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Aol Ug whgel ol FHA we A4 A, 24, ADE $1A5SE SPun ohe 9=
uel WAge] SRR ek 4 vk A% AR A BAT AN o F A 546 g G
b % a7 bsgel ik B A7E v @44 Aeks T 998 FAstu saEdden,
12 8l Heel 2719 7] 44 Jmus 94 dsue] 2458 Mnsdth 2408 @38 ondidonl
associatve learing) FA|E ] §310] AFWg AF FHo] FEMe] TAY AYHLE Fol AHHET 349
Aol Ul WeE I sel A 24 N Bel A wgel OF WEUS HelselE AY us
& w2 3] odA WENT ol A% Zelt P4 JSue] B vgE AP ¥A A= vg
o %Y WAt womA FAd] AF 220§ f8ele] WAHo] we oz 158 b v,
%ol APH Fol= ¥4 Jsulo] e NER FoXwA Y5 Waislel BAYe] wo} WAHe] we =
o) B % Ul 7] elAdeh Azel M=o dig wgol AZHE S0 ruEe] MR T 4
g9leb7] gistel, 44 3% =0 ot A5l Fo MUARE I5, BHsAch 1 A, A4S =
U EHD S 44T A, AT 99, o TR, £ SN BEE 37

Fol AasiuA Fashs W, 24 dsud ug 48t 2RES Bash old 245
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& WYL ANITI B 5 9k ol Bz oR et Gu
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Zhe oo g Ao Feixl B
HaAsh BhE QAT 49 B43 PIAA > P4 ASME el ek WSk Qg ol A
Sigroldl SEnel SEvke Aedhe A7%e SRAoR, See @44 Jusk W) A4%eN A
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2 Z713¥ A (instrumental conditioning)©]
1} S-R 93 &5 (Stimulus-Response association
leaning)oll Al 5% gl e A< &=
= vpet Ayl F AR A FE(positive
outcome)©] HojA A Fd = 5H 535(}‘4

ol Y= I ]

7b F7ksta, o] AnEs 7o*§‘r§°
THMackintosh, 1983; Skinner, 1938; Thorndike,
1911). &% 7+3}8HE(reinforcement learning)©| 2t
1= B2 A% FYdE 439 A3 A

e AT P

=
rlr
f
=5
of
b o
(o]

o2l ="M (contingency) S Bty
Aoy aFsEy 2, f71A7E 54
A2 3t 2pe PES-R Adhy 1 A
Z(outcome) A}o]Q] 4HMAS Bkl 31A)o]

o
t. 53 HIde Qzte BEege
H

vlele] B Beevad & AISE] f3tel 4
A5ze] =ge] % Ay Tyl Lo
he o M3, o] BE AFH, 434

BuAe B o
AAsH, HEE ABINAE
e ZAsI oldlslEls AlEr) gttt
(Delgado, 2007, AL & TFE, 2013). ©|
2%, & P ARER FoxE A
3] 9 (feedback, HPol)olgtE B,
£ A5 2Eo] olF 1 PBE M B
A@AmgsA)ete 98 8] HEo|tt.
Z}z7vo] =AM g o o m=uwl(A 3

@ U4 2de

o r1o;‘;

@ whg Aeld) e g4 seu By
@ urg A olojxE ¥4 FEu)s ¥
Hahe HPol ol A FRe] PuA

7b A Holw, o] HE A7t T
oltellA dojuert= A Fad AALIA
e A7 FAlolty. FsRIAEA L] M=

M2 A Helv F71E 23 9)Ehe
2o oIt Azl AL fA5
w2 98g s AnE P R4
Aol sEve wael, 294 95, gele
MY B4 AY S g, e
Roithe 444 A5 S g, o2
% AA = ul(positive feedback)o] g} F-ET}
g, 3 Adee op|d dEe 2 W=
£ A2 e dEs g o= @
T ABREL HA I =v(negative feedback)©]
gh =, A, 244 &89 22 74
A 7] ARIY F= A, e g E3
e & ¢uFe A4 Asd = dth
A R g 7T TEe J= A}
Aol FEEA, A, G A wel
Aegr oz NQdse] HstE Hole thekdt
Ty o9& Hustn ukEliott, Friston, &

Dolan, 2000; Liu et al., 2007; Nieuwenhuis,
Slagter, von Geusau, Heslenfeld, & Holroyd, 2005).
Wil wheae Ao el Fe) £

W99, olzrE 4¥E e Z9e Y

=
W= <kepA
mOFC)S %

¢

)

_I[N' 12

[¢;
H
=

B

X ZA|(ventral striatum),
3] Al (medial orbitofrontal cortex;
@ Bz AT
cortex; vmPFO)O|A] 2] g =wo] o gk gh-g
ez B3t k% 24 Fsuld B4
247} B 1% 9 tHElliott, Newman, Longe, &
2003). 53] HZFo] 2 Hhedonic

valence) =¥ F7|7Hmotivational valence) S l'?—

AR =7t e AS
NALE AAA EA <
8

3%
dl, ol &9 Al

oo

& A (ventromedial prefrontal
Deakin,
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e
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e lTeY
il

o

T

- 420 -



-4ex / skEol A T Ijet MEX2|e tst

AA AIEe] BLAA(HA oS LF: reward
prediction error) % =ol WSHA HH-g-d 1
(Haruno & Kawato, 2006; O'Doherty et al., 2004;
Seymour et al., 2004; Yacubian et al., 2006), ©]
21gk B A|/Abolo] g A5rt g5 A
Stoll AbEE L H7] wf o] thBaird, 1993;
Sutton & Barto, 1998).

Hha, 724 gedd gisid s S A
A(dorsomedial frontal cortex; dmPFC), HjZ2]
Z )74 3] (dorsal anterior cingulate; dACC)E
e YAE =EodME dmPFCAACC =
), A2 E(anterior insula), 12| 1 &= <F
%3] & (lateral orbitofrontal cortex; IOFC)Z}
FAgolA w2 &P A5 HudHn
2 THKringelbach & Rolls, 2004; Mars et al.,
2005; O'Doherty, Kringelbach, Rolls, Hornak, &

@2

]

H

M 1o

=5
Mo N, oo

Andrews, 2001; Ullsperger, Harsay, Wessel, &
Ridderinkhof, 2010). £3] dmPFC/dACC®o] &
gEuld & A3E Hole Zlo tistd,
o] o] of FEA Y} AdA] & A
olgl= =97} e #: =t Al7]E ) tHBischoft-
Grethe, Hazeltine, Bergren, Ivry, & Grafton, 2009,
Holroyd & Coles, 2002; Holroyd et al., 2004;
Wheeler & Fellows, 2008). 121} o] whz}
A& dmPFC/dACC PN = FZ =l
el =& Hk-3(Knutson, Westdorp, Kaiser, &
Hommer, 2000)°], £+ ¥4 3=9] Hr} %4
Hewd o
Tricomi & Fiez, 2012)0] #& L 7|% 3t} oA
g F7I7hAE7E sl T 7R S| =o
ga mee 478 AANgBneY 47 2

shgo] QA B ol

=0 t‘ll-—g—oung et al, 2010;

714, g JREH/FA e R e

T JEde g8 #§3¢ FEAD #
A WEd Folgke Azt AZlEa 9l
(Alexander & Brown, 2011, 2014; Bromberg-
Martin, Matsumoto, & Hikosaka, 2010). 71 3}
© dmPFC/dACC7HI] =Wlo] 4 A Q1A H-7
AR gl deAle Ago] B o
J5)= Ankes A4 Anee We ot
ol #AZ 7hsd ol ThAlexander & Brown,
2011, 2014). S5= Fotol dSHe AdE
(e, AsietgellA s e demhat A=
dojxl AFEo] Zg 7= dmPFC/HACCE]
P ggo] oA Hi W, d23E 2
B} dolAA) ke W we o T
7 Wzt od g ANE
(predicted response-outcome model, PRO model)’
TS ol =ostde =l dAA
(saliency) FEA 2] 7N I FAHA] Gt
gtgollr AAgs ol9A Jhdstslerhe
A2 hEA T, dnbA ow iAol
FolR A= e Aol drht 4 HEA
E FAE F xS FE nevh ®
= driyg A @rousa) S FEEtE7IE o
(Lang & Davis, 2006; S. C. Lin & Nicolelis,
2008). A2 wekd e B Al 2
L yl=wlo] 9KKahnt, Park, Haynes, & Tobler,
2014), Bl=wo] A2 Z-E(Esber & Haselgrove,
201DE F =] gAige] MetE =olshy] =
g 28y o Fo3 iEe BAAEA I
=t AEEA g =)ol HHrte wito]
AR, o Ecdslah) BE s71Ae &
Ho] & A(salience)o] =S AR (motivationally
salient event)©] 2k 7Fg oA &3t &

AFAAE Bl A} ge A B
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£ F@sH, F Fudle] B% SES=
Tl o] AN EH ol FHe
EAT vzl dAA JEA G F=o
RS Aolgte AdE A A eHlammel, lon

Roeper, & Malenka, 2011; Matsumoto & Hikosaka,
2009).

s=u el s=uel fA4 R
@ a s=uo] BAlelA
Aol dvp} FAY(relevance) S 7 E 7HH=
gre] Qbm Bo] W, A2 A
(valence)7} o= WERI7KH A/F-A)el w2} wt

gohe

2938 9% =

Z(Haruno & Kawato, 2006; O'Doherty et
al., 2004; Seymour et al., 2004; Yacubian et al.,
20069] kel e ®d A n=y
(BA AAA Ao gjew) £
23 @04 A} 444 oF A=
Wl 2o HHA dE 9 F(salient prediction
error) AT o] HeElE ZorE B 4 9t
3, d5e Aol AA Al Aolzb dA
4 e et we QoA 96 =
3 uke A3} o= Fdl’(Alexander & Brown,
2011, 20142 F@sbx] gtk o|RA dAA
HEAL Aol e AT A2
Se n=w AE wAdS esusd o
& FARAYZ e 7129 Jd®aid, 1993;
Sutton & Barto, 1998)2 JolXTh= HoA &
=50}

o7 AAY Ael AW 78 Ay T
TEEE dnPFCAACCY 92 =5 =5 5 F
9l tHMenon & Uddin, 2010; Metereau & Dreher,
2013). oj® YT AA M Aol A=)
shel] ik A Ad Ao FF A
= mgfe] Az i A5

EX

=

) e} =)
9 fFEstEs

= 7FesHl gtk Alge] Aakze] old 4
Hol Qo Belel eAkE Wrhake 3
o] vtz o] dnf} & A7 KsaliennE
Brvste Fgeolgn & e, dmPEC/
dACCAlA 22§ 543 dAste 7 &
9 Wb #EH7] w o] thBehrens,
Woolrich, Walton, & Rushworth, 2007; Quilodran,
Rothe, & Procyk, 2008). &2]17] A7 FH A4
(resting fMRDS ©]-&3 WA 417 W(intrinsic
neework) A7) %}tﬂ 01 e s
Ty 24 92 S = =9 A AlA
(central executive network)(Goulden et al., 2014)
F AAH 7] wEell, FA FA &
A BEAC #olate A I Fo
Stz 7FFdTHSeeley et al, 2007). ©]Z A
dmPFCUACCHE E<] AHB@ )3 1
£ pRS PAGNN 2B A 3
Aol Belaie
Feloleel, sherel el @} 7 sl=ule)
sh Do) Wskaat BAl o] e
SEECESES I

7Haction valuation)S}+=

422

&

s = ngg ZFA] (monitoring) 8} 31, 9
o els) o @go] xAHE
A7tz #AE 27
go] A7t mE s #elo] Y =
o] gtKUllsperger et al., 2010). L&} o]
L et Ad FAl7] A7 E2HGARS
o] &3 ANES TAR AW EXE 1
28l SHA, WS =7F dmPFC/HACCS} T
2ol ol @AY BA &, gE T °ﬂ°ﬂo1
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< 54 SRe] ERltte TS gelFe 4l W d5g adE FolA dAAAe] W I
59 ¥ 279k 5 SR AREL of J=  ulo] wr vl oAk B mee 9
doll ZAst] FFE g Qo] I BHAPe] Aol 2FR FAStE g F710 HHEHA|
E2 Jedo] ofyth old kel A = @A AAEE T I=ule o] Al
W A7 Af, B AFAH e RAPoR FAAEG wo]l AAHL &
Z AAEC], FF SRAF o] FORIZEE el ThFeel lof, olF AlddA o3 T
& =t} ol g wahd, 3 W AFZ d= 2AMIE wbg Aglo] JhssiA] ] wl&
M A AP SRAFe] AT F& ASHoR FHALE AT Dot e
Al whed A5 100%9 2HER F2 sEwo= g i giv

Aeue g5ep) B AL A3 ¢ A 2 ATE ojdl 2% P2heE Ag
o). = A FAAo] n]S o mewl =] =3} fMRI(functional MR) T 34 &
of Wk AwEoR e A5IH A7 AL Foel Amue e 24T B
E(Poldrack et al., 2001; Poldrack, Prabhakaran, & Ho|&= AW dAA W3t} #dd F
S, ¢ Gkl 19901 58 A3HE @ WL BOlE 04, ol 5 7] 492
Sl Ex, Agel AAlelS AT S PHskna = AN Q3 B T
goles gE4 —’,‘—H}/‘é(probablhstlc contingency) ¥ EA3IE B3Ity szulo] Fr)7F
g ol87 o TS AFel] SEN & S Anse AFTe e U o
S AN AT O dg leld old B HA Asue veel P Fou,
247 gabgdel] o3t g AAE ey S HA disie] Ao w2 24sE
AEAQ Azt g seudded o 7Hive B Zeolgka o Ssigivh W, dx4e 3
Aol ok A=S-AF{Ee Fubdo]l AA BAY #Holshe T 492 = {3
TR 2A F=w PrAee G54 I g5 g BT JIFE wol o) ¥
TRkl 273 dse] FHARZE BE PR (repeated measure ANOVA: I =) 78,
heRe olnl BRl T dlo] Wgel BE R F 2 AHEAUS W, A= £
2 v ol AT ol makw el (A Amu, B Fsw 2B H%
(Seger & Cincotta, 2005), ¥ A7 2G4 & AP Run 83 4570 F34EE 2
Wy ety steld sedel WAd AR Releka et B8l a4 2t 44
ARl Arskard San old ZIH S Al me BARE ol A% ]
Aol 2718 S=u AN} olfolR A% o = A gade v, EAlG] S Zo
TS FE] s 41 A= S B Ao S
95ehe AR gAY €oh g% F71 TR b BE W8S Holk RAE
oA e GF A5 A9 G5 ok S delel 849 2wl Bl
o olu |4 Pod, ol AA A= = FHe B sy, roEID;
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Loz / shmel MY S TSy MEHe|o| wHat
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Region of Interest)i-A1-S E3fo] A4 713
3} AAFE We FHEAE A7 = Runl: G
7§‘ j]EHﬂ > l%?ﬁ‘ j,]l:lﬂﬂ 6‘_']—!5_ ‘5‘7] =
Rund:
AT
Pl 3 demon 34 £

S00h AAA o R lq:uu(_rﬂm = 04

ENS RS 0F W UF AUEE A
A, B4 o] oA & A A (external

saliency)l] w2} T WES-o|L} E<pEof| Aol
7F Yehderks Bokth aeuv E EaofA
HeR AR fO4 FANNE $H Ao
ol A ol whg Zol7} A Pof
A 279 ¥4 Foue shie B B

A/H el a= vElth

o[>
T RN
me 3o
N
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BEolR AMgelT, HAAEE TR, 3
St 477kl o] g 2Etteld
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rr
ol ®
fo o,

on, WEe A% 2 3

279 A7t
Al 3 43 3 G953 wus
do] Frkz AFHYL PSS A%

A7 2} AE HA I3 Adg A7A

s=u) sl ALeEE AFo] AAH
lor Ysazrt 3% UATHE-prime, version
2.0, Psychology Software Tools, Inc., Pittsburgh,
PA. B¢ AFom ool Aol ALgHIg)
ow, olu Bk Edrke 4479
Sus} 2 4 e 0% X7k AgE Yol
2709 2AG@E vkl Sk 247}
MRl 279t AFE FA(FA: SVGA,
800x600 pixels, Z| A E(refresh rate): 85Hz, FOV:
30°horizontal, 23°vertical, 3} H]Er(aspect ratio):
4:3, A7 16,700,000 AHE 8l A
Z A=A HERRSAX = & &9 HA

[}
o 24 oﬂ A rE 5 YuR do] mE
{: yd v

A7 o.

- 425 -



A AAEC], QB Bgo R Aoy v 25wk AL 2471, RE A s
W o B2 oF & 9] m oohg} 3 AAE A 4709 rnlE o]0 AHA 3]7] =<t 8
2 39 WS AXWA S5 713 7F FolR

3 ol
F o Stk AU BE FA4 83 o 2 Sshl AT 05ke Fe WA

A
(+2009)0] FOARATE Qtell= Al 7FA] & 1 A(fixation)o] A AF 2% EE AA]
Fol t& 74 g=ulo] AAHATE 24709]  HAW, 1 2% FF SN F she] ¥R
dupl AZE AT Al 7] AR eRIE wkslEE g FEith Gl A5 A|A7L
MAAA QT A -10099] &4, -50099] Z39 05% Z(nter stimulus interval)ol] HAY/
Eel PR wx e, Fbgnitt FAEWo] 15% FRF AIAAH R AAE]
AP stelol FFEHAY BT A A UThFigure 1), JEEe S BA] FE
H9E, WSAIThe T @45 A Al wEpx BE AEubEe] +20090] BFoR
TR o FEwd mE fonig ztelrh Foizl wbH, ogubgd] disjAs ARl
AR 7] wEel] B mRd AAsle LEFAX), F& -10090(F AE)ely 009
Az} BAelM e ol FESHA @¥x BHst F A A &4do] Folph (Figure
o EAskith 1B). |2 Qlgte] a5 A F AT 44

3
Ea9 & gl Ao ol
% o

A k. = AN F EEA
N AL @ el 2448 Fuplo]  Welsd wge] 24 A B 62
T HA dEEo] AAFHT = ) ok (4~162)9] A3 7t ZFA(inter trial interval)©]

A) B)

e
Feedback Asiragi e
(45~165) ITI
800 Correct + s
g

1.5s Reward Reward Reward
Stimulus
0.5 sec
[)
D

Positive Feedback

In ‘ OllI.ECt

Symbolic Weak Puni Strong Puni

Response

2 sec

a Response
|

¢

Figure 1. A) Conditional sensory-motor association learning task.

Negative Feedback

B) Types of feedbacks for correct and incorrect responses.
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A
e

0

.7F%§ /

=2l &

02

of T D=t JEXe[e| Hat

JO\l

lo

AlE

e
o

A A=) o] (Optseq2: Dale, 1999), i} ]
Ht oF 105%20kt AAHRL 2 = F

9%o] 28 F A

HE 2M & 9F-g-E(correct response rate)

AA NPl BEe uheS Hel Ao

H &2, A F Run¥tEo| w2 P A3

Hhe-go] W3lE Runf9lo] UM RA
A

(one-way ANOVA)O. 2 ERQIsIgiom, 7}
Al Runﬂ«] Aol =

ot FEstel Al FRAEE AW v oF
A&} Run Run: 1% v, 2% s, 39 vs. 4%) &
Q] 24 o] PAFEA (two-way ANOVAYE 4
Aletith

A7 B3G5 3T Siemens
Trio(Siemens AG, Erlangen, Germany) A}7]3-73
Y 2MUE Fel olFoART BE A7t
ANAA etz 8 A AH(T1-weighted:
TR=1900ms, TE=2.52ms, voxel size= 1.0 x 1.0
x 1.0 mm, flip angle=9°) &Y Z 7|59
(T2-weighted single-shot gradient echoplanarimaging
(EPI): TR=2s, TE=30ms,

voxel

flip angle=90°,
size=3.0 x 3.0 x 3.0mm, Imm gap, FOV=
240mm, 36 slices,
volumes)©] EE5E Ut}

2E oA EAlo] SPMS(Statistical Parametric

descending sequential, 254

Mapping; Welcome Department of Cognitive

Neurology, London, UK)o|] A}gE¢lom, wg]
£Z9l XA (realignment), H-3] GAS] A|ZF B

Aslice timing), ¥ F7HMontreal Neurological

Institute(MNI) template) © 2] % 1F3Knormalization,
resampling voxel size=3mm), ¥ 3K(smoothing,
FWHM=6mm) A& AFA A 2](preprocessing) S
AN AR E o e Ak A
% T dl(general linear model)& ©o]&3lo], F 7}
A NI LS 2 Run PCHRunl ~
Rund) 25t 87H2 Al % x 4 Run)9
S A2 regressor® B = A A

NFoz o] olFolAth. 4 Alnitt @

P

Agt wEg-2] Z1Z diH] < A(contrast image)©]
AEEReH, ofFHA 1A} QTN AR
de UH I8 AR A= FYHA
W v F2 =)} Run(d FES] Run
899 2x4 o] W FEA(two-way ANOVA)©]
22k B OF #AMeR FYPHU ol
drtsts 9ol e FA wlew b
Fote 74 W9l Rd S Ageit) ol &
A v 2 T d9s Flaitt
A HAZ, g5 a7 Faglel 34 I=
W AIYCEE Al B2 s=E Al

Algell tiel 243}t ApolE Hols 99, =

JE §Y FEANE Holt JATbe DE
dslgitt. F HAZE J=w G337} Run
webd $EHES Holt
3loy(Table 2) Hualgich Atk
T4 A A (whole brain-wise)e]
g grla A A2 U eFE HA
7] YA FHE = family-wise error(FWE)
p < 05 BT} B4 AAF FWE p < 00001
£ =] FA(height threshold)Z, A& Huj4
(voxels) 70 30k = 3007 S M =7 (extent

é.\&g‘

threshold 2 8}, o] F 712 EAA FAEZ
Ho] A go]i(duste) S HOl l:r oJolulg
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A% wuel TRAAG. 2 feold Golz A ROL BAS F=u £97 Ree] 4
o) A0l 43 ¥k MNI HEE Hns & &AE 29 ROl daAA ool o
9ot oe FEAQ Rind HE FEAE  ROPIE D83 ge A4 Hart olFein
2 Ao 2 Wele EFEA 2% B ok o v} Renvhtt T SEH 53e] Holsh
Uel, sle] A 2AS e Holast A feluan wmelgth delsel T ey
B4 ke ¥ waeE A9 del g 2719l Aok Sl Ransh Ao}

ANOVA #AX o)A frojuet 437 # §le Rung FHSATHSEE 43, p <
ZE folio wHalA A D HRegion of  .05). g=w {3 vlt}t Runld} Rund®] 3

-
N
-
_N

lnterese, ROD ¥4 Za99eh ROIE 24 Jlo] fev@ Msst 99eA Hastan
Qolasl Andpaks 1E02 NATE SRR cAZ p < 09 o A 37
A AL 1omm, B0 o A TEdot ¥4 A=w 3 see] A 1
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Figure 2. Behavioral results. A) Accuracy rates increased across the four consecutive runs.

B) The average RT for correct trials got shorter across the runs, while the RT for incorrect

trials did not.
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FanE Bel BE 9 48ty

Table 1. Brain regions showing differences in activation between two Feedback-types.

MNI i
i ROI analysis*
coordinates (mm)
ions Cluster Positive Negative
. Regi 3 BA i F value X y v gaa
Positive > Negative Size Rl > R4 Rl > R4
Ventral striatum
N } 1308 204.44 -14 6 -10 ik *
(FZ A=2A)
175.36 10 8 -6 ek ¥
Ventromedial PFC 10,11 1465 169.55 6 54 2 ook
(mPEC: B S A A5F9E) ’ ' ) )
Superior occipital cortex
L e 17,18 731 151.25 -10 96 10 ik -
(BFF94)
17,18 702 91.78 12 94 6 ek -
Angular gyrus
el —gy 39 532 91.23 -44 =72 26 * ok
#3)
Posterior cingulate cortex
_ B 31 191 76.89 -2 -34 50 * -
T34
Midcingulate cortex
- B 2324 151 73.42 0 10 36 ek -
(FLHE92)
Inferior parietal cortex
oy 40 47 71.94 -56 44 44 ok .
GHFE 94
Lateral orbitofrontal cortex A 54 6194 34 o 4 o "
N 7 . - -1
(OFC: 9]Z <tobxl 7ol
Middle temporal gyrus
. 21 46 54.15 -62 48 0 ok ook
)
Regions

Negative > Positive

N/A

FWE P < .00001, F= 46.68, k =
significant), T(P < . 10), *P < . 05),
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Figure 3. Brain regions showing significant difference in activation between positive and
negative feedback types. A) Bilateral ventral striatum. B) vmPFC. C) Superior Occipital
Cortex. The size of BOLD signals (% signal change) for each feedback type is shown in the
middle column. The changes of BOLD signal across runs are shown in the right column.
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Table 2. Brain regions showing a significant interaction of Feedback-type by Run.

MNI coordinates (mm)

Cluster
Regions LR BA F value X y z
Size
Anterior insula
- L 47 299 36.68 -30 22 -4
HE =
R 47 155 36.34 30 24 -2

Posterior inferior prefrontal/
Precentral cortex L 44/6 712 32.22 -40 14 28
F2 daawFA)

Inferior/Superior parietal cortex

~ L 7/40 320 30.84 -30 -58 42
IR EE)
dmPFC/Anterior cingulate 32/24 520 30,06 5 ” 54
(MUl S AFFA/A743) '
Cerebellum crus2 L &7 20.99 10 78 )8
(&4)) '
R 96 28.10 10 -76 -24
Mediodorsal thalamic nucleus
) ] L 61 27.29 10 16 12
S Al
Precuneus
L 7 80 25.89 -6 -66 46
(A4
Caudace R 35 2461 2 4 >
Gl E)) '
Cerebellum 6
R 65 24.22 30 -62 -28
(&)
Cercbellum 7b, 8 R 58 23.65 32 68 50
(&4)) '

FWE P <.00001, F=18.78, # = 30

Zol7} Wl ZAthe= 461, p < 001). 1o =¥l Alge] 45 A7} A FoulrEc
Hlgl, ndde e FA 3=l EH?‘S& PSC  fremsAl AR, o eHoR 1 Afolrt F
2717F 74 Fedd gg 27180 = AR A mEetA] X3k g2 9] nd
FHp < .100°] A3 AAEHAT HW‘%‘S’E A3} M6 FGElkp < .10, A, 2A
Rundof M= 79 BE ROIGeIA 74 1 g RE 9o A sl gk psce
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Figure 4. Brain regions showing interactions

between feedback type (positive or negative)

and run (1~4): A) dorsomedial frontal and anterior cingulate region (dmPFC/dACC). B) Left

Anterior Insula. C) Right Caudate.

Changes

in average BOLD signal across runs are

displayed in the second column. The third and fourth columns show time-series data from
stimulus-onset for Run1 and Run4, respectively. The blue box brackets the feedback-related

response. SOA =

TR 2 sec. Stimulus -onset (S) is marked with gray arrows, and

Feedback-onset (F) with blue arrows; * (p €.05); ** (p (.01); *** (p ( .001).
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Dynamic changes in feedback processing as

learning progresses

Soohyun Kim Jinhee Kim Eunjoo Kang

Department of Psychology, Kangwon National University

For cognitive control of behavioral adjustments in feedback learning, various processings are required,
including evaluating the saliency (i.e., relevance to the task) and hedonic value of feedback information for
future response selection. In this study, brain regions involved in processing feedback saliency were
investigated by comparing activations for positive feedback (following correct responses) and negative
feedback (following errors) for early and late phases of learning. A conditional associative learning task was
used in which stimulus-response association rules were learned by trial and error, based on the feedback.
Since there were four available responses to choose among for each stimulus, only positive feedback (i.e.,
reward) was relevant to behavioral adjustment during the early learning phase of learning, but negative
feedback (e.g., penalty) became more relavant as learning progressed. fMRI data obtained from normal

29) were analyzed to identify brain regions where responses to each feedback varied across

adults (n =
the four consecutive runs. Activation for reward decreased as learning progressed, whereas activation for

penalty increased in the following areas: anterior insula, dmPFC and anterior cingulate region, inferior
PFC, inferior parietal cortex, and cerebellum. We interpret these results as reflecting the decreased saliency
of positive feedback and increased saliency of negative feedback, between early and late phases of the
learning task. In contrast, for two areas associated with processing of hedonic value, the ventral striatum
and vmPFC, activations (positive > negative feedback) did not vary across the four consecutive runs.

These observations suggest that the saliency of feedback for learning is processed in a network separate

from that for the hedonic value of feedback.

Key words : Feedback, Learning, Saliency, Relevancy, Reward, Insula, dmPFC, Anterior cingulate
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