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CO) I P 5 R RSB, IR, 610066 )

B E O TRIERE RIS R A, B A TR R I & B S O RAZ AL, S5 5T RHERCHIZ I 4

PR AT — DU LS00, SRR, TERIARMA ST SR,

JRU A A A0 v T BT 0 3 i T A A, L

ik T HUREY P300 PR s FEINZALR B, AR A K 1 P2 OHR 35 OR T 02 A IS aiz Ao 1 p2
VR R FERT AL AZACR /322 2z (RO & 1 P2 008 0 35 KT R A1 AR UM 2 e TR 75 K 1
PO00 PR R T4 A 55 S5 RR M T RIRBME I 1A R0, 2 A LE 3 U o HAT MR AR H, TR R R

ST REAOMEA BN IR

XA GEPRME Rz & ERP P2 P300 P600

1 5l§

RUEAE R —FPai i M1 25, REASHS B4 pos
TV M 27 > RN A2 2 5 v A B i A
M, ARFHREFREL, MEIERME RN 5
() JBIE REAR 2D L) e 2 A R 8 A 21
I, EAERTAME SSRGS ae g, RIRMA
1214k (fear generalization ) , HLBAFIEH T L, SR,
AN — B 5 2RO R 22 4 R ™ A it 2
RME L WEA TR, BRIt EERMEZ AL, WAl RS2 E
fEFER RS ( Hofmann, 2008; Lissek et al., 2014; Vicario
etal, 2020) o 5341, AT BRI ZAG YRR
>J 1% (fear acquisition ) . 74iR (fear extinction) 44
X (Wurst et al., 2021 ) o {HJE, Z58HA—3,
I ARG A IR, TVARAE 35 2 90 Hh i ) 22 )
% (Nissenetal., 2010 ) . Z& Pk, IRARGHERE
TR BE 5 RN T4 PR 15 O OCIR,  REAS S LA A
TR OGS 2 B S AR A AL R B AR

RAR A AT 38 R FHRMEA R R K (fear

conditioning paradigm ) . 7z, ZIHA
PERI ( conditioned stimulus, CS, AR/N&EIE ) , H
H—AS sl (CS+, WK ) 2R S T4 H
¥ (unconditioned stimulus, US, @MAL 5 ) Boxt i EL,
Bfije, 4 CS+ IR, WEBA & AR RYH
N, BIAMARSIFRME, CS+ Wk FR M B A0
MALE US BEXTHY CS Bl CS- (/A ), fRF%
MR 5 CSHARMBZ 2 AR iz Ak
Jil34 ( generalization stimulus, GS, {NMKE]/NFAEHK
Y B RE ) o

A N R 50 TR 2 ) CS-US 1k 25 (CS-US
contigency ) FIHHL T BB ZME AL, 111 H A4
KA E (Carmel et al., 2011; Schultz & Helmstetter,
2010) . il 2 R 9\ 8K 45 & 2 (contingency
awareness ) FJA R Nz —. SERTBIWTIERM,
= HHIG MM (sandwich masking ) % K AR T A1
R 05 B (Harris et al,, 2011 ) o 7EIZIE
e, HARH (goal stimuli ) 52 BAY A (] #5038
A 10~30ms, AT ) 5 PR B ( masking
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stimuli ) , 132 5FICEEIRB HAafRg, FHit,
Toik IR E] CS-US B4 . AT R = BIAHE#GE
X, BRI R HES 5 ZHIRE CS-US
RGBT A 2 R
TETC RIS E R 25
P SEARXT 80, A S A —2 LEIR
RUEAFSR IR T “UES” RIS (preparedness theory )
( Seligman, 1970 ) . ZHHEIN Ny, FHELTHPERIEL,
AT 55 X R AR BN “ HERS” J3# ( prepared
stimuli ), SCPRIERZMERIAC anig | gk 2R EIL ),
P U EARRYE AL (Esteves et al., 1994; Ohman
& Soares, 1994; Siegel et al., 2018 ) ; il IARLELH]
W, AR TE ) TE R RS {E (Seligman,
1971) o Ll Ohman (1998 ) FYBFZER IS ik
ARV, B8 T RHAH S (LA
WERL T CS+, BRI o €S-, Hirp CS+ 1 CS-
TEA R ) Frp sl (DIERI R CS+, s
Bl Rk €S-, Mo CS+ i CS- FEAL - ) 1EH
SR, TREIRZMAS b 22 7 (RN
US) . 4R, BARARSCHITALXT CS+ Rk
JZ v ( skin conductance response, SCR ) 7K~ 2 15
T CS—, M PRI A A PRI ) T i 2 2 5
TEVIRBT B, RUMEAHSCRIRAIX CS+ Hl CS- f B
REAE R 25 5, R R A A . X R
X EAEAE SCHIHOE B A ZME IS5 B xR, BIE7E
ANFHER L o AT DL T HRORAAAE o Xl “THIR AT
( resistance to extinction ) #F— 37 FF THERTHES,
PEoR PR )RR ] SO R AR A2 ( Ohman
& Soares, 1998 ) , Bifife A WF5E 6 BT HEIAL . PR
SRITLAE A RMEAROCL A, 53R 8L T T fL
YER CS+IF, ZAilkE] i) SCRIKTAAAE B 25 5,
T 24 SR T FLAE N CS+ iF, %A ( Esteves et al.,
1994; Ohman & Dimberg, 1978 ) ., #R1fii, AT EMN
AR RN K, S 555 DBk e TR
s W2 Gl — I Y SE R Al ), SR R
HACEHNRE 192 5 F GeE 7E US ST
XA AR (Katkin, 1985) o X4 JCRGIARY
)3 HRRT BEAALE M AR AR I SR &, SRimT, A
5T 2 R AR ORI T, R e 75 2
ST EHBMR AR A — B 4518 (Abs et al.,

2018 ) o AHWFGOKG HPERINEAE A5 R, i
PR IO PUEME SR T B
N H R B RS A RE L, H

SO T INRFE (CRIRE 23, R/,
AR, EHIEAE ), WAHOB T HE&{E . (Dymond et
al., 2015; Meulders, 2020 ) . H#E&ZIA]A] 43k 53206
% (taxonomic relationship ) £l 3= 1 3¢ & ( thematic
relationship ) 4 #f' ( Landrigan & Mirman, 2017 ) ,
SRR RAE AR, O QnRR e Rl 575

(Rosch et al., 1976) , EHICRZIEYIMAR, FIF,
NAEAS (RIS 8] 7 s B AR P Y SR 2 ) iy 41
PREEANCR, WAIRREM S5, LIERIIRTER
BRI, R0 TSR AR R IR A 2
Pz AR, teln, FE—TUE T REE RN A R
AW IR, 43 IRz AR LG 3 A5
T HERA P2 IR s i L o PO PE 43 (Led et
al., 2020) 5 KT, FEHETRLEXRMITEIRMZ
1B ERP #IF5EHp, BOA ARBI2E . AL
W TR 1 (IINL, P2) M2E5R, (H2KH
TR ARG A T SRR LPP MR, ViR T
RT3 2RI AR RIERA e ) R A7 2 e
M (R, 2020) o K1, AT ARIBEIEERE TR
SRR EHET T, A TCEIRA R R
RGPPSR S5, HORFEME SHEE R
KA AL TR o AT AEIR TR L)
ARMEG, PRI OC Z AN S 2 X R
AL

P2 i 73188 LA R B 2 200ms, o

FERCFR AU T e SR BN IE . AR,
P2 5O B s AR BN TARG, AERMRZ 1k
W5, Sperl % A (2020) % ¥, 5 CS- il GS-

(safe generalization stimulus, 2243 fLHI ) L,
CS+ Fl1 GS+ ( threaten generalization stimulus, & M2
RN ) SRR P2 PRIEHE TR, B BUE R RE
i A SR 21 IR AL, Lei 52N (2020)
KTHEERFRIA (FHOCHR vs. PRLFR) TR
PHZ AP E - A, AR T FRIHES, 2
WA | A T e Y L o U PP R K1Y P2 IR
PRI R R EA IR BB s . BES
A, XS SR BRI TIA N T AR A D)
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FRFRW ST EHINE E RS, W HEECR
TR Z2 S = 2 g ad #2 (4nidf2 ) (Liu et al.,
2019; Maguire et al., 2010 ) . FEFLIEIFTE, AWFFE
BRI T E P RMAI G ESOCR (28, F28)
KSR (GS+. GS-) XfRMEZ Ly sEm, B
MBIy 7 MRS AR AL T U R 175 B R )
P2 Pt GS+ VRN U R, ST GS- K
ARG, M5 & KA P2 B

P300 (350~700ms ) 2 & H & T it s 3 Sk
B AR SR B B E [ 3, B i T AR A R i
TR R A3 LR R SRR, AR BRI R
SIS Y, BTN [ (anterior cingulate cortex,
ACC) I T B E IR A e, i CS+ 4k 1%
T2E e, RO YCTI: P300 158 (Pavlov &
Kotchoubey, 2019 ) . 4|40, 7F Rothemund %5 A (2012 )
AIBFTED, KBRS 5 By rh S RN TUR X 1
CS+ b CS- 15k T 9T R A P300 B, ik 24
IS RS T TIEHE ( Ferreira de S4 et al.,
2018; Sperl et al., 2020; Wang et al., 2022 ) , S TCE
PARME 155 B R RME A A A i T 72 b rl RE
FEAE2E s, (A—Sepiige 1], BIMETEJCRRRIF T,
15 BAHNEATI R REAE DL /e AR AT 1 B WEUR ( Zhang et al.,
2016 ) o PRI, ARSEEHU , FEoE PR AT 15 B,
AMEXT CS+ SUTHRIEEEEIN T, J7 A ZRUE
T4, M ARG P300 e

P600 (500~600ms ) A Ay TR X A 4 6 39 1
By, ST BB R IR I R ((Vazey et
al., 2018 ) . 5T, #EBE (locus coeruleus, LC)
B AH S EARZ (norepinephrine, NE ) 35%
T fe B A4, w] R SR I o R . 7R
BTGB, CS+ 2 JeiBus w5t - LWk
PRERRGE, AEHEXT e BUR 1 2 Ok ) ( Wilmot et
al., 2024 ) o SR, FAERIMHFFERTE AR B IUKFRY
RMESAHE, PR S5 TCE RS E iR
JIN TA GG, 455 5B R GAE B T
PFERT, W AT REAEAEDCHR, PRI, ABF50H: P600
AR DA E AR B ), AFSE AR . Bl
HRMESHERIE L, MAXS CS+ I BLIE T
SR, SEMHRESEE S, I A A CS- BRI
P600 i

ZELRTIR, ABFSER IR BOR B Je Rk 1
RIHRME R RA R R, R T IR
IR EETHESOCR (M, 7026 ) MR Ry (i
L) RRMERZ ARSI B ph 2 5l AIFSER IRV
ARG, TTEIRIE B B R PO I
Th, EHRRAE RN D AR B0, SR
o CS+ i, A5 US MU iR CS-
MAE R ECXS,  PAESAMAXS SR v o 93
HIPES3 R P300 WRAE Y25, TERiZz e, ™
MHESCR (&, 328) FREEEER (g, i)
SO PURPZE L iz AR anor2Ri () |
SR (Adg) | R (%) . i (RE) .
A L OIS . P2 MR BRI AT Uz Ak
P KR Rz A SO, TR, 7RI B
LR T PRSI, TR TSR P60O R
(BRI £ AR TR TR A 15 B A AR K
YRR
2 ARFTIE
2.1 #ik

5 1 G*Power 3.1 4 X A S50 fr 75 A A 1 it
Tt SRR RO B W& 22504, 18
HAERON B = 25, GEiTEe )k 80, a =.057K
N, IRRRY, W24 2255 HiSHEE
KA 32 440 BIRERIRINARR = NS 5% 3 40
K ikt 22 5% 2 4, AP S5H
274 (AFWY: 1957 + 1738 &bk 2144) . B
AZ5EYNEHT, WHBEERIER

ST R A S B R A6 HL S R A
RS, AWFFCEBEREIEMARMAE NS 55
IESERHT, IS 52N T LU R RS -
R JE K ( State - Trait Anxiety Inventory; Steyer
etal, 1989 ) Fl DI we IR = 3 -1 ( Beck Depression
Inventory; Beck et al., 1988 ) . & EIRIE R : FF
Bi. ARSEIERERDBUNT 50, HMARIEUNT 13
X (R 1), FFEERNS H5E TS5 IE,
S R R A, SCIR SR AR —E A A
22 SLERFPEIAITH
221 ZMRIEL

TEHURR A . R 4 30 9k, Horp 15 5K R
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F1 AOGZitEETE

AR b M=+SD
AR 19.57+1.73
PER (L% ) 77.8
FrpfE i E R 48.21+8.99
REFEEEE 43.17+9.08
D SR R 1.61+6.14

%, REEIFER CS, CSTES 54 M T FA -

Hop—EZ 570 “BRE” ’APEN CS+, —F
Z5FLL RET KRR CS+, Cs+ B &L
66.7% MMERICHELH T (US) , T CS- Bl AASIE
ME US. 7AMRAE . TR 2 15 sk g ik
F o ZHET AW (Ohman & Soares, 1994 ) , i
Adobe Photoshop CC 2019 # {44 CS &l /U] /3 F 5
M, AU R FERCE TR R AR S 3,

R ZEK/INA 300 x 300 (HLET) .
222 ALl

28 ZASHIEXLIMS 5EXRRE . KM
M 45 40 SRIFFTAHOGH: | ERIER Koyt
A9 EIEAr (1=K, 9= mEHE) .
HEEERERAWHES T, S 55T 2
A HIAE R — R EAE R . fEr 28 R AT
5, S 5EFIAE LS8 L) K D) RE

CSs

R

B 1 TEIRSIFM R RN R R R B

IR . FU BRI 3 AR AR G B ICA
25 AR R B M RE 2 (BP0 25 5 1
IERSEge T, EBUREA S FROCR A
AHOCA 3 B, (REARI, RREd . K44z
FEREAS 12 B BRMZ AL 5 AR IE A,
e an{i s CRRAE A o2 iilieg ) 2 5 9k & o Hirr,
5 CS+ E A B HEAE N GS+, 5 CS+ Hw AL
PIRIBYE R GS-, FrEEY GS 103 LA B R A8
SERXZRFWT R 2, AR DIETE R, §F
K/NA 300 x 300,

2.3 LRIt ST

TCRGRIH By 2 CRIEAL: CS+. CS-)
KPR R R BN et BRIz B BCh 2 (B
SRR P FB) x 2 (HE&BEE. GS+.
GS-) MIMHZEPELN BT, EIR AR B
2N, A CSH. CS- & 15 it dt
30 MR, ISR BA 60 MRk, Ak Bk =
AN, R 4 0z AR 5 MRk, 22k
FMRFAS 10 ARk, 2 AR BURE R AL A5
15 ik, LRI 60 ANz ALk, B A
A% 30 Nk, FLEEPE 60 ARl

FEIEASELOTT, 2 55 T eib A T o B BRI o
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& 2 izl

MR NS
KA T4 HiFiHL ik LA JINi e
433k JFRAE4 SE KA Y A JENi) TRIE
=]
B 7.82+1.89 6.82 +2.00 6.39+1.95 1.61 +£1.57 1.61 +1.64 1.46+1.57
(M + SD)
KA LIET A fa] ETAL = FER WL FTEIHL
T JFRAS4 5% HLZRAT 5% KIE BiRAS i 2
=1
i 8.75+ .52 8.53 + .84 837+ 1.04 175+ 1.69 1.64+1.64 1.54+1.55
(M + SD)
SEIG M i E-Prime 2.0 #4528, S 5&A£F W B R, 27 RFABHESREMMBE R, “37

WA Ag/AgC HLMR F, -2 31 2230 18 F Y
( SXC-A, bt = FBHEARA R ) o FiABEHLIE
n— RS R T, BkS 5E R AL
(R HEAT 1~10 1 EWEAY . 1 Rom Bl Al /
— AN 10 RoRAEF AR/ AEE R . IR,
P i E NS 5E IR 7 0E (CREFIRE
ANEER) o

IERSLE A HPAB B ORI RME ) 15 gt
Pz B gt i, S 5 IR
Feroe, AUIRFE B BE A 75em 2247 o

TR B, H e e b Je 5L 500ms
BT, B8 S 1000ms 1Y 25 B, 25 G4k
Ja, MU R =k B R R AR R
W 142ms . BRAE B 16ms FHRIR 2 IR A2
Hewcny ® H 142ms (Harris et al., 2011 ) , F5 5
B 1700ms 175 Bt SR, S 5&#ITH
P (19 PE4>: 1 = —EARSPEREHL
9= —Ea LR ), TS ER G, A
h CS+, M7 R4S 72 5% — 4> 100ms 1Y F1 8
ML A CS-, MURTERE . e 23
3500~4500ms (¥R I . TR BEEs RS
X 5EITRINE, WS 5% A NE, 4
B (1) “BR T B3 LIAMR RS A 2 Al
Fo P H 1 REEE T, 3 ARRER; (2)
“EScgmh, REGEREGERE o7 e
WIEf I 2 427 B 57 Wdoy <1 FE” , B
Z 5 H RS L B SR AR R NE S <2

(

AFIE” 5 (3) “Seseh, FREGEH S Z R K
FoA o 7R U1 ARG LR SRR AR

REBLAE S REME A,
RS 5H R,

Bz B, & 2Rz A e 2k
GS+. 7325 GS-. T/ GS+ Fl 38 GS- FIpi s )
BB CS+ FICS- R, 75 2 LA BA Bl BT
FPREL, B CS+ BIALELHL . 2L B,
JeTE B B g B2 500ms A AL AN, A R
1000ms 25 7, SR 25 5 B 300ms A9z fb ik,
B FOR IS R BRI T U, RS
I 3500~4500ms HERKERE (LA 2)

2.4 Fdmidk 550
2.4.1 P ER A S ik B

Jiv B, &% P % FH 75 [5] Brain Products 23 6] A= 7= 1Y)
IR IE S 248 ( BrainAmp DC RS, RAEHIN
HIRREMTL, Brain Cap 64 FHARIE ) N HAHT
REHATREE, S5 AR H B 23l 2 FCz I
AFz, MHCRESFET, 03¢ HIRHE (VEOG) |,
FL AR U F A7 HR B IE R 75 1em &b SRERSIR N
500Hz/ &, sk ZFH$T < 5kQ . K EEGLAB 14.1.1
T HAf7F Matlab 2020a H1 X5 BHa 001 124k o hr . i
BRI TR T B, WS H Rk FCz %
JRUMFLZE (TP9, TP10) 3 SRIGHEATUEN:, UED
ZHh 1~30Hz, TH0 TP F 47 38 98 I 49~51Hz
AT LB, &, RAMSL ST (independent
component analysis, ICA ) SIBRHEZ IRFNZHVELAIE, [F]
B FEhHIBRA KL . AZAR | OOl as; Rl)S
SR A R (B AR, W (A B PR AR UHE R +
100 0 V5 AR ATE AR SA B PRI BUET 200ms 22 R
IS 800ms; S SEAGHL /BT, LA IE IR

‘4”7 fRFEATIE o
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ZANE CS-

500ms 1000ms

142ms
17 e 4

R CS+

16ms

B RIREZAHB

mm Y

500ms 1000ms

Tkt
300ms

24kl

-- ¢ -
- 1700ms Feateeak -

3500-4500ms
ITI

3500-4500ms
142ms ITI

Jii HiE el 100ms

2 BNRBIREE

FHAS 3 B B2 P9 R0 S BT 200ms 2 3% 52 2 Oms
IR 5 dRe, DASEER AR /K ar J5hnife,
W 1R 45 S A P ik L S 2 I P45 31 P24 4
242 Fitsrr

R TN SCHR DA R A SI2 56 1) 67 35 &1 DL R
P L€ 78 A5 B BOsf o P300 B[] 747
380~440ms (CP1., CPz. CP2) ; fEiZ 1k B &
P2 Fif[a] % A 220~350ms (PO3, POz, PO4) ( Vogel
& Luck, 2000 ) ; Xt FiZ BBy CS HIF, #ia
P600 Fif ] % 4 500~600ms( PO3 , POz, PO4 ) ( Gouvea
etal.,2010) .

TR RNIIFB B, XAl o U P4
PLK P300 B X MR A TR AEAS ¢ Kl 32
BB, Xz AR o BB 43 D 2 P2 sy
(PFRIR IR T 2 (RESOCR: 028, F80) x 2 (K
SHEE: GS+. GS-) WEE M= 200 24k
B B S B0 2 PR L o IO 43 LA P600 A7)
()-SR A T B RE AR ¢ K25, T B Seit
FAT AR FH SPSS 26.0 #1458 1 o A i IR AR
3% ] Greenhouse-Geisser I/ IE H B, IfdREK
WEJE p (H. 2 HieR H Bonferroni S5 T 1E,
WIEJG B EEK TN a = .05, A L R,
i/l p < .05 VERGET T M

3 LR

3.1 k4
3.1.1 TEPUKFRERLE

H TR TC R E R AR, AR IR T
Z5F PHENR . PR RIBREE Z R, B
WHEX R Z5FEE BT BIEEUSIMRER
AFEFNHAE R R R AR B2 55500
A BRI S 58 A TR
t, FRESETPEE R o 7 O YRR 5
HORET AL B 5EBNA S BREE
WRWITHE S H5EBE g, R
MG ZaimE AR 7 kU1 RRGEEES
FREAIAR B 7 AL G B2 5F A . &
SEESHERR R 3 44 AT LRGSR 2 554 (W
#3) o B, ATLUAHAS 5ERTEEIRS]
SRAPHI, ARSI B PRI
3.1.2 WA

TCRR IS BL, EOXTREA ¢ Ko 45 R R,
CS+ 1y s A PE 4> (5.64 + 1.21) W& 5 T CS-
(423 = 1.92), #26)=3.12, p <.01, Cohen'sd =
60, RS 5HAAE T MW )2 45248 (WL E
3A).

AR B, BT 2Z 0 s R s, BEE
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* 3 REIRKFBRAER

Hz 5%
[] 5L IS n(N=32) Harlt
1 2 3
LT S RME R 1 ’ PR | | i
AR HAUE R 3. ® 29 9.4%
2. “fESgarh, fekspsh 1 B 5 (CSH) 2 IR
N 1 1 2
(] Y P g 2. RHLE 30 6.3%
1: W2 SRR AR I A 0 B IR
3. sszghdh, feEekmd 2 A S R AR LA 1 5 A 5
ZHIRE Ry < 3. AR SRR R 3 3.1%
4: FAVHIE 28

KR FRNARIE, F(1,26)=149, p>.05; W&
BEAUN AR, F(1,26) =345, p> .05; BL&k
FAAMEEHE e HAEH R, F(1,26)=422, p=
05, n,’= 14, ARV A R A B 4325 GS+ (3.89
+ 2.01) ML HUITE o i 2 5 4328 GS- (331 +
1.78); 4325 GS+ (3.89 + 2.01) [WHEHFUMHITS %
BT GS+(3.37 + 1.83) (WAl 3B),

TALOBE, FEXTREAR ¢ g0 25 R R, CS+ I
H 5 T TE 4 (4.55 = 2.50) W3 T CS-(3.06 +
2.15), #26) =327, p<.01, Cohen'sd =-.63 ( W &
30).
3.2 ERP %
3.2.1 TEHIIEMEL

Xt P300 47 BE X AEAS ¢ K 58 & B, CS+ (7.58
+ 5.80uV) i & Y P300 I i i = T CS-(6.09 =
5.801V),#(26) =2.09,p < .05,Cohen's d=-.40 (WL.IK 4),
3.2.2 ZAkBE:

XF P2 HEATE NG Ty 22 0 R, BRSO R

FRON B F(1,26) =31.21, p <.001, n,’=.55;
SRR RN, F(1,26)=.004, p>.05; HE&
KRGS s BRI 2 F(1, 26)=5.776, p <
05, n,} =18, AR SHTEE KB, 4325 GS+(6.50
+ 4.24uV) PRI P2 o E RT3 GS+ (3.14 +
351uV), ZPEHEE GS- (574 + 445uV) R P2 1
I BERT LS GS-(3.95 + 2.86uV) ( WLA 4),
X P600 JEATEC X REA ¢ K50 & PR, CS+ (4.56
4750V ) 75 K& 1) P600 Ik I B 2 = T CS- (2.64
3.53uV ), #(26)=2.76, p <.05, Cohen'sd = .32 ( i
Kl4) .,
3.3 AT
3.3.1 FRIEHMR S AT Ha AR RS A O
TR E . ARV R fb 2 R 5 2 D) 56
B, AR A Pearson AHC M R R A2 1E . AR
JKFE R HE o WU 3T 43 (us expectancy, UE) . P2,
P300. P600 i ZHIMCHR (WFE4) o 45RER,
TEZ AR B, AR 54025 GS- L U PF43

+

+

A B C
* %
81 m CS+ 8 — M GS+ 81 1 = CS+
W CS— * % GS— w4 CS—
—
6 61 6
& & &
= #H 15
2 = = %
2 24 2 /
0- 0

=
T

e

=k

£
ZAe

3 MASIEM BRI (A). BIRZUMEBIZURIE (B) IR RIS (C) BETHATS
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A B C
-10r CPz — CS+
5 -8 - CS— -
26 15 1 B CS+
£ .4 " w4 CS-
£ =
22 P300 Suv S 10
M_'m'::\fd\ j\ E
20677 5 00 400 600 800 - -
Latency/ S 5
4 atency/ms 1 I_lv 2 %
6
0
8
10
101 by, — 5 GS+
. -s[ 412 GS—
B F:48 GS+
o . m j%cs
z o 6 pv w5y HGS-
E -2 n AN P2 ] > BGS+
W R & FHGS
o v v L EGS-
20 " 2 800 AW g
o1
4 A
6 Latency/ms
8
lﬂ[ TGS+ BB GS-
-10 *
:;-a[ — | Cs+
2.8 v CS—
-2 ’
f—vﬂ/\f"\*[’\
200~ N
iy Vj
3
8
10

4 SIf5HEx CS 72 P300 M4y b, iz B GS 7£ P2 i £ iZ4LFEx CS 7 P600 A%y EHY (A) #EE. (B) IXFZE. (C) 1REE

BRBEAME (r=-392, p<.05) ., Z45FEH,
TR AT BEsE i MR AR A B AT o 3R
B BRI, HAAS B2 (R A DA 3
3.3.2 EEG 45K 517 M4 RAAHICHE

K H1 Pearson #H & 73 7 K & US HiHH P43 1
P2, P300. P600 Z[AIAYEHR (WFES) o 45RER,
ALK B, F M GS+ i A& W P2 IR{H S5 US FiF
O3 ZIAAFAE i 35 TEAHOG (r = 432, p <.05). AT,
HAth AR 5 2 [ (ARSI AN B3

4 i

WS R A ERP £ K, #4558 T RN 2R >
P R BRI 2R S5 o g 2L L
AL L. TEREIR IR B, CS+ e
CS- 5 = Ay e WU EE2 . B P300 0 ;
EIRZ B, MESA L T H S K
P2 Ui 4325 GS+ 17 & 1Y P2 I b 35 K T 32

GS+. 432 GS- &1 P2 Wik % K F /8 GS-.
YUK EIAMRNL, KB CS+ I CS- ik
TEERAY P600 MR . ok SEZE R, AT LITE
PERNEAE ] SRS B ) o RS L,
Ji& T HER ES U AR RAMERNEAE R CS+ B A REFETC
BEHAMEI B HRERAME ISR )E, 42K
MRS LE F R T BT T TR T R
IR OR AR AT R S e gaE SO TA G,
4.1 TCEIRZYHIA L RENE )T
TCEREI B, A5 L CS+ [k CS- A
A T ) F o U T 4, i 5 SR T A g 4 R
— 3 (Schultz & Helmstetter, 2010; Sevenster et al.,
2014) o BRI, —WOCo TR, HZH5E KRR
F| CS-US B4, AaetgiaimZA IS ( Mertens
& Engelhard, 2020 ) , {HIZIC/ T4 AR 30 A5
H 18 Tt fif F US Tt T R iR B A (X
SRR US FUPEor o 3 25 R A BRIE B9 A
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x4 FER. MERKEMITA, EEG SREXMES T

Fe IR bR SAI TAI BDI
SAI
TAI 899"
BDI 710 710"
UE-CS+(~J1%) 282 253 077
UE-CS—(~1%) -12 151 -.194
UE-/}2K GS+ 131 057 -256
UE-%32% GS- -073 -.101 -392"
UE-F8 GS+ -.06 -071 -341
UE-F# GS— .09 .086 -307
UE-CS+(iZ1k) 222 146 -372
UE-CS—(iZ1k) .07 077 112
P300CS+H(>I15) -.038 .002 -136
P300 CS—(Z11%) .062 141 034
P600CS+(iZ1k) 193 22 -.058
P600 CS—(7Z1k) 136 205 -.083
P2 5325 GS+ -.006 -.006 -201
P2 4335 GS— -.072 -.068 =222
P2 £ GS+ 011 109 -303
P2 F /8 GS- 004 097 -276

R 5 1TA% EEG £RMBAMED

P300 P2
- 2GS+

ISy B S P300
(UE/EEG) -CS+ -CS—

- K GS-

P2 P2 P2
- FMIGS+ - EHGS-

P600 P600
-CS+ - CS—

UE-CS+ -258
UE-CS— -.085

UE-4326 GS+ 302
UE-4326 GS-

UE-E 8 GS+

UE-F# GS—

356

.065

174

A432%

.306

H: p<.05 "p<.01,"p<.001,

Sy ), AHJE US BTS2 A AT DAVE R 2E &1
58 T C IR A R E R T 2 Z IR R . 1
an, EELE  (higher-order theory, HOT ) . —
Brigs (6 v i)z BnsefE 8 ) fEAm
RN R RRIEME R W RAiwit =
DI BT 2 NI iR ”T[Xi"ﬁ) HHR

'ﬂ:l_'u:b;E Q *%AL;\ N IETZA N ;u\%l])u,fl:l /L_n ’ #{H
MASHEAZIVER (Lauetal, 2022) . XEKE

EHRVEAE A T RERBUE AR BRI T A
B%IJ SR, JoRHRMH S 152 AR IAE US Tt
PEor2est b, TR A A SR E R AR 2

TCREARIB B, AL kI CS+ It CS- 175
KT R P300 PR, 5 LAE P300 Bisy L Ao
AH . (Forscher et al., 2016; Howe et al., 2014 ) , 7
WF5E B9 A 7] 22 2 76T P300 $if 0 76 6 R 45 1Akt
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etk AR T R EAME, BMES 5 E A ZIRRA
303 5 TG 2 A B TR 1R S B, P300 HiR 4T3 9%
FPH 25, X R P300 Al BER M T R JC R
AL 7 2 (Chien et al., 2020) , & P300 1
R TR SEA A R A AR L T 1 — 2
P  ( Winkielman et al., 2005) . P300 A543 1] g Fll ‘%
Grep ] A HRICEE, WA BRI R, P300 Xt
US N T RERS Tl 22 4227 > SR Al ( Wiemer et
al., 2021 ) , ZE4xaf ] 2R FEAE I — i BURAAE
( Leimeister et al., 2023 ) , ZJaBIWF5E ] IAE R 7E
TR, AR [R A R A A A PRl
EEER (US HIECRINEL) minT25% 1, L
FIRAEEIR R A AR PSR AR
FRFERR
42 TEPRBMEAMLE, /22 b 38 E
HEA I T AR

RNRUEZ AL B, 78 P2 i Rk A o
R TR W, 2GS 1Y P2 IR B T R
GS. SR —a, B0 R A FEA 2K
FALF AT R ZUE AR B RPN [F] EL MR A 5
4t (Xuetal,2024) , MAMESRETI R EA —1
ORI R RIS (Lin & Murphy,
2001) o APFEOCRTERG, WRETE AN ik
HERE (Maguire et al., 2010 ) , T2 HZHFEE
BRI =) SRz AN A O ARRE .
BXRAWEEEEN LT XER, HEEDHER
ZEJH (Lin & Murphy, 2001; Maguire et al., 2010 )
X 0] fiE B S GS 1 P2 IR S T GS
MIIRER, O&TF P2 MZE A SR R T el ot s
o FE—TFoT A B, BIRRUESI 1S, IZ1kFEL,
4325 GS WM GS WA T RR U FTHS P2 PR,
MAHIESE P2 AT 1M 25 S AERL X, W] BEJ& SE 56 A4
A FEFECT AR EE . R A E 28RN
T ERP W5 i R B, ZEA IR e TH X8,
TR (PERIErE ) PR & T
KA P2 ¥k (Pauligk et al., 2019) . MMiiE45 18 A 1Y
FHOCHR LA ZE T, P2 B0 1 2 S WS AEBp X ek (Li
et al., 2017; Schweinberger & Neumann, 2015 ) , [A]F{
NWFFREER—5, MESE R 75 & T80 Xk 1A
B4y, P2, EPN ( Wang et al.,, 2021) , {Hiail 4t

HRFIN) = LI A A R e e To A RS K P2 A IE
(Lei et al., 2019,2020) , LA E&5SREH], 7Eoail

RUHIIR )5, 430G R L EROC R HAT In T AL,
IERS:w C 1) I ve 2 1 VAR B9 =N 2G-S

T RE RS ERP 45 —A—2, P2 i i HE&
RAEFH W, RGBT 2R ARE,
WG AR G IS (dual-system theory ) , RLPHFIFE
RS IR TR T AR RS, R
PUCAFETINITIRE CANT ARSI ) R 2 bl
R s T B JE T [ s o B A 7 A A BRSNS
Hol A s er I a2 A IR RME (LeDoux &
Pine, 2016; Mertens et al., 2018 ) . HLd;FHIPEsM LR
F 2 B mlpg i AR GE, P2 2R IR A E T
[l B Y H SR A BN, AR 1225 S 1Y S R AT g
SEAETC RS T 215 0 BB e LATE R 2
iztk, (HRREME, RIXRME RS A N T2 A 3
6y, IMTE P2 i FERELH T 25 5%, X RN
FA A — BT AR S 1 B UL

I3 GS+ BRI P2 P . il UMY O B2
KT FEGS+, XA RS A— Bk R o R
PRMAIIR)G, XT5398 GS+4A T 1 21 B
532K GS- 1Y P2 4R 5 KT 8 GS-, 1Rz ik
WEoErh, P2 55X AR R AT A G (Cisler
& Koster, 2010 ) . FiAZESRIER , ZETXEIRS)E,
TC A RO 2 BRI, 2RI EA I T
et 17 8RR, 7328 GS+ Ry Uy
WHERFFGS-, X—E5 RN RE TR AR
HIR3I5, BRI R gz A B
TR

FEHL A BRNAT R A S Es S o b rp, R B
GS+ LT FUH P73 2 [RIAATE 3 TE A DG 4326
GS HTE P2 U iR T B4 A T 380
&, AARRIHECOCH, XaTaeies, K5
FCF AT R AN R LS 9K SR Nz A, XF
TOrAEEERN GS ML, I P2 PR A U oy
MM, PTREIR T r2RE (AN “RRE - HET )
AIFEE L RAE B 5 fil A B Sh AU o, R4
S 5EX A5 GS AT 2 RR, (HFH
MO B 1) 73251 2R G A (O Connor
et al., 2009; Rogers et al., 2004 ) , 7FH IS
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WA RN ZES, A ST R NEZ —
Hrk, M2, B8 GS+H (W “BRE - 5% )
W o 1R B el T R R fik & 72 4k (Estes et al.,
2011; Goldwater et al., 2011 ) , HEUZRAE 5 51
PP o B0 . XA Al 2R GS+ figh
FEHEBOE 5 IR 4G CS+ AHSCHYTESTICIZMES, TR
P A B 1 5 S TR (BT e e Sk

AT R kI, BB, MARK 54
5 GS- B HL i U e 2 WA A G, T R
IRTOR CHEIRT AHICAT R B R DR S AR Y —
W ERHIE  ( Admon & Pizzagalli, 2015; Keren et al.,
2018) o VP R IIIZAE S i 2l A B S8
5/ (Keren et al., 2018 ) , 4325 GS- FEfdFREMA
HA] RE il A & AR DG B IEPERANY, AR L2
B RGOV B, RO AR A BRI
(AR LA ) AemE R TfIE,  AAIMFEAIR
THUATTHY US FESY

DL SRS T RREIRA MG, TS
BIRMEIZ AL A R E . UL TR . K/
S JRHTE AR B P AR I RN FH sz R, 366
THES Iz AT T A F AR AR BRI, A
KRR R B, BAARFERRAE L,
Pl = S [R)BRARAAE, (E 2 ELA ME SR AR TR
I, WEARRAEMAL M (Striedter, 2016) .
4.3 TCE PRV EL A B IRIHIR

RAZ BB, RN N R E CS B,
KI5 CS- e, CS+ 51 By P600 R i 14 5%
P600 B 518 SO TAA X, Bl ands il W BEXT i 22
UM B R0 . CS+ (14 P600 HR IS5 AL N 7]
BB S T 7 O R TR 2 455 X Jal JBb P s R ) 3 S
ARFEIEIN . IR RALZRI T AR AR R AT
BN, BIRERRMEIS )G, B E2E T 4
o) A B UUEIR,, SR, IR T AR
Z IR S
44 AEEREH

KR AAE SRR ZA, B, S5ERHE
HREA, P R S EUE SRUE R IR, TR
THRMH AR M R B LA I D) AR I R A
JEEE S FRINAT i — L 8E; 2, &
FRNHL TR, WTRE S 20/ NSO TEE g

)y =, AR EPERERRS UK S 551
WIATE S, i T —, e B T e A i ik
AWFFE K IRBARAE S M AT iz Ak,
PRI R B EETT AT LA 452 B 60 LA
R, T LU 3 2EAH DRI, AR S S
153 Ry N TR SRR Sy (R AR, LR e
— R D RUMEZ N ( Morey et al., 2020 ) ; K,
AT R IR S 5 E A S - A
(ARG 33 N, A T 9 3 FH 1 P R LA £ X
I 2R R B RMEL R KT B IS 2k & (Shiban et
al,, 2016 ) , PRI [R] H AR AHE - A3k 1 i
PRIGTE BRI AT AAN AASIBIFSE 11975 FEwE

5 #it

Py . 3 N A S
AHESEE IS IS AR %, JF45 G ERP FOR
9= ; ESSIREL s oy S
RARIIE T ICRIRRMA I 3RO R, S5 R R,
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EVUMASEA LR R 53] CS+ RFFEEE BN T
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AR R R BICEHRMA IS, R RM I
IR N 2b N Ny
TSR EHARYIN TS, GE IR
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Can Non-Consciously Perceived Conditioned Fear be
Generalized to Consciously Presented Concept Stimulus?

Zhou Yijia, Gao Caicai, Mei Ying, Lei Yi

(Institute for Brain and Psychological Sciences, Sichuan Normal University, Chengdu, 610066 )

Abstract  Fear is an adaptive emotion that enables organisms to learn to distinguish threatening stimuli in complex natural environments. The
"preparedness" theory posits that fear associations can be learned effortlessly, even without the conscious perception of fear-related stimuli. While
previous studies have examined whether fear acquisition can be established without contingency awareness, this question remains largely unresolved.
Several investigations have employed fear-related stimuli as conditioned stimuli (CS+) to study non-conscious fear acquisition. However, the
preparedness theory itself lacks empirical validation, and no consensus exists on whether non-conscious fear acquisition necessarily requires fear-
related stimuli. Generalized learning is defined as the retrieval of previously acquired stimulus information when responding to similar yet novel
stimuli. Stimuli that humans encounter daily have specific meanings, and their retrieval depends both on conceptual relations and perceptual features.
Previous studies mainly used perceptual materials with low ecological validity; therefore, examining the role of conceptual relations in generalization
processes is essential for understanding fear overgeneralization in anxiety disorders. Fear can generalize to items that are conceptually linked to an
initial fear experience. Concepts are organized either taxonomically through shared categorical features (e.g., fruit) or thematically through contextual
associations within events or scenarios (e.g., desk and book). The focus of our study is to examine whether conditioned fear can be acquired by using
fear-unrelated stimuli in the absence of awareness, and how different conceptual relations (thematic vs. taxonomic) and conceptual distance (near vs.
far) influence subsequent fear generalization.

Twenty-seven healthy participants completed a fear generalization test with concurrent recording of neural activity via event-related potentials
(ERPs). Shock expectancy ratings were used to assess the efficacy of non-conscious fear acquisition and examine conceptual generalization processes.
The experimental design consisted of two consecutive phases: a non-conscious acquisition phase and a conscious generalization phase. During non-
conscious acquisition, visual target stimuli were masked using a sandwich-masking paradigm; each presentation was preceded and followed by
masking stimuli, rendering participants unaware of the conditioned stimuli and the CS—US contingency. Specifically, sparrow stimuli were designated
as conditioned stimuli (CS+) paired with electric shocks (unconditioned stimulus, US), whereas car stimuli (CS-) remained unpaired. Stimulus
assignment was counterbalanced across participants. To develop ecologically valid generalization stimuli (GS) based on conceptual relations, an
independent cohort of 28 participants was recruited to complete a rating task. Forty potential stimulus exemplars per category were evaluated for their
thematic or taxonomic association strength with the CS+ (sparrow). The three concepts demonstrating the highest and lowest thematic/taxonomic
associations with the CS+ were selected as generalization stimuli (GS+ and GS-, respectively), thus yielding four stimulus classes: taxonomic GS+ (e.g.,
swan), taxonomic GS- (e.g., turtle), thematic GS+ (e.g., birdcage), and thematic GS- (e.g., sculpture).

Behavioral data reveal significantly higher shock expectancy for CS+ relative to CS- during non-conscious acquisition. ERP analyses
demonstrate enhanced P300 amplitudes elicited by CS+ compared with CS-. During generalization, taxonomic relations evoke larger P2 components
than thematic relations; notably, taxonomic GS+ stimuli produce significantly greater P2 amplitudes than thematic GS+ stimuli. Significantly larger P2
amplitudes are observed for taxonomic GS- relative to thematic GS-. When conditioned stimuli are presented supraliminally during generalization, the
CS+ elicits higher shock expectancy and enhanced P600 components compared with the CS-.

These findings indicate that nonconscious fear acquisition can be established using neutral stimuli, thereby challenging the validity of the
preparedness theory. Following non-conscious fear acquisition, broader generalization responses are elicited by taxonomic stimuli relative to
thematic relations. Enhanced P600 amplitudes to the CS+ may reflect heightened semantic processing of the CS+ post-acquisition, which means non-
consciously acquired fear demonstrates resistance to conscious extinction. These results demonstrate that fear acquisition occurs non-consciously with
neutral stimuli, challenging preparedness theory, and reveal taxonomic relations drive broader fear generalization, elucidating mechanisms for anxiety
interventions.
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