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NER, KEWFRER, SHHGEEMEE, AZEXF
A 25 S 0N AR W i TP # (Hedger,
Adams, & Garner, 2015), 1fii XML 2 FET
FE . TR ANCAZ SR R b 4 e AL B
() — A e 5 3l 1) 3] 2 A ATT0H I 26 AH DG A5 B Y Bt
SRR BE 2% T 4% . (Phelps, Ling, & Carrasco,
2006), i, AEER W, WAEHEE BN T
P B TR TE L A R P I RE AR R,
TR T a0 B AR A48 23 B (Schmidt, Belopolsky,
& Theeuwes, 2014),

AR, K Jo R U B AR Y A 52 3
FriE 2805 B S T3 . Yang, Zald F1 Blake
(2007) i JH 2 ik 3% 22 [N %k 30 6l i =X (breaking
continuous flash suppression, b-CFS)& ¥, HIffi &
TETCRGRAPIREST, ZYEAF B H A (5 2 0 Pt
SR MR AR AR . AN, AT WL 1
28 B, ) an 45t 2% ) T fL (Gray, Adams, Hedger,
Newton, & Garner, 2013) Fll 15 %% /) 1& 2% (Zhan,
Hortensius, & de Gelder, 2015)t,5E7E CFS 1 Huih
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BE W% 4l 28 1R B DL S AR 1 4 A 3 RN (Almeida,
Pajtas, Mahon, Nakayama, & Caramazza, 2013; Jiang,
Costello, Fang, Huang, & He, 2006), [A]A}, X EEHf
FEEE AT B BRI G IR 1 SRR, (i FBUIR 52
A 1B 5 BRI A o] 1) AR TR ALt 2 OO T A
A= W E N X 388 (Lerner et al., 2012), 2{CiHh, RH
J FE I A F 5T A BT R A0 HIR B LE v 2% Y
AR AR 51 62 1 B 58 9 A5 1 4% 06 31 (Whalen, 2004), £
B 52 AR 3 — DL 0 A A 2 TR R K A7 7
— SR GEI LRI G B R 1 N B B A A SR 2 B ik
AT AL B2 T G B, AOPR g BB i T <R
(LeDoux, 2000),
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Theeuwes, & van der Stigchel, 2016), J&FA 525
of 5 A i T LI £ o Yang 58 A (2007) 88
RIAETCRERSFAET, AR L b T L S il
S PR, E At A AF S () A, 3R R 2 A TR LR
PTG LT, AR AL AT B r e T L 5 B4 ) ) B
g, U T ¢ 3 Y 2R T LR e I A HAR A AT
AEJE TR LR Y PR RS B . FSC b, 7
T4 0BRSS, A W50 R LI RAT 554
&7 AT L AE T AR b AE AR AT o AR
(Hansen & Hansen, 1988), {HJ&53RAMFFT I T
B AR 9 ) B0 i MR X — i AP A i 5 R IR K B
T 4 00 47 Jin T4 3 (Purcell, Stewart, & Skov,
1996) . X — = ST H& WA 5% 5 25 S0 25 1 L in
TG FA B A ) R B e e ) A

IR RA W T X T R 3% ), 22 BR AR
KPR R VERY SR, a0 R A 28 1AL Y s R,
Stein il Sterzer (2012)% I 1F: 1% 4% & s i £L H 1
P R T FLBE PR HAE CFS Hrae il 48 Es
S RE 8% 7 060, R 5 B 25 T A B DT E, (H2 3R 1R
ANl 25 i EDR THFLAE S B« HRAS LA RCWE oI |
R FETE M 22 5 o T 3R i, SIHBRE R rh
(49 TET L DA BN 26 1 JEL T P B s R S el T B4k
RIS T A R B R, 3 I S e [T S A
] B T) %) I A 2 L ARG 2 A o DRI 2 T AL
4 L7 AN i P o 2% 22 0 R 4R T I 28 n
TALH

R TR AR R, AR S 4 2 iX —
ik, TEYIR)E VE 58 4 VT I 0y 5 3 AN [R) &1 1) B9
e M) 5 JE 4% 1F 2L 4R Hi] 3 (unconditioned  stimuli,
UCS) [ S k4, A J A vh P i il e Ry B A 1 4
R B 2544 311 (conditioned stimuli, CS). ATER £
Jiki B AGATE 5 48 78 1 46 2 >0 I W0 U E K 2 (Al
b FTISLSE ) (1) 1% Bl 3G s SO 45 1 ok, Ak T A IRk
AYZAE 4k (Damaraju, Huang, Barrett, & Pessoa, 2009;
Li, Howard, Parrish, & Gottfried, 2008) . iX L&/ n] #8
P ) UE 8 1 7 1 26 22 S W 5 AT LA i &
b T HAT — ARG 7 s 45 2% > BEAR T i
K 15 FR (Padmala & Pessoa, 2008), HIREIBRM T
Ko B0 URR MR 0 42 = PR R R RR AR
75 28 AR T LIS B0 T, AHFRATT 4RI 1 45 2 >
VFREMS AL C BRI T IS4 T,

PRI, A58 DAY B8 7 56 42 DR S i A [A)
W] EA S 1) RA SO [R]85 5 1) 385
MRS 2) R R L, SR G 45 2 2 ) T Bt 45

B WA LE N IR )35 X (b-CFS) R B B T R A%
PF R it i 252 > RO 5 B I T3

2 SEH 1. SR SE T e dt iy ORI
SR EA R

SCUS 1 I E L 2F ) TR I DO E S RO, B
s PRI Gabor patch 5 JC 454 I 75 (UCS)
S BRES, A RAAS B 1 45 3 SO AR
AT T 48 N 1 2R RN (CS), B 4 oe )
Je B RINEOR B A TC AR AR LR I T4 BIZE CFS
Hr i I 2% > #) Gabor patch 215 LA &4 18
2524 ] 1Y Gabor patch 5P HE 2B F0H
21 Fk
211 #ik

BEMLEEEL T 20 f4 R2p sy, Hid 12 A4
A8 WA, TR N 22.5 %, a8 IE T
B, B RAR T LR mE R =4, Jf
TESL 5 45 T — e 4R .
212 SEWMARFINEE

SEH I BRAE 21 oF 26°F CRT R4 liyama
MA203DT Vision Master Pro 513 |, 73#i% N
1024x768, RNy 85 Hz, SCHTRF R Matlab
r2008b F1 Psychophysics Toolbox-3 4’5 (Brainard,
1997; Pelli, 1997). S % isk 78 H SR B 120K T ao ik 7
WG L, R B B 2 B A O AE 52 om, I
SEREEAT R A AR BB AR, A A
BT HEAIR

B SR, e A BB 13.5°%13.5°
A IE TR R X 3, AR 1.7°, BEBRHE I 12.7°,
BRI IRA — A B e VRS s T,
K/NH 0.5°%0.5°, ToAMFHIFL(UCS)H 100 dB 9%
] 7 (https://www.ee.columbia.edu/~dpwe/sounds/),
2t Goldwave Ab B, R A AE MR I 1 s J5 S0,
Frelmtial A 1 s 7425 10 ms BYIR AR I . S04
BL(CS)J H A% 4.3°H) Gabor patch, JiEh% 45°H1 135°
SyAIER CS+HAI CS—, FFbfTRlaa) P-4, Rp—2f
MBI 45°0E K CS+, 135°7Eh CS—, J5—2Pids
ZHR .
213 ZWiIT5EF

S 1 MR R 2 AP, AR RS
2] A PEREAER S (UCS)AY Gabor patch A
CS+, TMi&A fFRZH 7 1Y) Gabor patch A7 CS—. LA
JiE %% 45°F01 135° 1) Gabor patch 43 HI4E N CS+H1 CS—,
FEIEAT R ] P o PR 28 8 Sy SRR ) 2 0 o0 o] A 1]
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(suppression time, ST), B [E] 5 JF 4 &2 B 3] 9 il
EE R B RS [l Bg . ST S5k A IR AY 1 A%
S, B ST R A RIRA s Bt e, Sz i,

S 1 4y ReE 2 B BER B B AR 4, I
TE S5 95 235 9 J5 LR A0 B i 75 (UCS) iUl 25 55 0T
FE, PEEMRIEAR R | SR FURR RS R =
DI, Yo 1~5 53 PF0E, Sr B AR R R A

) BoR A MLk 2 203 o 2 M IX
ZH(block), #FA> block £ 7 40 4~k (trial), 3 80
A trials BEAER 2 2 —F0 AR BRI, 45°5
135948 5 —2f . B trial BUFARANE 1 iR, Bk
I 800~1200 ms [y H S M, BEJS S EE 200 ms
%) Gabor patch, fx/54& 1 s BOH Sy 005, WiR 2
CSH+2&MF, BTEX 1 s PIWT B4 AL Y 4
FE(UCS)o AR CS—451F, WA 2 B4R 7

il AR

800~1200 ms

200 ms
CS+: 7=
T>CS—: hEE

1000 ms

Bl 1 IR BEmfEE . =T B, A SUR [R5
EIHAARF Gabor patch, HH—FpE Y Gabor
patch ¥ Ffi %4 A5 (CS+), 15 —Fhilm ) Gabor
patch WUR{E B 75 (CS-) o #RTE 2 > B BXA
T B SN o

MER Y BE 4R 3 > block, &1 block £37%5 40
A trial, 3£ 120 4> trial, JCAEURIBENL H IRAE 22
FRAS 60 Ko SEER I Uh AT A 9 o 1 S 94T 55,
PRI AR, BEE T 20 kT o K BER 2
% 34 288 DA A1 761 98 2K (b-CF S ) e 10 5 il 85 M JE 7530
kA &R Jiang, Costello, & He, 2007), %4 trial
R AN 2 frs, B e MR 2 B 800~1200 ms
By g . BERS, mH— HUIR A S B Bh
M B (SRR B, [R5 — HR 2 8
B, MR IR R B A R A R ALY B
RS B A B AR R E N FEHL, JF7E 1 s N
FECREE M 0 BT E TS 100%., #ia AOAT 55 2 1
BRI AL, TR A MR — 5, A ildie—>
B WA N JE AR —A trial; #5400 12 s
JEATEOE, W Bk AR —A trial,

KR AR

B2 KB B R E L R B, 48 B i — IR A
L9 Gabor patch, ifi 55— H ARG NS5 EH
B W R ] B s etk

S
o

22 ZRE5EHWH
221 BEERRABNEEZFRITE

BT 75 (UCS) B 1 45 S5 90T e 245 SR iR,
XA SR T —E R RS . RN
FErE S 1 i R 2B S AR,
JEPEATAREAR t K650 M = 2.35, SD = 1.27, t(19) =
4.76,p<0.001, KRB H(EYS 2 #E17 AL, JFiE
TTHAREAR t K8 M =2.85, 9D =0.93, t(19) =4.07, p=
0.001, K&t fas 2.5 #E17HbEL, JFiFfTaa
FEAS t K536 M = 3.1, SD = 1.25, t(19) = 2.14, p <
0.05,

SNSRI G 8 24 1143 BT CS+AT CS—Hil
HAT T 9 s BB AP (1 A R IR B AN B, 9
FXPIZANEAEH E), K CS+ (M = 4.25, SD =
1.04)5 CS— (M= 5.5, SD=0.76) 2% 0%, t(7) =
-2.38,p<0.05,d=0.84,

222 FMHE

20 A IE B B AT 100%, CS+ (M =
0.99, SD = 0.03)5 CS— (M =0.99, SD = 0.02)=Z [a] i)
IEFREA B2, t(19) = 0.806, p> 0.05.

2.2.3 SEEEHDHIETE(ST)

SR WD HIBF RN (ST) K T 10 s BIZ5H, XFp
SRR R ME M B 3 MRiEZE . Jiang SEA
(2007)iA Ny, WL 10 s SR AR A S B
iil, IBAmLAFENN ST #A T Retl & T — LKA
W, Bk EE, SIS EE RS S50 1.2%,
Xf CS+HI CS-#y ST #AT4e it o0, diRani&l 3 fr
TN CSHPEIME N 1.96, brifEZE 0.72; CS-HYF-
fEh 2.26, brifEZ 096, MiFEZERFEE, t(19) =
—2.82,p<0.05,d=0.63, BEW] CS+Lt CS—HT P it
AT EH,
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Y B (B R 1) )R B R, R AR AR A TR X
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1% 52 2 0 3 HL A R — A [ e ) LAt 38 1 o PRI
S 2 SRS 1 AR W SCE0 s, MR RO
SUTE 5 ) 7 A 18— 2 AT B0 38 A8 4 Sy 7 2 €
T AR TR R, H R A ST
82 2R TR T A B =R B R
31 F/E
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20 AR EREESINLY, Kb 9 Z 54,
SERAERE A 22.23 2, MUSUFIEALIIER, HR
FRITF o A e SR A I R, JfAE
LI 4 T — R
312 LMK E5INEE

S 2 PR SO BAA, YRR R
JRAD, SEEG RN SZE 1 R RS Sy T PR, 43
BINTER, 450410 | JiEhk 454k (n | iEfk 135°40 10
ks 135°4% (% 1%) Gabor patch. 83 5256 A& FA
BN IX 4 Fl Gabor patch B4 ZE B B[R] 5 A 'k
EXER FG3,57)=0.91, p>0.05, HAh 5525 1 [,
313 ZWRIT5ERF

SCIG R 2006 1R . 45°F11 135°) x 20BN
o sk E)gal N, AR 4

E W [ R ) s 2 2 S (R A W 5
Hoe L ) v B SRIEORE TR] ) RN €2 2] S5 AR (A B
B 52 20 o B SRR [ ) L B 42 ) 2% AP (s i) R 25
R G2 ST HRAN R o DRI 2R T ) 5 A 41D
il B5F 1] (ST) o B Fh ] 1] FIER (5, 1) Gabor patch It X i
1) 24 2] A ek [ 6471

BR T SEBR AR TR, 256 2 FISCE 1A SEI0 IR
FEAHIA) (AT 225 (&1 1 FIIE] 2), S8 2 W43 92y > 5
PSRy o I HLSCE0 2 v DU R R —Fh &
PR =, HoAh Gabor patch {XH PR, ASFEBEZ
P

BN 4 4 " ock, B block L E 40
A~ trial, 3 160 4> trial, puFhZ2EAIfY) Gabor patch %
BEMLZ B 40 R, Hrh—FOEH(CSHSTETH KRG
1s N, PEREE R A (UCS)AY R, HEFT ek 1] -,
BI 5 Z4kiler 45 E S, ) 5 Ailsata
A5°FEREE RS, P 5 AR 1351l E i,
T 5 20k 135 PRI =, AR EA T
B R o B BE 54 6 4> block, 4> block £
Er 40 4 trial, 3£ 240 4> trial,

32 #ER55
321 IEZxR

20 AR IERRILARTLIT 100%, A%
(M =0.997, SD =0.01), m*%>J(M=0.997, D =
0.01), Zifa2:J(M = 0.998, SD = 0.01)Fngz il 514
(M =0.995, SD = 0.01), 7EARF &M ERIERRA
IR ENES,

3.2.2  ZIEEHNHIETE](ST)

SR WD HIBF RN (ST) K T 10 s Y5 H, XFp
SR KT 3 e, H AR a8
AN BEW 1%, fEHITS e, AT
FH 2 2 300 1k LN ] 2 2 S R i 22 5, 1

)N = 22 SRE(ST) — #HI S5 R(ST)
XREFRATIAFH] 3 B 2 A PR o, (o FH B AR
t IR HELIX 3 e o MO R W (ST
), H, BA2EI BRI RN M =-0.067, SD
=0.12, ROV WE, 1(19) = -2.557, p < 0.05; &
]2 5 {2 2 3w M = —0.021, SD = 0.13, %)
RO B, 1(19) = —0.701, p > 0.05; FiE2E
2SRV M = 0.031, SD = 0.11, = RNA B,
t(19)=-1.27, p> 0.05,
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FEAERAAME R T8, 3115 iR B S 1S
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25 W7 19 JC B U AL SO AN AFAE T 87 55 )
N, X TR 2 B R G R AR TC RS 4
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SELURER R 7 S0 Ty,

FRAT A 235 SR 355 e b 2 WY 19 245 2% 2] AT LA g i
A IR TC R T AN T, X R DA I 4
TR A R ARG R — B B g 4
2 2 B B (CSHTE S B IMAT: 55 (Armony & Dolan,
2002) LA S 0 5t #% 2T 55 (Notebaert, Crombez, Van
Damme, De Houwer, & Theeuwes, 2011)#f J& 81
THAR T 2L A A T AL, 4 Notebaert 25 A
(011 EISE CSHRFTT BB AR T B A FEEE,
fHIE B AIXT T CS—Hil it S AT AR e 4R 45 10 2
T.. H4k, Padmala F1 Pessoa (2008) % BH 24 [ BR 7K SF-
) SR R E o DR C S, B 0T 32 T S ) R 3 A
Ut BT 28 2 >0 ] ARSI 0] 38 %) e o BB B
TG 2D AT BRI, T B 5 1) B 4R
M, Woods, Philbeck 1 Wirtz (2013)% 3 B4 %7
g P P85 K ST R R A T v A SRR L HEARE
i, FRATERB T IE L 2T AR CS+il kb bl gk

iR, RPN 2525 24 B A O 00 1 hn
T, It —2E Ul IS A5 A B T R R B s
BT,

A S5 285 SRR 2 00F 90 % A 46 R BFE TG 3
THHAEAE I TAR S 25 R — 3, K w52 A o
BEIRAMF BRI S WL M CFS 45usk, —
T R T AT IR RS TR a9 25 i ne s
BT, a0 A 45 58 BN (Almeida et al.,
2013); J3—J5 1 E AT E e AT D5 R T R Y
AL BIE S o (B2 DA R 52 R FH B9 17 26 Rl 2
A& T fL(Gray et al., 2013)% 4 5 HA 1 4504
PRI FEABESE T, FRATR] CFS a0 & B 1
XA A T 3 o T 4 2 AR . OB, ARHIFSE
FeorHpE R TSGR E R E T R 2E R . IR

AT A, 10 FLRROME LA DG e JHE A AR i X385 B
XF BB S A A B 1 25 5o AR5 R HAS
[R5 1) O AT I 4 o >, T AT wala) i -,
PRUEFEAESERE % e BE s [T R b 58 42 UL e

FRATAAN A BT AT ARG 4 S 5 Y

EUUMTAOCH, X TR 22 . 5 FEE R 5 1

P AR X AL S o T ELX AR BT e ek,
R HUAEAE T 2% 2 B B S5e 4 A8 ) 1 30038 rb (s 1)
BEH—20), MALER S AU —1
e —BOMEER L. ERTERRE, X485
Rajimehr (2004) %45 A0 — 2, %052 5 5 25 (]
i PR e T Tk 4 B R %) Gabor patch, %8
TCERAM FRsAmEE N . 5L, ol xS
T 7 I 3 S 4 A [R) AR R DU R0 ™ A T R S P 1 )
[ JE 2, IR AN (7] B0 €8 (LA () P 0 ) 1) B 20 AT
FEA R R, XSS IR UL AE ORI, B
TN T 2 5 1] R € R S R, AN
[r] B2 €5, o [m] B sk 2 5 SR A Ay T R R S 1
(unconscious binding hypothesis) (Lin & He, 2009)
fRft TP n SR

K A0 v Bz 2 0 v S8 AR AL T e L 5 2
S RO PR ZE R AT o R TR R R B A AT
(Padmala & Pessoa, 2008), 7E% —IHFoE st % 1
1 22 2] Hh 1 R K 2 D g 1 B 45 (Damaraju
et al., 2009), ViPHEZE2= I B T2 RN AR 1Y
ARG B, WS P Z G 3l . 2L
M, FEWTOE R 2 B E RS, ORI T LAY
B X3 A 3 ) AT S8 ME P A (Bieszezad & Weinberger,
2010) 3T B8P AF A B9 ok 1 I s FRATT 2% #)
Y1 26 2 21 5 R 1) T B R TAL 8 nT g S0 AL
B B2 SIS SRR G

A ST e B2 3 1% 25 27 > B I CPE G R
Ay AL F, HAM e pLH W T e 5 A A G
Jiang Fl He (2006)% JH CFS i 2 & PLTE TG &R 54
T, St AL, RME AL RET | R 1 A
EriGEsh. miHETEIRAMN T, SatiEd¥%>Im
P L VAT 280k 28 e 2 >0 9 0 i AT LA | Ak i
IS 1% 3 (Morris, Ohman, & Dolan, 1998), %
I B AIE 5 U] 2 A A R AN AR K1 46 R0 2B
N, B FE AR 4 2 2 J0 R MR O ) 15 5
HE T A /E FH (Knight, Nguyen, & Bandettini,
2005), A B A 0 25 2R AT e R R 20
1% 46 2% > RN TC R A TS T A%, [
NN a0 ) Nt s s G AN R P B
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Abstract

Increasing evidence has indicated that emotional information, and particularly threatening visual input,
elicits faster behavioral responses than non-threatening stimuli. This superior processing of threatening
information is also found under conditions where consciousness is absent. However, recent studies found that
faster unconscious detection of emotion-associated stimuli than neutral stimuli may be due to their unmatched
physical characteristics, rather than by their emotional content. Thus, it is necessary to test whether emotional
stimuli still have the processing advantage over neutral ones in unconscious conditions when low-level visual
properties are matched.

In order to investigate whether unconsciously prioritized processing still occurs with emotion-associated
stimuli which are physically identical, we used the conditioning paradigm to manipulate the affective significance
of Gabor patches. Participants performed two challenging visual detection tasks under the breaking Continuous
Flash Suppression (b-CFS) paradigm. In experiment 1, differently oriented Gabor patches (45° and 135°) were
used as material. During an initial learning phase, one oriented Gabor patch (e.g., 45°) was paired with an alarm
sound (CS+), whereas the other was never paired with the alarm sound (CS-). The emotional rating indicated
that negative emotion could be elicited by the alarm sound in the participants. The orientation of CS+ Gabor
patches was counterbalanced across participants. In the subsequent testing phase, participants were required to
discriminate the location of the Gabor patch relative to the central fixation as quickly and accurately as possible.
In this phase, Gabor patches were suppressed by dynamic noise using b-CFS. The procedure in experiment 2
was the same with that in experiment 1, except that the color of the Gabor patches was also varied, between red
and green.

In experiment 1, there was no difference in the accuracy rates between CS+ stimuli and CS— stimuli (99%
vs. 99%). Suppression time results showed that CS+ stimuli emerged from suppression faster than CS— ones. In
experiment 2, there was no difference in the accuracy rates for different learning condition. For the analysis of
suppression time, the “learning effect” was computed to represent difference between experimental conditions
and control condition. Integrated learning showed a significant learning effect, while there was no remarkable
learning effect in orientation learning or in color learning condition.

These findings revealed an unconscious processing advantage for aversive conditioned stimuli. Furthermore,
the learning effect was specific to the conditioned stimuli and could not generalize to other similar objects.
Taken together, this study provided further evidence for the optimized processing of affectively significant
visual stimuli in unconscious conditions.

Key words affective learning; breaking Continuous Flash Suppression; unconscious processing



