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22 1) 5 3R FIORS 40 T (Sharot & Phelps, 2004) 24 K B
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15 28 10003 9 RN AE B M Z A i it g
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PR 25 ¥ REAEICAZ ) = A B B e A2 14 5 g 2 4
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2013; Cisler & Olatunji, 2010; Krusemark & Li, 2013;
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T2 REXT T R LR R B s e, IR AT AT REXIC
)52 W AT i AN [
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PEE o 435, Chapman 5(2013)7E4% ] 1T iC1Z % %
WrBery T R . K MR SRR RS, R
PRGBS 25 1 e B AT WY R A T A2 53 4800 (45 RV PR A
VYRR R ALY BR T LA =5 RS, Bk,
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() IC A2 3 i T 5 2 A IH PR T DR 25 A B A o2
5 28 P51 R AR G R RIS o RN, T P A A R
PR bE T A DA B AR AR A BT R S i O T
EMAAAZ . XL TR ULH], DOBAE Ny —Fh A
TEEESAY, HACACHY 9 i f 2 AL 55 At £ 1 1 24
(BIANZMB) A P AN IF] . 55 246 A, I DU TR Y
1, 4% Chapman %5 (2013) ¥ S5 DU T AN [Rl A2 £
PR 25 BB B RO FIRR R FE o H 17 25 B4Rk Y g i
FE IR X042 7 A2 B i 52 0kl (LaBar, 2007),
W FATTIA g HA e 26 b ORE % 1 [E] VT 1 T A
te, A BEH EEANAIE 45 A AURHCAZ B2

AR SR IR FF AT %5 (delayed recognition task;
Langeslag, Morgan, Jackson, Linden, & Van Strien,
2009; Morgan, Klein, Boehm, Shapiro, & Linden,
2008), 5 5 fi B AR B a0l nie P R RN ASCHY AH > 1Y
R AN DO T FL IR A2 840 o 2 RE R 1 43 15
It . PRAFF AR I AN B Be, AT FRATTRE 2>
5 ZEANENE X IC I & B B2, AR AR T
WURFSE, A SCHU AT PO LAY IC 2 i g2 it
TRMEE AL, 5 CA WU TR R, AT
[ e sk T HOSEIC IR s . ORAEFNSZ HCST Be iy
ZH 4 AH 5€ 3 /7 (event-related potential, ERP), itk
AT LAAS 00 DR 0 AR 1 LR AR R AR RS i 12 B B
DL R B eAZ B Be MBS ARS8, 5K T Heh
TR LB iR (B ) A R i 3 o AR ISR 6B A £
PR 48 190 A2 38 9 000 i A4t o 1) ) 53 9 3 1) il 0
SZ T RYIESE, M8 75 A [ 7 P47 26 2 i 7 1
1C )& BT BOREH = LR Y o R TR 255, At
FEFHEE T i far A% 5 (Morgan et al., 2008),
PRl Sy 17 4 %58 1212 1 52 ) R BETEAS W] AZ g A
FIr 2% 5+ (Gibbons, Seib-Pfeifer, Koppehele-Gossel, &
Schnuerch, 2018; Guhn et al., 2015; Patel et al., 2016),

ZHEA IS B IN TR ERP SCHR, A
CHEEE ERP ML AE - e IZ g B BT BL A
FLIX P1, #iALIX N170, TIX P3, DLRAcIZAARERy
By 1 [7) 18 )% (negative-going slow wave, NSW),
FLIX B P12 A< B bR ic ¥ (Hillyard &
Anllo-Vento, 1998), 2% F|1# 4% {5 8.5 17 (Schupp et
al., 2007; Zhang, Luo, & Luo, 2013; Zhang et al.,
2014) N170 J2& S Wi FLEA5 4 2 5 7Y 22 318 73 (Eimer,
2000), 2% 32 F) M fL1H 25 89 95 15 (Zhang et al.,
2013), T0 X P3(RP P3b)il & #IA R e 7 H T
) (top-down ) A H1 5% 5 14 73 il (Zhang et al., 2014),
% 2 CRp ol 2 B PR 1 28 M i 2 5 e v PR R

#J P3 (Olofsson, Nordin, Sequeira, & Polich, 2008).
P3 - WV Z W SR SE SIS B OIAH G,
[ /g 35 B L 8142 5% W) 550 H 7 2 B R BT B
YIRES & KA P3 (Rugg et al., 1998), Hi%i X Ay
NSW Szl 7 Rl %H 5 S PR SRR R, 2 51 %F
FACIZ A9 B (Ruchkin, Johnson, Grafiman, Canoune,
& Ritter, 1992; Wang et al., 2016),

CAMR LRI, TEIiCICmiS b B, PR RHF
KW P3 IR EE R TF A4 B (Hauswald, Schulz, Iordanov,
& Kissler, 2011; Xie, Jiang, & Zhang, 2018; Yang et
al., 2012), & AATX A EHMBC T 3 2 A58
TR DME AT SR A RS AN T [Rl, 7EicfC#
BrBe, fatkdRbg & r P1 AT P3 R B35 KTk
4 Bl(Xie et al., 2018; Zhang, Xie, Liu, & Luo, 2016);
TEMCHTBE, N170 1% 05 FE LB AS [R] R4 19 1 28 R0
875 (Galli, Feurra, & Viggiano, 2006), A4b, 7F
Z [ TAEIEC T, M2 R X NSW
PE 2% A 35 B A9 B ) A% (Li, Chan, & Luo,
2010), X Fic 12t ff A8 5, Morgan %5(2008) L) K&
Langeslag %5(2009) A58 & 3, G i A4 H Y B 1Y
P3 1 3 LA K BB B A9 N170 8 B2 34 BB E A2 67 g 4
BEIN; RSB B N170 05 B2 BE TC 12 6 £ 1
HEANE O M P A EE AR SZ G AT R . )
4k, Ruchkin 4§(1992)7F 7 18 TAEICIZAF 58 & BL,
AT NSW (145 i i AR 1012 87 187 Y 35 I i 48 Kk .

AW S L) P ICIC 5 ERP AR,
FPAAXS MR L PO R EmLICZ i g . R
FEFISEHUBT BL i) ERP 45 U3 7E A% 26 FiC 12 B far PR
AR 22 5. FRATHUHBE S 1042 5 1934 KR,
A AP ST By P3 R RE LA S SR R BE i) N170
W2 W/ )S, T A B B N170 18 5 DL K R 4e B B
) NSW g BERE I, FLAHE 25300 78 =y i Sy &
AW T REA KT RAEN4ICIZH) ERP
fRiE, ASCEAK ERP 25 03 0016 45 £ 2800 i1 7
IR
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2.1 #iR

It 60 AAERRAEPIAS S T N K (21~27
%, 30 £ 5 1E), Hoh 30 24 9l R A T ik 4R
(15 2 FENEEL) . Pl AR T, 08 IE
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LERFRI, 82 TREFEEA . ASE T 55K
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1HFLE R 605K, B 2ol 452, 1% [ i E AL
RIGE R PEGEM, M58, T, PERE, 2011),
Hrp AR DOBRFITPEE R & 20 7K. B RS
R B FIMe R 9 i R, RYH(2.69 +
0.36, p < 0.00 ) FI P FLE F(2.77 £0.37, p< 0.001)
PR AR T P PEE LR A (P = 4.40 + 0.48;
F(2,57) = 114; p < 0.001; n; = 0.800); 24 (6.82 +
0.93, p < 0.00)MPEEFLE Fr(6.47 + 0.77, p <
0.001) 1) M it & I 35 i T v e AL &L B (b =
3.83 = 0.57; F(2,57) = 89.0; p < 0.001; 13 = 0.757);
MR R DR T AL T 9 580 R g O 32 G W 35 25 e o

7 B R PR EL 60 sk kLI e, B
A KRRk E R PIEI 67 IFEIE, FTHELI
Fe, HE R SRR Ao

T AR R LA [ 1 %o B B2 0 2 B At A B
s b AL A 2.4° < 2.8°,
23 XREFRERTE

AR FZ LG CR L DR TRk Fneid
fe A (R n=1, & ffn=3)l2E 4,
IR 3x2 BN BT 7E 6 A, AR
WHE 64 NI, 254 50 block 1T, 3
A~ block Xif i = FhiE 25 28 51, block A4 I 7 78 4% 1 8]
A

ORI ES [E) 2 BEAH OGRS ERP 3C
fik(Morgan et al., 2008; Langeslag et al., 2009), 1K
1 i, BEARURAE DL e 005 A B A AR b O
PO G2 BRI 1 kR 3 3K i L IF A (BER 4% 50%)
P 3 skl 1 ik e s 8 i o LA g v B A
T2 BEHLM 41 block Y 20 5K 11 L M2 B 3% 7 & 7
Eili: e
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1 #bo B S 7EICIC BB B, B 10 L CRAE A K
it B B 3 30y 18 1 1T L (A 3 UK i A B B3 ) 2
B TE] 2k 500 ms GBTIH I FLBER A 50%) o #i Bk 2K
FEEA LIS Y B L5 B e, AR IS IR B B X
RS9 b ) DT 2% T AL P R R A R AR U G 5 B
BoBlat, FHOUT 48 76 v i g Ak b ek, <27
“TRXF I F AT AR A T R A SCAE R ] S o
24 HBEBERERS

fifi FH 64 5 Jini H1 K #% (Brain Products, Gilching,
1 ] )R S 1 P R LS, AR R BHBLAR T 5 kQ.
SN E TAMILE, BLREIEmTH5%,
ik B T 8 7K A ELAR B R A Scan 4.3 (NeuroScan
Inc., Herndon, & [Py & ) SRR Y 2Bk o 2 40
#r% A Matlab R2011a (MathWorks, Natick, 3&[F),
i FL B PR R 20 DA R b B . 3E9%(0.01~30 Hz, &
AARLAEIR ), 4r B, BRI IE(—200~0 ms). ShNF
(I3 T AT 0 B8 1E A R R A T B )

AT HICAZ B ARt (P1/N170/P3)  AFFE(NSW) .
FEHL(P1/N170/P3) =B B 4% H XTI A9 ERP 8053
XFF P1 AT N170, T A SO AR & B0 46 A48 o 7E K
il 22 A WA 7E SR 35 25 5%, SR IR 22 A R BRI 8L
Wio UL, FCRAERIAIX PL TR N AR B AN
BARIIIME . O1, 02, PO3, PO4, 25y, N170 it
TE R LLF A S B B 48 . PO7, POS, P7, P8, P3
WIE K P1, Pz, P2, CP1, CPz, CP2 Hi s 4 i1y
5. NSW JJEH F1, Fz, F2, FC1, FCz, FC2 HL ki
B 14 E
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A Sy 0 LAAR L 1 G i LA B i BBy B2 1 A B
BfZI/EN ERP ZrBEpyZmtZ), BI7e &4k b2
W B ERP I AT /08T AR ERP B4 75 5
S [ 70 P9 B~ X 5 I R A T G vt o B ) 6 1) e % 31
DU R Ak ERP B v AR, R0
) ERP J843 0 FH A2 A s e 74, 1 g 00 0k S Al
() ERP 43306 FH 4 5 O IR (R 7 o MR i 45 1043 14 °F-
BIpe, PU OB [E] B S B B/S 100~140 ms
(Uit B BHEL 120~160 ms (FEHUTEL) . N170 ff
[B] 1 >4 160~200 ms (Fh Bt )k 170~210 ms ($HX
M), P3 4N 300~600 ms (ZwfidBrBo)Ek 300~
700 ms (FEEUHEE). NSW & 800~3000 ms. J¥ &
P1. N170. P3 =AHUrmt, 7EIiCAZ B it A E
By Bode FH T FE SO Rl B Ta) 8, R A2 ERPOARA)
PRI AR ICAC B BB B K

o B SR, AR SOOI R 5 B RT IH AN
(Finnigan, Humphreys, Dennis, & Geffen, 2002; Rugg
& Curran, 2007), HP$EHUEY B ERP Z0#r&F T
AL A TH AL A S . EB IR RA SO
P oY (RN = A [ M S T VA A (LB | I S [
BN, AT B ERP AR B (2 30% 808 A
A2 20 MR

ASCRAME SRS 48R dF ¢ Rl
N UG It . Horp o = R R 2 -k
R z{H)/1.414; c = —0.5x( PR 2 H+ R 2 (H).
25 %t

%t it 4r #r K JHl SPSS  Statistics 20.0 (IBM,
Somers, 3£ [E), fRPES TR FRIR N HEARE
2270 XA M ERP A% B R4 T WU 2% A 0 4
2243 H7 (Greenhouse-Geisser 7 1F), #i N H & Mif
LI AVFCAZ fT . B MKFR p < 0.05,
Z & Ak Bonferroni 47 1F .

3 4%

31 1TA

TE RN TSR (B 2A), %45 0 3000 1.2
(F(2,118) = 4.10, p = 0.019, n; = 0.065), B fL
(658 = 160 ms)FIZME I FL(659 + 141 ms, p = 0.002)
(A TC A B 07 s B b 1 TRTFL B 45679 + 152 ms)o
JCAZ AT Y B RN 3 (F(1,59) = 279, p < 0.001,
My = 0.825), =i AZ 5 T i 1L 2 B BN B
(737 + 149 ms) FUARICAZ 5 A BE4C(593 + 115 ms),

E d'IEhs b, 1540 E R0 R E (F(2,118) =
13.8, p < 0.001, 0= 0.190), FKIEHFL(0.794 + 0.166)

FERVA AT FL(0.768 + 0.191, p = 0.027)F1H ML
(0.743 £ 0.197, p < 0.00)AJICIZ IR BUR S E 4, 2L
PE T AL E PR T AL A e A2 R B B E A (p =
0.049). e ey 1Y R3O0 B3 (F(1,59) = 862, p <
0.001, n3 = 0.936), FiclZffr Fic iz 3B B 5t
(0.613 £ 0. 122K FKICIZ Ffar 2544:(0.924 £ 0.077).
1845 5 ic A2 5 far 19 28 AR ] 5 35 (F(2,118) = 5.80,
p = 0.005, n3 = 0.090): %550 E B iz fufe B
(F(2,118) = 13.8, p < 0.001; H= 0.574 + 0.121,
RLH=0.610 £ 0.125, JR3¥E= 0.654 + 0.107; JKE>
R, p = 0.027; POE>TE, p < 0.001; 2% fH>
P, p = 0.067) LAEARITIZ (a7 N 3 35 (F(2,118) =
2.78, p=0.066; F¥E=0.911+0.077, ZH=0.926 +
0.087, IR =0.934 +0.063; E>HPE, p=0.040;
% 2B).

1E c HRAn L, AT & B S By UM NS HAL
M(F<1;c=-0.015+0.490; & 20).

3.2 ERP
321 BIZ4mEHER

DO B v/ P o % R - 2 A = AR T3
(F(2,58) = 12.7, p = 0.001, n3 = 0.305), R:4HEmHifL
(4.98 +£2.56 pV) L PE(4.51 £2.23 pV, p=0.007)F
P THIFL(3.76 + 3.03 pV, p < 0.001)i% & 4 P1 & &
HE . mhh, POBHALIE LN P R BN /N T i
mFLiAE AR P1IRIE, (EA R (p=0.083). 25
ICAZ AT A A2 EA .38 (F(2,58) = 14.0, p < 0.001,
ne=0.326; & 3A): TELRUNAE RS ST B
(F(2,58) = 22.8, p < 0.001; H = 4.50 £ 2.22 pV,
RUH=548 £2.24 uV, JKE=3.29+3.10 pV; K<
E<ZHA, ps < 0.01), MFEARICIZ Tt B A 3
(F(2,58) < 1; = 4.52 + 2.28 nV, 2= 449 +
2.79 Vv, RME=4.22+2.94 pnv),

XTFHRLIX ) N170 845, 154 0 8800 2%
(F(2,58) = 6.80, p = 0.002, n3 = 0.190), RLH1H L
(—=7.64 £ 4.58 pV) L E(=6.91 £4.33 puV, p=0.014)
FIPRE I FL(—6.64 + 4.15 pV, p = 0.003)i%% % 1 N170
W B R R o T 7 far ) 22800 d 2 (F(1,29) = 37.7, p <
0.001, 7 = 0.565), FICIZHM(—7.66 + 4.36 pV)iEk
1) N170 15 B R FARICAZ H 107 (—6.47 +£ 4.28 pV), 144
SidiZ 5 s 38 HAE A B3 (F(2,58) = 12.3, p < 0.001,
ne = 0.297; & 3B), 1HLEENTE B oA G B
(F(2,58) = 28.6, p < 0.001): RYHEFL(-8.77 + 4.35
uV) L PE(=7.44 + 4.33 pV, p < 0.001)F1R % i £L
(=6.76 £ 4.32 uV, p < 0.001)i% & 1Y N170 1 B K .
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Pl
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B
2 4 /\\
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8 _

—14

-2
B A BEY ERP B E . A, FLIX P1 B4y, WIE A O1, 02, PO3, PO4 HIR s 84l ¥I(E . B, MiLIX N170
Wy, I N PO7, POS, P7, P8 Hi M S AR AU A{E . C, THIX P3 Wiy, #JE N P1, Pz, P2, CP1, CPz, CP2 Hi i 5
BRI

-2

& 3

XPF TR H P3 OLsr, 15450 0N B
(F(2,58) = 12.4, p < 0.001, n; = 0.299), FRE1H fL
(6.11 £3.07 uV)HeH 1:(5.08 £ 2.46 pV, p < 0.001)Fll
PR FL(5.02 £ 2.68 nV, p = 0.002)i5 & 4 P3 iig fiF
R, e ey i RO 35 (F(1,29) = 15.7, p <

AN, PETFLIE LK) N170 15 BE g /N T v v i £L
PR N170 18, (HAS 53 (p=0.069), K1, 7E
A2 B e 1 26 300 AN 1835 (F(2,58) < 13 Hk=
—6.38 + 4.33 pv, A= -6.51 + 4.60 pv, KE=
—6.53 + 4.04 pV),
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0.001, 03 = 0.351), FHICIZHfT(5.07 £ 2.75 uV)if
K P3 @B /NTARICAZ AT (5.73 + 2.79 pV). 1&
5 501 B 28 BAE TR 35 (F(2,58) = 6.20, p =
0.004, n; = 0.176; & 3C). &L RN 7E H i1 5 4oy
T R#EHF(2,58)=13.7,p<0.001): FEmfL(6.14 +
3.04 uV) L PE(4.51 +£2.51 v, p = 0.001)FIZLH i
FL(4.56 £2.42 pV, p=0.001)i% & 1Y P3 g EEH K,
SR, FEARIC L s 1% 45 300 AS 8 3% (F(2,58) =
3.11, p=0.052;"H = 5.64 £ 2.33 pV, Z4H= 548 +
2.89 uV, R¥E=6.08 +3.14 uv),
322 BIZIRFFMER

A Wy BEf) ERP B (FE 200 % 187 T4 5% ¥ B g
TR R TR R BRT 2] . R 2000 ms ZJ5 ERP
WETE ] D25 U b P <<l s g, BV o B0 2 15
KOG SN, T IZSN AR FE I NSW Y HL A28
s, AU, 7o, T 5 A ST
Fr—%(Langeslag et al., 2009; Morgan et al., 2008),
TEABEFE T, NSW 143 A B[] 7 5 8K 1§14 G B
FREF B B

XA H NSW BT, 1 26 1Y 328000 i 2
(F(2,58) = 19.0, p < 0.001, n; = 0.396; & 4), K&
MHfL(—6.01 = 7.85 pV)ifs & ) NSW L RLE(—4.79 +
7.16 uV, p=0.026)FIH P fifL(=3.51 = 7.55 uV, p <
0.001)i5 % ) NSW B 1, RMA L5 &1 NSW b
FRPETFLEE G (p < 0.001), {214 5 ff 1 FE 8500 ik 2
(F(1,29) = 13.8, p=0.001, n3 = 0.322), i/ fnf
(—5.37 £ 7.35 uV)iE & 1 NSW HAKICAZ fifir(—4.17 +
7.74 uV)HE 1,
323 IBIZIRENMER

XA R PLORAY, 1 45 RN B
(F(2,58) = 14.6, p < 0.001, 0’ = 0.336; & 5A), RLH
HL(6.07 = 3.07 pV)LHEHP(5.66 £ 2.74 v, p =
0.018) IR AR FL(5.15 + 2.84 uV, p < 0.001)i% & Y

Low memory load

N

v
| ]\k\ 1000 2000 3000
“\

ik

disgust
- - - - neutral

Pl MR, HbEmfL e PROGmFLiS & 1Y PR
i (p = 0.030). A2 G Y RN 2 25 (F(1,29) =
37.8, p < 0.001, n; = 0.566), FicfZfifi(6.10 £
291 pV)IFEKRM P3 IEE R TARICIZ H A7 (5.15 +
2.81 uV),

XFFRRL X N170 557, 1% 44 0 =300 i 2%
(F(2,58) = 31.8, p<0.001, n> = 0.523; [&] 5B), R\
(-7.41 £ 432 pV, p < 0.001) K EHEFL(-6.85 +
3.75 uV, p < 0.001) b PETHFL(=5.20 = 4.58 pV)ifs
KB N170 TREETE R, H4bh, ZUEmFLIE L) N170
b PRI FLIS & A0 N170 BE R, (HAR I 3 (p=0.081),
I I 22500 .35 (F(1,29) = 42.1, p < 0.001, n? =
0.592), micAZfifar(=5.55 + 3.99 uV)iE & N170
W B2 /N TARIC AL A7 (—=7.42 + 4.44 pV).,

XPF T B P3O Ay, 1 0 E RN
(F(2,58) = 16.2, p< 0.001, > = 0.358; & 5C), KW
MifL(5.60 £ 3.02 uV)H R (4.80 + 2.87 pV, p =
0.017)FIrP PR TR FL(4.01 + 3.32 pV, p < 0.001)i% & 1Y
P3 MR EE T A, R AL e Hh T fLIS & Y P3 R
HR(p =0.002). iCHZ G AT Y TR 3 (F(1,29) =
22.4, p < 0.001, n3 = 0.436), FiclZffir(4.23 +
3.18 uV)iE A P3 IR B /N TARICAZ 747 (5.38 +
2.99 uv),

4 HHE

A NG 1970 o V2 R G SRR VAR 119 N R I 2B i VA
T DR AR 2 PR T 26 15 S 0 MG B DA R A 2 A o
ARG ST AE P T R T B RN A5 A P A8 e 2
5 SN [F) D 28 I 2 0 O A5 23 XHE S 7 A2 R [F]
ARSI o AR SCR HT v o T8) 73 R 10 ERP 50K, A
TR I g MR Y L Rl ke AH OC B9 (withdrawal-
related) 1 V1% 445 PG FRME X A2 gAY | PRy
IR B B B B 50

2-uV High memory load
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N n 1000 2000 3000
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42 i i

051

L

Low memory load

A 8 - uv fear
7 1 disgust
6 - - - -neutral

-100

—-100

El 5 GCIZEEUR BAR) ERP JEIEE, A, BLIX P1 ALSY, U2 O1, 02, PO3, PO4 Hi % & K 3418 .

High memory load

B, #itLIX N170

WAy, Ik PO7, POS, P7, P8 HUM s BRI YI(H . C, THX P3 4y, #IE N P1, Pz, P2, CP1, CPz, CP2 Hif} A5
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ARSCHAT AR R, OO0 A 28 i L Y
F 4 T v i FL(Deveney & Deldin, 2004), X
PR TRTFL B 7 B 136 %% d'm T ri T fL (Langeslag
et al., 2009; Xie et al., 2018), HEEME, KA1k
IR DB LY o' TRMETE AL, X 5E AW
1T R4k 9E 45 A AT (Chapman et al., 2013; Charash
& McKay, 2002; Croucher et al., 2011), R H 24 A
P ICAZ 1 53 50N B iR A R 2 PR Sy DR 26 7
Yoy AL g bk, Mt QAR a5 & AER), HAE
AT A PR 2 7@$$1E1£1_¢511L\B’J$%
HUE OB LRGN AL . 15 E), A RERRHLAZ
L YL )42 % (Marchewka et al., 2016).

BR TAT M2 4845, ASCH ERP L B [E] 53 B
AR T DO AR I Q0] 52 i 45 102 m B B
o Ho, fEiCC BB, PIRh AR 4 e =1
ERP {43 X5 TR 22 5% D) S5 b A L,
mlﬁﬁ?LW%lﬁﬁﬁEIE?Hﬂ]ﬁﬂu P1 AR

HEHE (5 UL Curtis, de Barra, & Aunger, 2011; Krusemark

& Li, 2013; Schupp et al., 2007; You & Li, 2016;
Zhang et al., 2014); 2)7E [ L4254 gt i) ] 7 P9 o
KIT ARG R, BPRMRIE LIS R T bk
T FLSE KRB N170, 10 DGR T FL 75 4 B9 N170 /N T
TR B3E); 3R, TS ERP 15
i A5 X FE 17 28 1AL RS 20 R 1) 75 N & 4R T R
AR, FESCHATE], PROGTRFLIS & T He 2R AN o T AL
FRAY P3 (55 W Santos, Iglesias, Olivares, & Young,
2008). LLI: ERP £5R5 B A B4 R SR
58 FP AR 45 A 45 A HAH L (Liu et al., 2015; Zhang et
al., 2017; Zimmer et al., 2015), XEEAF 5 HLRFRAT],
B 2 PR 0T R 2 N — T 4R 0 W ] A [
(Cacioppo & Gardner, 1999), PRI 25 769 im T 5
SR A, TS R R A T T a4
BLTHIRE 3= 20 e 75 55 DA 0 ¢ U6 58T 43 TG 4 DR i 33
PIXE 2 BEAT R AN T.(Curtis et al., 2011; Zhang et
al., 2017), & B AR T AR A% Ji P2 A [] 4 A%
L RAES L . AEBIIRE LA XPRVHZR R
AN H R i A . BGR Ak E, m
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Xof DR 8 30 98 1 I T Y o R 0 S 18 1 A
(Neuberg, Kenrick, & Schaller, 2011), K, ki
RV A0 TRy . B S fkny, T DR
PR T2 SEAg HUEE 2 AR A T T A
%5 (Anderson, Christoff, Panitz, De Rosa, & Gabrieli,
2003), P3 (Bl W 1E 8 53) S BT sl Ao R 2 P A (Teo,
Larsen, Smith, & Cacioppo, 1998), —J5ifi, T K
AN AL 13 1) U PR RO R R 2 R A, Rt
FM X DA B it EZEARINAE P3 BRI S
—J5 T, T RYMA AL S AE IR A DA Y (L
IR LA D)5 B T AR RN T, AR R
“He/NS% J1JEN)” (the principles of least effort; Zipf,
1949), 745 4 PEAL B BOwl B A b 20 i fr H 2
JIT. T (van Hooff, Devue, Vieweg, & Theeuwes, 2013),
Hok, TEiCt R Fe BB, AR NSW 1y
7E 7] (negative-going) 75 1 4k 45 1 A f7 1 12 3% 22 5+,
LRI R PG T AL>BME T fL>rP M T L, NSW St
TAECAZ AR B AR5 A 47 (Ruchkin et al.,
1992), AfiT&X A CECENFBRATEZHIA
TR IATE AR . #l, Deldin A1 Deveney [—
GIREFERIR, TETE LS B AR B B, {d X
HRE) NSW IR BER Iy . i 24T AL >0 A T AL >rh
1AL, T A0 AR RE AR A B A AR O B A
NSW 19 £ 8 ] o ok B i, AR 45 T Lg% & 1Y)
NSW g TH i, 0 = 2418 L5 & 1 NSW I B2 B A
(Deldin et al., 2001; Deveney & Deldin, 2004; Shestyuk,
Deldin, Brand, & Deveney, 2005), &t FA1H#EM,
AR SR 5 SR U W i R AR N TEIC AL PR A5 B B X PR
AT LA AT R T LS 22 0 Fp S P T R
ZINE RS ) o A —HEN WS PRI, 7E—
TRLLDR: o AR L R S TR 3 2R AT 55
b, By 3 2 IE IR DO SR T ek, SO
I, B DOE R R LR EL P B8 R A b I 5 |
ik i 7 & (Carretié, Ruiz-Padial, Loépez-Martin, &
Albert, 2011), 55 A —W1 % 5 F BN 26 16 7 302
S K B, DOB I HERME K rh PR B R S RERR A
M 1 TR, BRI R I 2R IS 200 ms B
A BATIME LA DO IR 425 (van Hooff et al. 2013),
5, TEIC G-I B R B, RUME LI & 1Y
Pl berpPRIRIFLIS &) P1 TR, 17 DR ThI LS A& 1Y
P1 P S B /N G 4 2R A0S g i i B ) 245
—3, B P E AN S 1 H R (bottom-
up). HEIMEI R, FEiC s 4 By B e 52
R, AMEAPEN 25K T b ke P3

W EE, T HL DR L RMEFE A i P3 i B2 I b 4K
WCAZHR UG Bt P3 (B 1 0 ) S i A PR Y
SRR, P3 MR EE 5104 R B 3R R A TEAH DG
(Paller et al. 1995; Wilding & Rugg, 1996), iXil15
ASCAT A R () WA RV P3 IRES
B X IC A PR AF O FR BT L G C BRI A %K
1w . DA SOEZFRAE 58 B A 9 (Rugg & Curran, 2007;
Weymar, Léw, Melzig, & Hamm, 2009)., 1% 25 ¥4 K )
CAZARFE e B, B P B 2 T 2 RO B L v P )
%5 & WK P3 IEJE (Hauswald et al., 2011; Xie et al.,
2018; Zhang et al., 2016), A 3 % 38R 1w FL 15 & #Y
P3 L RMA T ALK, X 48R POB L AT BB 7E T4E
ICIZRGEFIE R T s pyRAE, AN TR L
FEULES AT DL MRS T 2 41y, XHeAZ 3B {5 0
e AR, ORI BeiY N170 1 B2 7E 7
FhAPEIE 2 T R T o4, X5 gl b Bery B
KN A PG TFLIE & T B R N170 B8 A, 4
L FRAT TR SO AZ SR BB Be iy N170 7] BEASALSZ B i
206 Lt 1Y H 3 A5 (Ot B A5 B B ) N170
BLH), 1832 3] 3 T T B A 15 6 fi 5 A= 77
) AE G 01 2545 B AR B0 S (PR RS R
N170 M8 BEHE K)o I M AT 2 T Righi %(2012)1 3%
FF, JE B SR PR 25 0 FL H BLAE TE L 0 R
BB, e ICCE e B 2 B AL, 25 R &
25 35k Gt 1 118 R AR 1T L H X 7 %) b 1L (R 2L PR A
I T L A B R F— N, B2 S B e 2%
TE LT B i b T L, ZE R B B i & T B KT
1E 3 (vertex positive potential; i % A HiZ 55
N170 HA AR i #2051 P3

4.2 ANFfAERTIE Iz S0

G T T, A SCHIAT A R R, S
S B R G33E I HR R o AAEAE RN, st e
FeARE A2 B far A A Y o R EE K 174 s Bz st (] o ] s
7 25 ROV AE = AL AL AT S5 T X o B el B G
X szt 1 5 B A SCHR— 3 (Langeslag et al., 2009;
Morgan et al., 2008),

ERP Z55LWoR, BEA ICIL T ias R, gl
PEELHT B P3 LA S A BB BE Y N170 W8 BE sk /)N, 1
2 A5 B B B N170 S ARFF B B i NSW g BER i, 4%
BARSCH . NSW 3 7Rk f A )T, AIAE
i T, B, BN X L E](Deldin et al., 2001;
Rimi et al., 2000), AS SCEEAR X GE it NSW i 5 2% A
R 32 B G W (S B AE 4 DX HL AR A (Low et al.,
1999), [F]AF Rama 25 (2000) Y55 & B H A % X (H
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HE T T2 DXRIARL X)) NS W i B2 7E 3 AN CAC AR R I Bt
2 BTCAL AT I 5 M — B o AR SR IR S i A
PRI B P33 B BE AT A AT RIS, (H3R
TN Ay 3 Lt 85 2R B D PR RT AN ] - Aty I B 2 p
FAE 09 NSW R T P3 (R EE, PR 38 i i
XA rES; RRGBoeh THE 2w L5 73
Z B E AR R SR BEUR, TR I BR 45 0 O A
(Fi P3 RAE)W %R HE > T (Morgan et al., 2008), £
T N170 7 2 45 FI4R B BL 32 1L 12 8 A (9 52 1 077 17
MR, AT R AT ARG T 21 . i B, P
T FLASCRE P38 n, R 22 R 22 A U 2 Xk v
LI IE S T 4mAS, IS & T KRS N170; WA
R B, 5 P3 ARl TR mELL S THEE
A B FCICAR R S BRI, B 25 KA L (test face)
AT LA 3 S B IR 1. ok, KRSk k
PAE SRR BERL X ) P AFAE A2 5 07 B R0,
ZEERAEC A STk oR G 4o, 1 H P RS
FIFE TS S, 5 N170 F1 P3 AYZA8 4L )7 a1 A o
IFRATTIN N IS8 b 75 3 — 2D A Ja SL i 58 h 36k .

T8k, ARSCHY ERP 45 3R s, 1F 45 FicAZ 1 fap
1) 28 BAE FANAEAE e 2 gmms B B, e ic e AR5
R Be SR A 1 2 B, XS ] 5 2 h
() ERP SCHRH A —2, #1140, MacNamara 5 [7] =5
WHGE, 02 gmtiS B BE P3RBT %S
1E4Z i fef 1928 H.(MacNamara & Proudfit, 2014), i
TEICALARAE B B ) 12 30 i 70 D 95 A7 5 B 1 58 A%
[ (MacNamara, Ferri, & Hajcak, 2011), %47b, 54
SCEAHICI IR ERP SCHRABAS 2 725 R . X
FICIZHE B BE Y ERP, Langeslag 55 (2009){X 4 45
TAELERN, M Morgan 55 A (2008) WA H#z & T
FCAAAT RN, AT LIPS P R AR LIS B B A
KHEZH , FEACH, ERP FEgMS M BLay s . ic
AT A8 TR AT AR (A A5 R — 2, B
TCAZ AT B 48800 B . O Ry g s R
o [ B A = sk A AL, PR R I AZ 15 45 15 B
(R /R B SR 1 AEIC AR B B i 7 = IR £
far T #F KT gt — K LA A5 B, LB B A% 25
Tl REAE Sy 2 FicAC tm R IS . g A
e BOA St 532 B CZ [ i i B By, Al 4 IR
A —EMIEY . AT B &S, 5 ERP R
TEMG L E 35— SO 45 1A TR, A B Py se g AR
(functional magnetic resonance imaging, fMRI)fiff 5%
B TEAE 45 00T 55 TR R B 45 5 g A s
BAZHAEHINIX, 27518 45 i A2 S i R0

S ST B (BErk, Kleczar, & Walter, 2007; Glischer,
Rose, & Biichel, 2007); AT A 53 ] & B4 245K
N 2352 A2 57 g 7K - B4 I8 5 (Mueller, Cromheeke,
Siugzdaite, & Nicolas Boehler, 2017). F& A TIA Jy 1 i
ERP 5 fMRI 455 A—20W )5 A &, ERP HA =it
[ETR% 7 S PSSR TR v T = i 1)
fMRI (4B ] 20 B BE, AR T BB JC I X A id 12 1
tid . PREE . PRI I BRI A sl S E S
43 R

ASCR ERP HARH 5T AR 57 PEAE 465 UK
W RO A BRI . 5 R BOR, DTE
ICAZZmA g L, R 32 B s T )R L B T
EPDMEE I HAZN170), 1R A5 B 5N T 5% 5
THAED 2) L G i e 0 B A PR R R SR A B B
B0 DOEAE B ARS 4174k (P3) AT B AR FF (NSW)
5 T RVMEAE B ) b T RME AL, PRO%TH LT fig
ETAEIEC RGIE 8 T s R AE, Miipiilfeid
v R I N E R VA P AN VI G R TRR v /o3 QSR =N
BR(P3)o XA WA KR B T80T M2 X R
15 25 CAC P T RS 28 DR IR . A 9% k< IR
Fb RV ELAT T i A S A2 SR A R BRI T s A ] 3
B0 B TG 2 2 T e, AT — BB R T
1 25 1850 A2 AN L]
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Abstract

Emotional memory enhancement effect has been verified in various memory studies using negative material.
So far as we know, four studies demonstrated that disgusting stimuli are associated with a higher recognition
accuracy in memory task, compared to fearful stimuli. However, the underlying neutral mechanism is still
unclear. Since emotional arousal and valence are two important factors showing emotional memory enhancement
effect, they should be counterbalanced between disgusting and fearful material when the latter two emotions are
compared in memory.

The current study used event-related potential (ERP) to investigate different effect of disgust and fear on
memory encoding, retention and retrieval. In particular, the following ERP components were examined: the P1,
N170 and P3 both during memory encoding and retrieval, and the negative-going slow wave (NSW) during
memory retention. A total of 60 healthy adults were recruited to participate a delayed recognition task, among
whom ERP data were collected from 30 participants.

It is found that the recognition performance was better for disgusting faces than fearful faces. During
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memory encoding, fearful faces evoked larger P1 amplitudes while disgusting faces evoked smaller P1
amplitudes, both compared to neutral faces. Similar ERP pattern was found in N170, i.e., fearful faces evoked
larger N170 while disgusting faces evoked smaller (but not significant) N170. In contrast, the P3 component
during encoding showed largest amplitudes in disgusting condition. During memory retention, the NSW was the
largest for disgusting faces, smaller for fearful faces, and the smallest for neutral faces. During memory retrieval,
the P1 pattern was the same as during encoding period. However, the N170 showed comparable amplitudes for
fearful and disgusting faces, while the N170 evoked by neutral faces was the smallest. More importantly, the P3
was larger in the disgusting condition than in the fearful condition. In addition to emotion effect, this study also
found the effect of memory load. High memory load resulted in lower recognition accuracy, longer response
time, smaller P3 (both during encoding and retrieval) and N170 (during encoding), as well as larger N170 (during
retrieval) and NSW (during retention), as compared to low memory load. Furthermore, the emotion effect on
recognition accuracy, the P1, N170 and P3 during encoding was enlarged at high memory load.

This study demonstrated that three mechanisms may contribute to the enhanced memory for disgusting than
fearful stimuli. The first is that increased attention is allocated by top-down control system to elaborately
evaluate disgusting stimuli at the stage of memory encoding (reflected by encoding P3). The second is that extra
cognitive resources are employed for disgusting stimuli during memory rehearsal and retention (reflected by
retention NSW). The third is that increased effort is made to retrieve the memory regarding disgust (reflected by
retrieval P3). The current finding could help to further understand the cognitive mechanism underlying
emotional memory enhancement effect.
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