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THASEIRES A RIRICIZIRBUE R PRER"

R FRY EMEX B B

B AT

(HER I 20 B2 B, AR g DT R 2 O BN RIS ol T AR O IR 5N AR A B R 9200 %, M 510631)

B F ATICICHILE NS RS O IR BRI — R SO FiT S AT BRAS RACIZ )5k . ASHFSOKS Bl
J0{$5R (Prediction Error, PE) I THRIGHIBIEA P, SRANZEE R SRR + BN ZIRIEL, DIk
LSS R R OB AR, A RIS BEA R P AR BB CC PE. STtk PE. A IENE PE MIZ T PE)
X S AP R A B O IR RO AT ] 22 57 . 45 SR . T PE ZHMIZ 0 PE 2013 1 2R 3 AR S RS 0, 1
bk PE ZHANIEYE PE LI BB A IS A B ROV . BB T AER S 5 RO IZHEA TR IBGI IR IR, $2
HrBeid 241 PE A BEMICIZHE A ILIES R, BES 2SRk BRI MR MIACR, SR B AT PE 8 PE it £

ARG R BRI IR AR
KR TWUPESR, RURMEIR; IR, AR
S B842; B845

=

PEBESR ZUEAE O AR SR I IR L/ 20K f pe i
PRI FEEERRI, QI35 DR AH(PTSD, post-
traumatic stress disorder) . 5 JEJE (anxiety disorder) .
RYEIE (phobia) &5 o H FT Il RO BIRYT IT A E T
) 2 — S AN BEA R MBI R
TUHSEIRE & L (Choy, Fyer, & Lipsitz, 2007).
DAL 1HG 55K BN RO B A R RMECAZ T HL A ] R
A2 R T, — B E N AMIF IR 5 R
R FEEER,

HHT LI BT RMA BRI A T EATIE R A&
1 S5 8 S5 A AR AR AL, 4 25 7 31038 (conditioned
stimulus, CS, H gL, WK A Aa . 6 53E%
{13 (unconditioned stimulus, US, FOEHIE, U0
F 7 ) BT 2 R AR TE B (CS-US) 42, (145 5l
PR 255 B RMEB RN, PR RMASITS, Z
S T SR S5 A SRR 22 Tk B AR AT B X AR A 4
H(CS-no US)IN, Z&AFRIET | A 4 RAR B 23 12
pl LRI R, X AR AL SRR IR AU (Davis,

1

R H ) 2017-08-14

Walker, & Myers, 2003) . %4t ZLHE T 1B A5 2 (AN 22 5%
JT ) — BRI R T PTSD %515 2 B s 14 1 Xof SR s,
AP Z GO T S E A &, BRI NHERE
(Spontaneous recovery) . H ##(Reinstatement), £%#T
(Renewal) Fl1 H- 2] 5 (Reacquisition) & RL IR [9] (1) 47
MYE{E(Bouton & Swartzentruber, 1991; Myers &
Davis, 2007), T4 R AFFEE AL S5 012 B9 HEIL
[t A%, 240 F A Bl e 2 AL R Y T i Ok
THIR V22

LG eI B BS (perseveration consolidation
theory), N AICAZIIE R — IR PER L /8, 284t g
fih . [ A FARE BB, — ELYLRE R >k stk LA AR
(McGaugh, 2000), [fjictZ I B S (reconsolidation
theory)iA Ky, ICICHYIE AN & — Bl gt i), & —1
AW ER BT PR A7 1 72 o e B B B T
Ja S ARTRE FPRE, BB —fe n JLIE L R
WA REOREE, WM 2A E A B M. ARTE
AP B T 25 BT o T, S A e 32
B TP T AT BER S (rewrite) 5 7 B (erase) A 1Y
itfZ(Lee, Everitt, & Thomas, 2004; Lee, Nader, &

* ERARBAIE ST H (31771218), [E 5 2R A &R H (142DB259), A4S MG BRI 55 15 5 T 2k BT 1l
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Schiller, 2017; Nader, Schafe, & LeDoux, 2000), &
FTHILEF S, Monfils, Cowansage, Klann I LeDoux
(2009) i F1I 5l 49 4% A1 ZAAR AL AL, 1 Rt — b 42
4. T ETARPER BRI R AE I, RI4E
HUiH 3B (retrieval-extinction)JE 2, 120 20 38 i #h
I CS SRS AR il AR E
ARAS, TEXASFRILE I 18] 65 N A TR e TH IR K 2 42
A B SR T2 DT U5 B ) 2R A R
(Monfils et al., 2009), Schiller Z£(2010)/ 25 ix
—JE T A, W T AEAE T 25 01
O AE AT AU ZRBE S BN AN E2HRIC1Z, AR
IERVEA %, HACRFR2E—4F LA L (Schiller et al.,
2010), FEIBH IR YA A ARV AZ T BR
AR, X UL X — R R Z A IC I B A R
YERT, 3 EFFEE B UK a0 T 259 O T
BHFFE | (Xue et al., 2012), W T iz n] IA R
TH IR W RE U 1) 25 D RIS O 0 W 2 I X
BEX L RS S T, JE— 2 T 2t A P
(US)HEHBUNEA R (Liu et al., 2014; Luo et al., 2015),
H2 B AT BUH IR E X R AP, A
LRI SE B TR — B 45 R (Ishii et al., 2015; Kindt
& Soeter, 2013; Soeter & Kindt, 2011), AR E A
AT BE A2 R R X R PR 10 AZ 5 LT ) T 5 2 AR
FHAFTE— DA, RA W R —E i A Heie A
SXHEANRRILIE, X2 AR AR R PR L 09 320 A A
(boundary conditions), KEMFEC LU T — R 5L
PR, WNCIZAERE | ICIComBE | $RIBGRIESS
(Auber, Tedesco, Jones, Monfils, & Chiamulera, 2013;
Nader, 2015; Schwabe, Nader, & Pruessner, 2014),

F A 5T A B S T 45 1R (Prediction Error,
PE) & 10 12 F5- I [ A9 31 7 2544 (Fernandez, Boccia,
& Pedreira, 2016; Li & McNally, 2014), T4 i
H.H Rescorla Fll Wagner (1972)8F5¢ BV i R &4 1k
Bt Al SRR RSCR R 248 e RTIA
HAE B 5 BRI A 05 2 Z 8] H B 22 S5 FIA DL
e, BIF9E A IS0 At 0% R A8 52 e S5 I S 1) 3% 235 3%
HL(Rescorla & Wagner, 1972), T4 15 X 43 G
kiR (Negative PE)FIIEM: T ES 1% (Positive PE) Mt
R, itk PE 248U 2 A R, 1EPE PE &
TR WA A2 45 5447 (Beckers & Kindt, 2017), H i
AR A, OIS R S BR E R fe i
Bile DA GRS 012 IRE (memory trace) ™,
H 2 R 3042 B9 AH 5GP (Exton-McGuinness, Lee,

& Reichelt, 2015) 4 B B it 25 I e ic 12 9 15
SR, ST EE NS, XS R %
A WEE BT PR KR AT AL o X AT
ArieAZ HIE R JE ], B0 S AR S IR AT I A R BIR
(8112 S A e 0 B ) 12 12 3 25 A8 A AN R 3HE A 1
U o B LA G104 S BT H B 265 2 S50 1Y
G B EHCIZA S B A TR, FILE A A LZTF
JE RS H iGN . Sevenster, Beckers £l Kindt
(2013) A FT K TIUH B 12 FH T 1A R L I ARV R
TCIHIRTT I, R BAT DU U A ok 51 & ic i AR IL
[f . FEIZMEFE T, U R OE O CAZ B s B
521G BN A AL, 7E 52 B B A Fi S0 4 ik,
HmAH B-H MR E fEZ R H5 BT (propranolol) %
UETCAZ 2 A ARRILIE , 4550 % 3 5 1 SO0 A
1R, RUHICHZ A &2 )7 F- L i 72 (Sevenster et al.,
2013), BORBZ RIERE R Y], U IRAES | K1
FEYLE L R R 2R G R VE L, HE X T i i)
B VR IE AN AE 1O S HE A PRI [ Y 00 22 55 A AT I
R AT HE— P AR

TEUMAE R THUN AR pE st h, iR ET K2
BOR 259 %2 AME T B AR Ik i1 2 5 4
DI HRILIE, 505 U RS BRI TR R ATERY
FEBOHBIEA b i H A AR D> B U
WA FAE AR BRI AR, AR A B
UK B A U IR 2R B 580 N EIRRZL
R B2 0 0L A DR T J PR IL IS SR B . AR
AR P A 1580 KT REAS 2 (A2 E AR,
FIAAE B 5 IEAICIZAR A TE R 2 50 i 5
eIt I W4 #i 5 B (Diaz-Mataix, Ruiz Martinez,
Schafe, LeDoux, & Doyére, 2013; Sevenster, Beckers,
& Kindt, 2014), 1 HAE LSS, W0 fa B A
SARERA ZDARMLR, Wilatk A Z A
) SRV SE T, R 25 1 SR R I 2 R R A A
G5E + KR )Rems 03 i i 90 519 85 (R A8 1 45
2017), R, ASHIFTER 22 A BUBI AE D0 T 3 52
IR SR BOH IR Ju b, R Z e B ARl
G5+ R )WE Ry 25 RBOR U R 52 2 10 45
RO, eI Bom e CS-US Fe ) #E
AR TR FS R A A DL S, R0 PO RS 52
AR A B P o B B R DL S T
BRI R/NE B S iC I AL, i —2
B RN - 5 PRGN IR X —RMEIC A IR AR, 42
F B IR YO FTE O RS I R R AN (L
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2 ik
21 #Hik

Bl 86 ATERRZEA:, Eat H B4 M T
RSN, A —E WL o A F T,
TCHRAAE g KOS b g s, R BU8F IE A IR
T E @S, WIER, RIERA S IESZWREIR,
HZHA S MBI 5, A S 7 59
SRR UER T E T B B B S W A% . SEIR AT — K
NP R R R AP BRAR, S0 — KA IR R
B DAHERR S g0 w0 25 o S50 g S g v
SETH A E2 RS, Bl LRI Ry
VI, A ARG AT 4053 o SEi b an SR A
FEATT AN TE AR IR T DABE IS [ iR BT 5 il ¢
P15 BRI ER 2 9l ™ A R % o ol T AR Ol e
T AEAME R L&Y, MEHS CRE-FEm A
e ).

BB AL T ELHE A 4 A2, 0518 TG T Al
BRARBUEIE 4" (G PE 41). “Ba otk Wil 4l iR 4R
BOHIBAL” (7t PE 41). PR IEPE AU A5 UR FE L
THIR 41 (IEY% PE 41) 2 5 W A5 R S UM IR 417
(ZHE PE 4)., LA 2 Mol h FrES—
KICIE 21145 J A BE o A B A AT 4 T ok
SER, TERR AT T LABIE, BOE 5bkik 84 A,
HH G PE 41 21 A5 #B4:), itk PE 41 21 A(5
ZWA), IETE PE 4 21 A4 %4, £ PE4H
21 N2 Z B A BlAE IR F Y 18~24 %/ (M = 20,
D = 1), WA EERG R ER: 4 A9k
TR EIE B R (F(3,80) = 1.63, p > 0.05)FIER
FEIE /MR (F(3,80) = 1.71, p > 0.05) 19434380
WEXES.

22 ZTHMH

AR S I £ A1 TR 98 R LR 2R L e RS < 4L
)52 A I, VLR Sk W AN T) 23 1 S A4 L An] IR
W, B EME, Fshat, HEgiE s
i KA BV E A L ARIE 26 75 & R (XA, B R
3, DE EFTHE, 2006), S0 EBE =
5+ 1.11, MeEREE = 592 £ 1.52, th#JE = 508 +
1.8 ) FIGh A (DL = 5.08 + 1.43, MREREJY =4.58 +
1.91, fEHE = 4.68 = 1.58), ¥y yhdEmss ., Wfh
FH e B AR R (M BT E B B, A 96.5% 19 A BE
T M 3 B P AP 7S ). X R E A 55 S P 4
GIC RS A . S0 A2 A SR HORI G 5 B
[ 8000 ms, Horh—Fh g & il 5 BLG AN e i) 23

FEBEAE AR OR ), 1B CS+, 53 —Fh A
RIS A SRR XL, 1E R CS—. AR
L33 R R o S0 R o R A T M e 2R S
H o 3 B = S AR i A i 1) AR A2 R T TR,
P4 il A B Ak 3 R 7R AZ 9 BB Y HOR 2 A AR i
B o BRI ]l 200 ms, by G S0 5
ARRRT B ] 3 B M, S BT A A A R S
HEATIH -
2.3 MEIEFR

{#i Fi Biopac 16 i i A= Bl s AL (45 MP150)
TE SR Y B JBk H (skin conductance responses, SCR)
{55 (Lonsdorf et al., 2017), =Z&+H Ag/AgCl Hi )
G390 [ AE R e T4 46 5 B e AR, AR —
Ui 11 342 A BRI S XA EDAT00C b [, SRkER
N 500 Hzo 43 MR 1 Biopac 16 3l iH A B0 5%
I HW ) AcqgKnowledge 4.2 Hf4:, A5 5%
Schiller A AR B34k, By B CS 2
J&i 500~7500 ms B[] e PN %) B e L R R AR, P
ZFN CS FEM R aE, BEEX AL R f
(HZATIE AL IE, 3l bR LU 90L0) US 15 &
B HUAE AP 3ME, S A BE - O iR AL LA D 4y
A1 B9 B (Schiller et al., 2010).,
24 KKERF

AL SR B A5 — R IEX LRI IR Z
T Bl AR 7 2 2 7 F o 5 B T DA R XA
5 P BEAS LR B AR N EF IR RB A 252 . Lo
FERITRTTIEEA 10~50 V, kR iEz et m
Xof H, £ 3 A0 RS2 6D T 0~10 TEGL(Hirh 0 4T IR .
8 MR EEAEFIRMAREZ Z . 9 MM BIARER 3Z). ik
BT S A5 8 1) FEL o i BV S i gl A 5
5 R R

SIS R RLR ] E-prime 2.0 k44 gnfE &2 BUAE TR
— FL 0 5 e (P ) 3R e o e E L L T
POREFR) . B —a QR S fE b L R A A E M
472000 ms FEMEBGA T R, RS 2 ARG
CS (B H+EIF), $#4E 8000 ms, # CS FfEkE US
W H 52576 CS 142 BT 200 ms Sehifi B iy, o 4rsk
B 200 ms, FffS—[RTH 2% o 1 ak Rl BR (ITD) A
8~10's, 1] b 1 10] 5 %5 52 B oA "k, AR
TR Bz FL B R B RRHEACE- (N B 1 iR ). IEUSE
ol 3 K, BRI E, K
AR BT B B, R =R oA R AR By B
TE 5 50 4 R A A T 37 0 A B SRS IS B ik
M, AT
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B — R B B . SR AL T T 22 )
KL (Sevenster et al., 2013), CS+HI CS—4 5 6
WK, LR AP, BB ELSE WA CS+,
P A CS—, LA, Hih e PE 415
itk PE 4Pk R B CS+HH BESE— R
PR, 55 AR T . IEYE PE 415 2 5 PE
S IR A CS+H 8 — PR b L
BANMERE R T 4 N CS-HIAERE R, CS+
T LR 50%, A EERME 2 Uin
(ZEMUEI CSHIHBLIRIT) . %W BrE Rl 4
AP IR e BE A b, IR SR S W
Z B R

B RIER-THIRI B 2% Kindt S ANBCHE
TSR 1Y J7 % (Sevenster et al., 2013, 2014), G
PE ZH 42 HUAT Bph S B — AN PERE R S 9 CS+. 17
P PE ZH 4R U 2 B B DA PERE L A CS+,
IETE PE 2H 45 A 3% 22 52 P R Bl FL T 1Y CS+.
2 & PE 4 $2 B 4 22 5 B0 4 A PER LAY €S+
P JE B R 10 min, Ff)5IEATEEB B, TH
HHBEEEHLE P 10 > CS+A1 10 4> CS—, HARLERE
ML o B B SR R A AR AR b T B A FL G B
b, T BT AR S o

o S REWMRA L MHAB B . & Stk RYEICAZ
H IR, Al —A~ 58 B IR P 911 TIH IR,

2000 ms
USE BT
200 ms
+ 8000 ms
- 8~10s
B 2000 ms
+ 8000 ms

i} R

XY

B Sesi e s B

T A HERR, WA 2R R L AN SARERBT(FR). ZEWLE T, T

38 L 25

o ‘

5 J TCHEER
‘ () () ‘ () ‘ () ‘ () ‘ ()
J J [ I | J J

o 0 M

[ ] [ ] WisE IR

§F | wren

oA

‘ O/ © ‘ (o} (] ‘ [} ‘ [} J

" | ™ [ I | J J

oflof[o@| @ £E

ol le o) | s

K2 s AR E A
T AR B CSHIZEHERLEE, RSBl CS—(CS— Bl i B
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BEMLZ I 8 1~ CS+AI1 8 > CS—, BIAFERErR T, L
W RGN CSHE = R — iRk
) CSHARAAE A i 24 [ & WK I FE bR . PRI IR
SRR 1 min, BJE T RMEICAZE AR, )
BRIE S R 4 T HE R US MLy, Bk T RRLE
200 ms, [H]f# 1000 ms, #iKE S min J5#E7FK
MR, REHLEIL 7 A CS+HAIT A~ CS—, B PR HL o,
DL H BRI TR P A i e — > S5 E g
MR TRV ZR S —A CSHAR AR by iy i 2R
HARE R BARBTILE 1o BSR4
FRAE TR E R el B b, AN AT AT SV o
3 SLEmESR

XoF 9k 3 A8 Bk HL (SCRYECH, DA 28 A (CS+/
CSHAAVC A BN IR 2, 415 (JC PE 41 . itk PE

4. M PE AUMZE PE A1) hypkilin] R R ik 17 HE
S TT 229007 o

AR I AS . AW Ty 2T 45 R R,
S A B =400 3, F(1,80) = 58.15, p < 0.001,
fiim* = 0.42; KK ERV B E, F(5,76) = 9.31, p <
0.001,f n* = 0.38; Al R AR 19 28 B A
#, F(5,76) = 2.88, p< 0.05, i n*>=0.16, il CS+
FT CS—115C F M\ I 15 1 01 3 2 15 J5 I A A W 3578
1k, H BN A L, F(3,80) = 0.46, p=0.71; Hi%
ARV ) 0958 BAE WA 12, F(3,80) = 0.85, p =
0.43, I 4 41 il 6t CS+A CS—HRYIE S AFF
R EES . BRI AR (IR A
3 AR SCR FEHIME) ) CS+15 CS—it 47 FE X FEAR
t K6, 45 R, 0 PE 4R B, t(20) = 3.08,
p<0.05,d=0.67; fitk PE 2125 B3, 1(20) = 2.57,
p<0.05,d=0.56; 1IE1E PE4H %% 8%, t(20) = 4.53,
p < 0.001, d = 0.99; £& PEA LR, t(20) =
5.02,p<0.001,d=1.10, i 4 497 EER AT > 15
TR, WE 3 FR,

*F1 Wit

RPN TS EEPN
318 3 CS+US JG PE $:HL 10 min THIR I AR S I3 lmin  4US  Smin  FEHR
3 CS+ 10 CS+il i 8 CS+ 7 CS+
6 CS— 10 CS—jHiR 8 CS— 7CS—
>J#% 3 CS+US HAATPE PE 428 10 min THIR I B R AR A0 Imin  4US  5min  FAR
3CS+ 10 CS+iHE 8 CS+ 7 CS+
6 CS- 10 CS—7Hil 8 CS— 7CS-
3J#% 3 CS+US FAASIEME PE 4280 10 min THIR IR B &R I3 Imin  4US  5min TN
3 CS+ 10 CS+HHIR 8 CS+ 7 CS+
6 CS— 10 CS—iHiR 8 CS— 7 CS-
>4 3 CS+US £ PE 10 min THIR VI 25 2/ & -RlIEN Imin  4US  Smin  F&#ENR
3CS+ 10 CS+iHiE 8 CS+ 7 CS+
6 CS— 10 CS—HiR 8 CS— 7 CS—
0.9 -
0.8 -
0.7 -
0.6 -
i% 0.5 1
»n 0.4 <
0.3 —=—3 PE CS+ 7 PE CS—
021 ——f{ PE CS+ Pk PE CS-
—a—IFP PE CS+ =~ I1EH PE CS—
0.11 ——%£HE PECS+ — % PECS-
0

Al A2 A3 A4 A5 A6

B3 15, THIB B Bos 4 B AL fE A A2 1L

"Bl E2 E3 E4 E5 E6 E7 E8 E9 EI0

e REARAR A AR SIS B B (Acquisition), B 483 1141R B Bt (Extinction), FA1C3RZ M Bk o
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SRAFRVHIEIR . EE I 2 0 4 R R,
N B 00 B2, F(1,80) = 49.97, p < 0.001,
i n* = 0.38; KM FERY 3, F(9,72) = 1541, p<
0.001, 1 n* = 0.66; HlFHE AR 128 HAEFAA
W F(9,72) = 1.97, p = 0.06, ZH IR A 3,
F(3,80) = 0.79, p = 0.50; JIFESS AL B 1938 HAE
A 52, F(3,80)=0.83, p=0.48, Uil 4 A0
X CS+HT CS—1 2 S b ANAETE b 35 22 57 P43l
XiF 45 4L TR B Bt Ji — 1~ CS+5 CS—iE AT e XA A
t K06, 45N, JCPE HEF AR, t(20) = 1.55,
p=0.14; itk PE 425 AE %, t(20) = -0.10, p =
0.93; IET: PE 42253 K 3, t(20) = 0.66, p=0.51;
Z# PE H2ZEH AL, 1(20)=0.65, p=0.52, ¥l
4 AR T T RTITER, WE 3 s,

H AR 1 5% IR R AT 20009
FEAY) > (BT B B Wi BE, SRR B x 4l
HERE DT 2200, SR, RIS ALR) F 30N
W2, F(1,80)=22.13, p< 0.001, 1 n*=0.22; HrEk
B FE RO B3, F(1,80) = 22.08, p < 0.001, fiin’ =
0.22; FIBEII R Be i Ac BEAE A 3%, F(1,80) =
11.68, p<0.01, fiin>=0.13, FHJ5HHEEM, it
HUTE CSHfl - HBRYVELAY B 2 WA . A BIBNAS
3%, F(3,80) = 0.33, p = 0.80; {H I FIZH ]
B2 HAE B 2, F(3,80) = 3.38, p < 0.05, fiin® =
0.11, BRI R soph X CS+it 47 8 A 5 22
ST R, BB AN A EAR T W, F(3,80) =
3.57, p < 0.05, fi n* = 0.13, BEH] 4 ity CS+
I B MRS 22 5+

PLERS = R H IR B B8 — Ml ) SCR{E A
5 RIHR B B 5 — K i SCR B AR {1

Ry AR B &R 48R (Schiller et al., 2010),
3 S 25 2H A T 7 B3 ) T A S B R (B R T
RN B g — Ak 556 = KRB IH R 8 — 4
RUOPA TR A ¢ K46, 25K WoR, JC PE 412
S 1(20) = 3.15, p< 0.05, d = 0.69; i PE 4
EZRARE, 1(20) = 0.54, p=0.59; IEVE PEH 2R
AN, 1(20)=0.34,p=0.74; £ & PEHERBE,
t(20) =2.59, p<0.05, d=0.57, ¥iB R4 JC PE 4 A
ZHE PEALH AL TRVME A &WE, itk PE 4 F1IE
P PE A LRV M A B E, WK 4 Fis.
N T 2B UE 4 A RN CS+HSRYIE I R 1Y 2
S, X 2% 2H PR B B — > CS+IY SCRIE S TH IR
B B e Ji — 1~ CS+EY SCRAEAHR, K 19 &5 Y 25 (et
TR ZE T 25007, 4R En, 4 A9 SCR 2
25 B3, F(3,80) = 3.57, p < 0.05, ZEILKE
P, JC PE 41 MZ & PE 419 SCR Z(H B #FH KT
P PE 40 FIEYE PE 4, Qi 5 s 45 R, —
A~ PE 41 (048 1E it PE)AYRME F R WK W35 19/
FJC PE AMIZA~ PE 4.

RO E I By e xR TR AR T 200
PR < 2(F IR B AR B, 5B < 4(2 )
() EE A2 I Ty 25500, SRR, R AL 325K
M, F(1,80) =11.96, p<0.001, i n>=0.13; B
BEmy =200 W2, F(1,80) = 14.22, p< 0.01, fiin® =
0.15; FHEAVFIFr B g B AEH 3%, F(1,80) =
4.77,p<0.05, fiin>=0.06, FJ5 LKL, #ilH
FE CS+FI I BRY R 9 B 00 o 21 5913500 A
%, F(3,80) = 0.98, p = 0.41; {HAEERIFNLL 5 HY
THAEH R, F(3,80) = 3.67, p < 0.05, fii n° =
0.12 435 | B A Bt 0l CS+ 47 8 A 22

0.7 -
0.6 -
0.5
0.4 -
&
xn 0.3
=& PE CS+ 7 PE CS—
0.2 1 = {1} PE CS+ Mk PE CS—
== iF ¥ PE CS+ et E1: PE CS—
0.1 =@ £ PE CS+ %% PE CS—
0

re-E1l I re-E2 I re-E3 I re-E4 I

re-E5 I re-E6 I re-E7 I re-E8 I

K 4 FEHIE B B4 4H B2 H, SCR{H 1Y 7224k
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0.35 N
0.30
0.25 o CS+

cs-
0.20 =
ﬁﬁﬂ
$ 015

0.10

0.05 ’_]—i
0 JGPE i EPE 1EMPE £ HPE

B 5 &KHAKKEMR(SCR Z1(H)

. A RMKE 5 (SCR 21H)=FHHIR%E —1~ XK SCR H—iHiR
i — K SCR {E(Schiller et al., 2010)

AR, MBS AN B R, F(3.80) =
3.07, p < 0.05, fii n> = 0.10, BiA 4 48k x; CS+
ST g MR T 22

PSS = KR E A R 4 %2R US |l
JE B — MR SCRE AN = KM 1E B Be
Ja— R SCR A A AE LA A E i 1Y
F84R(Schiller et al., 2010), 435l X 4% 41 9l 1 95 o B
A T D B R (i T AR A 2 — ik 5
B — MO TR FEAS t K250, 452 BoR,
JC PE 2557 B3, t(20) = 2.85, p < 0.05, d = 0.62;
Pk PE 225 A B3, 1(20) = —0.46, p = 0.64; IF
P PE H2E R A B3, t(20) = —0.60, p = 0.56; Z&H
PE #4125 W3, 1(20) = 2.12, p < 0.05, d = 0.46, i}
W H A5 JC PE A FIZH PE 2H 130 1 Ryt 3 dER0,
Mtk PE A MEY: PE 20 3% A3 H B RVE & 500,
WK 6 Fis . S 1 it — 0k 4 ZH g% CS+HAg
BRI 25, X4 E 355 —1> CS+iY SCR
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AN LA AERA B S0 AT, R 7 A T A 3K Bl g 2
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BB T T R A R D O A T A U A R R B0
1A NI E R, 51T R S T R A
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M &, 5o PE A2, XUl E IR ICA2 IR %A &
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Effects of prediction error on post-retrieval extinction of fear to compound stimuli

CHEN Wei; LI Junjiao; CAOYANG Jingwen; YANG Yong; Hu Yanjian; ZHENG Xifu

(School of Psychology, South China Normal University; Center for Studies of Psychological Application, South China
Normal University; Guangdong Key Laboratory of Mental Health and Cognitive Science, Guangzhou 510631, China)

Abstract

Memories with a strong fear emotional connotation play a pathogenic role in a variety of emotional
disorders, including post-traumatic stress disorder (PTSD), anxiety disorder and phobia. So how to
fundamentally eliminate the acquired fear memory and prevent relapse has been the difficulties of clinical
treatment. The retrieval extinction paradigm, which is based on the memory reconsolidation theory, was
demonstrated an effective and promising way in eliminating undesired memories. The key of this paradigm is
how to retrieve fear memory to undergo reconsolidation, which makes the memory fragile and labile. Research
has shown that when a mismatch between what is expected based on previous experiences and the actual state of
events at retrieval, the prediction error will occur so that the memory will undergo reconsolidation. In the
present study, we change CS-US (conditioned stimulus-unconditioned stimulus) matching rules during the
retrieval to manipulate the conditions of PE to explore whether the amount of PE is a crucial factor to open
reconsolidation window.

In the current study, two tones and four colored figures were used, one of the tones and two of the figures
(CS+) were paired with a mild shock to the wrist (US) on 50% of the trails, while the other figures and tones
were never paired with shock (CS—). the skin conductance response (SCR) was the measure of fear. Four groups
of participants were fear conditioned on dayl using a 50% reinforcement schedule, in such a way that they could
expect the CS to be followed by shock every other trial. During memory reactivation on day2, participants
received one unreinforced CS+ (No PE group), two unreinforced CS+ (Negative PE group), two reinforced CS+
(Positive PE group) and four unreinforced CS+ (Multiple PE group) respectively, following extinction training.
On day3, participants took part in tests of spontaneous recovery and reinstatement of fear through re-extinction
and regaining.

The results showed that the SCR was not significantly different among the four groups in the fear
conditioning of the first day and extinction of the second day. However, on the third day, No PE group and
Multiple PE group showed increased SCR in spontaneous fear recovery and reinstatement test, whereas Negative
PE group and Positive PE group did not show any significant increased SCR in spontaneous fear recovery or
reinstatement.

Our study provided further evidence that the behavioral interference during reconsolidation (retrieval-
extinction) can effectively eliminate fear and block fear relapse under certain circumstances. According to the
results, we demonstrate that the prediction error is a necessary condition of initiating reconsolidation and a lack
of prediction error during retrieval will leave the memory trace in an inactive state. Additionally, the amount of
PE is a crucial factor and too much prediction error will cause failure. It is inferred that a limited degree of
mismatch between the memory and events at the time of retrieval will induce memory destabilization.

Key words prediction error; fear extinction; retrieval-extinction; compound stimuli



