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of AFH A FYE B ol FolAE Hue ¥HH ol
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£-0] 2. WAIA &< (explicit learning)

HAZ st Aol tate] AzZhE, dojFom AFHE Aol
2 A Aoz FAAL Bx AL 551 EAE fAse=
= %

2]
gt ol th(Berry et al, 1993). & AFoAM = FoAA7E 9 F A

I e &5 HES Adste Q1A dFe 53

5 1050mse] FEF Aol AFHIL HdF Wi HRE v g

o= AFsAT

ol

2
2o 2 2 o

€0 3. ¥ < A (non-invasive brain stimulation)

H] %)% A= 7] (non-invasive brain stimulation technique) <FgF Z
E Mo A5t e nHe FAHEE AHFOE HINIE o=
dHA Aok AFY S wEt e ABMAEES 43 e B
d3lst = glom, o]F A= A (anodal tDCS)S YW O 2 AFAE

o] 9t %4 9l(membrane potential)E ZA 3l thy H A BHEE FA

7131, &= A(cathodal tDCS)S W Z ZHAAZITH o] & o] &3le] R
AFNME I3 SFE LMo g AALE £ FAHL A
¥ H gk},



4] 4. (LT F-3I A (perceptual motor adaptation task)
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1. o]&3 uj7

R CECEE

SEl7h @ BAS dYsteld BE w: Ushs S5 AnE 2
Baok sa, FAE ARAE WARSE 1estel 4T Bast Aot
FzoA ofeldl Ao Efel e Ar} BUHOR P W, 2
JE BYL BEL I B ME YS A4 HASE I T Aol
U 2 AAAE AR Ak olsh e W Wo] FAE 29
Axe) 27, 259 W, £F 5 BES DAY AF uANSe] A2
@ 248 @k olAY sty £E/1Ee FANY 93 Azre BA
# uH BAe AR Hr, ol B A WF e A

7] & ThFg o] 850l A7IEHo] gttt
1) ARAZ e} ALEH BH

A &5 A5 WH AAHo FHE T A E A2 (information processing)
WL AE st HFEH AZE o(software) = 7HE3EIL FrdE HE
Ao g #RYPstE HT T shtelth. ARAY BAHANA 7 A
A AAHE Adams(1971)] HHZ=E o] E(closed-loop theory)> UZF

[e]
=3
9 2de 719 &o AR mE B U@ AR, F Az A

o

(reference of correctness)®t AA| &2 1He] A5 FAH = HAAH o= W
At 2 o)A Y A AAC T 22 Ao ol s=FH A
g o2 4 AR(FAA AR AG AE2E A 495 F
3 23 IAHL =Wt WA, Wilson(1961)2 WE7]e] F44 4l
A& Adsta, v el A5E tetduy wFErIe @l 59
frao] o3 ZRIL, Provins(1958)2 AT FAA AA S Addtex

~ 11 - M =T



250 Aol AT ¥ eEolE ool gky Bkt of
A3, pANBOERE FHE A=W Yusk FuE FPE P4
o2 eFol WA & vk ARt AN, W= Fur} LE
e Z/AE dels L3 9TL AT BAF AAE oh
gt Ze AN Ytk 2mE ojel, A o|Ee 9FE ©A
Sa $AHsE W A Azl ME FAL ARsIldE A
23lel 259 A% Aol AAE HHHlE BAYe] Ackw A3}
et

ol#gt Aol A=A, thehd o]Fo® JUIE o] F(open-loop
theory)= AAISIATE QIZFY] BE FFE Y dixado Add 2
of the ZE ol o3 A 1ok 3= o] 3 =uo
A #AsHA Fot wmE = o= Agtsid oy, QIxte
o]l B AFEe B9 £5 BT A 78 Fd Ao sh=
A = Al(storage problem)ell T & & o] A|7]= At

o] HHZ= o] MY 3= A7
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=53] {138l Schmidt(1975)

= R +F PF5S §FHCE AWY F Ue Idusd fEzEIH
(generalized motor program)= T2 E2]0] Z(schema theory)S A
A, dA = AR olde we Bde TAR NER wee S

< B8 #AxE Y-S B9t

St 3] 2] o] E(recall theory)d} 3] =1
£e AASEG. Te,
Feol}, 28el W= 5 843 54 Axde W

=
3l 948 BT uHeA X3 ZAlFe] AZIEHI AT

= [e)
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“OAE Agk = vopd 2T APAHYE SH2 o g2 Hojd ALt JidHET
= AR AL O R o2& = Jdelst & 4 A TH(Piccinini & Scarantino,
o

Fese AEAY BRAA stz At dAH

2010). AZre] &5

o7 ‘AR VL AL R HYEHEA tig ARs AHE] & 5 gith
wsAolol #AZ ALLEZ Rl stAES ALY A AEe *F

g o] A FEAHQ #AE T den, E ol o2 ®¥ET

AL o9A HHoZ HAsta A i EAE thF UTH(Bays

& Wolpert, 2006). 181, o]& g EAE 23] & =& F&olA

o] FAAR WEES AER ZFdoA B A#AFHo|a HEsA &

¢

<& (Fordor, 1975).

A A Y A=l st A4 ARE ugo R 3 &
v WE wet yetuA 2 sy

245 dSste Ay FAA7A WHom AT BHIusiio

(Franklin & Wolpert, 2011). ©]&g 8] #BF-& HASI= Al2®lE Z

E QH¥ =d(forward internal model)Z & A QoW o]= AlA L} HA

o HEE sk, s&# 1 2o Ad=E Yeues s Al #

AR 75e FFena B 9=
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1o
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o
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I

(%]

internal model)2 87 & & AFE do7|7] 3 FF +& WHS
F=3 Wtk o] Rds FAskE ALER HEY dAES e B
9 (forward model)¥} <1 2 g
Aog e AT 23 FEstel QxbY 2 ]lo] AAET L
(Wolpert & Kawato, 1998). W14, <QIz+& 7Hzf Jd&vl HEEZHE
AA FEfel o8 FZto] FolxW 2= RAE Fj 7
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Y9 Y5 2 A4HBA Ggd 847 A HgEo] A
l < FhA7a ek

2) o= HEistd &

1980 d ol S0l FES AFEE 7H Azt 5xd 25 dF
S 719 F(representation) O 2T 5T AW3lr|ole= A Ho] W=
A Zo] A|71EAA, Bernstein(1966)2] AF+=2} A3 AA o g7 =
dol Aol AAw FEFES A=A B FAHAES AFOE o]H

EEA 0] o]Bide TE AlAY QX &F ATl HIsH AlFFL
olo] TJEo] Newell(1986)2 I3t AS A AAe =4
ovt RIZte] AU HFHHE AW o FH2 3 (environment), A
(task), 7] A (organism)2] A QA oA 27|22 dele} vlAdPAd 9
1‘401] mel IZFe] &Fol AAHIT Wttt Sttt oA R QXY

T YT 71EY o] &lA ]/\15} i
< B3 FAsk= Aol ofgt g4,
sto] wa} 2L 2o gt &% FEHE AR =HA A8
% (phase transition) .2 WA, o]H T A4S
o] MBAH AR W3Sl HAHE =gHo=
o7 ®Hiy o

Bernstein(1966)2] A #17] o] tholW=] AJ2~El o]&3 A At
=& AFol sl AEA HIstaA g BEisE Ad-e Qxte
dJHE M8y, O ARE &AsteE A A Eye AR on
T S It EokGibson, 1950). ThAl all, 2l A7
A9 AL 28 A S Y AT BA FollA FEe gk X 7o)
o]

rl
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o

\
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oo
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W
o

o
R

o 5 9FE ATHACZIE x—!-m;w gue wol Asa
woh A Folxl #79 A% Toe A7) o
& Bo], Qlzke] HAo] BFo] YFHEE FaH)



o &5 A5 1 A we gty Bu o

ol# T At FHIolAe AHE= Ao SHo=AM QY w44
< Yo7l =94 ARIVL o] @A FzAEe T Aoyl
A% T3 ddo] He faon ol AR= A, 4, 4, A
24 5o AA7Ide T8 79 @4 EE =4, #7IA, 2P A AR
gk ARE S5 F dvh dE =01, oFole A5, EHAUAFE 7]
A AZNHA AA ReRH e AAH RERYH o AS5e T HEE
dgdtol e gte e o FA HH, R stge T HS A
watA Werte FgES A7 Ao AS Ade L& W olole A9
AA ] gt gelek &9 YXE AT 7o SIHA Ak &4
A Eolee SER ANY, 4 A478E S8 2T wes FAsH

2. 55 AAHA

Shumway-cook “5(2007)< 7l<%(individual) {FellA] “5Zk(action), Z|Z}(perception),
A (cognitive) 5 THH = AW Thselol ot stk o= Iz
s I AAE Mol =3 FAJFHA T3 SHo=HE AF

£ sue gus 45 WA 1 é:— o) A %Mur gee & 5 Ak o
2 A

i.‘l

ol

Fl

g

BN

ot

o
N

% 8.3} H(Schmidt & Lee, 2013).

1) 2] 3} F-2]2](conscious and unconscious)

A =AY d=5Y 8o HrE st Addsks Aol 7wkst

+ T ) )
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ZAoR Bt F, A4l ANE v &3 FAAE TA
s g4 F At B a8y AA

= 2
of gk ¢gle Wee @ 2Azto Easittes Ao HZY AFE

&4 BAS gos & YU ATE T A4HA 3P glo]
At FHo| I olTolW & YL FASRYD AL AT
AWt TEE S i DF $4E Aojao o BAZ TolaA A
W & AT, 1 BAE AAR ORE 25AE ojge flol +3
st A WA itk E O A2 et B vk 0 1S
Yoz At BE vhAA 5 = A9

Dehaene 5(2006)2 <Q17Fe] o2 AElE H3} ZfEli(subliminal state), X
o] 2] Z3Ell(preconscious state), ©]2] “El(concious state)E TESFATH W
A o BEle A Ao A7 §FE F2(top-down attention)E T
3 ooz JAAF FHE Tt Ao, o dHEu= € A7
=g ot A=l tigk Bart e’ AHE Ao FHE B
o mpAgo 2 S5t FEe ARl ofste] A9 A Y dACNA FH
A7t dojuAl e HE 2. olAH, 49 T AA 2o
Z =HYRA A, 2

=
ofel e Aol ol hE ATAY

[e)
H s
of T3 ATt 7oA YEHE IS T3 Aol AT 79
21& 245t WHole= HASHpriming)9t 2ol H odH A9 =22
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Aol Al HofE

(Dehaene et al., 2006).

FA A =

S|

AAE dofo) & 7H

e
T

=

=
=

ol

o

L
T

ol &% olzt

=

o4 vehy

& (implicit learning)¥ #o] &

oAl eI E A Fo] ZoE zed HAA A9 ofE g5 o]

I W87 Dot 2]

[
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2) +&FsE3 719 AA
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KR

A 3
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e
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>
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biehol 3 =,
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A A

B E A

9

2009).

ol

Tor

R

o

J
I=dlold 719 F2= A ZH(perception) ™ AL,

J|

zegoj(Hz AH)E 7
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(retrieval) 3l U]

=
=
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Z7)ele Bd) Sole ARE AR AR @A) AHE mF

— =

o AEgd & glon adk JHUES $830 Miler(1955) = #2 A3t
(71719 el 7198 4 A= 7199 (momory span)= =4 317] 23
3k Holl 7]

A
A AR olfre

5 HA Fob AAYA LEITE LEo|E
(dacay theory)® A Aol dojvh= AHEe] ALAEE A7 2t ufj o

]

Hd ol dojy= 3H4d o] E(interference theory)oll &J3] AW = Qi o
717199 oA HHEE R &2 ARE= AA YA N eSS F

FAHS A AR= G FHR] ZAr)71oer Hojdn

717192 87t A A 7ol oWty A
Z1elo] g Arl7lejeolztal & = o ol A7y &
AR FAGFoR AR doH, FHE AFS Tt AFE
28 w o} AR ¢ Utk A9 IA A<E7]9Y(declarative
memory)3} H| A< 7] (non declarative memory) 2.2 - TH(Squire, 1987).
HA A =7](declarative memory) =& HA| A 7] (explicit memory) H]
Mt 52 7193 gEA ALle] Z1gsta Aol Tsk= FE
9] 7oz oAl A2 FFo7 A& 753 7]Yolth o] 3 A
=719S AFstE FAles Z1AIH} A (cerebellum)’} obd  3fnf
(hippocampus) Al &3 HE 3 (amygdaloid nucleus) A%< FFo] zt= A
4 327} #oste Ao® e Atk EZ, o] BAIF 7]l o4 o]
A FHAA IJFE F Ae 7Idem EOA YE] 7] 9(semantic
memory)¥ €3} 7]%(episodic memory)S. 2 T wEbA 2|23 &
A= AHEEo] WAIA 7Y 23EE= Aot ATEe] 94
AgE T8l 719" WAA 719 HY=e= o
FHlsloF Fohrel 22 AdA Apdoly wd Sl tis) o
= 2ol ol2gk 5
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0
o
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o Shumway-Cook(2007) 7} <
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Matstes(1992)E 2% <Qlzto] t2z AAwtoww
5o A=

o) o
T 5 Ase 2

]
22 AdE ZAE AFA 7 (reinvestment hypothesis)<= Al QFFA T
I %

g gHAZFR sg ol o A JAAF S ol AFEA
(reinvestment) S A XA %7] wjEo] 4E3Z <59 Ayt Ao FF
ok o471 ARAG, o2 delm FAHeH, FHAL X4 o] &3}

Zs|
& zAaE A TIT oAY, AT 2 AAUS
of o WAH AR golw LEsol Yot & U, W o=
FEH Sol Yole e Eahe vholv|E s
FEA BPE 4T SRt HYHOZ o|Folxs] HRo| Lho] I
4 e o} 27kl of
2} HEIT T HI3HTH(Allen & Reber, 1980). °]1AH ¥ =& UA| A
B aTshe 2P SERAYSE 9B See adh O% 2 b
EFL} 2 2 (Farrow & Abernethy, 2003; Maxwell et al., 2001;, Shea et al.,
2001), 3 o] #AJF EtEol »E #HEor WA e Y
o

- 20 - .-':l-\__i -l"l'.:- T



@ HAIE 8<F(explicit learning)

WA e Al tate] A, dojHoz AFHE A4o] o
HHQ Ao ols) FAHN BE A4 G5 2AS HAhE W
Mol Stgolth WAA &S IA BH BB FHAA AN AS
7] glstel 4ROz BUglel FAF slgelor sm, A HAS

< S &8 4 AtBerry et al, 1993). o]¢} £ 3§
T2 ditF o R Sy 27] @A "ol H&EHE WHoR SGat
A &571€ FAd g ARE FAH Aoz AFsta ol +IF
HHESIEE StAA o] gk FEwS A FstE Ao o]Foizl
o ojw A=AV AlFste BAA A4 SEAdA e a3 A
B2 QAH 277 W2 Sty 2710l 282 vy E=9, BAE e
< T3 steAe AT e g=FHor AYsta FHs= HA
A Aol 2 #d AAls T, 222 2 B AAS F53)
7] 98l A5z g st 2kal

st, A 229 Feo g 54 24
= 2y 719 oz gk E i (Maxwell et al., 2000)
AE5AHQA 5gdF dFE NEE 571€S sGste Aol
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A ‘ﬂﬁ}oﬂ st FAetA S 7 e FSA ol B3

TE JFHOZ gF 31 ATKGillespie et al.,, 2016; Pierella et al., 2019;
Popa et al., 2019). §1EHQ] Ao 2 FAH= &= AHE Ed-L iy}
o 2ol 2J3l 8h<5 = ™(Conditt et al., 1997; Kawato et al., 1987), ©]<} 2+
& StES AEHHOE Wt Aol whEeH, o= AdEet FHH
BEie] oA EASA @S wWiZAA Sgeke Aotk mmuloEE
OFs 978 ZdF HA, 25 S ARt Ao o Aol A
AE 7o M7] A (Lackner & Dizio, 1994), 183l 7} A &
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g Age FAdste H Ao BAA TFo 4% o] AxH

u, si=oll A-sst= HAolA BAIA StE e 7 1

Th(Schween et al., 2020). ©]oll Taylor®} Ivry(2012)2 Sh5Al= A2l 2

FE T4, T3 BFAEE =o|7] fal AFHE =A<l JHA
2=

2 3 @—a}oq SHAE 53l —a}u:]

E
b
rir
)
k)
LS

F“l

& Wallace, 2002).
oJHF AAZ &5 AGHANN FEAHL P

1
4
Mol NERORE g Jhe £F FUL dd & gom, o

o
fru
I
oxl
ol
g
N

3+
ANA Uetus s3] WMstel FfF(after effect)e T3l 4EA StFo
AAAR] W3E #FE & Aty Ryt Iy, 24Y dFARES
Azt dewolgts FHE3 FHRo £A43 kY Zlsol Z]dste], A%
o® oAZQl ASAAS Ae StFoE dFF TFo a4 Ao,
T dEA A4S d¥Ede FHE F e Aozt Rudn

(Mazzoni & Krakauer 2006; Taylor & Ivry 2011; Schween et al., 2014; Lee
et al. 2018a). ©] WLl ThY3 ¢HFZ shFo A WHES s
AR ool WHle ATAE HE
AZse] uATt AASHA 2E A AGAAE FAFEE A
(Kagerer et al., 2006; Alhussein et al., 2019). AlZtol] o]&3s}x] ¢ro}
W BEE QA golE hsE 2RE o18F LFRT ARLE AL

HAE A=A
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Yo
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o
L
ofo
ol
N
N
Mo
off
::l,
2
e
g
=
=3
s
a
?
=
=B
=
&
i
=3
)
=
g
z

a2
e RS AL, A2 & A4 71de o 2ol AEHE
2, O 24 A4 #F A7 oA oF ek ol EEIE
ATAES Al d=@nt olyzt o8& ATt Az 5a4
A& S dEa st

ool o3 A A= T2 2Fol s &£ ThER HE o=
AAE 20w FHs Urks AAelt. oA Za, I & 283
AztEE ASAAR Yolgtes S He u AR AALTFL o
QA o] FolAE=A AHE F e FHAeln. AEH wgom o|FPA=
ANz 2] A o4 FRd A glol®: dojd 4 3t 9
Ad, A2 & WAYEd o FsHe $3 A" S 3A
NHE zolE HRITh & o], AGFHAL sl =EHA
(reaching task)oll Al Al 72 &9 g2 W M =dol| 7|98, &

e HE:H & JAE AAst=d 7193 H(Sober & Sabes, 2003).
] FAY EF o ulg} A= o}
Ag Lel ek EF, 2xd o

Eote AdesdA = Asd =g 3o wet sHH oz A

I OE &N Fxo gEFTE B ATEAALE T AR OE 7]
o3 FIPHATG=E AL & 5 AUTHRabe, 2009). T E°], Krakauer(1999)
T2 Yo o7t Stgo] AN 59 sEFS WeletA ot F 7HA &
dol AR & wHAYUZF o3 DT + AR At oA F
B2 AFAHNE BFsta, 584 sEH 53 gFo A 7149
2ol & BHele Hl 593 23S wE AT HHEH, dFEHAE o
F A AR LEHAA L zolHE e H A AFEoH

(Diedrichsen et al. 2005).
FA AFH AAZ £5 A% deiriele] wALe Fa) 90| FolH
S T

&4 Aol g A= S3d



(Shadmehr & Mussa-Ivaldi, 1994)2 o] &3] 22U S wetst= Yoz
AFHAT o]e} 22 AAE T AA HEFY TFge UE ATFFAE
gl 233 th(Kurtzer et al. 2003; Keisler & Shadmehr, 2010; McDougle
et al. 2015; Thiirer et al. 2016). °o]&= 2] &o] A= HAAA HAH &
AgS FAste Zol 7tgds7] diEelt. AAZ &5 F-33A <%
g 9y A g AHd FFRIAVF oY, o]lgd A3} Y
ZF MQ1e] sl oef AFEHER HdEA HIVsHA Xt
o] th(Stadler 1997; Stanley & Krakauer, 2013). wehA &£ A+

o] Fojz AT HAFHA A A3t THE HAET
ekS AlFal T+ 2ol ddolzt & 4 UTh

).

o nft o

oo rsﬂ ok

> o

X X
iy

>

A2 eEdee wIHE A4 Ay AU B g ATt
o] R Ytk olAT ATEL M G Y, ARt A5 F| B
A, ARA ARAAATE T PPES B ol Foluh olHY, o
F HTL Bolo] PHS o] AA TERAT BHW YEYAES
%aiﬂéﬁﬁhﬂﬁﬂzﬂ%lﬁ%%%ﬁﬁt@%%Ama}%ﬂﬁ

1) +&85H 43 (cerebellum)

HT g5 Adgstes A ANA LH7F 83 4TS Fohe Ao] By
A3 ok &AM iR 7|e e & H 999 A5 wEEs T o
&3 e st AA #8 A 2 2YAY 2IE olF F AU
EE dlFe 9TE il Eo(Morton & Bastian, 2004). ©] W&ol A
o] 7)ol AstEW B3PI Eo] F2AQ Aojo] AHojE Holi,

3 3 "'-\. ’
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& Zoll, AAT F2US e W Aol o
(cerebellar) ol 22| Fo}

H
TEE AA AGAMEe] At ol FE AAE

O
E O‘lN
-
2
ol
)
o
S
2
mr o
o
ol
oL
X
rl‘.‘l
12
o,
>
H
1o

@
il
‘0
)
Lo
]
oift
=2
=2
o

TAAR d&s gt stA|RE o] WRASFE, &N T
HExetar, AR g GeER FAEH o] TR TsE 9
nE 2717 6 ogdus orlE & 4 Utk o2 <l Y HayAT
v +5%F HAE FIAHES W HEte 54 H 2A43E T3 &
Hol 7154 d4ge A stgou, ATt Antel] 2 FFAHA 9]
E &= AL FASS(Johnson et al, 2019). FH o9 22 HAE FH
stz flal 542 44 HEe 7 dxEse e E AgesHAE
THSEE 3R, FHAA UHEhUE dFES HIROE &Y TE
2 o E A} 3FHTH(Tseng et al, 2007, Butcher et al. 2017). &> &

Bh(cerebellar disease) SHALS2> A ZtEF A A 772 RO o= 4
Al A e 2LAE FHSA FKshal wbEAQ] A8 2ES e
At o8 M7t 2 dF AzdEe AEste 71AY
S YElE dF A} E(Bastian, 2006; Ishikawa et al, 2016; Ito, 2005;
Kawato & Gomi, 1992; Wolpert et al., 1998), 3= Tdo] 93] 77} 4
= 9% 2R@thn Bk I, &¥7} o SHo] AdE & u;g
Aofsts Anch MAE o] t@ Aojol § BIA BAT 5

+ 97 ZA37F BiEHA(Andersson & Armstrong, 1987; Flament et
al., 1996; Horn et al., 2004; Imamizu et al., 2000; Moberget et al., 2014),
ol 25 715e B A A¥E 22 w2y Ao 9
H dEe FAE AEY LAE Sole 9T olfelx A<
S ZAolz} 3 thButcher, 2017; Honda et al.,2018). T3k =
< fr=stes FAE 83 H 7% A 3
(functional magnetic resonance imaging, fMRI)SF A3} A o] A7 &
B oA A Bastis e WHUE, a¥e Fa 7%
of ta] ME& #HoZ HIY FBark Aokl AJEATHO’ Reilly et

o

Mo
of

o
Lo
b

o]

s

AN

fo 18
18 o HII
TETR < ) r

ot nct

s
&

A

olo
oR

=]
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2] A5 T AdFsSHA, F2ode &XUF JdHE RE S
T3l Ao Ve oE Y By oyt A JT EE A B
(Tandem model)¥} #o] o]FZQl 7|54 2HY 9u|E Hole AT=

Z18Y =31 A H(Capolei e al., 2019; Honda et al., 2018).

AEHOE oMy 4FH S AAHAA &5LFE Aitstes 8%

FHAE 7P EHAYT. 45 W¥Ho] e S HSHAAANA AEHQ

5T/ TAE FHF(after effect)y= YUEFHAITE ZE FEAA A

A AL ofyy, o= Ax FHFo BH5E BRI THTseng et al., 2007;

Rabe et al., 2009) O|AL A Yol REH o
o

st7] 8l AMgEE T2 Q1A HEl 9
T A HE ATtHMartin et al. 1996). ©] <}
Taylor 5-2(2010) 4¥ /¥ oA o
*EHAE FHINEE ATt I AF, &Y FAE AL 2FLFE
Zol7] Al BAA HFS AT F JoH, o2 s FFHA &
T ARSs e F 03, e $RHES UEE & AT olgg o

FATE £¥9 2So m & 71e7t LFeF NE FFH A3

AAZ e AFA= HAAH HS o] d5F Ay dHo=z T
HEly O 4217 712 o9&ty W =T (Anguera et al. 2010, 2012;
Werner et al. 2014; Thiirer et al. 2016). 12U, 4&5Z A9 AFS H

g3 A AR oE PAH Hg A% AgEA RITE AL &
7k 9AAH ANe BERL At 4TS FYIHL Aee T
= @ ool B ATE &M PAE B GEH HHo AFE A7
2% ASAANA WAL X AFL BH 2¥9 FHHAt FAH g
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=
TETEFE A &Y TEHS A EEIIMI), AeFIFY, B
AEFFY, & T AA EF WHIE Fa o]FoA I, A HE
+5o 2 AAuMEY AFAE FEste o A1 F8AAKBrain-derived
neurotrophic factor;BDNF)E F7HA#A StE o8 Edoa Eo. 59,
Berchtold(2012)2 UZHES tido 2 g AFE 53l 5 g5 2
o] ¥ 7FAAAE FASL F7HA7I=H B3] 9 dohal B st
Romw, BDNFE WA= FAAE A3, d5S o5 F%
g1 B3kt o]o, Bagees(2013)2 WHEZ AlZ W) A FH
< B3 &Mt iy HAHY A3 dAARS S AFoEA A Ax
23t5 FEstY *F%E ] BRAYS BT =3 o VAR E A
21784 ST IS | A571E T HY

)28
A Thke LESS —Etol:ow s A8E T YT

~
I
>
A

= (transcranial direct current stimulation; tDCS)-O/] 3 =5

A AFA AR A71A=E Holl ARE FH H A9 FAsE =4
% §472] =21 3K Celnik, 2015) 52

o AABA Aol AT ETE 20]
AT Gl s sde TR

e
o
¥
rlr
o=
o
o
o
rlr
Mo
10 of

(Benussi et al, 2015, 2017) % %
I ThH(Ferrucci et al, 2016). tDCSe] %
S IVMANIlE 4= A=(anodal stimulation)¥ ZFAAT= S5
(cathodal stimulation), = A}=r(sham stimultation)©.Z O]HX]E'%, T+
Aol A7|A= He=E F2ste] 3 2mA) AHF A7|Aso= F
o] ¢rHsHA WHEAHo® AR  Auh. o= &), FEE= A T
el ade FE M AAY 71eF WstE WA A7 L(Ferrucei et al,
2015), &5 3 ES a3}E 7PH2tha SF3Th(Liebetanz et al., 2002).
Jayaram(2012)2] Aol 25t tDCSE 83k AN (cerebellum)e] =

A2 AAL F AEHANA AS SEE wolil, AHS AMdx

B 22

1] 2
_ 31 = A 21



2]
o] Rfo F3S 713t Rustdch E3 Kumari 5(2020)S AAHel
o] Ayo) tDCSS ¥Z A=L A3 F ofzo] B Ego|T o

L &)
B3 AFE WIE ol A, (DCSE H &3 FItol= B 359
Fe HO|A] OLOIO‘/}, S By gids ‘lgr;‘]é‘% el dF<S
= s
=7 =yl ‘1’%7‘]‘?}, T3y %E—ﬂ'% A AY, FAo &FE YERNEA
Al FEE v Bkt ey, oloks tERF o=
13 Je 22 g2 H AbololA fFom] gt
237 JelyA] ¢k& AF = B3 Athk(Beyer et al. 2017; Hulst et al.
2017; Jalali et al. 2017; Steiner et al. 2016; van der Vliet et al., 2017). ©|
= ANAZ EEHA A A Y A5 AFFo] QhhE-F(saccadic eye movement)
ST E WHIAIA FA| 3o Weirl 2 4 o™ (Miall & Christensen,
2004; Ohtsuka & Enoki, 1998), @<= H| X <G ¥ A=9 a3k Yg 7|7|&
Z&ste W Aol WE AT AFHAE (DCSO A= A Z|(FA AIE,
A F)(Hulst et al. 2017, Ehsani et al. 2016; Wessel et al. 2016), AlZt,
AS A, A5, 713, 593 FAHHA) T A8 SHAA aHE I
7} 88ttt
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m. a+44

AT

B AT Fozats 4 FSE: 89, H 1}40]=26.1x4.9, T+H9-37A])
T A&l 7319 HolE 29 278 EAA ol FoAx, 2% S A9
3+ 329 (G*power program 96.4% )¢ AT A EA ALAEE
TAEHATG. Be Foxe £ AP A FHY 2 A3 A
H o] glal, Edinburgh Handness Inventory(Oldfield, 1971)& %3l &

2&golznt TAFAT. =, o &9 AF LD AAHTH &Atol

rO
i

LES St &4

o, 295 71580l jle ez AHstaL, AAZG &5 A
SHAE FHs] AT A AH(AEH W= T2 ol 8T AAHAY
E3, 1.0 ohHE BT A2 AAHENT. B dde 49 Fo A A
Fdato] B3 e AWES 3 AL FAE dots FoA=w 74
Ao, 53 B2 A 277 Bag & AAe Jmre FFA A
FASADCS)ol 7HA = AP =0 e T8 AHo] o] Fo F, o]

mel Sola A= TAHY

1.8 A9 FolA 54

e QL) FE@ A em) AF(ke)

AE 8 25.25 176.88 76.38
Explicit Group

CE 8 26.38 174.25 74.50
(F=.=5. 7=

SE 8 25.63 179.25 75.88
Implicit Group

ST 8 26.88 177.04 75.41

| e A
T

+ 7 & )
- 33 - =51



2. A @A

1) Kinarm Exoskeleton =%

EE Z7HA= Kinarm Exoskeleton 23 ZHX|(KINARM, BKIN Technologies,
Kingston, Canada: KINARM)®l 2Fo} Kinarm Exoskeleton Robotsol &S &9
ol olwf FAREO] fEo] HA FHY AW olF At s F A
S5 2R s FARe 7 4o vtE xAska, AR AU Al
o7t AfrEE F JEF YA FolE XA 19 ue, I
LCD EUYHE(LG47LD452C, LG A}, 470 %], 1,920x1,080 A 34 %)9]
VA el wE g Zitia, =YUE ot ZRE FH ALs SASE

=AM =Y, 2R AES FH dE XY A= B A

19 1 Kinarm Exoskeleton Robots ZH] @ A& #H
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2) A5 AF A7|AF FAX(DCS; transcranial direct current stimulation)
AN AF A7AS AAADCS)E vIAEFA ¥ AF FAAE tDCSO

/4o mEt ¥ A== WtlE Yebdt. $FS(anode) A5 ¥ &
o] FEES Z7MN7) 2, ST (cathode) AT AT B Aol A}
42 AFe 542 13 20809, A7 AVl 2mARF B= oF

0.08mA/cm2) °Jt}. = ¥H(16cm2)> 2HA] I =(@4.5cm x 6¢cm, Soterix
Medical Inc. EasyPAD)ol o], 2Ef & 01-9*3}01 5\_54 NAFE 9 F
F87](inion)N A 3emE FAE = 79 974 HSE oIS A=) 9

qE G FRAT. A5 AFges HAs ] s dE F£& o
g3kl T3 vE 5 £ FE7] AL 15 AL 2} DCS A
Hl o] A &HAE S st

—_—

A

s = A 21
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4 A=k Ak bl b
Bhue o 548 B, iDCS FA(YFT, o5, Tl 29 A
€8 BAAH fFExE I IHAE, CE, SE)S vl £4& 53 54 &
A7t Fdol WX FFE B thE<ay4>3 Zo] Age] A
Y = AT

7124 AXt H A A5 H tDCS(20)

(baseline) 5.10,15Ns/m
421 axg 22 gmg
(adaptation]) (washoutl) (adaptation2) (washout?)

a9 4. AgEA

@® 7]¥A (baseline) HAF T3t

712 FRAAE o] gle FHmuDE Z Wy JAE 6035
FYP3ATE LEE TS vk F, 5039 A& V2 AL
Aok FodArt 2 E2E HAA 9 AL BHEUYE bl YEldE AE

= gy 7tAg Fod E4XHe 25

Oxa= vy e, A 53 A-JEIE fg2a3)o] AT FodA=
Zr gxaags 2dsz 9 &
A7 BxA A Ags] 2RSS e FEAHEIT Hg2T)0
£ txaz b = T
RAh<195>.

|sta, ME BEANE F& BL WE

e 2@

&
2
—V‘i
2
Ll
o
ot
ol
-
Og{::’
P,L
R
v
rlr
sl
i

4
g:g
b
Jhu
2—'4

3 '.'-\. -1
- 37 - A Z-TH



= 712
Baseline Data 712

Washout

&) @

0.5mm

O @

o

s

Crell
TgAlTz

Crwell

|
|
|
]
1
]
]
|
I
I
|
|
I
! |
o E

O™ 5 71EA AAE REe A 3 A

@ 9% HFo =7 A A

o] T R AEe AVIE AR AGE F UEF, B
Aol theFgt 9 R A5 =7](5Ns/m, 10Ns/m, 15Ns/m)‘ﬂéi Foiz &
w7 HAE F 33Y AT WAH FEAE fHde
= 4 AEe 2718 TREARHE dFa, ofdd s A4 '3} = 3t
Aot v R fEAE A2 A AV LEFA &l @A
0t do 271z Foi3 dgdA =Rt AA st =S kH.

f
2
>
2
>

l

d

@ cthCS A& ‘?Zl’

Y¥=r(anode)} == (cathode) T2 7| FZro] #d 5, 2083
tDCS AF=o] Foj AW, F-F(sham) TS 15%7F A7|AZo] Fol 3,
A7 EA EeEE As AEEHJY. EE tDCS AR+ A7t
old FTEIHALH, 48 -2 AP AAE] AHEo St

i

@ 7 -Z(adaptation) T-7t
S 1, 2772 <Y 7> o] LEZ0F 9 (force-field)©] T+
2 EH Y & W] AA ot AT F 17K 1503 (271, T, F

e &)

a

I

ITU



AH
AH

0.5cm ¥(3

=
=]

7Ntk 273 1508] o] H,
O23)s &%
A7 7]

(25 H2zE)o| 7HAT o9 HE

4

]

300ms©]

Agre

&

o] AZA 1050ms =

7 HAE

£ 3t #A

317

=]
a3y

o] d Zolet HA

Data 7|21

Adaptation

a9 6. A 1, 27k Al 8 "

4 &

]

_.
[
1

_H .



A Start point
® End point
X Targets 28 - 80
+ Post delay
* Max speed
HA:2.9° 26 70
— External force
24 - 60
22 - -
- 50 %
E &
S20 1 3
> 40 2,
)
18
! 30
16 - ‘
=20
14 -
=10
12
=10
4 6 8
X (cm)

I3 7. & H(force-field)©] T AE] oA

AT A FAAE AFY 7T 15Nvmez, AFE 999 F
A2 O <E4 1> g

* 2] H(external force-field): & A A ZE Zof 3] Zhez}of A
FoAA = Y82 velocity-dependence clockwise perpendicular force©|Tt}. ©]
force-fielde HXEE F EFHAE TIF o AA BFoE HEsS
dose e 9¥<ay 7>o2ZH F2 13 o] AHoHY. o

=
Shadmehr®2} Mussa-lvaldi(1994)2] A-FollA AL88 WHE 3¢

rrow

o

_ 40 - S Eas ki)



ol

sz*(o < &A1 >

1
—10

*(9}‘
Y
e} y= Zt Fo AFetE £22 9|1 b positive force field(Al

A 3 15Ns/mE 2] vk}

(Shadmehr & Mussa-lvaldi, 1994)

® €3 -&(washout) 77
gG3g 72 71 AR o]l HZFE Tk Foix] o] A}

22 FEi(nul)ol A 2 M) 5035 S8k

3) Cs FH BE PALE FEAY Y] BE AFLF
2 $(3h4) 3

© BAH FEAF 3

WAH FEAY AL DCS T Wt WA deel fER v
o A WA A Al(instruction)®} HAIAH A AE A2xF FH I =(explicit
re-mapping) HA A UYEE EFE Hlw BA5Hr] fls) netd A
olty. A FAASE LEE AF AA A 15em B HFZAHS

gs) B W AAS ST 1F ALl A

YeElgs =80l 1050ms ¢ ALEHT AgAH SLEE 39
on, & WE B¢ FAAE S FESY 3000ms Foll Hoig A
Aog FAole AA4LEE ASHAE FIEE sttt o, BAA
FERE I 5 F F2ole AXVE Ro|2& HAAH UG

— 41 - /M =TH @



F208 BAS BE 59 A5E wgm FEdg A9 2oy, AL
T2 8 A FolAE el fF, AM e, oEs
st ojWd WEve '#Xl S P e,

8>.

o

ot o

BZ=Aol ot o] Y E4HEA (two-way ANOVA with repeated measures on

SHATH AR U8 <w2>9} 2T

-
=
o
)
=)
o
=g
o
-t
3
=
ru[o
0:.:', S
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T =4 W<l
=
H A A ¢=(Anode)  AE HE-S-A] 7k RT(reaction time)
== &= (Cathode) CE +5A1ZF: MT(movement time)
(Explicit) B Z(Sham)  SE FH U4 %: MS(maximum speed)
orE A 7 2] 22} DE(distance error)
=gy :
eTA ®Z(Sham) I 3|9 2t =: HA(heading angle)
. 2-§ A4 AC(adaptation coefficient)
(Implicit)

5 2g
B2 fEAge] FRHge Ge go| B

S|
~

, SE9 g

2, B dTE A7

et JEebE W Al/SH

3tdtr 1) ¥HSAIZHRT

reaction time), 2) =& AIZHMT: movement time), 3) 3llQdZF%=(HA: heading
angle) 4) 2] 2XKDE: distance error) 5) < X=(MS: maximum speed).
Kinarm 7] Al A FZ %= positiond} force datat= 1000HzZ FZ% o).



) AZGLF H3EE) HA +

e

4 W B4

O HEZAIZHRT: Reaction Time)
9go] Folxl AALFHA = g5 7] AdAH At aFHo ¥F
A Zkol F7ketthrt dsgol i de] wet M- v AHZEHo] §hgATto

FoE= EAS BQIth(Hardwick et al. 2019; Huberdeau et al. 2019; Leow

—_—

et al. 2020; McDougle & Taylor 2019). ©]21§ ®WF-&A|ZFo] ctDCSe] A=
o 5o wet HA 2 GEH AFE ALSES FEEH AA ] ojud

FFE v =A A EgbT

0.34

032F % 1 04751
03 \

‘
028 F | 1 047t

026 |
‘ 0165
>024 | \ 1=
022+ |
02}
04181 / | o01s5¢

0.16 | >§D

0.14 -

-0.05 0 0.05 0.1 0.15

FAZ7E AXE AMELEAHEL A FE 0.5em) o2 THAY ¥
oW 03% Fof BExAFo] (I d:ZEAHo] A AR A
A HAE YERd A). 03% Fo] A FHAFHI AR A=
AXZE AIRAH S 2l AYE o]&3to
= . adaptation T37Fe] ®hHg-
AP FAZ7 AXE AAEAF 05emSE 7T oW =7 B
o BxAF o] A7, o] kg B FIZAHS (FEAF AU AA

of AX<9 AE YERAd ZH; ME) 300ms(FTE SDHS 1050ms(H T

baseline/ washout -7t

1o g
rE
olo
>
r-\ll_l
o
[N
ol
Q‘L
32
[
T

0.045 005 0.055 0.06 0065 007 0075 0.08



AE/CE/SE) &%+ A &3ttt ARt o] mghEo] Azl A HFH Fo
2A7F A ARE Hojd A ko] A9 AgE Fal AS Y wh

SRkl SAFHJTG<THO>.,

(MT: Movement Time)
1) s deko] FEE FA A YEE 5

®
Ho
o of
>
N
o~
lo

s A
ot A

N
-

™ o
¥ o Hr ko
o

P
N
o™ g or

o
o

A
!
=2
ol

T=a+b*log,(=5) <F22>
W
A Start point | 14
® End point 34 -
x  Targets @ -
+ Post delay 3271 /| x (cm) 5.3447
* Max speed y (cm) 32.2418
HA . _5.3c 30 - j 32989?3562456)6618567
28 ¢ _
o
S0} E
= 3
=24} 2
22 ¢ .
201
12
18|
=0

~ 45 - . H kl 1_'_” i



'D' ." S ? HL2 A|ZERT _ 2= AIZEMT
] 0.3s .l 1050ms

| | i
cursor target on onset initial movement target reached
on start position
a9 11, REAI Y &EARke] S8 1
@ A& 2*HDE: Distance Error)
ASHAE THT e

FolArt HEol FoA AZeT 7
Sate] B4 Auur] 98 L5 el
o Fel st ARSA Hi A7 NEN, y) FRY SEL
= gn Ael(gY o s el AT Ael o ¥
stk AR A BEAY Aol Gl HHoE
At ALE Ao FoRPom, ohehst TS FHL Ags
of Austerh. 2 WA Ael exp: FAY F% AHTE $B A
(BE)HA ] PRV A AEF AL 12>,

n

€r707 hm 2 xk+xk+1 (yk+1 yk) < %}43 >

n~>ook-71

WA 4E AR 3 0§

= :
— 46 — -":l*u_i'l'.l.i'



15cm

19 12. A8 L2k (Distance Error)

@ 3|QYZ=(HA: Heading Angle)
2 AT STAFAATE 2 de] 7HE mE AHNAE 27

TRre = AAstal, o] sy ko] FHY FE= s &
=

[ ]
a,

¥
'

Fi
¥

- A0 £ N

o 0080 e

4
L]

5 .
— 47 — -":l*u_i —7- ]



d
d= \/<xk+ 1 _xk)z + (yk+1 - yk)2 Vinax = T

AREEAL-BEARD)T Sl AEH HHET o2& Ao 7

1 d”

— max

:0=tan |—— <F24>
z

® A -8R 4(AC: Adaptation Coefficient)
Azt EHA Fho B HIFHIE HAFHOE 9otstr] 98] HA

9ol #3 DEE A4 74 &S (exponential decay function)ol] 2 -83}a1, 2
<1 T ALH 7)Egkol] washout 177FolA 1 7|&EFkd =835t
[e]

)

1 Zl 7]
of Al AE 19 AY FE F§ AFAC)ER Hht} ol9f Y
o7 AL gyt Y= do ZAygs AL 24 39 VB %

AN 5 23 3F A= & ALbst A th(Keating & Thach, 1990).

ot
oL
L

Al
Lo

y=a—bxe '° <Z 25>

a: A 4 g HFE b A A AR e ERREH H3E wrhH
LTEE A7)
t: & trial T ¢ F4 FF(FSe] Lojues BlE AQ)

Adapration coefficient

Average value
a9 14 A 7S F(AC)

B LA



2) Data cleansing
AFATEo wet 1) 7ide] BEAZRT) B 2F2H1ze] 36 ge

25 AASE S H(James et al, 2021), 425 o] EHAY wro=w
Hol & A=e A% AA9 HAHo FFetA gornz =5 A AHI
ot} 2) SFAIZMT)e] AZ AT 4Z2(BZ+]1) o4 e 25 AAFA
O<1815> 3) HEXxAH TE3A] g3, ARE F53 4= A9H

AT<TH16>. 4) ZE A WA A=s AAFA.

A Startpgint 34l

s g @ I

+ Post delay 321 [ emysauar ;

v I O ;

2y 2

-~ 8 ]

gzﬁ | §

"t | 6 &

22¢ 4

201

18F ’ 3

0
a9 15, AR LFAREE 297 A9 T" 16, T3 Bl =EekA] 2 739

— 49 — ; 1"']”{11 U



6. A A

AP B de

= o

f

Zt3E MATLAB(The MathWorks) 2 R(R
Foundation for Statistical Computing)S AF-&3te] Hlo|HE B431% oM,
SAIAE = SPSS 28.05 A&t F HEQTE) EE 3FH)H Al
71e7F) Be AZIGTFD) o2 3 |E(RT/MIT/HA/ED/MS)S Bl
st7] &l wEESAol o3k o] Y E4AHEA (two-way ANOVA with repeated
measures on the 2nd factor)S A|3Y3tH oW, A S G = Tukey HSD A3
ASS ANt FAA] 2 bdFula AFAE AP e F
AA ForE. 052 HAsAt

L

- 50 - 2 2-1



47 2% Hge A® £F £UL AN, FHH o5 ut
o2 % A% JYIT webd, SPE A%eE HeIAe 3
e Wus BAFORA Qe SEA2Ho] oy Ao T
[e)
h=)

ctDCSQl ZF—%Ol FARA &2 F FAh(sham T SESF SDoll ths &4
=] A

A ARE Aedton, & Wy AAE FYPste FA £ AU
Aol #A A7 ARE Fo T =S, S W] ol HEA oA
rEhEo] YERAL, 1050msE 7thEl= EQF 28] Foid AL H=
oI5}y EuAHL &I === P
ofd AL &A EstH, FA ol Aol B3 A7 e o st
Eo] YEtd ¥ 300msS 7ITRE T HFEA ] AR § S wol
EXAH =L EE A

7 > ] i
~ 51 - A =TH 1



1) BAH  FEH §EAG] B N2HeE 53 ¥m2 Hek SE, S)

O 714 AA 73k4 FA: AE, SE, CE, SI)
(1) ¥HEAIZHRNF 5 A ZHMT)
AT 1 AA&FHA Y 78 ) 589 AIstaA 7= HAY

RT, MTE Azt 49U E2FEA(one-way ANOVA)S A3t 1
i |

A3 RT MT E5F 7|4 AARIA 593 zbo)7t vebdA] gkttt
(p>.05). kA B AFS Jdgslr)d FoAAREe] 7B A4eF TEHS
H =% Ao 7 AdHT<E3>
¥ 3. BT DY RIMT 714 AR dduix] 424 A3 (N=32)
HF-S-AIZHRT) / 5 A ZHMT)
TE
N HIM) FF=HZKSD) F P
AE 8 1.54 0.06
CE 8 1.50 0.08
RT 0.818 .522
SE 8 1.52 0.06
Baseline SI 8 1.55 0.06
Ml
AE 8 0.98 0.33
A
CE 8 0.98 0.32
MT 0.548  .702
SE 8 0.95 0.20
SI 8 1.12 0.28

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

(2) A8 L2HDE)
Ak 1 A5 3 AL nm B S Yol A
A A

=
SRR o] HAAZ A Hlojd DEE AtEste], dd 42

=

59 pa 1_'.;



3, WY 3k EDE FAHOR FolsA o}, A7}

°%
NEA AAIAE ZelA7h AFol flEmil) BN £ Wol B
Aol Jes HHoz =gshe shalolth. sish SE Mwre] 72 Fefx

o] 71EA A Axe] ¥ e te <T™”I7T>3 2o

a b.
16+ 0 S
AW 40
(| 25
12} 35
10+ 20 ~ W
E s 8 El 25 §
= 153 = E:
~ 6 2 - j20 2
4t 10 15
A 10
5
0 5
2 0 0
2 0 2
X (cm) x (cm)

O™ 17. a5 B b EAIE HEE ZEAd AARe rhRE Ale

@ A& 173k
(1) BEEAIIRT)H *-FAIZHMT)

PASE HEH Frdg RA Y A4eE TS Hlu A5 95
ctDCSS] A=o] §l& F Sham FTHSES} SI) 7t RT9F MTE A3
of, HHIEE A (independent r-test)= AWt T A, + I 1t
o] RTE BAZHOE Fo3HA UebdtH=4.70, p<0.000]. @A, A=

-

- 53 - s g kgl



O AR (stsy) A=A wgt RTO Zol7t A< vEelWon, SE
ke HF WFEAZFS 043ms, SIE 021msC 2 OEA HeEES ALL-S)
£2 fE8 Ado] Aoz WE wSAZFS Ued. T, A
1 SFEATE BANOE FelshAl BEA %ok=0.10, p=.05], F 3
& Zke] &EAZtlE Zol7t fles UEWH<IH 18>
0.5 Hkk 085 -
—_— 04 W o084
: :
g 03 A w083
£ E BSE
B 02 E 082 - ms)
] >
e 0.1 A Eo 0.81 -
o - 0.80 -
SE Sl SE Sl

a9 18. F H(SE, SDE] RTSF MT

T & t(p)

N 3 (M) FFHZH(SD)
SE 8 0.43 0.10
RT 4.70(0.000)***
SI 8 0.21 0.09
SE 8 0.84 0.26
MT 0.10(0.922)
SI 8 0.82 0.25

*p<.05, **p<.01, ***p<.001
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2) A LXHDE)%}t P E(HA)
7% HA(SE, SI) 7+ A 71[Z7]1(1-50), %—7](51-100), Z71(101-150)]° =t
2 A5 AY 3 FYF=E vl BAstr] & JATe] A7E

DEE 4t&Este] WHESAo o ol dE4HEA(two-way RM ANOVA)<
AFstath. &4 A, A Fad 9@ A, Jdd A7l mE A

A gUth<:Es> WA, AF 17 A = SE
9]' SI] Zte] A7 AZ4EE T3 Ag=oe Aol7t flas & F

5 AderE)d AN713FE)0l WHE DE Hlail(two-way RM ANOVA)
Lkl Sum Sq df Mean Sq F P
Group 352.144 1 352.144 3214 0.080
Period 133.655 2 66.828 0.610 0.548

Group * Period 211.053 2 105.527 0.963 0.390
22t 13.794 20.432 20.252
*p<.05

FoAAE AGLEHAANA o o] ZASA FAUS AHHoR
HEo] WeAE ATFH R dostr] A e & W2 =3 7
&, YA EHAE AFEste] WEESAHA o3 ojdEqt #4 S AFs)
Atk 2 A7, A9 a7 2D o Ar]e g2 Hag 5y 2
T SAACE fFoletA FUTHp=.05). WetA, S 173

N FE 75Tl "t & A el A7 Ao, Fold AolE
UERH R gk th<1919>.

?Ri



Adaptation 1

9.0 -
8.0 +
7.0 A
6.0 -
5.0 -

4.0

3.0 - —a—SE

Heading Angle()

20 J —a—Sl

1.0 -
a0l 2 Early Middle Late

a3 19. A 1749 HA SE9} SI9] HA

3) HU&E=MS)

o2 A4 ANA Q24 SE, SI) IF Al7I(354<F: early, middle,
lae)oll & AL HuiEx WHsE AyR7] e HESHA 9
g o] AEAHEA S Al AT B4 A, JATY FaAE JEgoy
[F(1,42=4.125, p=.049], }&3 A7 F52-& a3= YeA Fskoh
HAEE+ SI o] o =8k

) 28
ks N/ 100 28|
y 2!
26

-
Hr

227
R

Tt / : Eul EE®
) i g & )
ol &/ LU LEST]
w1 & 18r &
W i
A 16 L
[ En|
W ql 14 L
| 0
L (5 12 12
10
10 . " 10 10}
4 6 8 10 2
% (em)
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Speed (cmys)

4

0 2 4 6 2
% (cm) X (cm)

19 21. SI single-subjecte] &-5

0

2

0

i
g 3

3
Speed (cm/s)
y (cm)
Speed (cmy/s)

% (cm)

177k T e W

S #4& 173t

A& 173to] B F FTSES SNe RE FozE oo AAHY
The BAIA A2 R, AZ4 aewo] gle 838 177HE
P3tAth d5o] He EAEA Fete HAH AAdE Beta A
<H JHZ gdolle 239 E 53 DE @S A4Este 855 7t
At

(1) A2 2XHDE)

FAHSE, SN AZt&THA TP &g AAES v B3] 93
HAA N71eFE: AS 173 ast), B3-S 177Hal))ol ©E A 45
FPo] Fegds vnd Ax, JaH AVY FE5FE E3dE YERUA
otk olglg A, Yol FoXl HAH s dEH fFEH
= AD o] &5FEHS) AV e Y = Aoyt yERY
A gete AL vt ST AT W A7l mE fo3 Wste

_ e s R kil

e



2]
ay

b skobA

S

S
Hrh<19H22>,

o AYAEg f

3

Ry

2ke)
st TATE YEGA 9

:ll

1

Aoz et

Washout 1

'

25

T
o
o~

T T
wn o
- -

(zwo)iou3 asueysiq

12345678910

last

177t (last) =}

a8 22 AL

(late)
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(early)

(late)
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(early)



@ HE 277

(1) BEEAIIRT)H 2-FAIZHMT)

& 27Rke] RT9F MTE 2HEste], e b A 7485 539 Zol=

SR ZYEE 7 (independent r-test)S AlFSFF T 1 A} RT
e 1703 2ol G 7 BAZNOE fodtA vEba[=3.76,

p<0.000], MTE= -2l3tA &4 TH=0.10, p>.05]. wetA, SES} SI= 2 &
N 719b 2gaglol RTO 2Ho)7) &S UrE}‘fioﬂﬂ SE ool B+ whg
AIZEE 0.38ms, SIE 02ImsC 2 4EH AL FE=3 JDESHo] A4
3] W2 WS AZHS UER T4,

)

rr

Tk

0.5 7
0.45
0.4
0.35

B se
Bs

0.25

Reaction Time(s)

19" 24, A 277ke] o SES}F S19] RT

E 6. A B WEFATRD I =AIHMT) 598 34 A=

= t(p)
N HF(M) E 9 2H(SD)
SE 8 0.38 0.08
RT 3.76(0.002)**
SI 8 0.21 0.10
SE 8 64 0.14
MT 0.10

*p<.05, **p<.01

- 59 — s g kgl



(2) AY22HED)S}t P E(HA)

Z+ Fek(SE, SI) 3+ Al7][Z71(1-50), S71(51-100), F7](101-150)]° uwh=h
A2 EF5HA e 73 A= WIE vla £24317] 98] DEE 4t&E3hd
HEEZgol o3 o] A RAHE A (two-way RM ANOVA)S A AEH3Ath o
Tk Mauchly®] 7384 HAAES WA &ol, Greenhouse-Geisser 233k
< Fx3AT. A7l D HASE>.05), A7 Je dsAg g9 2%
FrolatA] UTHF(2,42)=705, p>.05]. HA A3} =3+ FTH[F(1,42)=2.261,
p=140] A71[F(2,42)=.297, p=.145] A71*AHF(2,24)=0.191, p=.827) EF
frolatA ettt

25 4

20 A

15
BSE
10 I msl
5 4
o |
Early Middle Late

a8 25. A8 273+ SE, SI9] DE

10 1

5 4 msE
@si
o 4
Early

Middle Late

Distance Error{cm?)

Heading Angle()

a9 26. 48 2739 SE, SI®] HA

3) H £=MS)
Z- AQ4F:SE, SI) F AZI3FFE271(1-50), 571(51-100), F7](101-
150))°l whet AzZpFA el 3 WatE vl £48t7] s MSE 4

e - i A2



sto] wkE-Z=A o) o3k o] YR 4R X (two-way RM ANOVA)S A AI5HA
TRrA o] MS+ ekt AlZ]olA BT {FY3HA] U THp>.05).

® A& 1737 273 vl

1) JAE W AR5 TR W

Z A W A sl dE Avlel wet dEgd Hxe] Aolvt
AEA dotrz] sl AZ 17303 273k W-SEE -7 A (paired
rtest)y= AlFstATE 1 A, SE HT] RTS MT7F 9% 0.055 7]
Fog EAFOR FoletA UEFFEI[=2.932, p=0.022; =2.461, p=.043],
SI A2 MSAlA st A7 YebtH=9.297, p=.000]. ©etA, &
& 1733 277k AAE T3S AXH SE &2 RTS MT7F
&A FEJ<TH27>, SIE= MS7} F93HA Eolte WHEE H
<OHE28>, F AT ME g2 3 82lo o3 Azl H-g(3t
F)EHE AL F4E = ot ]9 DE9 HAE SES} SI e 25 #2
gt ztolE YERA o, TS AFSIAE BE=e F3 ox9 |
sl 34 Eoe s ¢ F dth

)

0.60 - * 0.60
0.50 - 0.50
mSE sl

= N % 040
J:T 0.40 T
£ E
030 - T 030
= c
k] -]
Y 020 - E 020 -
& [

0.10 + 0.10 4

0.00 - 0.00 -

Adaptation1 Adaptation2 Adaptation1 Adaptation2

O 27. A 1, 27432 SES} SI FwHe] RT

~ 61 - s g kgl



10000 + 10000 4

g 8000 4 mSsE 2 8000 - as!
E E
= 6000 A = 6000 -
2 81
@ -1
g g
@ 4000 A @ 4000
E E
3 =
£ 200 E 2000 {
= =
I ]
= =
000 - 000 -
Adaptation1 Adaptation2 Adaptation1 Adaptation2

3 28, A 1, 2737+ SE®} ST Feol MS

£ 7.2 G ) ¥ d dSEE AH AH
e TAZE
T & ~ B i p)
N HAM)  EFH2KSD)
adaptation 1 8 0.43 0.10
SE 2.932(0.022%)
adaptation 2 8 0.38 0.08
RT adaptation 1 8 0.21 0.09
SI -.422(.686)
adaptation 2 8 0.21 0.10
adaptation 1 8 0.84 0.26
SE 2.46(.043%)
adaptation 2 8 0.64 0.14
MT —
adaptation 1 8 0.82 0.25
SI 1.20(.269)
adaptation 2 8 0.77 0.25
adaptation 1 8 79.70 10.03
SE 1.453(.190)
adaptation 2 8 76.00 7.58
MS —
adaptation 1 8 88.30 17.58
SI 9.297(.000**%*)
*p<.05, **p<.01, ***p<.001
) ] ] —
LR b



) A 2 A7 wE AA4LF A9 W}

Zt HY(SE, SN #-& 17-ZH(early, middle, late)¥ 27-Zt(early, middle,
late)e] RT, MT, HA, DE, MSE 4AF&3le, a3 A7ld mE Zol&
AS3t7] S8 RS 9% o] EAHEA S AdEAth. 1 Ad RT,
DE, MS¢| F&te] FaI= YERE ORI THA(1,84)=96.716, p<.001, 7°=0.535],
[AThF(1,84)=4.994, p=.028, 1°=.056], [HTF(1,84)=96.716, p=016, 1°=.067] *&

T2 2= YEA SSiTth

3E 8 HAEE Aol mE Ages FEAA] 2ddd 54
31 73 (s 89 3127 d%) A32A%7] %)
RT(reaction time) SI: RES-AIZE WiE- / SE: Aol w2 W3} 3
MT(movement time) SE: Aol & W3 U5
HA(heading angle) A 2 Aol glom, Al mE W3t gls
DE(distance error) TP ALE zo] gl
MS(maximum speed) SI: HU&EE =5 / SI A8 & st s

® €38 273F<: SE, S

94 PRHe AZEE S viAn PIhe

fru
!
olo
iy
r—ﬁl
o
oft

A A
St S<5(A-5)el F3H(consolidation)E AHH7] 3 o] ¢lE null
zA0 7 AP Ftolrt. AA, Ao JE A4 TP W
A& Hln B4 98] RT, MT, HA, MSE 4F&35te], Fghd A]7]q)
W E(A-8 27 7Hlate)- B33 FHall)e] WEE AFIIIT. =3, 3
o] A =5 FAust= £ 29, DE(A-S 2732 DES} & Z

2, 3
BHS 98 QY RN BN A9

Q
DE)E #t=3te] Ho IF vlw

- 63 - M = TH



(1) RESAIZFRT)FH =FAIZHMT)

ZF Adere)e A-82 ——TLZl'-‘?] 7] (late)?} ©2-§ FXH(washout all)®]
RTS} MTE 4FHE3 5, WHESAo] 93 o] v‘f‘év‘i‘*ﬁ% A 3R T
RTE AT Al719 23 2 A58 33 55 FY3A4 Uebgt
<39> wehA], FHeE A7l mEk RTY %9451' 2ol 7 e, ol=
d=4 He s19] RT7F A3 233 73 1 A7F SERT Atk
AE & T A<1929>

18 5 w5
1.6
14 4
1.2
1.0
0.8 -
06 -

04 +
02 | =
oo -

SE 1]
19 29. SE®} SI J&e] RT W3}

Reaction time{s)

E 9. AHFEER)H A7e4F)d WE RTH i(two-way RM ANOVA)

He Sum Sq df Mean Sq F P n*
Group 0.030 1 0.030 4.608 0.041* 0.141
Period 11.869 1 11.869  1806.990 0.000***  0.985

Group * Period 0.085 1 0.085 12.887 0.001**  0.315

2=k 0.184 28  0.007

£p<.05, **p<.01, ***p<001

~ 64 — % A—I 5 EH fﬂ w



MTE AlZIQFF: A8 27 3H(ate), washout(all))2] FEI+= YERGES
WHF(1,28)=26.562, p<.001, n°=.487]. H}*A|7]9] F548& &= YERY
A Utk wEbA, SE9F SI He A E FAFRE de-adaptation(MT) &7
< YUEHT<E10>.

AdaptationZ (last) Washout

Movement time{s)

140 150 1 10
Trial #

19 30. &4 273e] SE9F SI AT MT

H

10. AAQTFE)H A7IQFE)ol ©mE MTH 2 (two-way RM ANOVA)

Hel Sum Sq df Mean Sq F P 7
Group 0.018 1 0.018 0.528 0.474 0.018
Period 0.927 1 0.927 26.562  0.000***  0.487

Group * Period 0.050 1 0.050 1.423 0.243 0.048

2=} 0.977 28 0.035

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

~ 65 — s g kgl



(2) A= LXHDE)2t sl¥Z=(HA)
DE+ A7 &g 27Zt(ate), washout(all))ol] ™E FE 3= }E}

WO UM F(1,28)=10.016, p=.004, 7°=263], J7 Al7]9] F52§ &=
UeA] gkgkom, HoE SRR rtestE 53 7Y 72 5EH

g FE v EAstTh O 23, SEE frold ®stE UEhA 2t
S WSE: =737, p=.485], SI gt W3S YEFATHSE =4.705, p=.002].
HAG A = He=*A7]19] Fa2tgo] YER O mM<k11>, washout T-3FolA]
A o] fofdt Aol & YEbIth<T1934> wWEhA, SES} Sl #-8(%
5 THESS 53, HAE SIS FE AP wEg A2 gE
=7t AZAE AHE(EFH)d dve AS Hetd F Jor, SI HHo]

[e)
TN A2 ARG folEAl Eoldl FRHES Ut

10 1
3
—
-
L)
w 6
= *
™ *
oo
-]
® 4
L7
X
2.4 —m—SE
—{@— S|
0 - Adaptation2(last) Washout

19 31 "AS 2739 SE¢F SI el HA

- 66 — A = ‘_'.]i of



11 JEeTF3)H A7)l @& HAH 2 (two-way RM ANOVA)

He Sum Sq df Mean Sq F P 7
Group 4.909 1 4.909 1.922  0.177 0.064
Period 2.944 1 2.944 1.153  0.292  0.040

Group * Period 11.093 1 11.093 4344 0.046* 0.134

Lk 71.501 28  2.554
*p<.05
40
32 2 32 i
301 30 KU 3
( 30 ‘
28 28 30
26 B 26 58 75
£ E E
32 D= SH 03
] > 2078
"2 " 2 &
15
20t/ 20/
18 18}
5
16 16/ i
R L. . . N— Pt R—
4 6 8 2 4 6 8 4 6 4 6
x (em) X (em) x (em) X (em)
19 32. SE: single-subject.16 %-3- 2 (initial-last) & ¥ -3 2 (initial-last)
34 5 F = ) (11 »
100 90
/ a0 30
/ 80 8 "
z 60 =z — g
60 E 5 z 20
b 50 < g 5
i 2 o ]
ur? 40 & 15 &
40
30 -
i 20
i 5
10
0 : 0 0
] 10 4 6 8
X (em) X (em)

e i A 2t &t



(3) HHE=MS)

g9A-g T wpAe gy
el e AZIeFE)e] BHESA ) oF ojdRARA S ATt 1
Az, AT ket Zo] A7l e FaEIE VERE O UHF(1,28)=165.524,
p<.001, n*=855], W Al719 F528 3= ebtA @itk

S
AGEE Ao Was AFHoz veofstr] fal DESF HAS #<
T ZFA%S(exponential decay function)ol] 2 -&3Fof, -5 2732 (late)
e HIde VIEwe® Asta, 238 iAo ZIEgkl
sgete b dEle 48 219 vES A3 AR gEeo FJa 1t

W AT 1 A, F A ke 77 Aol YERUA &gkt
[DE: F(1,15)=1.126, p<.05; HA:F(1,15)=3.287, p=.091].

. .
o Ovginal data =
Fittad

O Onginal data
Fitted

[X] ]
L= ] o
LA

Distance errcr Lcmzl
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Distance error {cm®)
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o
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2
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©
o
%

o 1 20 a0 40 50 &0 o L] 10 20 30 40 50 B0 7o
Trial number Trial number

% 34, A4 FH5(decay constant)E 83 ZF 9] single-subject2]
2SR 5(AC) B (PZ:SE, L BZ:S])

sAvtow 7Ed Axel 48 Fo) unE z;mﬂ.

0| X
ol EAEA[AGQ2TD), /\]7](25?1 baseline, washout)]a s

-0 2 A28y
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o FaNE O F

120 5
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Distance error{cm?)

20 4

0.0 -
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50 100

3 35, o SE¢} S19] 7S g

80 4

60 -

a0 4

Baseline

Adaptaiton1

R

EA

ok

Washout2

Adaptaiton2

250

o
T =

AYE RO fF B 5

22 4% stant WAZ stxel DE/ foldA o
UEPA T 235>, wheA,

A SguT HAH

stgol A Ert folstA A #HEEFHI}) A L3 ZA o7 Hol g

9l o},

L

e

300 350 400

52 7%te] DE vl
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kd

12. AT A171Q27F) ol ©E DEH 2 (two-way RM ANOVA)

H2l Sum Sq df Mean Sq F 2 7
Group 17.562 1 17.562  13.006  0.001** 0317
Period 25.407 1 25407 18816  0.000***  0.402
Group * Period 11.200 1 11200 8294  0.008**  0.229
=2F 37.808 28 1350
*p<.05, **p<.01, ***p<.001
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2. &5 v s AF S wE AgeF 72 s

|

1) oDCS 54 & BAE FE=AF WE 3 vx 3D AE, CE, SE)
AEN AR A7) AFHaDCS)FH 2ol wARH ¥ AF 71301 ohe

@ % A FYolA eFe] AP due FHY 7

3]

A g d7elM E8E Qliur,

! S
HEuA AT H-g1 71 Hll) A= RTE J
sl7] 98 A Wi BAMRAMS Asigan, AIZHA
middle, late), A|7](2+<: initial, last)]2
o7} Yett=AE gRlsty] 93] wF
3t MT, MS+= RTS} 22 Wy o
sl A= AIZHAIZ1(24-F: initial, last)]2
I A SEHAE AW A FARTE o= vyt o E W)
2 HZHo] t=A Flar] A8 dEgi(Fr) o2 TS

S
fot
I ]
2
=
i)
)
r
HE g

i)

lo
[of
al(f
o
R
il
i)
uv)
%
Ho
o
o
ol

O A% 17REBAE F= F A obDCS A= T ¥

(1) BESAIZHRT)F &5 A1ZHMT)

ctDCS A= S we 3 Ao 5 ASNsE JFH o2 votst
7] #18) WA RT, MTE AtEste] ddulA] E4bE4 e A8ttt RT
oA ek b FolF Zol7t e O U(p=.027%), MTE #23 2ko]7}
UElA 29k th(p>.05). RTY Tukey HSD A E7AZFS A3 Ay, It
AESt CE®] #2l% Zpol7} Yt

3 M -1 §
- 71 - Al = LH <



130 A8 1739 oDCS 548 WAA FEAZ T RT, MT Bl

e 2 W EZFER F P
Anodal
noca 8 0.56 0.14
tDCS
thodal
pry  Cathoda 8 0.43 0.05 4,069 027*
tDCS
Sham 8 0.43 0.96
tDCS
Anodal
noda 8 0.84 0.24
tDCS
mp  Cathodal 8 0.88 0.26 0.436 0.938
tDCS
h
Sham 8 0.88 0.26
tDCS

*p<.05

ctDCS A=e wWE Had HF 173t RTY /\171%(3—’?%—: early,
middle, late) A& 28 & I(interaction effect)S HZF3s}7] {& ¥
of 23 B4R 2(RM two-way ANOVA)S 3ttt} TR Mauchly 73
AAE W3R E38)(p=.011), Greenhouse-Geisser] <3 % x} =
}}&%}E‘;E} O AR, Jae FadE Yegoy, Jed AE1 T
deAg ade FYetA Fht<®13> e 3t TEJJroﬂ o &
Tukey HSD A3 A3}, AES CE(p=.034), AE$} SE(p=.032)7+2] 9
g ztol7t yEbgth mEkA, FHw 1F wESAIZEY Aol YERG O
ctDCSE] /o @& A7I'E RTO Aol glas &+ Atk

0_|>: 0_1_4

nOE o -‘lN'
flo

Lo

- 72 — ’}‘“: —7- 1_-.“ of



£ 4. AAGFD)H AZIGTFE) ©E RT Hlal(two-way RM ANOVA)
Hol Sum Sq df Mean Sq F P
Group 0.214 2 0.107 7.058 0.002xx
Period 0.009 2 0.005 0.300 0.742
Group * Period 0.005 4 0.001 0.075 0.990
o=} 0.956 63 0.015

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

10 4

*k

0.8 A

Initial last

CE SE

AE
36. I F A71¥E(024=) RT 23

0.6 A

Reaction time(s)

[
o

MT= A7]34<: early, middle, late)e] FEI= YERF O U (p<01),
@3 A7) 2F AEAE a3 UEhA] stk 33 BE AlgS A
7

) A LZHDE)%}t 7|2 =(HA)

12+2-% 53L& WEgo] wel oDCS Aol W 3o HFg= W
E A¥E7] ffd DEE stEste] wHESAHC o3 EAEHRM
two-way ANOVA)S 3tQth A7124%: initial, last)e] FE7E YERS:

N

d

>
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Ok p<001), HGH A7]9] 4352E BHdE=
wehA, otDCS SA WE A4 F3Y A7Z|E == HJd

o’ 2ol lee HERAT

3{] —_

25
SE‘ ik
o 20 A
-E —a—AF
w

15 1 —a—CE
g
E —a—5E
o

0 A

U7 Adaptaion!  Adaptationl

(imitial) (last)

a9 37. A 2+ A7) (initial-last) DE 2 3}

£ 15 JAEETFDH)H A17124F)9 WE DE Hlil(two-way RM ANOVA)

Hel Sum Sq df Mean Sq F P 7
Group 35.481 2 17.741 0.807 0.453 0.037
Period 651.858 1 651.858 29.648 0.000*** 0414

Group * Period  23.092 2 11.546 0.525 0.595 0.024

2=} 923422 42 21.986

£p<.05, **p<.01, ***p<001
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Q@ Ag 1713t

(1) 3 BZ=HA)

O A8 7Y Jd 1 AZIEQSE: initial-last) HA 2ol & &<l
stz whEo] o3k o] YA BAS At I Ay, e F&E
o A71e] FaF}E FYstdoU<EL7>, AT A7 HEEE &
Ueh A kth<®19> 3 Ao Fadol 3t Tukey HSD A3
A, Je AES} CEOlA frold ztel7d vEhth 4AH&Ed HA #
HA®Q] errordl] sk gho 2 Hx3 HAFHOoZHY Hoj HEE o
‘?ﬂ‘}igtﬁ, AE WA=y e e o <Ele>d 2o

I

o o
o rr
o

[o

¥ 16. A71(3F5: early, middle, late)d &9} o] HIE H4

Negative # early middle late
AE 45.4% 18% 14.7% 12.7%
CE 34.7% 6% 14% 14.7%
SE 5.5% 2.1% 2.1% 1.3%

15
- e ok
0 initial
last
JHm EE SN
L

e AE CE SE

2 10

=3

-] - m AF
2 s w-(E
'g —a—SE
L)

it

U
I
I
I
I
2 :
I
i
|
I

1 10 141 150
Adaptaitonl(initial)  Trial % Adaptaiton](last)

e . H E 1_'_” [



E 17. AEETFD)H A7)0 WE HA Hlil(two-way RM ANOVA)

Lkl Sum Sq df Mean Sq F P
Group 61.429 2 30.715 3.801 0.030*
Period 251.249 1 251.249 31.094 0.000%**

Group * Period 6.023 2 3.012 0.373 0.691
2 2F 339.370 42 8.080

£p<.05, **p<.01, ***p<001

Q ©3-& 171K Washout 1)

(1) A2 2XHDE)

A&l THE v & Q¥ AASt HAAIG ©4E 1774l = DE
o] AT (B4F: AE, CE, SE) b AIZIQF: late, all)®] 4528 a7}
UEFS T Tukey HSD®] AH7 4L 3 A3, YT CESF SE 7Ho] ol
ztol7b UERETHp<.001). E=F, AT 7+ A7 vlm A3 CEE 234%

T E o

T Z7](early)oll Al AES} SE9Jr«1 o’k el WEtiY. wEkA, CE

= Al e Sad Tol= o2 el i ba gle AR ez
E Halon, ol ALl T & Aol Hls] 5o gl H
8 2 oEtE A % 5 U<adio
E 18, & Al7]o w2 DEY] X (two-way RM ANOVA)
il Sum Sq df Mean Sq F P 0
Al 7] 161.31 2 80.655 8.925 <.001*** 0.235
e 291.646 2 145.823 16.136  <.001*** 0.358
H*A 7] 92.324 4 23.081 2.554 0.048* 0.15
=t 524.136 58 9.037

*p<.05, **p<.01, ***p<.001
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19. 2 o] 235 173 A7IE3F) DE 7€ A%

3]

2. 7l& BAF
N (M) #FHZH(SD)
Early 8 14.29 4.66
AE Middle 8 7.85 1.86
Late 8 6.30 1.79
Early 8 7.86 1.36
CE Middle 8 6.62 4.34
Late 8 6.11 1.90
Early 8 14.28 3.87
SE Middle 8 9.66 4.49
Late 8 8.92 1.71
@ A-g 273+

(1) BESAIZFRT)FH FAIZHMT)

Z2g 2 AE HAY 7 RT D MT9 £93% zol7 J=AE AF
al7] 98] LA E4HEA S AdEth 1 A, I BF RTS
MTS] o3 =eol7F gt o, HAAGTFH)H A7IGFE: early,
middle, late)®] FEZ8-S AW EY] 3] WHEFSAH 9 old EAHE
e At Ao FEIH[F(2,63)=7.261, p=0.001, »*=.187]= L}E}
wou, Al7Ieke] FEzE &iae UehuA 4t AR Tukey
HSDE &3 AE®} CE(p=018) AES} SE(p=.001) ol3tA vEbd A&
ettt AE7E CE, SE TR diid oz =9 vhgE£= 5 el
on, Ag2 73k oA HE A7l mE MTS FE5&E ade
YEHA] kT
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(2) A 22HDE)$} dFZE(HA)

o2 DEQ & FaEIE YER O UF(2,63)=4.507, p=.015, *=.125],
N 716+ e AE B3 UEhA] gk Jde] Fade mE ARS
A5 A3, AESF CE 19 f93% Afol7F YEbsth(p=.004). wHetAl, A5
27 ANAE FFE AXT o] 5 HA 3 Fdo] ¥kl DE(A
L2h7F Aol A4E e A (Tw)Hg oM UEtvs s3] 4

Early hiddle Late
@
g 3 ®
{ I}
4 fif '
AE : i 1
: ‘.i :
';
@ ® &
® @ @
i. :' ‘
[ / " :
& [ /) f
] ¢ f
1 : :
| | 5
! a
& ® o
@ @ @
il !
;j'l ! !
SE Pl } I

..-..—5.{:_ _—
~
e

13 41. 3 AE, CE, SEQ| 82 73+] <=3) w3}
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: lli III III
SE

% 42, A °2 T 7} T3 4= H|a(ED)

Distance error(cm?)

o UERS O H[F(2, 63)=4.238, p=.019, »*=.119],
LSD A&AES 53 9 AES} CE(p=.039), SE(p=.007) 7+2] #2]3 2}
o7} YElgth= A& AT F AAT<TH43>.

e
>
t
ret
™
o
lo
-m
o

1

£ & - *
£ -8
o e 5
—, —=— AE
g 41 . o
=
= @
- 7 —=—SE
=
=1
o

Early  Maddle Late
a9 43, A5 273 e F HA ¥l

1) Hd&E=MS)

Zt Y3 AE, CE, SE) 2 A7I2<F<: initial-last)oll wel A2+
Ao 3 WIS vla E435H7] ffs MSE AEste] wHESAo] 9
3l o] B AR (two-way RM ANOVA)S A A3 &4 A3 A7) 9
FaEI= YERF O U[F(1,42)=5.910, p=.019, =.123], 4&2& 3= U
EFLEA] QEUTE. Tukey HSDS] A7 A¥, @ CE= AES9} SE9F
93+ xpo]E YEFATHAE,p=.034, SE,p=.035)<"13844>.
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120 -

=
§ % |
g —a— AE
& —a—CE
g —B—SE
= 60 A
b
=

30 L

o ]— Initial last

TR 44. A& 27RI0] ek ZF APl WE MS Hlal

® A§ 1737 273 vl

M) JAE W AR5 TP W

Z HAd W e e dAF AVlel wet 5" H=e] Aolvt
A=A otz sl AZ 17303 277 HWSEE -7 A (paired
ttest)y= AASATE I AF, AE JE2 MSE AQd UM £ o
Aol Al 25 Fog FFS YERN<E20>, CE T2 HAE A9
ym xR #3 aRldA BT {23 FEE YERAT<E21>. vpx|go
2 SE I&L& RTY MT F9FF 0055 7|Fo2 SAFoZ {2314
el o<z 7 Fa> kA, d8 1733 27310 A eF S A
2w AE J&S MSolA CEE HAOIA #93 W3S Holx ¢o} &
P& AFAE oDCSO FA vt 254 & 53 WsE Jehd

gE AL ¢ 5 Aok
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5|
S
>
esl
™
i
=
)
H
o
<
—
¥
=
rf
iy
S
b3
_E

T 2 !
N  HIFM) ZF=HZKSD) v
adaptation 1 8 0.56 0.14
RT <.001%**
adaptation 2 8 0.49 0.14
adaptation 1 8 0.84 0.27
MT 0.008%*
adaptation 2 8 0.67 0.17
AE ——
adaptation 1 8 5.13 1.58
HA 0.011%*
adaptation 2 8 4.45 1.42
adaptation 1 8 11.72 3.25
DE 0.001**
adaptation 2 8 9.56 2.87
*p<.05, **p<.01, ***p<.001
3 21. CE & W RT9 MT ti8-% & 14 27
71e BAF
T t(p)
N  HTM™M) ZFHAZKSD)
adaptation 1 8 0.43 0.06
RT 0.04*
adaptation 2 8 0.41 0.07
adaptation 1 8 0.88 0.25
MT 0.008%**
adaptation 2 8 0.74 0.21
CE —
adaptation 1 8 12.86 3.58
DE 0.026%*
adaptation 2 8 10.91 2.97
adaptation 1 8 80.37 12.47
MS 0.05*
*p<.05, **p<.01, ***p<.001
3 :
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) A 2 A7 wE AA4LF A9 W}
UA HAA FEASH dEAH FEAZHY Stae
& A7) (early, middle, late)oll @& o Hlw FAjo] o
A e A 173 27309 Bl alo) A]
(24-<=:initial, last)® 3 Q<2 B4S 93] 1?_}5}_,79,01] o3t ol &
< AlFgstdeh 1 Ay, Jad A7 FEAHRE UER O URT
FHFQ2, 84)=7.923, p<.001, n’= .159; RT A|7]:F(3,84)=3.004, p=.035, 7
=097], €9 548§ ade YA It Hool W& Tukey HSD
ArEAA A3, AES} CE(p=.002), AES} SE(p=.003)°.2 o 7+ F2|3
ztol7F Vet om, AE9F CES &1 7XH9 initial? 2§ 27Xt initial
oA F23F AFol7F YENGTHp<.05). AES} SE= A-& 17Xt initialol A
P felg Apol7t UESTHp<.01). mEtA], ctDCS anodale] A x|® ok
o] AZteF o RT7F o Jad vus)] =d A & F Ak

rlo
2
olo
N
-
()
=)
B

ol

Al

N

N rlr
NS

i)

ut)

2

k=)

It

>

(.

=]
RS

Adaptationl Adaptation2
Initial

Initial last

—s— AE

I|I | | Il'.F'li .I"..ll —s— (E

Reaction time(s)

13 45 A ¥ A8 17 7K(initial-last) 277 }(initial-last)2] RT

MTY] A9, A719 FAI A 7]:F(3,84)=9.033, p<.001, n°=.244]3F }E}
U, Had A7) Aeztg aye YeElUA ol HAF fFEE
9] ofDCS AL E MTE H| ST E AL 4 4 Yth<1d46>.
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1o adaptation1 adaptation2

14 1 Initial last | Initial | last
1.2 |

1910

0.8 4

Movement Time(s)

0.6

04

0.2

o -

O3 46, A B8 A2 17-Xk(initial-last) 27-7F(initial-last)2] MT

=< DE® MSE 4t&E3te, RIS A o3 o]dRAHEA S A
3t TE DESF MSS| A7l FE3= F938H S UDE: F(3.84)=16.423, p<.
7?=370, MS: F(3.84)=11.482, p<.000, 7’=291], & A]7]]|
€& 2= YEhA Fskoh ogebA "WAd fFEAE e
SE) 952 AFETE, 739 Adeas Ausss A EoEde
M cotDCSOl W& /YT Aol UEhA ok, ofDCSY SA O wE
Ao A71E Wt zol7} gle o=z vgetdn

o}
N
A
o
S
ub—‘
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40 1
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u}x]‘l}gi HAS] Hed A7]ol mE Fo3 Aot AesAE AE
&t7] 913 WrESA ] o3 o] YRAAEA S APt B4 A, Jd

3 A7)0l me FEFE YEoy), 4548 Ere JEA
<322>. AT AE®} SE, CES} #2lgk =

*hE

speh
o7k hekskoml, Al7lel uiet

_ e B N
;E’ & mAE
o mCE
=§ 4 1 ESE
i
D .
Initial(1) Last(1) Initial(2) Last(2)
% 48 HEE AE 1, 2779 HA
#® 22, JAGFH)H A7IQTF)ol ©WE HAR 1 (two-way RM ANOVA)
kil Sum Sq df Mean Sq F P 7
Group 56.780 2 28.390 4.533 0.014* 0.097
Period 158771 3 52924 8451 0.000%** (.232

Group * Period  26.253 6 4.375 0.699 0.651 0.048

2=} 526.066 84 6.263

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

e 2 2] L

T H 1::1 T



23 AW Ao B2 A7HeE g a9 E4

Performance AE CE SE
variables e 1 23 2 HA&1 A2 AHAE1 AHS2
RT =g whg/=d Rk w2 W
MT A 71el mhel Eolm/ Ad P 7% Abo] =
HA As/EAE AERT FofstA eak &
DE T ;‘igj) i A7 we AT oy
MS A7l mEl 2w/ A % 7o Aol fls
©® &3& 273t
(1) ¥ZAIZHRT), EFAIMNF HHEEMS)

222 It A= RT, MT, MSe| FT(3<4%: AE, CE, SE)Zt A7
< adaptation2-late, washout-all)oll WE xz}o] & HF3t7] 93] HAAH o]
4 B B4 Ade, Al ®l 2R AV FEHRE YERS S URT:
F(1,42)=1340.657, p<.001, n’= 970], [MT Al7]: F(1,42)=48.720, p<.001,7*
=537][ MS Al7]: F(1,42)=283.301, p<.001, n°= 871, ¥ 28 a3+ 4y
EbLbA] itk
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—&— AF
-
—&—5E

Movement time{s)

Reaction time{s)

Adapt2(Late) Washout (All} WS Adapt2(Late) Washout (All)

Maxsmum speed{om/s)

Adapt2(Late) Washout (All)
a9 49. JHE A7l mE €488 IS (RT, MT, MS)

(2) A 22HDE)$} dFZE=(HA)

7t A”EEF) 1 AVeEFE AS 27 3H(late)- 2 TZH(washout))ol
wel 2t AA 3 HEAEE vl B3] Y8 JTe Al7E
DEE 4tEste] HrESAH og o] 44 (two-way RM ANOVA)<
ARt B4 A3, I Fas 9 A7 FaEIAE ey
[ ©:F(2,42)=5.492, p<.008, #*=207],[~171:F(1,42)=28.098, p<.001, 7’
=401], 4528 3= YEFYA] R4t Tukey HSD AASAA A, F
o SEX AE, CE9} #2l3 2po]E Yeldlt<1d51> HAE Hdo F4
ek el o WF (2, 42)=5.519, p<.007, =208] AEAA A3 F
o AE®F SEY] #9& AFol7F YEFRTHp=.006).
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16 1 oy
- s i
8
E o & b1
g 10 1 %:-; & 3
§ & Ei: —&—CE
£ 3 T Y -8 SE
= = % 3
4 2 4
F 1
Adapt2(Lats) Washout (All) °7 Adapt2(late) Washout (All)
a9 50. Jd A7) el @ E 248 AZ(RT, MT, MS)
F 24. J3 Al7]ol] w2 DE H| 3 (two-way RM ANOVA)
H el Sum Sq df Mean Sq F P 7
e 156.750 2 78.375 1.124 0.335 0.051

A 7] 19753345 1 19753.345  283.301 0.000*** 0.871
HebeA 7] 19.837 2 9.919 0.142 0.868  0.007

L*=f 2928479 42 69.726

*p<.05, **p<.01, ***p<.001
Sao] JAEE BUSE A 290, DEHS 277ke] DESH @4
ok

o
[€)
Zorla E4e fdl 4 A 2

A NSO, FY 7 T Aol A githp=.09).
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ctDCS =4l wE WAE #= g5 A= vl mxfoez 7]EAl
Arel AE Fo] HuE T A4S I §F AFo FFol Lty
HA =7 A BT o]E fd WHESA o3 ojd EAEART
(2FF), AN71Q2<F: baseline, washout))= AP, 1 Ay, Al7]9
3= veigtod, Jd 1 743 2ol YEUA FUTH whEbA,
AL YA Fobd o, oDCSe FAo WE e 3t 59
Fastel= Fo7 A7t e Aoz dddn.

~—

-
80 7
P
.
=4 _.r"_'.: 4 ¥ AE
£ B -
c -~
a A0 = 1 - SE
L

]
=]

Baseline Washout (All}

a3 51. 7184 AAeF €48 77 DE Bl
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3% 25, J9@as) A171Q95)el ©E DEH| i (two-way M ANOVA)
kil Sum Sq df Mean Sq F P 7
Group 17.562 1 17.562 13.006  0.001**  0.317
Period 25.407 1 25.407 18.816  0.000***  0.402

Group * Period 11.200 1 11.200 8.294 0.008**  0.229

22k 37.808 28 1.350

£p<.05, **p<.01, ***p<001
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2) otDCS A4 ¥ A5 53

A& AGLFHAE A FE Shgos A8d 28Ee dE A

EHANA drpy BAHoz FH & F JEAE, oDCSY| A=
S0l wel AHEuA sn. &

At EEHAE TPt oH, A& F3 Alde QEE FoX Y
oF 22 &l

ge] @77k Fof

A AAE RS AGLERA] A& AR Y 5 A4F

T

AN

[e)
3tz WA RT, MT, HA, ED, MSE Al4tsle] A9 E4FE-2 (one-way
ANOVA)E At oy, 25 fF93tA o Ja 1+ &9 7173
MW7) s xol7t glas UERT<E 26>

T

N Mean SD F P

AE 8 1.51 0.08
CE 8 1.50 0.08 0.083  .987

Baseline SE 8 1.51 0.06

71+ A AE 8 1.02 0.29
CE 8 0.95 0.27 0.560 693

SE 8 0.95 0.23
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Q@ Ag 1713t
(1) RESAIZHRT)TF FAIZHMT)
3 Jde] 9& AZes FdY A3 AFE AHET] 98 AEE RT,

MT, HA, DE, MSE 7} &9 H zfol& HAF3lr] A8l 44 wix &

AHEA S AlYEIAT O A, JAE 2o fofg zolE yER A &k
o AEGBE: AE CE, SE) A-373Y AlZ7](35F: early, middle, late)
o W& WIE Hlw EA4sr] S8 wEZA oF old BEARHE
AlgstAatt. 2 23, RTe HADAAM[RTHT:F(2,63)=5.143, p<.009, »’
=607], MTE= Al719 FEH7} YEFSLTHMTAI 71:F(2,63)=4.126, p<.021, 7’
=108]. 121}, RT, MT EF 4548 a3= YethAl stth RT o
St Tukey HSD A3 A4 A3}, I AES®} CE, SE9Fe] #93 o7}t vt
EFSETHRT: p=.038, p=.011).

(2) A= LAHDE), 34 =MHA)} HASEMS)

DEE 41719 F&3}+= YeEPG oW DE J©:F(2,63)=9.770, p<.001, »’
=237], ASHe] F2AE A= UEREA $%al, HAE 99 55
I g A7le] FaAE YER o, i A7]e] deAg ade JE
WA FFTHHA FHF(2,63)=4.984, p=01, 1°=.137; HA A 7]:F(2,63)=7.262,
p<001, 7°=187]. e FAAE AFAAS B3l A A7, I AE
o} CEXFe] f<Jg xtol7} el

mpAR o 2 MSE A B A7 FaAFARE UEhg o, Joa A7zt
o] Fozg A YEUA EdTR T©:F(2,63)=4.302, p=.018, *=.120;
AN 71:F(2,63)=5.894, p=.005, °=.158]. AT AZAA A7, It AES}
SE(p=.016) &g =tolE YERAT

:l'l "'-\. ’
-~ 92 - A 8-



10.0 250 4

AEE
B8O - ‘\“\\ 200 ]
S :\\“:\‘_——_—i E $\\
E 6.0 "'H-b}_‘_:j___i -E' 150 4 .l’ \\\\ & —m— AE
£ e E " —mCE
B 40 1 = E 100 4 1
& _E ——SE
=]
20 50 .
e early middle late 00 1 oy middle late
120
a5 100 i
— "‘\--..‘h- v T
-‘E’ 80 - 1-‘-"""——-—?:
: 71 e
E 0 -8 CE
=
.g w0 —@—SE
=
20
garly middle late
a9 54 g 1739 & 2 A71E HA, DE, MS W3}
() LEE g& v
ctDCS2] FAo| W A& o] F=E Fetstr] 8l AH-$ 177k
e QEE 9E9 RT ¥l 4L fa] vHESA A o3 o] B4R
218 ABsan. 1 AT, JH[F=2, 42)=6.323, p=.004, 1*=231]3 Ao]
(transfer)®] FE 3= YENS OV F=(1, 42)=5.744, p=.021, 7 ’=120], 4=&
44 Eae vehdbA @itk 4 173 RTE ekl RE 53
MelolA AW 0B Ao FEAS EdE UedA gtk RT

o &+ Tukey HSD A3
UEFS TH(p<.05).

A A3 e AE9} SE, CEZF

.fﬂ

fol@ whol7}

=Tt



1.0 4

0.8 4

=
T Y
£ o — i
T 04 ' __—J'""'::ﬁ *
£ —a—sE
%
& 02 -
0.0
Right Left

Q@ &3§ 173

(1) 7121 &XHDE)

A (BTF:AE, CE, SE) b AIZIE(H-8 17-%k(last)-washout 17-FH(all))
AZEFY B AolE HAFstr] fal, wEZA o3k o] B4R
s AT £4 23, DES A7l FEAHAE YENSWOUDE Al
71:F(1,42)=22.051, p<.001, n°=344] HFHo Fs282 YehA] sk
o otDCS A= ¥ S 1738 AS(¢ts)S 248 1734 SES}
AE, CEZFS] o3 Wists 7t gt ou, ol Ayt 12t~ A&
M= BETsta SEZF thE oo Hs| DEZF B& Zopzl Aolm=E,

weol ShpaTl e Aeel Ha o HUee K5 B 5+ Aok

_ g4 - A 2 T}



i Adaptaiton1(last)

20

Ny
3 .
E 15 E g
&
& —.— [
E 'y 1 —— 5L

5 A

o

1 10 141 150

Trial #
a9 56 Ag 17 ME DA 170 £ Py

E 27. A& A7l wWE DEY] 1 (two-way RM ANOVA)

w2l Sum Sq df Mean Sq F P 7
Ak 49.944 2 24972 1.671 0.2 0.074
A1 7] 329.569 1 329.569  22.051 <.001***  0.344

A=A 7] 33362 2 16.681 1.116 0.337 0.05
23} 627715 42 14.946

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

Q) LEE A& Hu

ctDCSe] FAgol| wE & Hol HARE Fostr] Hs JAIGTH
AE, CE, SE)JJr HolF SEE, 95 AZIHQE: adaptation 1(last)-washout
1(all))e] A E4HE A (three-way ANOVA)Z 3, DES A17] FE23TF YEL
W OHF(1,84)= 15248, p=001, =.154]. Al7]12] F& 3} o) 3+ Tukey HSD
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AR A}, e HAdoA 2E2E.AE AT BE Fog Wyt
UEFS THp=.001).

120 4
10,0 A
T  eo
™3
E ———
~ 60 A
5 —-—cr
@
Er —m— 5L
" 40 A
»
&
40 A
0.0

@ H-g 273t

(1) BESAIZEFRT)FH FAIZHMT)

A A7le]| e AT T3 Aol7t d=AE AFsH] Sl

WHEZ A o5 o] ARAEA S AlFstATh WA RTY &4 A3, F

o] FaAH/E YEG O URT Al7]:F(2,63)=4.431, p=016, 1°=.123], Al7]
Fe A8 A3 YehA gdew, MTE AT A7l BF fe

ShA] kokth RTY o] Tukey HSD 3773 A3, H AES}: SE,

CEZrY] frolgt ZFo]7b YEFSTHAE&SE: p=.48, AE&CE: p=.23).

(2) AY22HDE)%}t P =(HA)

28 2779 TP (3S4F:AE, CE, SE) Al7I(35FF early, middle, late)ol]
& DES HAS| WHESAd o3 B4hEA A3 Hao Fa3+= Ue
YO UDE % F(2,63)=3.231, p<.046, =093][HA T F(2,63)=3.912,
p=025, =110] F52-& ad+= Fo5tA FUth. DECF HAE AE® SE
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o] At 7k Aol7t [FoskAl YEFSTHDE: p=.036, HA: p=.035)% YERIT

180 -

160 4 60 !-h-ﬁ______ %

140 i : esiill : )
T oo | = c . o
= T * W a0 o e
g 04 $= _— _g:‘ B AE i ) * ==
@ 80 = ) =—CE £ 4 | S
E —m=—SE 3 —=—E
z 6.0 4 =
B 20

40

20 4 10

00 - Early Middle Late oo J Early  Middle Late

a9 58 HEe] A& H§ 2737ke] DE9F HA

® AHE 1773 273 "l

M) A W AALF T3 ¥
AE AT RTE As ZE 3 oA Fo3 AolE YepHon,
CE®| 7% RTS MTE A&|g =
Wt} SEX MT, DE, MSollA 93k <

2) J& 2 A7l E}E AZeE T8 ¥

ctDCS®] Aol we &9 Ho] =S Jeelr] 98] I3+ AE, CE
SE) Zo|a 2E2L 985 AIZ|E(29< adaptation](last)-washout1(all))2] 4+
QA Ay kel FEaIT YERGTHRT A F(2,84)=4.961, p<.009,
7'=106]. AH¥HA A3, [ AES} CE, SE o] 2] 2tol7} ettt
MT Al719] Fa 3= Uegtouw, 43548 8= YeluA SUTMT
A 71 F(1,84)=12.962, p<.001, n*=.134]. HAx= H93} Al7]o] FE3= e}
YOoHHA Fth F(2.84)=5.671, p=005, 17°=119; HA A|7]:F(2,84)=5.120,
p=026, =057], HGH} A7), Holo] HoAE Ed= YEhA] Funh
Tukey HSD A7 A3}, AES®} CEQ F43% Zol7t &g 173k 271t

97 — J—'! k'_. 1_'_” (=1,



MM UEFT

DEcIA = e Al7]1e] FaIE YERGF OV T F(2,84)=4.885, p=010,
n°=.104; A]7] F(2,84)=12.297, p<.001, 7’=.128] &=-8-& Yeptx] gkotth
QELE AS 277Fe] AES} SE, CES} SE 7He] #-9]3k Zol7} YEehgT. v
Ao g MSe= A9 Al7le] FaAE Yegoy, 4348 ads u
ElUA] FdTHMS  HTh: F(2,84)=4.663, p=012, 5’=100; MS Al
71:F(2,84)=12.460, p<.001, 7°=308]. ZtZte] FaAAE AF HAAES T3 &
g A, ok SE°F AEZFS] folgh Afo|7t UERE(p=010) F FHHe] A7
BT A Vet

_ 95 — !Jx_'i _'-.;.'2._1- |



E 28 74 AW o diewd  AHE A
71e TAF

T - _ * t
N  EHIFM) EF=HIKSD) v
adaptation 1 8 0.69 0.12
MT ) 2.710(0.030%)
adaptation 2 8§ 0.65 0.13
daptation 1 8 5.58 1.38
HA CPEon 3.664(0.008**)
AE adaptation 2 8 4.31 0.99
daptation 1 8 12.39 3.84
pg Acepaton 4.770(0.002%%)
adaptation 2 8 9.63 2.77
MS adaptation 1 8 80.58 10.49 3.409(0.011%)
adaptation 2 8 76.75 10.61 ' '
adaptation 1 8 7.44 2.077
HA i 2.800(.027)
adaptation 2 8 5.80 2.073
daptation 1 8 14.35 492.40
CcE pg depaton 3.969(.005)
adaptation 2 8 11.17 358.97
adaptation 1 8 83.26 12.51
MS ) 3.733(.007)
adaptation 2 8§ 77.32 11.26
adaptation 1 8 0.73 0.16
MT ) 3.276(0.014%)
adaptation 2 8 0.65 0.14
adaptation 1 8 0.16 4.50
SE ED ) 5.193(0.001%%*%*)
adaptation 2 8§ 0.14 4.80
daptation 1 8 90.34 9.98
Mg Coapaton 5.568(<.001%*%)
adaptation 2 8 82.40 7.21
® 245 273

(1) HSAZZRNF &FAZHMT)

A RESAIZE vnE 98 A2 T FU(late)s} ©H-S 73

(washout)®] RTS} MTE 4HEd &, ol E4AHEAS A3t WA

RT= A719] MTe AT Fa347t FY38tA JES S UHRT A7)

F(1,42)=26.946, p<.001, =391; MT A|71:F(1,42)=15.119, p<.001, =265],

Aol a8 a3 ehuA Fdth mekA, AS 1, 293 A
%Z

2}
A Hs(E)®

~- 99 — A 2]



Al

e A= ¥
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E .

o

(2) A 22HDE)$} PG E=(HA)

DES$t HA, MS E5F Al7]9 Fa37t #Fo8A YEls S U[DE 471
F(1,42)=26.946 p<.001, 7°=391; MT Al71:F(1,42)=4.891, p<.032, 7°=.104;
[MS Al7]: F(1,42)=320.353 p<.001, °=.884], I 2 A5zg& a3=
oA &t & BAE A Ax ZE Foe Y 9y
Aol = Egskal B AS AP L8t 4 AE UEYieE=R
A9 stE FHUF UEUA] & Ao detHTh

ctDCS2] FAo| wE &9 o] A=E wotslr] fd Hud H
o] RT vl A4S 93 4d
AR S AgstATh 2 A, HY{F=(2, 84)=3.360, p=.038, 1°=.074]
I3 A71e] FaFE e O U F=(1,84)=2403.684, p<.001, *=.966], ¥ =
2hg Ade JEhA Fdth Jae] Fa el didk ASAAA, 08
Eoll A Ak AE9} SE 2He] #9% ztolE Ut MT= Al719 F8
A7F GEFG O™ (p<.001), CEE AL BE T A7|(HS 2732
A&yl A o3k Wsts Yeld

DEE= Mo A7l FE23 BEF Yepgou, dojot 4s4g ax
UetA] gtth A2k Fa e et Tukey HSD A4 A, E
£ Aol T AESF SE 93t xto]7l YERSI(Group: p=007, Period:
p<.001), &A= FolekA] FUth A7l BE FHATAA Foskdt
ERL HAE Ao Fa37F Y em<006, MS= f T3t A[7]9
a3} YERS S Y(Group: p=031, Period p<001) Zo]ele] A s28& &3
UERFA] 2o}, ofDCSe] FA4d M2 A& o] g A7 L5 A
A AE OE FolEs BHYos|A Ee=

[\®]
-
)

o]
u)
a»
oo
-
r:]_‘
=2
=2
e
to
i
(b
o
(B

rr

|

rr X

rlo

2

e I
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£ 7o BAe odx A s Jwd F 27, 4B 9 9A4
JYPES A, w3
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8
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ook
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X
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=4
i
flo
)
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s}
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E

t

= =

B3 FxEcd E8ste A=, FoAe o] ¥ W= =
2) =

hl o

Aoz FAoof k. & Al 3ol

>
i,
ox
o
Fo

ARE0] EFFHFAEDY Hold oH P nxe=A AHHLoH
ctDCS Ao wWE WAIH 535 3 WetE vla £431d, A
E

A Stgol A e 4 EAA g g AR A

N

19X A BE AZ4LF A&E Y Aol

b 5T EES) Al oE 5284 £ETY ¥stE /M eA A
#ZT 7 AAT

gzt Al AlGtE FeY F=H] AEE AFFOEA AR HTHF ko
THARAE 2T 4 IdAa, FH AZte] A4E(1050ms) SsS 91%
JAAH 717} et Bytow, S5 (300ms) AHE2 A2 A4
< AA StEFET Bt WA, 4F 9 WAY fFed g g
A ZeE Ao AolE AHET] 98l oDCS A7} FARAA Fe F
F=(sham) I 7o) &5 Fd& Hlw EA3AT. o] F B3, A= o

+ 7 & )
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121 el o3 WAl
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HEE A5
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Z Hlth Master(1992)°] uw}
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w7 vehd
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Kol
| .

oot

S

A RA

SEEEES

il
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0=

235

44

of uwhet
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1=

b7k sh4re] Q8
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7t
S HQItHHardwick et al. 2019; Huberdeau et al. 2019; Leow et al.

2020; McDougle and Taylor 2019). ©]& %+

=
[}

SAIZEe]

A7} A 2™ (Fernandez-Ruiz et al., 2011), A& 7]ojol upe} 3§

b Tk meiAl, B 9
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g eXDE)S AE B, SI Aao] A% YF FFo| A vXA
WSS AAY & glor), WA FRAHe] HAgE)el FHA F
A H @) Bk Shge] Fusl US WA o FE
2 %+ o

W AP AS 1, 273l BE A2 es fae) g Y
Hg 2772 B FAAUT. sio] RTIF AL A folal Z7619
55 S48 A5 E wE Az gEe A

sl fold AolE e Zlolth ofnkE whE kg

SEE T} = )
29 st Agel AL ARE AFol FolAe w WA AV E
e AL avE wWE wESoll Fi13)(consolidation) = e UEMH 7| =

ek ol¢) SESh SI AW Ao ARAEeA fold o)z} ek

AYAEE B AT FolASo A FFte £U = vehs
ZAolw, SE Atro] J=How go] AYst ¥e welsel sty
o BAHS F sk SE gue] AYAEI} fol@ Folh b o

o3
=
of, SE AW WAR Al mE o4" Azo] &5 W (motor

command)oﬂ FeFS v AR HolH, %Loq;q. o A4S Fo

A2 P BES Bl =3, AE A A8 Al Aglxrt
A yelg ol gszol uigk Fastyl g& ZAsiAl Fede o=
3 F Advk A, ARbe] A&KEFE F G e {od Ateole
YA of AEHAIZ] mE 54 S5 BAIAH S5 WHEts 4

9% Past ok

B ) y
- 103 - A =TH



2. DCS A28 A AT Sgo] e 53 v

B Ao Fd AE Ao Ud BAE A4S Aol BEEL

o Be AP W SaA ol oleF 4P AAIAN BE B

—

=
oA 9ol FojA7] A apCse] FF, &F, FFo| ANHAL, B
Age] 78 BEE apcse FAd WE £F U P D Aol

Seidler, 2013, 2014).

NHY, W F ALAANA WE 0T Yk SEE 47 F

(290 WAE FHA2 2M9 FH 4B =P F o

b oo dis] HHs duE Fart AT WAIH Aol HAEH B

A7 HAE o 2¥o] FF AFo] =
H

RREE Folt FolP WHE AT 5 UAT<TH50>,

3 " .
- 104 - A =1



AE CE SE

A Start point - 34 28! 90 70
® End point . 32
% Targets 32 70 26+ Y 80 v
+ Post delay ¢ 30 w 60
External force 30 60 70 ’ ]
-Resistance force 29 [
' = ‘ 5
28 50 60 0
. 7 g 2% | 2
=267 5 508 8 . 40 §
7] 40 = =t i =
&, = o .24 y =
=24 2 2 5 2
(= 40 2 - i a2
307 wn 22 h 30
2 i
22 30 "
2 i
20 | : 2 2§ 20
) P | 4 wl B
18f X fio 10
‘:%' 10t 10 ( *
16 16
L 0 At r B P ———— 1
4 6 9 11 13 4 6 8
X (em) X (em) X (cm)

T 59, 2% 1577E F710l Heha HelxjolAl T SJRERE) B A uza)

T3 2L [ToA oDCSS %o A JTe SZo] AW

AU 8 27 2 059 MEAS Holn HLFH= m&ES UE

Wt ol %A oDCSY o] HAH | =
ol

o, dA ] g HAH AAS FE&3 st Y w33 #dyo] 3l
ol 73l 7Iwke] Skg A FaFo] XA S E HQktH(Hanajima et al.,
2015; Henriques et al., 2014).

+E5IA = SFAMD I} FJF=(DE)(i.e., error rate; Fitts, 1954)2]
7HA 8 FAH8AE XA JT Cantarero 5(2015)2] Ao W=
H, oDCSY 5 AFo=E 449 7tadS Eole Zlo] &5 A
s F od *F 7FAHLL dFS

=13
259 o] F2 LAY AR /&
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Z AgdEng. dgAFo M=, Primary Motor cortex(M1)ol] =2
WA A ABSHYEY, AIAGe] B
o] YelGTal R 313} tH(Molero-Chamizo et al., 2018; Seidel et al.,
2019). ©hA] Eal, ¥EAIZES] S HHSEE Mlo] ofd, ofDCS Y=
A A7} A3 o] &4 SHexhibition)E sk, A0 M1 HIZASLE F
stod, WEgAIZte] =9 ARE UERH Z S0 E K18 T Weightman, 2021).
A& AF 27304 AE FHGF otDCSY A A7} o] Fo|AA] &S
SE & 2to] o3k ztol7b YERSTH AE ko] A8 277HY] Ao
2AA 3 AYg=rr & Hoel HE] w3hoH, P4 EHA)E A
vetgth 28y, 248 2730E AR vkE oDCSO| S wE ¢
& Ho] stg& BWAIA AAo] dAEH & W] HAA F7H A}o]
YR Al gt kA, &%7F A& Aojdle FEFS IR A

59 2 5 Atk

o
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Abstract

Comparison of Motor Performance by
Cerebellar Non-Invasive Stimulation in
Reaching Adaptation Tasks Using
Explicit-Induction Strategies

Hyejin Seo
Department of Physical Education
The Graduate School

Seoul National University

Humans can learn new motor activities through a variety of
learning methods. Sensorimotor learning based on implicit learning and
explicit learning are two types of learning that are frequently investigated.
In this study, both of the cerebellum was used in this investigation to
monitor sensorimotor performance. The influence of the cerebellum's level of
activation on sensorimotor performance was then studied in order to better
understand the functional role of the cerebellum. Thirty-two healthy adult

males(each group consisted of 8 men; average age = 26.14.9; range, 19-37
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years) who were free of orthopedic and neurological conditions participated
in the study.

The experimental task involves stretching the arm in a straight line while a

force field is applied from one beginning point to the target point. The
subject must overcome the force field to complete the task. In this procedure,
the behavioral patterns of polarized ctDCS in perceptual-motor performance
given an explicit induction strategy(group 3) were compared and analyzed.
The changes in exercise performance of the implicit guidance strategy
group(Group 1: sham) and the explicit guidance strategy group(Group 3:
anode, cathode, sham) were examined.
As a result, the explicit induction technique and the implicit induction
strategy had distinct rates of adaptation and levels of adaption. The
movement time(MT) decreased in accordance with the performance of the
movement, while the reaction time(RT) in the group using the explicit
motor learning increased when the performance was repeated.

Contrarily, the implicit motor learning demonstrated consistent performance
change and quick response time(RT). As a consequence of looking at how
each learning aspect was combined in the washout portion, it was
discovered that in the explicit group, the performance intention that did not
manifest itself during the performance remained strong long after the
external force had vanished.

In addition, the performance accuracy was significantly higher, indicating
that the residual effect of learning remained more than that of the implicit
motor learning. The intentional movement of the ctDCS anode was found
to be stronger than that of the cathode or the sham (false stimulus), and
movement variability to correct errors in the early stages of learning was
found to be large. This was discovered by examining the perceptual
movement performance of the explicit motor learning according to the
polarity of ctDCS.

The group that had ctDCS anode treatment in the washout 1 portion,

which looked at the impact of learmning after the initial learning,
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demonstrated a more purposeful movement in response to an external
stimulus, while the washout 2 outcome did not significantly differ between
the groups. When the effect of learning transfer was finally examined, there
was a significant difference according to time but no difference across
groups, indicating that there was no effect of transfer.

As a result, it appears that the cerebellum's anodal stimulation had a more
rapid learning effect and that the perceptual-motor performance was more

strongly influenced by the intention to participate in the action.

Keywords: cerebellum, cerebellar transcranial direct current stimulation(ctDCS),
implicit motor learning, explicit motor learning, non-invasive brain stimulation,
adaptation task
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