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TAERNZ Safar ¥t Bt in Tt F2 a9 22
Sk B RS HIEE

FHME FANR

FRARAR AT R

(L ZR IS R4 O B2 e, TFrd 250358)

i
WM load) Al M Sz A5t T e i AT AE

B OAMEAT NG RUSES RN T AR 25 S FAAEEE N A 2R Y, TAEILIZfm(working memory load,
RHABUT G, WEIEL . K WM load. # WM load —Fh5cft, 45

A ERP FE AN X — A THR ST o & B RewP (reward positivity, 255 IEH)XF RN EUEK, A2 WM load 2514520,
Theta #3% 01E 700 25 FUAE R WM load 554 B ILZER WM load 4514 T /0. SRS IFE IR AE 2] i
[A] R (HRL-ACC, hierarchical reinforcement learning theory of anterior cingulate cortex)%] T RewP Fll theta 7% AYX
S RewP S T S B PFAE DI BE, theta B2 e TIAMIEERINEE, I H WM load SEFEMERZI T ACC TN

YIRETTAS & RS iF-As DI RE o
XgEiA
2HES Bs/42

]

TEH A, RGO TR 2] 5 R85 3
A EZZ, RS E [ T TER Y RS R
HOMBATT N, TR R EE % B O 5 5Em)
1120, ML FHRIR AL RE(Luft, 2014). AEZaR 1L
2% 2] — i 40 4 [8] B 32 (hierarchical reinforcement
learning theory of anterior cingulate cortex function,
HRL-ACC theory) (Holroyd & Yeung, 2011; Holroyd
& Umemoto, 2016)XF M4 H T HE4N AR, 55—~
S WAy S, R R R AT A RY IR
SEPRAE, TR R HE AT 2T S5, BN A
et FRE e R EIL ., 5T
Lo, TEFEATZ UL S5 mF, AT B Y 5 K 1
fm, TAEICAZ 5 g (working memory load, WM load)
Hahn(Krigolson et al., 2012), B8 W5 LB, 1EPRAT
RUT:55 B AT 55 BRI, WM load 3 /1143 %) 5 A< i
TR OB AR 77 4 T30 (Krigolson et al., 2015; White
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TAECAZ G4 (WM load), Jft, #3{IE# (RewP), theta #2355, R4 [0l

& Grant, 2017; M 4, 2017), {H WM load 1
RIS i) S 50 T i AN Y5 48 CHRL-ACC P2 (Holroyd
& Umemoto, 2016)HSR$2E & WM load X 45 1.
522wy, HRE bk B HEIENE . ASHIEFE A TN
LB XS 3% — A AT IR 5T o

5 IE I (RewP, reward positivity), 818 #x
Y R AH & B 31 (feedback related negativity, FRN),
JE SN T35 K A d B ERP ST o RewP X i 15
R BURR, TE RS R B K IR R IR . IR
Sy HEFE RS E 200~350 ms v PN, Bk
W A T3k B ETER, (A T IR O B R R 2R
FPFTIN RewP 1 ik N & 2B I A T |iT 0407 (9]
(anterior cingulate cortex, ACC)FIZCIRAA T (Gehring
& Willoughby, 2002; Glazer et al., 2018; Hajcak et al.,
2006; Miltner et al., 1997; Sambrook & Goslin, 2015),
Xf RewP JT S i (). BN RE Y BRAR 28 17 T — 678,
FHIAN RewP Fe 1 67 B it (048 451 ) I T,
TR AR K T AU 7710 (Gehring & Willoughby,
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2002; Hajcak et al., 2006; Miltner et al., 1997; Yeung
& Sanfey, 2004), P HFRAE FRN. FEHHF5EHY
A, WFFEE e A IE st (N & Bk T & 1
1 1E A9 1E I (Baker & Holroyd, 2011; Foti et al., 2011;
Proudfit, 2015), 1E. HRBAMF T RewP 22 5
S 7 N 2B B AN, A2 X 7R it T,
I Proudfit 45 A (201 5)fE 0K itk 44 4 RewP.,

Delta (< 3 Hz)Hl theta (4~7 Hz)Z i T.i5
R FEE LG oy, I HH 50 4 Bk Al
R U (Bernat et al., 2011; Cohen et al., 2007), H T
H— T % RewP DA M delta Fl1 theta 7= v% 5 1F 5t
INTAGR BN TR SE R, Foti 45 A (2015)ff I
B3 43 AT (time-frequency  analysis) %) S 45N T35 & i e,
AT AT, AR AP theta 3235 7F RIS
FH9R, delta 527 16 1E Rt m W & b o 1l N E
R BHTE LT ACC, J5H AL TECRIK, Foti S48
IR TR APEWL AL, ACH RewP JE X4 SO BURR Y
theta {if 8l FIX 1E SRR Y delta 1 3l 19 &2 544

KT RewP HRUBINT R R, #mibsy>] i
(RL, reinforcement learning theory) (Holroyd & Coles,
2002)88 ) TR . IZE R AT X FRN 42
th, AN FRN Sy 2 b i 2 12 i R g fe s b7
> 3 AR b AR i 2 B T A R 15 9 (RPE, reward
prediction error). “4SLPBRBIL T FUBINT, 2 E g
IG5 FR S 5t e U 22, 22 T i U 25 ik
Do EE S SRR SR ACC LA TR AL2: 2,
FFET FRN 19K/, 5 3 Holroyd %5 A\ Bt T3
8, 8 ACC 7E HAn 0147 4 th i DRI AT i
AT R IREN PR 5, Jf4E RewP (B4R FRN B
RewP, {HUZH B IEAL . J& RPE 155 AT
ANAZYVHI theta 72 3 (76 % BRE TP FRAE frontal midline
theta, FMT)#f44 A, $ K 2Z HRL-ACC Fip
(Holroyd & Umemoto, 2016; Holroyd & Yeung, 2011;
Shahnazian et al., 2018), HRL-ACC FigikH, ACC
— 7 HTH R A b 22 T 3R G R PE AR S
(RPE), DL ) He—A47 BT 55 O (8, Hf b e 4%
BRI AT N5 53— 7 T e A R A X (5 A
AR, 0 SOIR AR ) 1 45 Ok 3K 3 AT 55 AT
HRL-ACC BBt 7> RewP Fl theta 7%i% HE & X,
AN RewP 72 RPE {5 S HYMHLAEHR, EHIT ACC
(i Adi; T theta 52350 ACC & M55 19 il
HLTE 3, & ACC W% ¥ {5 5 (Holroyd & Umemoto,
2016; Holroyd & Yeung, 2011),

AN DS e SIS R = i TR0 By I B 7ios 7 o2

HE— B HE, B, XFF theta 7%, HRL-ACC Ff
WIS H T ACC & ¥l {5 %5 . HRL-ACC
FRISAS X — W B ZHIEYEJE theta RS ZIA
FIBEIan TARICIZ 545 (WM load) | 11 2) 152 1
(Hsieh & Ranganath, 2014; Mitchell et al., 2008), Ji
HJ2 e 5 B AR 2 45 ] AT 55 P (Holroyd &
Umemoto, 2016), {HJE7E iGN Tk #EH, theta 52
PR %3 WM load ZKFRYIETY, M= HHEUF
. HR, 5 HRL-ACC B AR[H], Foti 25 A (2015)
AN theta 723 B T XHHUCPESS SR AN T, A W]
U0 A 2 5 52 BRA RIS IR 2 . PRk, ASBIFE
H% 2 WM load X RN Ti5 & 1Y) theta 535 1 5%
M, %5k HRL-ACC 3R ¢ T theta 529 WAL,
Al L IE HRL-ACC Hig 5 Foti 5 A (2015) AN A5
WEASTE A H, 5 A6, RN TR 56 ) 22 i 5> RewP
T T B W 1) BB AR VA A B R S A2 B WM
load M52, H HF A ISR I = 56T .
ARHFFEHE 53 HT WM load Xt RewP [R5, #455X—
] R

T RewP DA M theta 1 delta 7% 24, P3 Fl
LPP (late positive potential)th J& Jz i in T.if5 & i &
B HL K5 o P3 FERS[H] B 11 KB RewP K, 4
Tk EER . P3 R — AU sy, 5T
ROEIR A, T S s B RS TAEICAZ I
A % (Glazer et al., 2018; Nieuwenhuis et al., 2005;
Polich, 2007). #2451 5 B #r {5 (Donchin & Coles,
1988), 4N ALl AL 8 115 B 5 C A IO BRI
—E, WHRRAEB A2, P3 St 7O BERIE
B IE I B KA 3l . LPP 76 S it hn T 7 v S 4k
RewP. P3 ZJ5 LAY ERP M4y, 4T SUds)a 500
5% 600 ms, #EZEZE 1000 ms A4, Hosk J 4345 5 P3
RECHIE o AR T, LPP 78 IE sl 67 4 )
UG PRGN, WFFE IR S e T AR RS
SRS 15 S LI FE(Hajcak et al., 2009; Huang
& Yu, 2018; Langeslag & van Strien, 2013; Meadows
etal., 2016),

WL MELE P3 M LPP 7E1E . b a A
AR ) e B R AR Ak o A3 WF 9T & BIIE R At P3
PR T 1 2 5t (Yang et al., 2018; Zhou et al., 2010),
A HARER T RN T e 3 2 9 YR 4% A SRR A
HE A . A BFSE % B LPP X Sz SRl ek, AExt
T, IR AE LPP P iR I (Broyd et al.,
2012; Webb et al., 2017), {H &t 058 & B 67U 5
J&i LPP )% i1 (Donaldson et al., 2016)., LPP AYHF
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¥

% 54 45

FEERZ T LA RIR Z 4, —A~ 5 2R S5 AT
% BRI, AR5 AR B WM load ASIF], 454076
Webb %5 A (2017)fF 55 H, B 75 B AE = A~ FF pE T
RO I — S R 1 B (/N ER), IRl Y
— IR0/ NEREUE 10124 55, 1i7E Donaldson 4§
N (2016)F 5% Hr o FU 75 76 P A 1R 8 100 475 0 4 5%
BIDEE, SR T ) WM load PR HE K, A
W3 WM load /KX B hn T P3 Al
LPP BBz o520

ARWFFE R RUT 5583, 456 T B AT 55 A
TARIRALAE S5, AL . ik WM load Fiig WM
load =554, %45 WM load X7 2N Tad #2152
M, HAKZS 8T WM load X} RewP . P3. LPP 4%,
DI} delta theta 537 52 B 56, #KH HRL-ACC
S, ARWFFTHI WM load 2175 theta §i5 3, J&
HAPWAT theta 1 gh 9 BB BN 800, AR WM
load 2514 F theta FUZH BN 24 I ASTA]; HLvk,
T P3 S TR R R . BRI T2 S TN
VR AR, AR T WM load 2520 P3 X 2
RN BN T . b4, WM load 275 <5201 RewP .
delta 3£ 3% LL S LPP, HHI A ELIE FIAFFE i B A7 BH
fBi%, A SRR FT X A )

2 ik
2.1 #ik

HAWAEWIX 25 NS 558, BALRT, U
TIEF ST IR, TR P st sk i .
Horp— A 7E S50 v ey 8 B AR, R REA
SN LA . — NI SR RS L AR, R
REIN TP T AT 55 . HEBRM NS, L4534 509k
K23 4 (&t 13 45), 4 18~25 (M =20+ 1.4),
PR TE S50 25 oS 215 B AR BRI . A5 B
IR IR KAFAE P S WA
22 EBFIHE5RERF

SCH R XRS5 TR, 458 TR AE 55 At
PARGTEAT 55 8 2o 1 FR R AT 55 SR At T, G
i TAEICIZAE 55 890 WM load /K-, RHH 2x3 #
KT, BRE D WM load 7K (3E4k K WM
load. & WM load)FI R ARZA R F . TERKF).

' {fi /] G*Power 3.1 fEiAEA , Hirh, BAHMETE N f= 0.4,
a = 0.05, EEMERAHEREN r = 0.5, ARBEGE R 2x3 PN
ih, BAECH 1, NFEKFER 6, BAWE MAEAR R 15 N AWF
FEAAFA BRI 23 N, W R FEAR R ELR,

TAEICIZAE 52 % Han % A Q0173
El 1a Fion, e Bk 4x4 Frkg (AR : 2.9°%2.9°)
FE R i 23 ) At 7 B il . TAEICIZAE S5
PP SE, I WM load 25140 F— A4/ HLptHL >
AAEAEAT—LE, ™ WM load Z&1F T =AMy
YRl o3 A 2E Jrws b, (R REALET 2 = AN  HedE
E— G 16 s, TAEICICAE S AE L IZB B
PRI By B, - AT P PR 55 i AE A B BE 2 [ o

SEE R AR TE— I R L DG H Y e i ]
W, FEERBE 100 e L AR QNI 1b TR, B oG
I 500 ms BTN, BHCE HBRRZE 1000 ms 1Y
Jr k&, BRI IO AE 78 B R SR N T B
B ARE 1 800 ms HYAS bR, BEE R BLPI Ik R
. AR AN SR R A R kAR PR, R
BEREAT MR Frstdiec o s, ZERWAAE 3 s P
P&, WER 3 s PORPEIESE, Wox i Bl ikt 18>
A SCF RN o HPESE NS A 600~1000 ms FEHLET
Bz B, ZJaEE 1000 ms (9 RCBHTE, AN
2.3°x2.3°, Hf /7 FIRAAK S 0.1 7T, “x”
FORBEA AR50 Bl 52 B0 800 ms AYZS 5f, IR
IR I, BORPORFI WA K I B R 5 Z HT Y
07 k& B R v /N T Y R AR A TR, A R 4 <P g,
ANEHET 5, B3R 1000 ms 2 NS I fiede 2
800 ms %5 5, A yk A [H] FE .

BR T K WM load 4544, LHrhid g —1H
£ ] HE AT 55 1 FE 2k 55 . =% White fll Grant
(2017 )Wy it, Rk b B4 A0k TARICIZ 5505
e, POTE LI B S PAT R L AR, B AT
Y A— block, HALF 100 ML, Ik WM load
AR WM load 251445 2 4> block, %4> block
A 50 MR, B, 1k WM load &1 4 4~ block
AL AN ) B 3k T 44711

TERADZMTF AT ZE AT AR T 15 ANk
W R B B, DARUERE I (I SC e i . i T
ot AR 23 e R A DG L o), R ARIIEIE | f
PR R AR, WHIHIEE 50%, %0 A6
%% (Hajcak et al., 2006; Huang & Yu, 2018; Langeslag
& van Strien, 2013; Shahnazian et al., 2018; Yeung &
Sanfey, 2004)5Z55 % FIPARGHLIZTT . ER B 5 7%
B REALI B, SRR R, BT
PRI AR 55 2L, SE 56 b4 Fn e 18 - 7 [)
FAAERA L, ISR R A, S AT RE
AT 55 b A AL g e KA, o ST 30 45 oI A5 g 1k S 5
155 PR BENL I T LA S5 H Y .
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WM EWMB T}
L IR | [ |
| |
la
A dizmE Z= 5 RN RsERE R Z5 BT H =5
[ ] [ ]
.| e 10 : st
[ ] [ ]
500 ms 1000 ms 800 ms infinite  600-1000 ms 1000 ms 800 ms 1000 ms 800 ms
1b .
Fl 1 % WM load Ak WM load £ BUiCAZ A R 26 (12), LA B SCER AR (1b)o U0 1b s, SEE N XUES R, i
PR AT 554 7 TAE IR I2AT 55
23 MEBIERS54AE (Continuous wavelet transformation, CWT), ‘5H}1

SCIGFE 7] B-Prime 2.0 (Psychology Software
Tools, Inc., Sharpsburg, PA)4iE . EEG f#i /] Brain
Products 7 74 ™ (1) 64 Tk HEL ic 5% 22 4t(Brain Products
GmbH, Munich, Germany) R, MtE i #H g 5k T
10-20 RELHHM . DIATIRIRIE T 1.5 em ML) AR
1SR ELAR L (VEOG), DAZEIRAMI 1.5 cm AbfHy
Wit KR L(HEOG), [ABH AU FL5E M1
M2 ¥ . DD R 0.016~70 Hz, A/D REEAR
1000 Hz/5 . R A H LA FCz RUATELR S %, L
AFz gz, Wtk 5k A HBH/N T 10 KQ.

fifi FH Brain Vision Analyzer 2.1 #X{FE 17 B 4641
Mo B SEk R R 500 Hz, SR FL5E -1
2%, Lh 0.1~30 Hz JEATHOEIEE, (8IS 53
S BT A I R H DR 3, (] Es S50 AR I8 W A 2ok +/—-80 v 1)
Heethilh o SO BRI BLRT 200 ms 2 S0
J& 800 ms IR &7 PN Ak HL & 3R AT ERP Lo, Jf-LA
ST 200 ms R HELL

AR5 HT T RewP. P3 il LPP =4~ ERP
e BoN AT YNNIV E = PN X
FE 25 853 B OB F AR SRS (8] 23 1 X6 T RewP, 43
S Fz FCz #l Cz = 5, BU IS 210~290 ms
Y S 14 % 8 (Glazer et al., 2018; Proudfit, 2015;
Sambrook & Goslin, 2015), $RJ5 3R = {HAYF-15
BAEH RewP HYPEME . XFT P3, Jr%IM Pz Al POz
P, HX310~400 ms B[] 27 11PN B9 °F- 235 iR (Yang
et al., 2018; Zhou et al., 2010), #XJ5 3K P4~ {E A4 F
B8 P3 Byl . xF T LPP, 735 Cz. CPz,
Pz 1 POz P45, HX 500~750 ms I [a] % 11 P9 F- 253k
i (Broyd et al., 2012; Donaldson et al., 2016), X5
SR PUAE A A R LPP 137 0

I 4520 B 2 % Webb 28 A (2017) B 5 i, 7E
Brain Vision Analyzer 2.1 M £ % 22 /N 7 A8

ST, Sext EEG Bl vE AT [ BRI 4y, bkt fe
2R (edge effects), F3BE A A ] 77 11 R 4k
i, SRR 2 PR 1000 ms FIS GBS 1500 ms
i [R] B¢ 1) EEG #£47 & Morlet /N AR # (Morlet 2244
¢ =3.5), ETXEUER 0.5~20 Hz i [l i 5 48 53
4 30 2 (frequency steps), [RIA LA A5 I RIT-500 ms
%-300 ms Bf [ B EEG 1E MBS TAL I o Bl J5 XF
AN TR Z 41T B s AT S, R AL A o U
200 ms il 555 fil i85 800 ms At [a) B A4 Afr 4 11 o
Rk delta 1 theta 133, FEECH O N
2.3 Hz (B35 56 1.32 Hz) Fl B3 Ny 5.6 Hz (9
WEA BE: 3.2 Hz)M/hN . 3T 45 R KI5 % At
5% (Bernat et al., 2011; Cohen et al., 2007), delta i3>
AT TR 11 R SRS 220~430 ms, M Cz FlI
CPz M5 HUE IR I%L, theta BLAT A At 18] 7 11K
SRS 250~400 ms, M Fz Fl FCz s MBI
SIIEL
24 HEFEITEST

frm)2m b, X TAEEAZAT 5 AR FIKSE T )
e 4 sy Bt 5 ) B O ff R R AT BT REAS ¢ K
ERP Bt 0943w, %F RewP. P3 Il LPP I & i#E47
3 (WM load 460F: B2 K. &) x 2 (L %
T TR PR R A T 2208

%} theta . delta A433F 3 (WM load 4514 2k |
i, ) x 2 RBE: K3, ERFOPHEER
M5 225007 . A A8, BT theta 5 Z 0 M2 S &
I WM load SRR B AFAESC HAEH, S T ik
— AT WM load 514 OR8N, K 6
RIG Y theta 75 3hE 2= 1E S5 1Y theta 146 sh15 2
theta 76 1E . TR A 2518, XX EHITHRHE
(WM load &0 B2k I, &) &7 225007 .

i} SPSS 19.0 #ATEIE T, MAFFGERIE
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252 o

B

7 5 54

A,
=

B % 19 p {Hi#4T Greenhouse-Geisser K 1E . 7346, 4t
VA RS THCRL, R T d, Hoh d = 0.2
I, ORI, d = 0.5, ROER™; d = 0.8 I, HOR
Ko FRSARE T np, Hohn) <0.06 B, FRXR
#85; 0.06 <n2< 0.14, FARKRATEE n2>0.14, £
IR FR L

3 4%

31 1THGER
BHREAE WM load 2544 T X FR AR 42k
FRE I TG I 35 25 5, 1(22) = —0.13, p = 0.902., 111 1 K
ER AR 2E 5 53, 1(22) = 3.03, p = 0.006, Cohen’ d =
0.73, 95% CI = [1.01%, 5.39%], A%} WM load
AT (90.48 + 4.94%), Ik WM load 251 T 1Y 1EHff
#(93.69 + 3.62%) ¥ & .
32 ERP#&R

RewP HI45RANE 2 FioR, Rt ER0V W2,
F(1, 22) = 46.31, p < 0.001, n>= 0.68, IFJIBEHY
RewP JEIR(11.12 + 1.15 pV) A F i 5 RewP I IR
(6.76 + 0.93 uV)HIIE o Ho e F R0 F1 A8 AW HIA
W, ps=0.100, & 2 2T RewP 22 7% S H:
HJZ K, RewP 22 5% HH 51> WM load &4 T 1 1E
SR 2, vl 5 U R ARk . RewP 2253 R
HZ K 210~290 ms (IS, HIIE R Bos H 2
a3 T3k B T HTER

WE 3 FrR, P3 &t E80% 8%, F(, 22) =
21.65, p < 0.001, n3 = 0.50, 1EJ2i5t)5 P3 JME(14.10

wv _FZ

[FCz

£ 1.10 uV) LAt/ P3 JE0E(11.46 = 1.06 uV)H
1E o HoAh 323500 558 HAL N YN 3, ps=0.397,

il 4 FroR, LPP 455 878 WM load x & 38
HAERMB% R, F(, 22) = 2.58, p = 0.088, 0
0.11, TR A B &g, i — 2D Al ] B A0 A6
¥, BaUAER WM load £51F N IE | SO [IA7AE
£S5, IEBS LPP (7.13 £ 0.86 pV) K T K it s
LPP (5.94 + 0.73 uV), HoAth 328800 8058 B AW HIA
WB#, ps=0.101,

33 HIRAHER

E 5 iR, Theta 52745 /8 WM load 3
RO, F(1, 22) = 3.45, p = 0.040, ;= 0.14, il
Bonferroni J7 45 5 LL 48 & BE theta & ShAE = WM
load £51F(38.53 = 6.73 pV2)FIFLLL 511(47.86 =
7.57 WV ZE % W3, p=0.084, T Bonferroni
D78k FE R M, MOCRH LSD ik i I e, & B
theta 5 2 7E % WM load 54 HLIEL AT/, p =
0.028.

B FERON 2, F(1, 22) = 17.88, p < 0.001,
ns = 0.45, TG Y theta 75 3(60.46 + 10.12 pV?)
i 50 T IE R theta §i5 301(22.81 + 3.66 pV?),

WM load =5z HAEH B3, F(1, 22) =
4.33, p = 0.019, np= 0.16, ROV A4 R 7E %
A~ WM load Z&0F T &M 8] 22 5 35 1 3 (ps < 0.004).
XFIE . s imtlE] theta ZE(E 0T & BL, WM load &
ROV R, F(1,22) = 4.33, p = 0.019, 03 = 0.16. 1§
WM load 51 T theta Z{H(43.10 + 8.74 uWVHK T 5

fEwMS AT

—200 0 —200
wVr Cz
_5 .

0 ) X Rt ~-" 7
\ P

. ‘Q!."‘# hd
oo nttenTaseal

—200 0

ms

400 600

200

& 2

0 200

ZRI Bk
2Rk WM ST
Z R HWMAR
- I Bk
- RS RWMAT]
w IR BWMGTT
U R
R 8 EWMAST
UL B B WM

210 ms-290 ms
—6uV 0pv 6uv

25T RewP JRUR I A1 22 5 I B B (Fz, FCz 1 Cz j5), VI RewP 2R IE
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B A5 TARICAZ S SOt Tad R AR R ok A HL AT 52 1 TE 4

- V -
w Pz H POz
75 L _5 -
0
51 \ s
10 i N ¢,
%’
15+
20 - 20

-200 0 200 400 600 ms —200 0 200 400 600 s
{RWM i

%ﬁg {%% it
WM
e
R e
B EWMR i i

— Rt BWME T
310 ms-400 ms

opuv 20 uv
B3 % %&1FT P3 IEIEE(Pz 1 POz &), LLK P3 H#uIE A

—200 0 200 400 600 ms 200 O 200 400 600 ms
WM A BWM

DO S
- -

ouv 10 pv
Bl 4 %&%&1F LPP IEIK(Cz. CPz. Pz Fl POz &), LUK LPP #iIE &l

---- IERR 3
---- IERBR 1EEWM)\ﬁ ERR
=== IER5R BWMA ST

— R AR HER
— AR5 IRWMAfi
— R B WmWM AT

=
bt
pt




254 N H

5 54 &

00 ms

FCz g,
Hz

1
—200 0 200 400 600 ms
Hz

200 400 600 ms

16
12
8
4

1 1
—200 0 200 400 600ms —200 0 200 400 600 ms
Hz

16
12
8

4 =

1 1 1 1
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The effect of working memory load on feedback processing:
Evidence from an event-related potentials (ERP) study

JIA Shiwei, QI Congcong, CHEN Lele, REN Yanju
(School of Psychology, Shandong Normal University, Jinan 250358, China)

Abstract

Feedback processing plays an important role in behavior modification and knowledge acquisition. Previous
research has explored the neurophysiological basis and psychological functions of feedback processing and
proposed corresponding theoretical models, but little is known about how working memory (WM) load affects
feedback processing. Studies have reported electrophysiological indicators, such as the reward positivity (RewP)
and the related theta and delta oscillations, the P3 and the late positive potential (LPP), during brain processing
feedback. This study will further examine how WM load modulates these electrophysiological components and
their corresponding cognitive functions.

In the present study, we used a dual-task paradigm to investigate feedback processing under different WM
load conditions. This study included 25 healthy college students and used a 3 (WM load: baseline vs. low WM
load vs. high WM load) by 2 (feedback valence: positive vs. negative) within-participant factorial design.
During the experiment, participants were asked to perform a simple gambling task and a spatial memory task
simultaneously, and the magnitude of the WM load included three conditions: baseline, low WM load and high
WM load. The RewP generated in the early stage of feedback processing and the LPP generated in the late stage
of feedback processing, as well as the delta and theta oscillations related to feedback evaluation, were analyzed.

The behavioral results showed that the accuracy of the low WM load condition was significantly higher
than that of the high WM load condition. The electrophysiological results showed that the amplitudes of the RewP
were sensitive to feedback valence, with positive feedback evoking larger RewP than negative feedback, but the
RewP was not affected by the WM load. There was no difference in the P3 amplitude under the different WM
load conditions. For the LPP, there was a significant interaction between the WM load and feedback valence.
Further analysis revealed that, in the high WM load condition, the LPP amplitude was larger for positive feedback
than for negative feedback. The theta power differences between negative feedback and positive feedback were
larger in the low WM load condition than in the high WM load condition. For delta oscillation, the power was
increased after positive feedback compared to after negative feedback, but there was no difference at different
WM load levels.

The RewP results indicate that the participants process feedback valence information well under all three
WM load conditions in the experiment. The LPP results suggest that the participants assigned additional emotional
motivation to the feedback outcome as a result of their cognitive efforts under high WM load conditions. The
ERP results for the time domain dimension showed that the effect of the WM load on feedback processing was
most noticeable in the later stages of feedback processing. Moreover, these observations support the argument
that the RewP and theta power reflect distinct cognitive phenomena; namely, the RewP reflects the processing of
feedback valence in the anterior cingulate cortex (ACC), whereas theta oscillations reflect the role of the ACC in
cognitive control. The WM load selectively modulates the cognitive control process in the ACC.

Key words WM load, feedback, reward positivity (RewP), theta oscillation, anterior cingulate cortex
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