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=, 2019; Feriani & Hossain, 2021; Lee & Lee, 2021). v] 9]
AL gAg 7)gk, Qs EAe, W3 78 o8&
=AY udle] WIE wroewn, FH: COVID-199  F3d)
ws Qlzep Hol wWEd
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7VedtAl 8tz wEolth(Sabic & Chen, 2016). <AlZ JFHAHARE
283 EsHl ol EFxd AU diFd Fog Ao|vt
veb et mjAlgk Afel AlZA o2 A7taly] offoh wEbA o] E
sEwon A Wo ded GRS AFETInrhs AR
A4 dolgE 54 At 2 FilelM wiEHom BoFILY oE

HPA A Moy Fador FdsH/| % SHoR(Sigrist et al, 2013).
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mepa] B A= Al Ax=e] JHE gol

oo FrEA AT ¢ e va 53T eEvlsel W

HAHYe Bl $492 PR 2 wd¥su vEue 2 4 oge
wee wEn P4dd ZRAd QAT $49 WKL AFenA

=5 &8st A5 FARTIE 712 #A4% F&eld olg g A7
71w StuAS Y YA FAAM HAA AS5EE T o 36.6%2 HES
AAE wbE g FEY S Ax=gFEoR HFo] HS
Helt@=r5A%, 2018). Z=F=oX 7] 7]&& oFFe A7,

Huyz=uy 8978 2ER 9 02 yedt. olE & Fdsl7]
Aaixdes w-& Fe= Sl HA vl ¢F Holdye #
o] FojxoF B F& A Y= 7] &l A FAAA AA
ey FAbA Th&o] o] FoX= A4 s®(proximal to
distal sequence pattern, PDS)o] Zt&3stAl ®th(Putnam, 1983).
Aupstd 27] 7ls=S FAstE AAY APAZE A GshE o2 A H o
i, wAYde ARE o HFdEe] ME AsAgete] AA g

el &EE FUHAA AB5AA A $4de  w5olA]

fass

r
4

4 -":rxﬁ-! ""i' 1_-“ [« 3



w] o] tH(Dounskaia et al., 2011; Hirashima et al., 2007). X229 7
ojg]gt IR duAolx] FAY FEFo] FAld IHIA He
4571 WhH(Vereijken et al., 1992). o] & oFF-29] x|7] 7]&d A=
Mg FA AHE NS 7IFEow sdA A e =yke]
HAd A Fgrrt vEds AA-392ms)e],  E2EAS A[FH(-
518ms)Ht} whgity, EE=rqy FAE Sy =¥H99.6°) B
w5 (126.1°)9]  ZpWei7h 2RAe] FWH61.0°) B 55(79.5°)9]
ZFA R A YEeE A7 At (Nakata et al., 2014). Hgh
ofre] A7l AAEREE S HE o] &k fg A FH9
FAYdor  JEBEAR  FEHHY] AHE T OF wEE
SW/U 5 (lateral-mediaD¥aF o g2 F2lojof ghrp= AF7F AATHAe
et al., 2017). s=&Ate] o7 A7]AM dEhds w-mE-Eo &l
gk AeM s sEAe] wE vk WHe S s wEZ
AFste Fis SAleta, =Rt wEgo A9l ¥ #W& Ao
UEFStHToole & Fogt, 2021). kA1t

=X 298 ATolA e s wet wEeh HEY At AR
e AaaAE detd= A7 A} Lee et al., 2008). 2eiA =]7]
Zles A7) A e 2 BRE vR o R A e Juus &
T e RO VN gEdhgo] dasit(o]led T, 2022).
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ERASE el A7) A%l i w50l golstn el epAsaug
s BES A & Ak =@ BEd A7E 4PE Ao Led
A FL Aoke FIA wolwst o e Holvh 1%y] il
HEe ofid AVE d%d Wl #8Hm, e¥Ud Pk IE
Hoes sl A7 J14e Bsed Agd wEBuion &

Rodgerson, 2001; Ulrich, 2013; 91 %, 2022) x7] 7]1&9 7]1%
Ao ®  Adsit EHES AVAdAM  YBue  dEdesrlEY
TEEES Hadr]d ol2y Aol AlEE Auaji. efivketd
o] Al7lell= AEsE A9 o] Wdsta V| FAUES &

4
2Ex 7)%0 4FHA 3L A9 dEelAL dgHE SHHAA,
o}

HHE 7FA 2 v & grH(Shea & Wulf, 1999; Sigrist et al., 2013).
olelgt vl=wo] gt FEdFe Hapel weh deblvh o)A A

:
$E A Aste Pt ©% FA Be Yo bd £ Utk of

AR 2 (knowledge of result, KR)¥} F39%]2](knowledge of
performance, KP)ol2} stal gtk 71 o] Adpx|2elgh s2to] o

AdsE ATARA A Alete Ad BRI wE FH AAE
oulsly] wielvh. il FHA AL Al I S T3 5

ek RS 43 ddA o] AFFAR A Algst= FRE
wj o] th(Magill & Anderson, 2010). A& AHHO F7F<l
A Aol G A AL SFArE A Zbetar QIAEHA HW FAe
S o I A SR Bl o s R = S

o
Arzrow Algsts Ae JhestAl AR, ZRA FS- A

UNY
rlo
2,
f
Al

HRE R Q18] sy a3 AsH(Sigrist, 2011; Sigrist et al., 2013)=
7MAE g Aok wEbA gsAte) sy 2EvE 2 5 dEY
S agste] IEwoz AFsjor & HHO FHIVF dEbA ok

6 , i 1” 11].
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stop(o]eh9- & S&¢, 2004; Van Vilet & Wulf, 2006; Wulf, 2013). o]l
et AR A G g Aol 5 F Ay E 5 Fo] thgh
s A=A i B A7 o] Fo X H(Weeks & Kordus,
1998; Winstein, 1991).

oozl Fol gl=dl, o AFeM=E E FI Ao

THAANI A wske] W] digk AW ARE A AT

stARE Y APATES 5 FH FY WsE el
PG A FHREo] AEAd AAsteE WHE ARESFAYUYCTHE &
TS, 2019; Post et al., 2016), + Ao ol gk d7 &4 <]
ke o 2 3 718)9 7] ol (Lawrence et al., 2011; Schiicke & Parrington,
2019) ol HldHelH3slste] Zz sl oA mAleds A7V =
Fe7b ok wEbd dEAs dz=wleo] xR SkEAEe] ot A]7]o|

i
g $F 59 A% E: ¥ 59 F @4e deolHststel
i
=14

1
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343 WHolHE olgd wAdom A% HRad, #eA
S5e Jhsd @t aw AT ARy @ Aete Sud
Betel g4 wee AT we @ % g = wow
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Astsit}. ok ALk dadlE T syl SVM(Support vector
machine)& F8 HolE(Support vectors)ES AAsle] dHolHE

FEse BA BdZ delHE RRstH A¥sth olx oe

AR 7}t A5 Qasolop g,

SVM< 1992\ Vapnikell o8] 2/E Ao=w HIAS F3) &3k
AL vEoR ARES BRI AFH SndZolth o 2RE
A 71EAG Aolahe Aolm, BREA e ARE volEst Al
W A7 8% Bsd BF BAZ Fasts Aotk gaA SVM

oA Wo] Z&EtH(Noble, 2006). SVMellA

tle] ¥ XE<JAE(Support vector)E 3 AR AAS AEE 2 QU<

ad 2> dAR oy &A4ol FiEkd HAag Al7Re] Support
vectorg &3 "Hl(marginel 7F¢ & A& AAIE FiAA do =
n7hel £48 717 dHolelE= HA n+ 1709 Support vector?} A8}
Ay, webd SVME 23 83d 4 2o folgE FAEa Support
vector® WAlZd& Ag3et. wpxlo] A9 ofxgfololE 3854

or
=}
1 RS 7FES AAsE AL st= vl (hard margin)ol g s,

ob-eolol 2 mhxl ghol EIAA UHE /1FS ARt AL A=
E nh(soft margin)ele @tk old olsetelol S HgHA @t AF

2 overfitting®] A7} FAE 4= Qo). WA AXE vl 02 support

vectore} ZAA AAI HoAWH do& FF &t<=o] 73 5o
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underfitting®] A7} @A 5 Qv dlolge] H£A3 544
SVME A& Al EF ol9o %, Kerneld ¥} Polynomiald 5ol

ERE A% A4 A9 44 Wl A

h 6

o

The support vectors define the margin

PC2

PC1

2% 2. SVM9 support vector A4V

9 https://hleecaster.com/ml-svm-concept/ [2022/06/01]
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5. A5 £4

HAaleid el darelEs Hrksly] f13k Helee] £4 o2 EEdd
(Confusion matrix)?} ROC # H.(Receiver operating characteristic
curve)E AHESIITE AFATET 24 T8 AXEO|(MATLAB,
Mathworks, USA)¢} A (MS Excel, Microsoft, USA)S A3} T}

FA7Y FEVUJALE SxT B Aol g B9 2
¥, B £=, aga B HAdiasRE 4 3 ) 24 &
2] FAE e, PColl 71ofstar Sl WdEse] AA(=DE el th
of w& &S MATLAB 2~ =13 (Mathworks, Inc., Natick, MA,
USA)# MS Excel Z& 188 (Microsoft, USA)& A&3te] 4] ghtt.

1) Z% 34 (Confusion matrix)

TedEde duddFe AHes By St AxZR FA
(positive) & FolA 2nt=A BA-E Ay Sn=A @A 34" A
[e)

= 9 B 5 Ak ole FEE Aot AAl Ay} 3he] dA] of R

o webA <E 555 go] EFHET 4 vk,

X5 =594
Predicted
Positive Negative
Actual true TP(true positive) FN(false negative)
Actual false FP(false positive) TN(true negative)
ol 5 &&sto] HAleld RHle de ARE otdfet Zo] 7+
AEH, E Ao HAYY P AeEs Hrbste AxRE A=

(Acurracy)& ARt}

= 3= TP+TN
(1) 4 2#=(Accuracy) = TP+TN+FP+FN

3} . I 1 —
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ol 7h e . __TP
(2) W7F=(Sensitivity) N

TN

(3) j_:—';lo]E(SpelelCItY) = TN+FP

2) ROC #H.(Receiver operating characteristic curve)

ROC 7B+ RIEe Holko] #AES HAF == False

positive?] B &S xF, true positived] B &S y=of wjxdte] A5

9tk olmf ROC #ABEY x, y=9o HuAA ofgZe] WAL

A
AUC(Area under the Curve)@}il st=d], o] Ao| 19 7M7h$H W%

o
Jm

ot B e Ao vidleldel o

e al
gk 4= du<y 6>, ¥hH AUCZE 0.5 o}#)

R
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13 6. ROC curve
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3) o]z AA

A715 3w dae FAdS A5 Sl A" A
A dolHES WE Y=Y FE(4th lower pass Butterworth
fiter) = JEHeAT. 2 AgoA Yelds 228U frequency?l
ek Fedes A7l 9sl FFT(Fast fourier transformations)E
o] g3t} PSD(power spectrum density)’} 99%S 2}A|dh= Fu4=
10HzSl 3L, ol & #tdk Fag= AA g

52 1. AL AHAE) =X|x; — T|/n
[x;© ifA ol B8 B 245, T=29" ,n= F A3 ]

@ B A= dad
#4d& 7H @ ZHVE: Variable error)& AHE3HSATE o] 312 o)
Zhmoh AlgE B o] Bad W ke Aol E
R ThE <A 2> o8 At

» SR T

o
ofo

ol
o
s
X

~



(2)

T2 2. 7P AHVE) =/X(x; — M)?/n
[xi= Al Bp-ek Bh 2P, M=AlE Bh- ZHee] Bt n =

% A% ]

4

o
i

N\
ol

El+ &%+ km/houre] ©@HE S,

3 2 713 (Kinovea software)S AF&& Zlolt}.

#dol FH(flexion) (+)W3F, Ald(extension) (-)H3F,

W (adduction) (5, ¢ A (abduction)<  (+

O 0O
L EEFH 71+ LLESE Al WA= A A RS
3 A (clockwise)s (W, = 29 A S

rE

A Ak o] 3] d (counter clockwise)< (+)ksko =2

B
=
fru
=iy
Hl
s
>,
B
it
&L

q
o,
Wi
)
-
)
2
\]
(@)
R
il

HAY £x9 10%E 9+ Ado=z AR tHKatsumata et al.,
2017).

@ Bae A 4EE BE @A

=
#de A A%E wd sAE 3o Hd A%E
A=

2Eo 4 A%m, BEA wpEe 4&



= A £4% o g,

=
dEE d3d e 9 F2d 94X dHolHE nige=
FAE EX(principal component analysis, PCA)S 83t

Zolth (Ko & Newell, 2015). FA4%E #Ad Alg&st= #4

it

AR mE A SR (A eDelnh. 29 FRbllA Y=
g Fde 297k w2 9ds 22k Akl whel 1007 €]
interpolation)ste]  100%<29
d4d5  AbEe H A 3H(correlation) @ H(29x29)=

s}l Ak & = o] 5 9¥E (eigenvector) @t

X
o)
o
b A
rx
of
fz
o
c
j=)
(@)
[eN)
=

A (eigenvalue)s  AF=3dke]  2970¢] 544 (principal
component, PC)Zol| IIf-*|(eigenvalue)’} F= =}A|s}=
PCa#t= 3t& Aol Zb PC(FAD O A= 4 o
= AA(EYG S 7 2 s
et = 5709 el A AaE Aol
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E 6. FAE 4 AMEEE 3 H 24§34
HH /4 il =2
Shoulder sagittal plane flexion—-extension
frontal plane adduction—abduction
horizontal plane horizontal adduction
—-horizontal abduction
elbow sagittal plane flexion—-extension
horizontal plane pronation—supination
wrist sagittal plane flexion—extension
frontal plane adduction—abduction
torso horizontal plane clockwise—counter clockwise
Hip sagittal plane flexion—-extension
horizontal plane clockwise—counter clockwise
frontal plane adduction—abduction
pelvis horizontal plane clockwise-counter clockwise
knee sagittal plane flexion—-extension
ankle sagittal plane flexion—-extension
frontal plane inversion—eversion
Left foot frontal plane medial-lateral
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6. BA ¥4

B2 A 7

7)
B2=4 o]y EaF BX(Two-way ANOVA with repeated measures on
the second factor)& AAIg % Folgk Zol7b 9= A5 Tukey’s
multiple comparison testE &3l A7 (Post-Hoc analysis) & A A|
g Zlojtt. a8l B Fe7xY FAEAE Mg 1w o] HlalolA
+ Kruskal-Wallis testE, HAAF A& Fe] vl Lo A= Friedman test&
23 7AA3shY, Dunn’s multiple comparison testE %3l thsH|nLs}o]

AR S AAE Aot

43 f':rﬁ-! "NI:' L



V. 9+ A%

1. HAYe] AF

H oo A= Matlab Z2 138 &-835Fe] 29719 A4 2 &

Aol 2o st FAE #2A(principal component analysis,
PCA)S AA% T fH(eigenvalue)’t T2 A3t PCHLS
zhorth 1 & 6719 PCOlA score(F44E Aol sldsh= dlo]
HZ SVMeE dAjste] MAlsde] shae s a<ad 7>, A
2 HolHE ntEoR MRS ATt ofdet e AUt v
Ebstth. SVMS A dstr] 913 gfue] tlolE] AlE= Aol whE
2970 9] A A 5072 HFRIE delHE 138 x1450€ =
A=A ol WAl 3dE 918 dataset®] T oo ZTh.

* 2B 2} dataset

-SVM 24 858 938k 3080 cycles?] XA &5 Ulo]H

* <= 2} dataset
-SVM 29 58 93 340 cycles?] &2 &% dolg

novice
expert
Yr Support Vector,

Score of PC2
o

Score of PC1

a9 7. PC13 PC2R A|ZH3eh ¥ E &7/

44 ) xﬂ {l 1]| '.-:_.1{



® 7.SVME 288 vl 314
Predicted
S S b
A 2R A} TP=1310 FN=10
A =#EAt FP=33 TN=107

97.1%7} Yskt.

TP+TN 1418 _

A s = = =
(1) A& %=(Accuracy) TN TPPiEY = Taco = 971233
A= TP 1310 _
(2) 7% (Sensitivity) = oy = 1350 = 992424
(3) Eo|%(Specificity) = —— =Y = 764286

TN+FP 14-0

2) ROC # HB.(Receiver operating characteristic curve)
ROC AH= wiztest 5okl AAE #dd Tjz= &
ATolM = SVME Z83te] 7AIgEsS Jd3 § ROC ABE
AAskdtk<ad 8> 14607H¢] ©lolE AEe] Wigh 57 A}
AsS 453 5 curved] ofFAFF9] Yol AUC(Area Under

the Curve)= .98097} v}¢kt}.
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ROC

True positive rate
o o
(4] [e2}
| |

I
~
|

0.2f 7

01f B

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
False positive rate

13 8. ROC curve(Receiver operating characteristic curve)

3) Akt 2EARe] of7- A 7]d gk FAHE N

of A7) wigk #E 3P FETEE Qe fa FAAE 24
(principal component analysis, PCA)S AA|&}3aL, FAFE R Ay
= wAklatent)o] 90%E Z#Het= 3 PC /ME 9ofat <t 8>,
X=Xy Xp o, X)), 800 nnn @ADL 07l latentd] Ay, Ay, ., Ay
o} nfe] WEE 2=t A 22, > >4, 20 283 Fushe o
B e.e ... s PR, XXy, .o X, O iHA FARS olye} ol
xdE

/\}\] 3> Y = ellxl + elzXz + -+ ean, i= 1 2

Var(Y) =& Y& =4, Cor(Y,Y) = —e{T-Z-é?=0. i #j.
plAl FARAA FHEE Bk o) g =¥P 4,/TE, A

46 s’ -":rxi ";I: H 1-.



¥ 8. FARoR MAyEE Eiklatent)o] 90%E Z sk A PC AAge WES
=8 )5 %@ 2H%) ZH2H%)

1 0 0

2 0 0

3 4.15 3.50
4 52.70 40.55
5 34.85 47.43
6 7.05 7.76
7 1.24 0.75

E 9. A mE FHR A% 2o] 9

g ARL AR X »
ZHA 1 U=85098 .0027*

AEAFd FAE MY 2ol A4S 38 Mann-Whitney U-testE AAISFSTE #f-2] 8 Z}o](p
<.05); #x5-2) & Ao](p <.01), =++f 3 2Fo](p <.001)

Z4zbe] FAARoR AWEE A 4 < 1003 ok sy
whe} Z4zhe] AR HlE A frelek Apeolrt e TKIIY 9>, PC1Y
B, sEA7E 2RA e vl fosiAl we waks UERITH(=3.817,
p <.001). PC29 A5, AR} 2R A vl&] FosiA 2 TAiks
UFEFHTHt=9.834, p <001). PC39] -, @A 7F 2H A el Hl3)] 9
7 we ok JEblth(t=4.546, p <001). PC42] 4%, @A}t %
BApo] Hl& foaA w2 Baks JERlloh(t=3.218, p=.0013). PC5<]
A9, sEx7E 2RA e vl foshAl w wahs UERITH(E=5.617,

5 ey : y
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ol

iz

o]
HH

p <.001). PC69 A%, &HEx7t 2B A vl F2]sHA

UEF TRt

PC6
PC5
4.51

94.59
5.32
90.92

2ol (p <.001))

PC4

7.73
90.08

8.34
85.60

PC5
i

9
yal

11>9F Aoy 10>,

PC3
12.47
82.35
13.74
77.26

}:L_

<

PC4
o

e

pPC2
27.02
69.88
23.14
SR

2ol (p £.01); **x-2]
63.52

1

0]
T

PC3

1

9
pal

PC1
42.86
42.86
40.38
40.38
sol o

10.48, p <.001).
PC2
ko) (p <.05); #x-5-2]
=

PC1
Variance(%)
Explained
Accumulated
Explained
Accumulated

1

9
p8A

5) A A gk(oading data)

Zax
o

=

(%, +59]

o]
M

A%

-

s

ot FAE2(PC2)ol A
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FHFEIPCIANE 282 o7

7l =E YERIT
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7)ol
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e 7lel=g tepit,

w A L@ -3 2D =

epiet,

M

= o=
. I

T E2(PC2)0l A

FAE3(PCI) ol A &=

JEre
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XV
e
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MO
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T
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Jere
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FE5(PCH)oll A
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7l =& YERT
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=1

—

T3 A=A
d =

ad 2 24 PC1 PC2 PC3 PC4 PC5

% R-shoulder-sagittal 0.131 0.146 0.216 0.189 0.170
2] L-shoulder-sagittal 0.166 0.145 0.210 0.182 0.150
2 R-shoulder-frontal 0.194 0.120 0.159 0.198 0.117
L-shoulder-frontal 0.237 0.109 0.135 0.106 0.102
R-shoulder-horizontal 0.221 0.109 0.099 0.096 0.136
L-shoulder-horizontal 0.161 0.146 0.222 0.151 0.125
R-elbow—sagittal 0.164 0.082 0.185 0.197 0.185
L-elbow-sagittal 0.134 0.144 0.152 0.140 0.155
R-elbow—horizontal 0.194 0.095 0.118 0.103 0.185
L-elbow—horizontal 0.092 0.127 0.171 0.183 0.243
R-wrist—sagittal 0.161 0.132 0.157 0.145 0.152
L-wrist-sagittal 0.161 0.145 0.168 0.185 0.170
R-wrist—frontal 0.240 0.101 0.090 0.085 0.094
L-wrist-frontal 0.115 0.166 0.173 0.192 0.200
Torso-turn—horizontal 0.143 0.133 0.123 0.209 0.168
R-hip-sagittal 0.161 0.145 0.168 0.185 0.170
L-hip-sagittal 0.103 0.242 0.164 0.137 0.145
R-hip-horizontal 0.102 0.301 0.120 0.112 0.108
L-hip-horizontal 0.168 0.136 0.164 0.187 0.149
R-hip-frontal 0.103 0.204 0.217 0.136 0.162
L-hip-frontal 0.109 0.268 0.115 0.116 0.113
Pelvis—turn-horizontal 0.236 0.093 0.099 0.108 0.118
R-knee-sagittal 0.142 0.163 0.197 0.170 0.187
L-knee-sagittal 0.195 0.202 0.084 0.081 0.086
R-Ankle-sagittal 0.248 0.116 0.093 0.098 0.083
L-Ankle-sagittal 0.210 0.166 0.085 0.082 0.091
R-Ankle-frontal 0.197 0.137 0.115 0.130 0.098
L-Ankle—frontal 0.191 0.159 0.098 0.112 0.097
L-foot-medial-lateral 0.161 0.146 0.222 0.151 0.125
SRS PC1 PC2 PC3 PC4 PC5

% R-shoulder-sagittal 0.118 0.160 0.176 0.195 0.159
B L-shoulder—sagittal 0.210 0.174 0.147 0.136 0.144
2} R-shoulder—frontal 0.287 0.166 0.185 0.173 0.196
L-shoulder—frontal 0.212 0.183 0.169 0.191 0.151
R-shoulder—horizontal 0.121 0.170 0.181 0.227 0.175
L-shoulder-horizontal 0.235 0.193 0.170 0.156 0.157
R-elbow—sagittal 0.368 0.280 0.232 0.236 0.254
L-elbow-sagittal 0.152 0.201 0.225 0.260 0.205
R-elbow—horizontal 0.007 0.013 0.016 0.020 0.027
L-elbow—horizontal 0.007 0.011 0.016 0.022 0.029
R-wrist-sagittal 0.007 0.012 0.017 0.019 0.028
L-wrist-sagittal 0.007 0.013 0.018 0.022 0.028
R-wrist—frontal 0.009 0.014 0.018 0.016 0.019
L-wrist—frontal 0.008 0.013 0.017 0.022 0.025
Torso—turn—horizontal 0.189 0.199 0.203 0.159 0.217
R-hip-sagittal 0.113 0.115 0.165 0.151 0.137
L-hip-sagittal 0.177 0.221 0.241 0.214 0.191

50



R-hip—-horizontal 0.061 0.080 0.103 0.090 0.123
L-hip-horizontal 0.061 0.116 0.096 0.134 0.145
R-hip-frontal 0.058 0.106 0.116 0.089 0.098
L-hip-frontal 0.080 0.108 0.099 0.110 0.140
Pelvis—turn-horizontal 0.310 0.274 0.248 0.175 0.180
R-knee-sagittal 0.087 0.137 0.136 0.137 0.130
L-knee-sagittal 0.325 0.287 0.285 0.235 0.213
R-Ankle-sagittal 0.046 0.075 0.083 0.087 0.099
L-Ankle-sagittal 0.067 0.101 0.117 0.138 0.168
R-Ankle-frontal 0.046 0.079 0.085 0.069 0.074
L-Ankle—frontal 0.080 0.116 0.134 0.212 0.217
L-foot—medial-lateral 0.007 0.014 0.016 0.020 0.025
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% Sd Avbe BT Zmel 44y Awd, i B SR

Bl o] AFALS B Bl 22l 24° ~ 3409 F3F ghel 29°
AN A Zpelgkel A7IE vk oy A AlFe w2 Hdd EFE
HAbs <GE 12>3 2l xfoloh wiste <19 11>02 ZdAc

Absoulte error of striking angle(Accuracy)
ok sk
18.00 ! * L

! 3k ok
] 1
Sk k
16.00 )
14.00 { {
12.00 {
g 10.00
(@)
(]
O 8.00
6.00
4.00
2.00
0.00
Pre-test Post-test Retention-test

H Control = Alfb Gfb
29 11 e A4 Adel e By e Adesga)

(&, =28 2}ol(p <.05); #*+fFJ g 2Fo](p <.01); #*++F2]8 Z}o](p <.001))

: &) A=t



A el dig Fan A e ZhEe] AIA Aol
o8kA] RUTHE(2, 39) = 2.075, p <1392]. ¥k HAF A -] g F
a7 A0S F98 Aozt YEFTHE(Z, 78) = 17.54, p <001]. »px|=he.
2 e AAb Al wE daag s fonsiAl e THEM,
78) =3.806, p <011,

AR g ZfolE EA8H7] 98 37FA L ellA 37FA] AR THY
o= vl wel AFEAA(post—hoc analysis) S A3 A ZAFGS
AFE ALl A AL HARRTTE Adleabrt fosiAl Wekthp <001).
AlibR ] A9 5pA F@ARA AR AALRG AR folshA w
*tHp <05). GIbF W] A5, AR AAbell A A AR Hd) oAb}
Frolahal WkaLp <001, AHFE AARIA 94 HAR Ad et f
oJ5hAl BATHp <O01).

N,

F 12, At AAF Al el wE B o) A (H b

A AR A Alfb J & Gfb et

AP AL 14.68°+6.81 15.45°+5.94 15.43°+4.86
AFS- AL 13.01°40.86 13.65°+1.56 11.24°%2.79
oA AA 11.45°£2.09 13.51°+1.39 13.74+9.41
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25.00

20.00

15.00

Degree

10.00

5.00

0.00

Pre-test

= Control

il

Post-

Alfb

test

Gfb

+

Retention-test

% 12, FAed A A el whE B o] 7P aH D BAd)

(&, #f2] 3k 2Fo](p <.05); *x7-2] 8 2Fo](p <.01); **x-2] 3+

<0011, \}#]

) A}

A Ve F4, 78) =5.636, p <.001].

A8l 37HA

55

A7 374 g 2kel B H)aL

st Fay HJIolA B 4R
ZFol= FouskA YelSTHEF(2, 39) =11.3, p <.001].
fregt zpol7t yERR

Nl me 4E2g @

z}Fo](p <.001))

[F(2, 78) =

w24 AR

14.65, p

R LE!



analysis)S Al A3} 3% FAAHretention-test)ell Al AlfbF o] &
Aol mls) 7PA e 2} folshA weka(p <001), Gibg o] SAIH
wholl mlal] 7PA QA L Fref kAl HEkth(p <001).

AR g ZpelE EA8H7] fle 37FA LFellA 37FA AR 1Y
g vl A3 (post-hoc analysis)S AAIS A3} AlfbH o] 4
G A AR A AR HAR T ZPAQ A7E folsk Al sEkal(p <01),
2] A A AR FARET ZRA AL o shAl WEdkth(p <05). Gfb
gebol A, aA4 HArel A AR AAR G 7P 27 frolsk A wWekar
(p <O0D), 3A] HARA AbS- HAR G 7P @ 2E7E frolahA] wWEtokp
<001).

=

o

E 13, QA A4 Aol W B 4w Ay

AAE AA AR Alfb H &t Gfb F &t

APA AL 5.22°411.73° 4.46°+10.81° 5.63°+9.96°
AFS- AL 1.39°4+1.52° 8.74°42.96° 5.66°+9.97°
oA HA 0.86°+0.89° 13.99°+3.72° 16.86°+27.50°
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(3) B+ S =

By

Bt SR 3ol AAdEE BE T X A7]E Hasks]
t} 2+ Ao A A A wE Hi3 s <E 14>3 2 <
X

& e
O 13> HAey HAAF Al mE el E w3t

Ball velocity
S sk sk

140 e

120

100

80

km/hour

60

40

) . ' '
0

Pre-test Post-test Retention-test

m Control Alfb Gfb

T 13, A9 A4 ARl BE B &x

(e, =727k 2Fol(p <.05); w12 3k 2ko](p <.01); w2l gk 2to](p <.001))

AN kel digk Fay A BT Fx Aol fovlsH
YERSETHE(2, 39) =62.84, p <.001]. T3 HAAF Al el tidk Fa3 7
freolg zko] 7t YERGTHE(2, 78) = 53.05, p <.001]. mpx|eto = vt
B A A wE daFg ads fovsiAl JeERRTHEME, 78)
=14.27, p <001]. 3ol W& ZfolE FA35H7] 918l 37FA Al7]elA 3

7HA 1 7re] v MLl A A (post-hoc analysis)S A AISE A
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I, AFE HAHpost-test)oll Al AlfbH o] SAl ol vl e+ £X7}

Fos A Eka(p <001), GibH el BARA G vs] B £E7b f
ojetAl =Xk (p <001), AlfbF o] GibF el Hlal] B £E7F
oJstA FUHp <01). 3A ZHAHretention—test)o| = AlfbF tho] &

AF o] vl&) B £x7F S5 =% (p <001), GibE o] EA|
kel e B £ Fo8HA =k (p <05), Alfbf el GibH
ol ul&] Ebt £E7F fofskAl =Tt <.00D).

A el & zpelE A7) 98] 3714 EellAl 37FA] AH 79

th= vluel A}EA A (post-hoc analysis)S 2Alg Ay AlfbE el 4

T AR ARIAL AR AR BH £ E7F ol sl = 3kal(p <001,

A ARl A AR AT B SE7E felshl E9er(p <001),
AT BANA A AR BT 57§18 E94tHp <0, Gib
W AAE, AT GAblA AR A BT S5 f2l8)

U*I(p <001), TA| HAFol A AL HAMRG B %71 {251
°oH(p <05), A AALNA A AALRT B £27F 2351
=% THp <.001).

Mo HiF o HE o)
i&

T 14 Aus QA AR BE B Swe) BEs weds)
g

AAb A A RS Alfb % Gfb F

A AAF 16.82 £8.90 km/h 14.97+£7.80 km/h 19.80%6.53 km/h
AFE AAL 19.43+13.53 km/h 95.97464.63 km/h  72.434+50.89 km/h

3= AAF  23.90+£10.13 km/h  71.38460.11 km/h  42.44+42.11 km/h
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Ratio of maximum angular velocity expression in the

order of pelvis-trunk-left elbow
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KoK

45
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35
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Post-test Retention-test

Pre-test

Gfb

Alfb

m Control
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A e qF FaI A5l Al 2w 2d S g
Zpol = frolmEAl YERTHE(2, 39) =4.38, p <.05]. FE3F AL A
gk Fad HS 7o 2Fol7t e HHF(2, 78) = 4.355, p <051,
S AR Aldel] e dsg G FovahA &skthF4, 78)
=2.05, p 2.05]. 25l W& AolE EA 7] 9l 37FA A7l A 37}

A 1 7] vE v wel AFEAA(post-hoc analysis)S AAE Ay}

_
==

AV HAAHpost-test)ol] A AlfbFlwto] BAlf ko] nls] Ao Ho 7zt
&5 9y A H)Eo] fFolkAl =Ua(p <01), AlfbH o] GibF eholl
Hlg] #de] Ho 5% 4d A4 vEo] FosHA U tHp <01). I

Al ZHAHretention-test)oll A= AlfbH o] FAH o nls] #de]
i e el oA HlEo] folekAl = dtHp <05).

AN Ao a2 zolE BAs7] 98] 3714 2EANA 37FA] A1A 7o
U vl ael AR A (post-hoc analysis) S AA1E A3}, AlfbH el 7
© A}E Arfol M AFA AArRY BAo] Hu ZhEn whE oA b go]
A =%al(p <O, A HAflA AL HA R wd o] FHol 2}

_|Qr
Sw md ¢4 ol Folahl Fdehp <05).

E 15 FW-EE-9% 23A A9 g A5 3 g
AA AA ARG Alfb J &t Gfb H ¢t
AP AL 15.00£11.18% 17.42410.30% 17.14+14.36%
AFS- AL 20.90+£16.41% 37.29+30.85% 21.474+20.30%
Al AL 15.25%+25.71 34.46+28.58% 28.81+27.70%
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(2 A 2 2A 920 FAE AL

29702l #Aol 3t ofF A 7|A FAAE EAF 90%o]Ae] AHH S
= PC/IS9l HAWIgES FolsduE 16>, <a¥ 15>+ H|ESF
S A3E veRth

A

b
o

Number of PC
skokosk

7 . ok sk 1
! EEES
! 3k 3k sk '
I 1
6 — gk
Sk Sk sk ok
~
5
5 4
O
=
=}
Z 3
2
1
0
Pre-test Post-test Retention-test

H Control mAIfb 1 Gfb

2% 15, A9 A4} Aol e TR A5 Hagh
(&}, =-21 3 z}o](p <.05); #*+F2]3F 2}o](p <.01); *+x-2]3F Z}o](p <.001))
ol Mes= AFA AAHpre-test)oll A 93k z}o] 7}

AATH X2 (df=2; N=42)= 0.02551, p =.9873]. A AAMpost—
test) ol A= 28 2fol 7} YERG T X2(df=2; N=42)= 28.89, p <.001].

==z
T4

il
M

30 N

A5 AAMpost-test)ol 4] Dunn’s multiple comparison testZ ©]-83}

AR A (post-hoc) A I Alfbdwre] FAAGERT FAE W47t
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solsAl Weki(p < .001), GibZgko
FosA wkem(p < .001), AlfbH w2} GibFw 7hell FA® 7
freojgk zbol7t fIATHp = .2468). Horel| wWE FAE Jee 94X
AAHpost-test)A A= {23t =Fo]7F YERSTHX2(df=2; N=42)= 33.43,
p <.001]. 3x] HAAMretention—-test)ol 4] Dunn’s multiple comparison
testE® o] &3 ALF HAH(post-hoc)ZdI+= AlfbFwro] FA|Fcthrc)
FAE M7 FsHA Sk a(p < .01), GibF o] TAF TR
FAE M7t FesAl EkeH(p < .001), AIfb{} GibF] ehite]
Frolgk Zfol= gl TH(p = .0949).

AR e FAE Jiee SAdTAA Feolg Zol7b vERA
AT X2 (df=2; N=42)= 0.6, p =.7408]. Wk AlbH oA 23t
ZFol7b WrERRTH X2 (df=2; N=42)= 25.74, p <.001]. Alfb3 whelA]

]

Dunn’s multiple comparison testE ©]83%F A% A4 (post—hoc) 4 I}+=
Alfbgere]l AR AR Aol 1 AR AR AlFelA KBy FAEE
ME7b frefahAl wekai(p <.001), A AR AlA-A AR AL
AR Bop FARE R Fo A SdtHp < .001). AlF el mE
FAL e GhEddM = FoF Aoyt yERgTH X? (df=2;
N=42)= 26.73, p <.001]. Gfbg o)A Dunn’s multiple comparison
testE ©]&3g A HAB(post-hoc)ZA = GibY o] AR HAF A7 o]
2 AR AR Al A B FAE AT felsk Al weka(p <.001),
g2 HAE ARl A AP AL AJACA By AR A7 79 5H

wokth(p <.001).

AAE AH FAAG Alfb F et Gfb

A
AFA A 5 5 5
AFS A} 5 3 2
oA AAR 5 3 2
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() FHEom A B

Ak AR Aol o 5 = kel g <E 17>
2ok ol FHE Fake] ol 90%E Zyet F-Eel Hiel
Atk <29 16> PCl, <18 17> PC2, <13 18>& PC3, <1¥ 19>%
PC4, 1¥]3 <9 20> PCSEFE S Hatap AL Al mtE Wisks e

oX,
M
o
it
4z
a
il
ol

[e]
egon BA

A YEFSTHEFQ2, 39) =111.4, p <001]. T3+ HAF Al - st
T frofer 2ozt YERETHEFEZ, 78) = 289.9, p <001]. miA|Ete &
A AR wE deAg ave fon| sk Al YERTHEWG, 78)
=81.79, p <.001]. L&l W& ze]lE 4 at7] #18) 37FA Al7]elA 3
7HAl 1% 7] v vl AFS 7 A (post-hoc analysis)S AAlgE A
7, AR HAHpost-test)oll Al Alfb ko] A kel Hl&] PCle] &4
ol frolstAl =%kaL(p <O0D), Gibg o] SAI ol Hs PCle] &Ato]
o shAl =kom(p <001), AlfbFeto]l Gfbg ol Hls| PC19] #A4ko]
o skAl = kTHp <00D).

Aol wE ApolE wAlE] fla 37FAl LFolA 37HAl AR 1He]

Lod
i)
bV

Ll

t}z vl A}E A A (post-hoc analysis)S 2 AlgE Ay AlfbF el 74
$ AFSE HAPoll A AR HARRY PC1e #4ko] f-93HA =3kal(p
<001), 3#] HAFo| A ALA HAALRT PC1e #4bo]l FolshAl =3t (p

<O0D). Gibygwhe] A-g-ol=, AMS- AN AR AARR Y PCLE] #A4
o] froshAl Eokil(p <00D), A AAFelA AL ZAET PC1o &
Aol frolskAl = Skt(p <.001).

Fan Ao Fdd wE pC2el BA4F xtol= frojvlskAl ey
UHE(2, 39) =28.15, p <.0011. T3k HAF A Hel dgk Fa3 HA5 79
3k 2Fo] 7k YEFRTHF(2, 78) = 20.91, p <001]. wpxBto 2 Hura A}
AR me AeAg ade froueAl JErsTHEFG, 78) =7.81, p
<001l Lol & ApolE EAst7] flal 37FA] Al7]ell A 37FA] L&
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7Fe] thE mlael AFS A A (post-hoc analysis)S AAIgE A3}, A 7
AHpost-test)oll Al Alfb wro] FA| g wkel nlal] PC29] &4k §2]3kA
ok al(p <001), GibFleho] EA kel w3 PC29] F4to] fFofshA st
Ao H(p <001). GibF o] AlfbF el Hlal] PC29] wAke] fofahA vt
UtHp <05). A AP A= AlfbF Tho] FAFH o] vlal] PC29] A
o] FolatAl Sekal(p <.001D), GibF o] FAlFwtel s PC29 #A4to]
FrolahAl SEkth(p <001).

A el & zpelE A7) 98] 3714 EellAl 37FA] AH 79
th= vluel A}EA A (post-hoc analysis)S 2Alg Ay AlfbE el 4
S-oll =, AR AAbel Al AR HARRTE PC29] #4be] fofshAl wekai(p
<OD), A AR A ARA AR PC29] E-Abo]l folstAl Wtk
<O0D). GibHTe] 8- AFS- ALl A AR HALR T PC29] #AFo]
ofstA Ytokil(p <.001), Al APl A ARl AARRTE PC29] &4t
FrolahAl Skth(p <001).

Fad AzolM Hdo] W PC39 #4b Aol FoulstA veEb
HEF(2, 39) =65.34, p <001]. T3 AAF Ao gk a7 15 /9
g 2po] 7} YEFSTHE(2, 78) = 133.5, p <.001]. vk wte 2 Feka} A}
AR W2 Jog aibs FovushAl JEstHFG, 78) =40.06, p
<001l Lol we AfolE &Ast7] f1af 37FA] Al7]ellA 37F4] L&
7o) o5 Ml AFEZ A (post—hoc analysis)S AA|eF Ay AFE 7
AHpost-test)ol| A= Alfbg o] FA|- el vl PC3¢ #4te] f#-9)3)
Al SEekar(p <001), Gibg ee] FAIF ol Hls PC32] Aol 2] 3tA
werom(p <001), GibFlete] AlfbF el H]s] PC3<] wAke] <3kl
rtHp <001). 3% AAHretention-test)o A= Alfbg o] EA F ¢t
of Hla} PC39] kel FeJskA stekai(p <001), Gib ee] F A5 ol
Hs) PC39] HAto]l f9jshAl wetem(p <001), Gibg o] AlfbF ol
H]s PC3¢] #4ko]l frolakAl stkth(p <O0D).

A el e ztelE A7) 98] 3714 1EellAl 37FA] AlA 7k

“
o= vl el A7 A (post-hoc analysis)S 2A1gF Ax} AlfbFwhe] 7

M
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Soll =, AFE FAALIA AR FARRTE PC39] #ate]l folshAl watai(p
<001), 32| AAPIA AR AALR T PC39] EAto]l fofshAl Wdkthp
<O0D). GibHTe] B9 AFF Al A AR HALR T PC39| Aol
oA WEki(p <001), Al HAfel A Abd HAAPET PC39| A4k
FrolahAl SEkth(p <001).

Fa3 #AZoA Fe] wE pC4e EA el fFojmlatA vheb
THEF(2, 39) =59.32, p <001]. ®E& HAA} A Ao gt Fa7 A5 <
3k o] 7 YEFTHF(2, 78) = 40.79, p <0011, wpxjgo 2 Feks} A}
AR e JoAg aibs fovshAl vEtsthFW, 78) =40.79, p
<0011 %ol mE Aols EA3k7] 98] 37kA1 Al7]el A 37141 1%
7Fe]l & vl AFEA A (post—hoc analysis)S AA| s A3}, A}E 7
Ab(post-test)oll = AlfbF o] FA ko] B8] PC42] HAlo] 23}
Al sESkal(p <001), Gibg o] SAIF ol Hls PC49] Aol o] st
Sottk(p <001). 3#] FHAAHretention-test)oll &= Alfbg o] EA| ¢t
of Hla} PC4¢] &AFe] FolakA wWakal(p <001), GibF] ko] &2 ol
A3 PC4e] #Ake] freofshAl wokth(p <001).

AR w2 xpolE A8 98] 37HA 1FelAl 374A AR e
t}< vl A}E A A (post-hoc analysis)S 2AlgE Ay AlfbF el 74
ol =, AR AAfell A AR AALRTE PC49] #Aako]l frofshAl wkal(p
<00D), ¥4 ARl A AR FAARRTE PC49] #Ato]l fojahAl Wdthp
<00D). GibHTe] A5 AFS- HAA AL HAR Y PC49] #4ke]
oA E%ki(p <00D), A HAFlA AR AAPETE PC49] EA4ko]
FrolatAl sHkth(p <001).

FaY fdEolAd ko] wE PC5e EAb 2ol FomEA vER
UHE(2, 39) =64.31, p <0011, =3k HAL Aol te Fa3 Hs fo
&k x}ol 7} YEMSTHE(2, 78) = 102, p <001]. vpA|Eto g2 Has} A}
AN w2 Asag g Sons A et EW, 78) =29.29, p
<001]. 1§l m& Aols &A3k7] 98] 37141 Al7]el A 3714 15

7Fe] th= vl el AFSAA(post—hoc analysis)S AA|E Ay} A% A

A

¥ 3 1] 3
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AH(post-test)oll A =

Alfb 3

o] FAH

A Eekai(p <.001), GfbZ tro] ZA) 7 ol

of H]a] PC5¢] #Ato]

H| 3] PC5¢] &Alo]

o]

Hlell PC59] 4to] ofs)

H &l PC59
FtHp <001). A FHAHretention-test)ol A+ AlfbF ¢
T3 A Ekal(p <001), GfbF o] EA| 5 ol

el aHA Skt (p <O0D).

I=IPS

- 1=

o] frolaH

o] FAHE

A - w2 zols BAS7] fdl 37FA] ZaFelAl 37HA AlE He
Z v el AFEAA(post-hoc analysis)S AA| S Az AlfbA e 7

<.001). Gibg 9]

A AArR T PC59
AALET PCHY
A9 AL AN AP AALRT PCs| Hate] £

wrke] FeletAl shekal(p
kol fFolshAl Wtk (p

olal7] Yka(p <001), HA AARA AR AAbELE PCBe] Hatol
FolaA WEATHp <001).

& 17, Jed AxF Al wep FAFRRYH AWEE 2] &
HAE AA et Variance(%) PC1 PC2  PC3 PC4 PC5H
Pre-test Control  Explained 41.57 23.20 13.57 8.05 5.07
Accumulated 41.57 64.77 78.34 86.39 91.46
Alfb Explained 39.19 23.30 13.91 8.59 5.39
Accumulated 39.19 62.49 76.40 85.00 90.39
Gfb Explained 38.62 22.76 14.37 8.30 5.95
Accumulated 38.62 61.38 75.75 84.05 90.00
Post-test Control  Explained 41.00 23.24 13.45 8.25 5.30
Accumulated 41.00 64.24 77.69 85.94 91.24
Alfb Explained 65.06 20.27 8.61 3.32 1.40
Accumulated 65.06 85.33 93.91 97.23 98.63
Gfb Explained 77.20 14.66 4.41 2.03 0.93
Accumulated 77.20 91.86 96.27 98.30 99.23
Retention- Control  Explained 41.32 23.32 13.44 8.51 5.29
test Accumulated 41.32 64.57 78.02 86.52 91.81
Alfb Explained 65.97 19.72  8.53 3.17 1.34
Accumulated 65.97 85.69 94.22 97.39 98.73
Gfb Explained 76.81 14.68  4.50 2.20  0.97
Accumulated 76.81 91.49 9599 98.19 99.16
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Variance explained by PC2(%)
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Variance by group and test time in PC1
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Variance by group and test time in PC2
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Variance by group and test time in PC3
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Variance by group and test time in PC4
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Variance by group and test time in PC5
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a9 20 Fd} HAE AA el ukE PCholA o] 24t RSt

(&, w7 2Fol(p <.05); w2l g Aol (p <.01); #xxF2] gk 2Fo](p <.001))
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¥ 18. TAIF e HAF AlHol whE FAE AFEH AR A3

Control group Pre-test Post-test Retention-test

Fd W B PC PC PC PC PC PC PC PC PC PC PC PC

1 2 3 4 1 2 3 4 1 2 3 4

R-shoulder-sagittal 0133 010 012 018 016 0188 0D 019 010 01 0T 019
L-shoulder—sagittal 0242 0183 017 0103 027 00 012 1% 00 Mmoo 012 012
R-shoulder—frontal 003 012 01 0Im o 036 018 0% 0189 03T 021 018 0220
L-shoulder-frontal 0222 0169 010 024 020 021 06 0192 0al 023 02 0I6
R-shoulder—horizontal 017 0129 0137 027 014 0200 0208 025 0120 003 018 023
L-shoulder—horizontal 007 0189 0139 0> 0240 028 018 045 026 024 0116 0139
R-elbow-sagittal 0473 0205 024 003 039 0B 02 02 030 020 08 0286
L-elbow-sagittal 0124 0l6T 019 025 012 0% 0Im 0303 0162 028  01% 0215
R-elbow-horizontal 0.006 0013 0017 000 0008 0009 0010 0018 0008 0012 0012 000
L-elbow-horizontal 0.006 0010 0018 0022 0005 008 0012 0018 0005 0009 0015 0022
R-wrist-sagittal 0.006 001 0017 0018 0007 0009 0012 0014 0006 00IL 006 0022
L-wrist—sagittal 0007 0013 0018 0022 0008 0009 002 006 0007 0012 006 0019
R-wrist—frontal 0007 00K 000 006 0009 0010 0009 00T 0008 0013 002 001
L-wrist—frontal 0007 0013 0016 0021 0006 008 0012 000 000 000 0055 0022
Torso-turn—horizontal 018 02 024 0% 00% 0189 018 019 08 020 01 0l
R-hip-sagittal 0.066 0108 018 013 011 0100 0130 0160 0l 0105 019 0162
L-hip-sagittal 0219 0B 02 023 014 023 02 024 02 019 026 02M
R-hip-horizontal 0052 0093 00k 0105 003 007 00 008 004 003 0068 001
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Alfb Pre-test Post-test Retention—test

7} X‘_i Uﬁ] T,‘:_L%_i pCc pPC PC PC PC PC PC PC PC PC PC PC

1 2 3 4 1 2 3 4 1 2 3 4
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Gfb Pre-test Post-test Retention—test
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Abstract

Learning effect of baseball hitting
technique using artificial

intelligence feedback

Suh, Dong Hwi
Department of Physical Education
The Graduate School

Seoul National University

In In this study, we observed if machine learning techniques were able to
classify proficiency in complex movement such as striking skills. We then
observed if artificial intelligence based feedback(Alfb) had an effect on
improving the form of the strike. In order to verify the reliability of Al based
feedback, 440 adolescent male novices (age: 14.9+0.8) and 48 adolescent
male experts (age: 16.9+0.8) performed a task of striking a ball placed on a
batting tee, which was recorded from the front. The captured data was
expressed as joint data using video analysis, which was subjected to machine
learning through Principal Component Analysis (PCA) and a Support Vector
Machine (SVM). In the motor learning experiment, 42 male adolescent novices
(age: 15.04#0) who did not participate in the above machine learning
verification experiment were classified into a control group, an Alfb group,
and a Gfb group, and they performed a pre—test, a test post practice test, and
a retention—test. All tests consisted of 10 strikes, and in the practice stage,
5 blocks of 10 strikes were conducted for 5 days, resulting in a total of 250
strikes that were performed while receiving feedback.

As a result, in the machine learning verification experiment, the machine
learning program was concluded to have excellent performance with high
accuracy and high AUC. At this time, the number of principal components of
the expert obtained the mode at 4, and the number of principal components
of the novices obtained the mode at b, so it can be seen that fewer dynamical
degrees of freedom appeared in the striking skills of the expert.

In the motor learning experiment, there was no significant difference among

the groups that received feedback in the absolute error representing the

103 A =T



accuracy of the striking angle, and the variable error, which expresses the
consistency of the striking angle, showed an increase in the group that
received the feedback than the control group. However, the ball speed was
significantly improved in the Alfb group than in the Gfb group. In the case of
the form of motor performance, the maximum angular velocity ratio in the
order of pelvis—trunk-left elbow showed a significant improvement in the Alfb
group compared to the Gfb and control groups, and the number of principal
components decreased to 3 in the Alfb group and to 2 in the Gfb group.
Accordingly, the variance of the principal components was significantly
greater in the Gfb group than in the Alfb group in PCI1, but significantly
smaller in the Gfb group than in the Alfb group below PC2. It can be seen that
Alfb contributed to the improvement of form of motor performance because
the Alfb group changed close to that of the experts In the case of loading data,
the Alfb group uses the upper extremity, pelvis, and knee in PC1, the upper
extremity, upper body, pelvis, and lower extremity in PC2, and the upper
extremity, pelvis, and lower extremity in PC3 as the coordination group. On
the other side, it was confirmed that the Gfb group used the upper limbs,
upper body and pelvis in PC1l and only the upper limbs in PC2 as the
coordination group.

This study tried to verify the reliability of classifying the proficiency of the
striking skills, which is a complex motor skill, through machine learning of
big data, and confirm the effect of Alfb. The study was able to classify
proficiency in complex motor skills that are difficult to observe, and
confirmed that it could contribute to the improvement of motor performance
form through artificial intelligence feedback that automatically provides
appropriate kinematic feedback for insufficient parts. We also confirmed that
artificial intelligence feedback can effectively change the dynamical degrees
of freedom. It is expected that artificial intelligence feedback using big data
will help provide necessary feedback to instructors and learners in the field
of motor learning, and will be meaningful as a scientific basis for deep
understanding of the coordination structure of human movements.

Keywords : Artificial intelligence, Motor learning, Striking task,
Coordination, Machine learning, Feedback
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