Adrb et A" RlEef A H &)
o] 4% AFA(BI9DA A (6.83) .= °F 2bpm ol 227 9o
AR APR(6.61)14 9A(525) 2 oF 1.5bpm FE 27F EojEo] A
dol BAXCRE frolstAl AT AV Hdo A H&GEAE
AFR9.2D) 0l A 9A(888) = W7 A9 vrERUA] ergkow SRzt= A
HAO6LDAA FA(6.48)2 H &St FUSA Aol 7b vERUA T
229 Ar)e] A A Haled Hohe] HlsARe} AR A A F
AEdT Azd Aol 49 dxel FdEA SHEd Aaglo] &3t

b GERA ekt

O

Iwami, 2018). =% 7] d#AAGA F HebolA = walgd Heko] &
b et AlFd ez duEd maley
oAl vzt Mg @ ak= AR (4.05cm) ol Al 3] (3.2cm) &2
Nom FRAF 9= AFH(4.39cm)ol A 94 (3.26cm) =

Llem AT 2ol vbef 2rjzd g vjsdxs Hasg A

i
H
o
ox
i
51
L
otk
o
i,
_E
N
L L

2

(4.09cm)el Al 34 (3.92cm), ZE2AF AP (dA4cm)ol A A (4.17cm) = F
7HAl B zpelzb A yvERUA] kit sdAte] A9 Maldd Hee
W9 AFA(3.24cm)oll Al 3HA] (259cm) 2, ZFE2AF AL (3.39cm)oll A 3]
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(2.85cm) & °F 0670.7cm e AHH 7 FdE AAR7E veEyt Arjxd
@2 W) AFA(331lem)l A A (3 1cm)E, ZE2AF AL (3.45cm) ol A
A (3.3lem) = M| EAkel o] Zpol7t Aol yEhbA] GSkth o]E F
A712d =N Ay FAd A 29 Hxy 29 A7) g F

t &g Taasl mdsh vEA 2e

=

o

gt 1o el A

WE Fd A 29 9¥e A9 27 AnA G ERHUS S
.
olel g Au= WS AR FAL e P2 A Faelof @

b= A (Elliot et al, 2010; Repp et al, 2004), H& Aol A Azt =
HE Ffote] 54 Hx22DE wostA & 23 HEY FES FEAT
AT (Kooyman et al, 2013)8 A A= AF A7t Vet EA )
et sh7] flsiA = R WA "lEe Aolrt Qs

Aotr] $1%F AAo]l agHY. Ax 1A o2 5EA dlEel Bl HEE

il

¥ (motor planning) ¥ T4 & (sequencing)] & gol| wWE ElolH
(timing), ® 3 (tempo)Z &2to] 7d= Atk & 5 dth(Jantzen et al.,

2008).
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3} #(putting performance variability)
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Abstract

A Study on Augmented Reality Putting Training

Using Machine Learning Technology :

Focusing on Changes According to Skill Level

Lee, Dong Youn
Department of Physical Education
The Graduate School

Seoul National University

There are various patterns of individual differences in the putting task, and
the performance level is determined according to the correct cognitive ability
and performance ability. Individual difference is a proprioceptive factor, and it
is necessary to study how to learn how to putt successfully. The purpose of
this study i1s to suggest an efficient putting learning method through
comparison between a group applying augmented reality feedback using a
machine learning program considering individual differences and a general

putting training group using self-controlled feedback. The subjects who
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participated in the study were 36 adults between the ages of 20 and 40, 18
expert (handicap less than 10, experience more than 3 years) and 18 novice
(handicap more than 30, experience less than 2 years). 9 participants were
divided into a machine learning group and a self-controlled group (4 groups).
Participants performed putting tasks according to the distance (Im, 2.5m, 3.5m)
and direction (12 hole cup standards). Based on the pretest data, the machine
learning group received visual and auditory feedback on individual putting
tempo and swing size in consideration of individual differences, and the
self-adjustment group received feedback on the success rate and mean radial
error. A post-test was conducted after the learning process three times, and a
gripping test was conducted after 48 hours. To confirm the change in putting
learning, the success rate, mean radial error (MRE), and putter head movement
(impact angle, speed, tempo) were checked, and the average and standard
deviation were calculated and analyzed for comparison. The results are as
follow. First, the putting success rate was effectively shown in the expert
group to which machine learning was applied. In the mean radial error, both
the novice and expert groups to which machine learning was applied appeared
more effective than the self-controlled group. As a result of examining the
consistency of the impact angle in the movement of the putter head, it
appeared effective in the machine learning novice group, but did not appear in
the self-adjustment group. Regarding the consistency of putting speed, the
self-controlled group showed no effect, and the machine learning group showed
improved results for both expert and novice. In the consistency of tempo, the
machine learning group improved significantly as a result of checking the

standard deviation of tempo based on individual successful putting. Consistency
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improved by about 20% for the novice, and about 15% for the expert.
Regarding the consistency of the swing size of the backswing and
follow—-through, the self-controlled group showed an improved tendency,
although it was not statistically significant, and the machine learning group
showed improved consistency for both the expert and novice. In summary, this
study applied the proprioceptive (internal tempo) factor considering individual
differences to the distance x incline putting performance situation with high
cognitive-performance load using a machine learning program. Due to the
nature of the putting task, the learning effect was confirmed through learning
to develop consistency in consideration of individual unique senses. Through
this, it will be possible to apply the research results in the actual field and use
them for putting learning, and we tried to categorize them through the results

according to the level of proficiency.

Key words : Putting, proprioception, machine learning, augmented
reality, self-controlled feedback, putting accuracy, putting level,
putting proficiency
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