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MLoE R G4 H AL TE BICAR M M b, s
KEMFE, RERMALIERE AR, AR
Tk VAL v O A T R AR B LAk,
ORI Z TR, M8 RFIIF A & — AR B 5
BE AR, e — A RN BRI A EAE
Rt AR, FEE AR, R AL AN B AL X
R P N T A B R % H A ] (Carrasco, 2011;
Clark, 2013; Gilbert & Li, 2013; Kok et al., 2013; Kok
et al., 2017; Yantis & Jonides, 1984; Zareian et al.,
2020),

ATRE NN, TERIN T SE h IR 11X 55
T A1 B ER AT #2  (de Lange et al., 2018;
Rungratsameetaweemana & Serences, 2019; Summerfield
& de Lange, 2014), i, 7E4RZ{#i ] Posner 2% [i]
FER{E A (Posner, 1980) K HAR X WFFT Hh, sAFAE
oI A5 A T A0 TRV 1Y) T B 23 [\ $ 7R A
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PBETUY, MR, SRR, iR, SMNAR

ST A T T REALEE R 0 A R, XELL X 3 AR
I B A R TR R AR B R RO E SR R) L T
V(R R)IE R TR R B E A R . A I
AESR T B HLEI AT B 248, KEMFFEUE T &
B P AFE B ALE . a0, Wyart 55 A (2012) A
S RIS 1) S R (reverse-correlation
technique) X F# FlvE AT THFSE, ABEEE
TLIE 0] Ak B AR R ) P R R R R S ) Jak
S, i S S R e S R T Y BRI B
AT FH T8, 1 B R 4 T R A ML RO AS
AATRL, A A 583 A ] R A OG A% 5 (A G ) ERP
BL43 . BOLD 55 )% T Ay B AT ge, AL T
R RENE R A BN TR, i T 3R
F RN AL PR AY 5 B BE (Rungratsameetaweemana et
al., 2018), Jf HAT W WLE 2 1 34 2 R0 T3 400 X ik
FHRAE S (AHEHY ERP Ji(4): N1, Nlpe, BOLD fH
SRR AN A R, T R AR A A OCAF S e, i
T A DA 5 20, WF 5T T DR AR Ry v
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2 RN, FTFUH B AV (Alink et al., 2010; Kok et
al., 2012; Marzecova et al., 2017), X2EfF5% 141501
TFIFA R AR R 2 LS 1R, Jiang 55
AN (2013)i 1 X} fMRI 5258 R 4E 3] ) BOLD 15 5k
117 2R Z #5347 (the multivoxel pattern analysis,
MVPA), % 3 i 1 5 4 B A i i o3 28 4 01 A X
FIU 257 FEAR S 1Y 43 SRR, TR 5B T 5
IALHIIEA SE AR, I HSCRai R A, fEiiE
FAFTT, U AE B Az A 53 2 A% X4 U 25 R Y
KR m TARE R AT AR 2K ds, W50
T TR RE A IR R b A v TN 152 22 K JEE

IR R, BB B IS A — AL
(Jiang et al., 2013; Kok et al., 2012; Marzecova et al.,
2017; Rungratsameetaweemana et al., 2018; Wyart et
al., 2012), fH5CF 42 A 4 T3 R0 A [ AT 4%
BRMIAR R P 5T T8 R N7 bk S 58 B kR A 1 2
M7 Bog B BAR R I T e 40 AADIHR
SCRF B AN BOR LASE B 5 25 M B 1 (Kok et
al., 2012; Marzecova et al., 2017; Smout et al., 2019;
Jiang et al., 2013; Zuanazzi & Noppeney, 2019), 1§
I Kok & A (2012) By — I F F 23 1] 42 7 fu XY
fMRI BIFFE R 1 Bij 1k R T 5 SCAN I s ok 1 2 AT
RNV RIS DL, K U goE OS5 Jek iy |
PRas [ HEAS, TR B E SO AT S5 A B AR TE K
b e Sk fd R, BT 55 0, H bRt EAE
ST kAR ] — DA SO, L e Sk SR
AR SRR . 45RO, R AP 7EY]
KA K JZ (VORI EN ) BOLD {55 BA A HAE
FH: Kok 55 AKX R 22 BRI B g 1 B30 e 1 9
Wi, BARINTEIRTER AN, Ul &M T
(% BOLD {5 5 /N TAESUY 44 T 19 BOLD {5 %, AD
155 WU 80 AE T B A, B 264 T 1y
BOLD {55 K TAEHUM &/ F# BOLD {5 %,
Marzecova 25 A (2017)F S [B] 53 BER T & 1) ERP
FR, 15 Kok 55 AAH A 1y S 56 Ju Nk AT 17,
JETE N1 U0 S5 1) — B ] 161 1 A3 1 10 2 N 40
W2 BAER], (HH A2 B 51T AT IR A —
e FEAREEMSIT, A USRS, mAE
WREFMT, JFICH W B BN . 5 R U
AR 2] A2 H s i SRR SR AL T B T I RS
EHE, HEA S E AR —BUngsie, AT
Ry 33X WA AN [ 1 A2 B ASE Y e BRI BE 55 N (] i A
FHOG o B T 7E2S (8] B XS 19 26 R EA TR, Smout
5N (2019)ffi Fi] oddball 53X iy 48 20 HEAT Y — 35

ERP W58, X5 TRAAE R Sk T 17 AOCTHe, [
FERS T B T A i R i B A EAE
JHA HERAE Marzecova 55 A (2017) &K BLIIAC H.
BEAL . 5380, o T IOH A SRR T,
T T b TE A2 Ak E U AN B, Jiang SR A
(2013) M FIAS [R) & 3 44 Ao BEA T 1 — T3 5 1AL W 3 1 11
fMRI B, JFiEAT T 2R KBRS T (MVPA 43 47),
R B TRU R 3 A8 B b s e 25 S, O L R AR S
P2 TOUIN 5% 25 HOKG BE, R ey U 4R BE BT AR LAY 432K
A E T T 25 A B IX 4 00 4 RS 00 155 50 A A ff
B TAEE A AATHE JR 2Lt 58 h it — 20 B,
() — 47 A 5 4 5 AR 2O 1) T 15 22 e 8 B 0 2 A
AEBERRAE I, RP T 52 2 RE A5 7E W] — P 1A i AN [R] 4
B bt 71536 (Jiang et al., 2016).

JE A AN DA 5T SCHF T AN T2 58 HL 5 )
AN, HA A WFFE A SRR P LS (Cheadle et
al., 2015; Zuanazzi & Noppeney, 2018), |4l Cheadle
SN QOIS)MAFE Sl ie iy #EAA s & AT iE 5, i
T S B e SR A A (R R N A — T B e 2 5 I
N 3 R ) N BB AR S A AR AL Y A8 BR), A BIAEHRS 4
PO R R, S AT OB R, R NS kA
Ak, JF X R o 5 A% R AR AR ST TR
Zuanazzi il Noppeney (2018) [ — i 5 1# & b 55, i
IR E A I, BT PO AR H
BBk, T A R LA AT i 5 =X 5 e 2 TR 1)
I Y WO TG R B AR, 2 R0 DL 28 B T
M 2 B o AR S T AN B A kS AR T
TR AT RE

ZRe FRWEIR AR, OC T U R B S
SR T RANA S 22 AR TG B i sk il —
A, ST B, BAEMEE SURI,
TR AN BB AN, HAEVF 258 TP A7
TEPE R EMEE SRS B H%E(Rungratsameetaweemana
& Serences, 2019; Summerfield & de Lange, 2014;
Summerfield & Egner, 2016), HK, RIEAE, H
TAELE R T 25 Ml B A2 M aUi g p ot v, K2
HBAEZE AT PN [ B B 5 2, (A5 43 T e feff FH 5
Wi UL B 22 1) 3 RO v MRS A SR — 0, AT iy >R
B, W&, SR . REHIFFRM A
T e PR R BRI B (Kok et al., 2012; Marzecova
et al., 2017), I SES5HC, MBS 55
TR B SRS ARDC, PR 5 04 55 A DG 1
FEAAARE, B0 X TIRGNE B AT . F i,
U E AR, BOHE EERIEAOE BbR, BA
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REE 00 . TERSEI RIS T, T 0n
W5 AR B B 1Y —B 43 (Petilli et al., 2020; Wang et
al., 2019), {BFYELIEM ST H T1hexs B br i) 1l
MRS XT 3 DY WU (Li et al., 2020; van
Moorselaar & Slagter, 2019),

ARG 32 22 AR TR AE A [R) 100 3 3 44 7 1
U, WU AR S DRy AR TG . A ik
PUAE I, ASTEIEMCT LA ekt BB —, AR H
FHMNESER A FIEE S U Z MR, hk
PRI R R A LN IR, mish
JA4E 7R Bieigs A i o AR B RSN R, R
T A L K2R GE 5 m 1R A 0N —
BRI R A8, Xt F 23 v K 3] H ARIK 3
1B LA SRR B He 2 —— H AR IS 3B A,
I IO i e BT RO 3 2 B A B R B R
(FF 55 AH SRS B I, T SR8 K 2 B DA A i
PR 1 A AR AN AZ [ i PR 2R ) 2 ) R 4 o
(5KIN 4%, 2021; Gaspelin & Luck, 2018), AWF5T F
B ST A1 B 75 T 0 1 AN 5 A DG Y i
RO Z B S FR o Horh, U [RIFEAE Sy — A 21
A BT R, HOR A [ R A O
SR IBEA AR AR, 55—, AHFFTAE S 25 B Al
TR EH#EAT T — & A8 . ASHIFSE (8 XL
A 7N 05 s W e e 1 v s 1 s o1 €
A DB BT DXl s U R R, A P 2 [
XP A B A s ), (HETA BN SRR R A
DIAE R A5 v o T30 1E 28 Ak e SO AN e 2 iy
> Wi RN TR Y 19 P BE(Rungratsameetaweemana &
Serences, 2019; Summerfield & de Lange, 2014;
Summerfield & Egner, 2016), 5=, AWM RAT
PR 5 2 BRI AR S 5 PAE 55, 1 T RN =R
FEMAEIREAT S5 b, AR S48 R AT 55 HHE G
SHERIE 55 IFASCHE, Xt ReTE R —@iE . [A)
— Y B AR A R T P R . B, AR
RTE T FUH EARMVEI, B HART B AR U3 A1 430
PIIUME SIEER R, XTEUAEFR IR L,

R AR R S B 2 K 45 1 )2 9 =z 1) A B AR
TSGR, FRATT R0 7 S by B 1 B W45 381 13 34
HREZMMAZEEXR, JFH, BT RS
H BR A 2E 0730 W 310 1 s 3 3 A (] 1) Ao 22 3 % S
BLf*)(van Moorselaar & Slagter, 2019), K1, Fiiil]
HERNRR AR T HUN E KR B AR 2 5
L. DAEFFEERMA, B LW R ae R =
UV (Su et al., 2020; Becker et al., 2017), FF&A]

T, SISO A B AR, W 5 52 5 A
TR o T L F T T A T S0 S AR R
INBTYAAT, OIS R I AT 2508, AT Tl hG
JE Ty, AT B2 A5 T R R R YRR AR X B,
JIT LA AT A 0 540 2% A1 T 8 T T AR R T Al L
ZAE R BOTEEAON TR A RS
s B89 TR Pl AN ] A e 220 SIS B, DR R AT T T
E N RN o Y7 NI VAR LR A
W ASBIETENS A Bl T B AT T VR b B A B R
ZIE IR R S SRR BIHR

2 SCEG 1. 9\ e U AN 1) 13 NS
H s 5500 W) ) 5200

TESERY 1A, P Ze A ALY 1 B A S ] 4 7 1
VIR R, AT B LT RS B R
T, DA S AU AN AT O SOV Y2 . T
TESCYS 1 FPRENLEE B PR 52 6] 9 52 AR,
SR U AN B IR R AR TR RO, I ELUY
REVA 1Y POV, SCHF A B R R E—E R b
AL RN ATNSCSEN DUV

21 Ak
211 #ik

HH 25 BWIKSE T L 1, FREEN
17~27 %, SFH4ER K 20.24 £2.13 %, Hh— & 4%
I T XS A AR DR M HERR, A 24 8
WA SR . POk TER R4 L AF T W
HBIFERITIER o Al A SN, $%
BRSNS, IS S BRI sl T S R
212 R

SCE B DA 3.9° x 2.4° (LT (B0
JE(CIE: 0.64/0.33, 21.26 cd/cm?) 1% {4 %6 I (CIE:
0.3/0.6, 16.44 cd/cm?), FEIEih % 200 hoC A BE 25
h5.18°, FEIE A —A~ 0.57° x 0.57° K/ 3fe 5l
g s bR s AR R, S 4 SEEIEDT
JE(CIE: 0.31/0.33, 100 cd/cm?)4 & MY 25 .0 KTE,
AN 1.2° x 1.2°,

2.1.3 gt

KA 2 (R HEvs, JEER) <2 (Wl W
Wl ovs. BT < 2 (WA FAR: HAR vs. 4008
e o AW A RO e S N R = W I B B A R
block NHFRFE MY AE &, FL T4 A block Z 4545 1Y
At WEEAKEER vs. AETEE ) T 254 28 Al
B, RSN RS B BA S — 2,
R AT AN R 5 BRI B A —3 . Tl
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WK (@ vs, AEBUIDE o R 67 B s, —oF
Bepl 5 L A AL, e S A
I NN, HICA 80% AL BL7E T v &,
A 20%M R M IAEAE TUR A &, WU AR (H bR
vs. S0P RY H BRSO BA s AR i
WA HbReS, B & ATl B A e ek
O RER I A D M BEAL BT B s O Y
T TR A3k, BRRS el a0 B B AE
5B Dy WA AR H AR W BEAL BT By ECT
J5 o PRAR 58 Ay J2 o7 IR R IE g %
214 KRR

S AR AT O B s O H G MR AT SR = h
T, SCIOFREAE E-prime FRE . 54T, BN
TE 27 JF TR b R b o BRI %N 1024 < 768
1%, R 60 Hz, #ALFRE R K4 60 cm.

SR RAR AN 1 s o SE I TR I B v
I 500 ms {FEALAT, BES BRSO ECH O 23 R BL
FEHEIAA A AR, 2IEESY 50 ms, #2758

AR, EMS AR RRE 150 ms, BJ5 5 PURIE#
1000 ms. H5% H AR U H B — A1 85 T il —
SRS, PIANHEIE N YR A — A B g
o, TEHU ER BER AR, BEsEaEIEE
80%% Y HE 2 H BILAE 14 B4 R 7 B 2 — (— 2P ik
T B AR e E AL, O — 2l
W B AR TE B BAE N T AL, A0 AR Y
TE AL E LA 7 50%; TETUH F 1451
DYIAR], 3 OYETERSE A 80% 3 AL H
TE T A WAL B 2 — (— 2B T 0 O W R B
VB2 o oy 2 O A I Z B o 3 7. W 18213 B TN 528 7
HAE T WAL E 2 —), T H AR IR E LA
BB R H 50%, TS5 et B AR B AR
TE N A5 (O B s g, s+ e F g, anch
M TR, R AT SE I T 4R Z T Se SR
17 20 MR 25~ o EX L, B PR 2%
J& 58 I B AR T A 5 4309 T 2H 45 6 41(BE 4 100
AR, ZH NI e k3 I S

FEMAA: 500 ms

0N

TR

TR

EHUIHEER

BT S 1 ARSI SRR IR o a NSEEe 1 R IA, 7ESCR I R R SR B 500 ms SRR, B TE 2 B
At B S B AR R, SR TH RS TR B A BAREIE 5 — N oW, B mAE 55 Skt B AR
HE N BT S8 BN b R Sese 25 PR a2, a1 h, BUR Y BAR, BARASREAETE, 40P e
FEIE, s e M, HA5 S 51 S 80X _Eor 2= R (HARA 80%B9HER I BAE L5 AL B2 —).



55 34 JE TR A5 U R R A5 MR 52 T U F R0 B ARIE SR A0 7 225
22 %R RS TR R M (618 + 10 ms vs. 627 £ 11 ms),

S LIRSS (Egly et al., 1994), Fzu 4R A0
FVEES/NT 150 ms B9 DA B BB 7E 3 A i
25 LLA B9 Bl 20 B, I I i o 4 9 BN 1Y
13.9% X RN IFHEAT 2 (B R BAs vs. 200

Py > 2 (B WU vs. AR x 2 (RER: R vs.

e =)W EZ W &7 2500, dRER, W
FRN 3, F(1, 23) = 139.20, p < 0.001, n; = 0.82,
ToUHA S5 A8 04 B Rz s B A T8 A5 44 T A S i e
(602 + 10 ms vs. 639 + 11ms); & H) FR0N B3,
F(1,23)=10.71, p=0.004, 03 = 0.32, FEEAMTHY
SN B R F AR R A T AR VAT (616 = 11 ms vs.
624 + 12 ms); T 3R FN 1008 A9 5 BAE D I 3%
F(1, 23) = 90.67, p < 0.001, n>= 0.80, A4
FEFEATR] ) FARES, B BT A VR O ASHR R 3
W ER, W, EESELEEHEE, FQ, 23) =
13.67, p = 0.001, 0= 0.37, PO FARAE, T
WFEENXRZAIAE . 5556, XHEf R 1740
N 77 22 3BT, AR BT UM A R0 B, F(L,
23) = 11.22, p = 0.003, 0> = 0.32, Z5AHER RN
I BB, AN A S R U AU

F = ER HEAEA R, UL Y O AR
TEAR B ER b, BT a0 2 HF, I
BB FURA 3244k H AR AL O W B 6 A TR 4, A
BIHEAT 2 (WU T vs. ARV x 2 OF . EE
vs. AEER)MEZ WG 200 (LE 2), #F—%
AT, X BARIEA T BN, T Y 2 R0
%, F (1,23)=148.90, p< 0.001, 0’ =0.87, Fifi4
AT O B ERFEAE A ST B9 WA (585 + 11 ms
vs. 652 + 14ms), FEEMEZNEE, F (1, 23) = 9.95,
p = 0.004, n; = 0.30, 7 &AM T B EHRTE
T A R ROV (615 + 11 ms vs. 623 + 12 ms),
FAFE R WA EAERH B3, F(1, 23) = 14.30, p <
0.001, m; = 0.38, FI Ny, BUWRME T MU
KFIEFI AT WY, TUHAMT, A1
FETE ROV, t(23) = —5.90, p< 0.001, MD = 16 ms,
MEIETIH AT, FE SRR R T RN
TRFEER, t (23) = 0.66, p = 0.52, MD = -2 ms;
A3 C AT UM B, SO A E 00 W, F (L,
23) = 6.23, p = 0.020, n3 = 0.21, WIS T %
N B BT AR T A T A9 SN AF (619 + 10 ms vs.
626 = 11 ms), FEEMFEH B E, F (1, 23) = 7.16,
p=0.013, n, = 0.24, FEREAKMF TR HHRTFIE

TR BRI AR, F(1,23)=3.15,p=
0.089, mp = 0.121, &Il 7 4T 2 B B 7 A=
S
2.3 itig

TESZES 1, FRATTXLEE R T 9] 32 A < B < i
R =H A EARM, RUPYHUN AR E R, B
FNE B A = DU R 25 e 2 i . A FSE
W, FER R, X E AR BTSRRI
43U 00 8 A0 R A P A 3 3 A ) 1 o 22 ML 5 B 1Y
(van Moorselaar & Slagter, 2019), Ktt, Hbn7i
DL K 4 U 40 003 T JE% R0 1) 52 Tl T BB A 2 DAY ok T AN
R, PECYHIY FAARE R, O AT E DA
T 2 e 2 I

FiAb, HIUH EACE BERe, FRATAT LW EEH]
T RN R 58 B G Hb R ) B, R BRI AR Tl
WS T EAON E R, MAEAERU AT, Jfok
HB I 2 P ROV o X AT LA R SR U S —
A B~ R E, ol LA AR A R
B EUAERMBISE T, R A O A & LA
H 5 2 RSN (Kok et al., 2012; Marzecova et
al., 2018; Marzecova et al., 2017), {HRZ AR H 5
ARSI IFANARIR], X AT RESE BT T A B B
DL RO U RN B 4R AN e A R BT S 30 . A
Sy W2 B 1 A2 A AT A T500 S i B 1 A5 A
(Feldman & Friston, 2010; Heilbron & Chait, 2018;
Rauss et al., 2011)——7EFUASZAT, F=4: A%
BB/, UL HE T BRSOV B A T AEAE
WA, 724 TR GRS, ik 7R
B o

e, YU A OYIR, AT
PRS0 S Ay N NS 42 | SR TR B 3 B N DRE SR AP
JFPRA W2, B, R T 2 3y X
A AR HEER, XA RE R TR T 0w E
T PR A B2 3 3 A [R) A AL D 8 RT3 o D
Gk, AN 53O YA T U, SRR TR S
AR, X5 W PR ARSRE, BI430
Y1 U E B BEXT BN TN
et al., 2021),

521 (Moorselaar

VO T i VA RO U R E O W RS AR,
BHEMATRER 2 = 2 DU E 5 & 5 255001, 45 R BoRit
T HAEHE BFou ol 1.43, RHIEIEA 1.43 5009 UEHE SC R &
Xof 52N FsF 14 5 Wi FH ST
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_ | DR LR
& 650l I & 650l
= = i
= = I [
- : l
& 600 I & 600

550 j L 550 L

fi:i] e fiE:u] e
fi B ERLYSISES SRR Ny ]

B2 . X bR FU I T30 R T S0 B IR ) B2 LRI 5 . R 5o 40 F5UHT I S0 AR 2% 5 IO A ) ok S 5 0

3 SEUG 2. A m) FEH AT m) i X
Hn-5 00 W) 52 00

IR W2 BH, 25 (A1 R A0 K P56 B8 Fn 26 L
MR AEAE 2% 5 (Rafal et al., 1988), 7ESZE 1, 11
BAE LA A ) DX, I U7 T 2 ) DX d g
P2, R T XS 1 S AT IE, 1
SCES 2 v, R N LR S B A1 R PR R R S MR
PR, R B A 25 () 20 A R A B R A Tl
W1, LIS X AT o RN 5 o T E S 2
REEE A SN0 1 AOLS AL, BIDXER 2 U AN 2 22 6] A
S HAER, SCRFRUIA AN B A RV R A
I LU RE AT RN, 2R A L R R —
FEFEEE LRV FR I b A R e A

3.1 FHix
311 #ik

A 24 ZYILSH TR 2, FEHE N
18~22 %, F-HJ4EIE H 19.25 £ 1.29 %, Wk h Ay
T S ERLDEE o A gl A BRSNS
5, B BORXME R, IR G B AR B
B2y
312 ig&EMFH

[F] S5 1.

313 SKEEIt

55 1 AR Z AT TAESE s 2 rhilat B
B 7 B PR v R, A A A R B PR T, L
MESEE 1, o 2 (R EEvs. JEFER) x 2 (W
. WY ovs. AEFUY) < 2 (B FEAAR. HAER vs. 43
TN Nt SR A M el g a
314 XKKiRE

SEu AR S Sy 1 A, E— AN [RIAE T
TR Z 5 F AR SBENLCAE E . 50%)7K 7 5
PRI 3) miAERIERE, TN A B AR 5],

FIFRAT 80% A ME SR H BRLE w F0UH) B0 M A7 B 2 —
(—F oY 0 b A e M AL, 5
— 2Pl F bR BUP R IR 0 BRI P ), T8
U AR 0], S DEIE R A 80%
AR R L BLAE B A P B 2 — (— P Bl
WIor ORI M BAEZE M AL B, 55— P T
W YRR B A P AL B2 —)

Bl 3 sem 2 iR
TR 2 h, EERATER A EIr SR JrKFREPLE B, 1E
TG T 5 R B e O Aoz A 0 A o AT T

32 #£R

S AR IR RS RN T 150 ms AR
DL R R IETE 3 AN bR 22 LAAMPRR g B, M bR
s b TR 14% X RONETHEST 2 (T
P BER vs. 2080 < 2T T vs. JETIHA) x
2 (R W vs, JEER)WEL N E T 22081, W
1B BV 8, F(1, 23) = 100.40, p < 0.001, 15 =
0.81, FBL N T SAF T Y S 17 Bt 2 T 948 2 1
TSN ET(619 + 10 ms vs. 647 £ 11 ms); TEREH
FRON A, F(1,23) = 1.29, p=0.267, 15 = 0.05,
TR AT HARE B AT /Y SN i I TG b 3 25
5(635+ 11 ms vs. 631 + 11 ms), X 55056 1 (45 5R
A= B ARSI BEAE R B, F(L, 23)
=24.64,p<0.001,n; =0.52, X FW G4 ETE
AR AR sk, U T RS () A FH I AS AR TRD - 750461
FR, W, R CEHLEENRE, F(, 23) =
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JEl IR S BN T AR B2 1 Tl U SR AR F AR R 227

4.96, p=0.036, 3= 0.18, XFW, 27 £ A A[F
B, WO AN B DA R 0 g & AT .
Ab, SRR SR T AR R 9 7 22538, A& BT T
(B0 B, F(1, 23) = 45.88, p< 0.001, > = 0.67,
25 BRSNS B, AN AR R A

T =ER AR, HH0HEEy B iR
DB TR Ay, Ay liEAT 2 (O . TR
vs. JEFUH)) x 2 (R FE vs. EER)WEZ N
w7 22T (LR 4), i — 200 BT 3R WL, 24X B A
AR, WU R0 B3, F (1, 23) = 80.05, p <
0.001, ny = 0.78, T AAF T Ay Sz i Pl 151 4
ST I BT (606 + 11 ms vs. 652 + 11 ms), {1
HEREMARE, F(1,23)=0.64,p=0.433,7; =
0.027, VEEAM T FEE B &N 0 R NI I G
2£5(631 £ 10 ms vs. 628 + 11 ms), M ERY
LHAEHARE, F(1, 23) = 2.35, p = 0.139, 0} =
0.09; T 245 43 Co Wy AT FURA RS, T 1 S 20007
%, F (1,23)=12.04, p=0.002, n3 = 0.34, Fiifi4
PF N 0 R BRI T 45 440 T Y B B (631 +
11 ms vs. 643 + 12 ms), FEAFEHVAEE, F (1,
23) = 1.30, p = 0.266, n2 = 0.054, HEEL&MTF 5k
HERAAF T B9 RN 16 8 3% 22 5+(635 = 12 ms vs
639 + 11 ms) , A FIE B 38 BEAE A B3 F(,
23)=2.31,p=0.14,m; =0.09.
3.3 itig

SRS 2 AR E| T WU AR, WO, HER S E
THAEREE, X558 1 M2, SIS U
FE B ERAS R, SR B AR ] 54 =5 i
BT A o ABSEE 2 IR —HE, W
Z2FE B Y E RN DA S T 44 R B B T
FERMACEAE . 555 1 fEZREE, S5
2 IFBA W R R AN . X SR
FRHLHIA 5, T SC8 2 HoRUR R [R5 2 A P T

700 a
mAEE
_ (| acy=y
£ 650 I
= I
‘]2‘
Ji= T
g 600 - I
R

Bl £ Bix

Pl 4 a S20% 2 X5 H bn T s 100 R 20T SO 114 5

W, [EHOE T A R, DL IR AR
LA R E P R SR A
% (Rafal et al., 1988), XA AE S 2 WA
A ROV DA A B U =R H AR
IR 9 25 (0 38 A FH o BT 3 5k 5256 3 % are itk
it — R

4 SEEe 3. A AR S R T
FIEETEXS H AR5 70 D 52

FRATTAE I 5256 2w BN 1) T 2R 2 B T Ah E
MRS e A P B, PR T 5080 3. AESK
5 3 b, FIHFEA BACG R B A BT BT
FPANE B R BN EE B OLE S), 4R
[ HE A5 BRI BUH CYE A A2 BT 25 (8]
ey, WOWAH AT LA T 25 4%, )
FAAT R AE T 28 i, BOWAH 2 LA 2
[ HR4R), DA S0 XA T o BN I A S X A1
THIELE ] DAk S i B B /R 5 2 4 LB 19 (Rl R, 2R
MR BJE A — N ER H 4k R, Wi — e
ZE A T PR, T R R R R A A AR A B i
B 4SO AIAT A G BR B, AT G T RSN JE
PEoR LY SISO o 1L, T RORI TR 1Y) 23 (]
PR RFFIE RS R R . SLIBRIE, BEE T
SRR Z S BAE, I HAUBREA S a0
41 FHik
411 #Hik

A5 26 HHIAS 5K 3, FITEEN 17~21
&, EHAERS R 19.48 £ 0.98 &, Y RERITL A
Wk RS s, K8 EwO g R E A, R
15 4 BRI sl P 18 DR 22 43 o L9 24 Xk S0 o 2
W, — BB ARG BRI ER, 75—
24 B E LS B e R g A, 3L 24 295K
PEEN A3 HT

7007b
WA
B R
£ 650} 1
by I i
,]2‘
B
Pl 600
550 1
s HEH
FUEIH 50

M5 b. S5 2 X 9y T T A0 T S I I 114 52 i)
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a WEHREL EEA T2

b R EA LEA T EHR

K5 AR ER. a0 HEEEATEL LA T RN, IBasESET | SealBu A B TS b MRS
CE e S ol N B 7 1= R S e A e a8 ol o Sl A A= R

412 iZ&FFFRIE

[FSEHE 1,
413 XIigit

2 1R FZ AT TAESE S 3 Hd i £2
AN (A RS T)ES B B R, A
AT (B BN RS M B AR U, Al
BEYE 1M 5280 3 8 2 (R R vs. dETE
B x 2 (B Wi vs. JETUH) < 2 (W LA H
A TN/ D iU et o M A S M g g
414 LWIRTE

SCER AR S 1 REOHIE], ME— AR RITE T
T Z 5 B 5 AL AT 527 23 BEHLAE S5 2 % ] 95
LR BRH R B (2 LA Eal e TR R,
42 #R

SN AR IR RSB BN T 150 ms B8
DL RIS TE 3 AN bR 22 LLAMPRR g B, bR
Bl AT BRI 13.71%, X RN I HEFT 2 (FU
FR: BER vs. 40080 x 2 (B T vs. JE

SRR (ms)

700
W
[y
8 650t
b
a
:
& 600
B
550
T T

By B AR

i) x 2 GEELAME: FE vs. IFER)WREEN
2=, RILHUH TR0 B3, F(1, 23) = 56.58,
p < 0.001, np = 0.71, FKICATILM T A BT
T AR A E T N (586 = 10 ms vs. 611 £
11 ms); R TRV B3, F(1, 23) =9.28, p=0.006,
ny = 0.29, FTICAHERESM T M KNI 4 TR =
M R BYSUNT(595 + 11 ms vs. 602 £ 10 ms); Tl
AR AZ E AR B3, F(1, 23) = 31.14, p < 0.001,
np = 0.58, FWIM T £ AR, FO = A
B SOR ], AR A EAE B, FQ, 23) =
7.46, p=0.012, n3 = 0.24, F/R B M AR LSS
H O G A e, WU R, BUHM TR
) —=HARHEAEH R, F(1,23)=521,p=0.032,n} =
0.18, FEIA 4 W) FARAS RIS, 50809 A v B AR
W) ) SALFRIVE R TN . 5398, X ERG Rt T4
N Y 7 22 M, A& BT 0 B A A 32 8500
F(1,23)=7.45,p=0.012, 3 = 0.25, 45 UERHRAIR
IS, AN B — U AL

700 b
L RED -3
OER
650
T 1
600 [ 1
550 . .
k] FEBH
S EIER P v

Fl6  a. SC8 3 X8 HAR U IE FUYIRIE: FO0T S SE A 20 s b, S8 3 068 73 ) TS Pk B 300 13 5 X 52 oz P ) 52 Wi
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T =Em e BAEM R, ULl Y S AR e
FEARTE B ER L, O E R IFAMIE, B
DK T 4R R B A5 RSO W B A T R 4,
FPEAT 2 (B . W vs, JEBUN) < 2 EE: EEE
vs. AEERDMERE WS 200 (LK 6). #F—2F
SRR, X B AR AT OB, U A =R
%, F(1,23)=54.47,p<0.001,n5 =0.70, HUI&MF
A SN R R OB SR B RO (572 + 12
ms vs. 613 £ 12 ms), EEMERN EFH, F(1,23)=
5.49, p=0.028, n3 = 0.19, HEEAMFT AR
TAEE BT A (589 + 11 ms vs. 595 £ 11
ms), TUPANEZER S EAEM T, F(1, 23) = 11.27,
p=0.003, no=0.33, RICATIMEKMT, A WEH
RN, t (23) = —4.70, p < 0.001, MD = 15 ms,
MAEAET ST, TR AR E, t (23) =0.82,
p=0.418, MD = —3 ms, 73RN 78 U 251k
T AR AR B XS a0 W AT U
TR E R0 3, F (1, 23) = 10.54, p = 0.004, 13
= 0.31, WA BRI AE U 20 T Y
JZREEF(601 + 10 ms vs. 610 = 11ms), I35 A9 500
B3, F(1,23) = 10.53, p= 0.004, n; = 0.31, 7E&
ST B BB DT AR I B AR T B SN (601 +
11 ms vs. 609 + 10 ms), 153 A HAEFAA B
#, F(1,23) = 0.01, p=0.912, 0= 0.0005, 4751y
F s oPat, BUHAAE T RN t (23) =
-3.07, p=0.005, MD = 8 ms, SAETYISM T B9
BV, 1 (23) =-1.99, p=0.059, MD =9 ms, JCIi
HER,

43 iFig

SR RN ERE TR RS N E N RS A T RE =y
AW Z [ S EAEH . YU B4R BARE,
WS RO R, MAEAETUH &0 T ol &
BN o T Y TR A A e, TR A E
TEFIAS B3 . SE88 3 ATk 17 5288 2 HW Ak &
PR B 2o A AL LB AG R, 153 T 5 A0 1 —3K
MIZER, I, AR 1 BEK 3 B4R, il
TNA, TR AsF i5 2 A AL+ B A 2 T LA R 4 7 (52
55 2) P HOE RN HME LA AR, PR Y U AR B
B, A A5 E0 T R AU A TAE L, i 2 A
JAR R AR S 22 A7 T SR B (28 1 RISEER 3), fig

PR G EARTRIN AR T X 00 W Y TE AN S 2%
TEARFZ A BF1o R, KA 1.5 A5 10 IR SCRpE AR
HERAMZ A R B2 5

i L 38 VR AN TR 1 38 A o

5 SEEG 4 Z0.0WIEO0 T U
FETREXT H AR A5

DAERFSE 2 W, IR 1 K/ INRIAT: 55 3 BE 1) 3
I Zs s ma L e 48 R R, IR A /N BT 55 R
R 2 A0 5 18 R A8 18 (Huang & Pashler, 2005;
Reimer & Schubert, 2019), A MFITIEH, M{TE5
TN ICHT, A 5 IR 23 T 2K (John-Saaltink et
al., 2015), HHFSCH 1 ESC5 3 350 W4 3K A0
SO AL S, R T RME 55 M R R T S R A A
HREMCR, S5 4 Kok 3l ek 5 DL K
RS MERE, RS HE I RNE R Z B R,
51 FHik
511 #ik

A 26 HHAS HEE 4, FBEHN 19~23
% SFEAERE N 2065+ 1.09 %, AAFIF M B
IEMIIIES . IrAa gl A IES s, B8k
A REA, IS M s T B IR oy . 3
W24 R S B g e, — 2 B S e H R =
i, BB E ELg, T 24 2R n 2L
PRI HT
512 g&FFIH

SEE T A5 S 1 AR

ST 3.9° x 2.4°FLL (0 4E I (CIE:
0.64/0.33, 21.26 cd/em?)., Z¢ (A% JE (CIE: 0.3/0.6,
16.44 cd/cm?) , B A FEHE(CIE: 0.42/0.51, 92.78 cd/cm?)
W (5T (CIE: 0.16/0.06, 8.22 cd/cm?)46—A>, 4h
B O EEECA 5.18°, FEIENA —1
0.57° x 0.57°K/NYFS BT Lk 2 3
SRR N, AR R N 4 A [ IE J7 E (CIE:
0.31/0.33, 100 cd/cm?)4 A IE =0 BB, K/
A 1.2° x 129046 .
513 kgt

SCECRA 2 (EE: HEE vs. EER) x 2 (W
Wi i ovs. JEBUD BN S BT, FIOK
V5 EACE R 5 S5 1 U A B bR
HH—2
514 XIiRE

SEE R S Sy 1 AL, 3 X AR S
55 4 v e R St PR T R S B 4 A [ 06 ) SR
Y. BAREIEEI A TE block MM THEH# , S50
TR Z W, SeBRyOR AT 26, 2Rk B AR
EOAEB M BEHL A HC, 252 —3L 20460k, 2R
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KK HIER L5828 R, PR UER A5 .
B BARE A T A e, Heik T 8 4H, 4 80
MR, I H HAR B LE block [H] BEHLAHI
52 #§g

J R BRI AR B/ 150 ms (R DA
K SO REREE 3 ANhpifE 22 USROS 5, SRR
12.48% M %kds . XTIV B AT T 2 (B . F
vs. dETIU) x 2 GEE: EE vs. SRER)MEE N
7225 (UL 7), 5 SRR WU KT E R0
%, F(1, 23) = 192.70, p < 0.001, 03 = 0.89, s
P By Sz T AR BUM 2 T B ORI (618 +
12 ms vs. 718 + 10 ms); FERZKF1 FR00 %,
F(1, 23) = 30.36, p < 0.001, n>= 0.57, HELKMHFTF
A S IR A T AR T A OB B (657 + 16 ms
vs. 678 + 15 ms), B EME, EEAKEMAUAKNAL
HAEREE, F(1,23)=8.17,p=0.009, 05 =0.26, %
R A 25 AT B B AR B AR SO AR R Y3
BRIV T K28 ms vs. 16 ms), HAb, XM R I
N T 2200, AN R BT FHA A Y 32 8500 B
F(1,23) = 24.18, p< 0.001, n3 = 0.51, Z5&1ERHR
RIS S BS80S A R — A AR

750
W .
SERES S T
__ 700t
g
£
% 650 T
ol 1
600+
550
E

|
B £ iR

BT S8 4 08 FAR TR IR 0TS 00 33 B 0T B IR ) 5 1)
(4 R

ST AT AR 22 T B0 A 55 M B n
SR WU RN B BEAR N, P TS
] &5 ST o 2545 5250 1 H U 34k BRI 4L
DL S S0 4 BBE, AT T 2 CRIEER: 2 vs. 4) <
2 (W WU vs, JEBUN) < 2 GEE: FE vs. JE
HROM =R EEZ W 2500, Hdfu & F
B A &R, R 9] R %
ZUR R, R F0 0, F(1, 46) =9.21, p =
0.004, n; = 0.17, 2 Al At 5 o i & 2B F 4 4 ol

TR SV T (619 + 11 ms vs. 668 = 11 ms), i
S )38 0T 35T 55 MEBE A BG I FIU A S 2800
3 F(1, 46) = 339.70, p < 0.001, n; = 0.88, FH N
TUHA AR WU S5 F T B SO B AR (601 + 8 ms vs.
685 + 8 ms); VEEM LR, F(1, 46) =40.31,p<
0.001, np = 0.47, IR TER HLAETERE SN TR
R EEHE(635 £ 8 ms vs. 650 £ 8 ms); I = ANHIEL
B AR B, F(1, 46) = 10.79, p = 0.002, 03 =
0.19, FHURHBECH 4 M9 ZRON KT HIBECH
2 (AR RN ;S ECRSORN 0 1) 22 BLAVE B 3, F(1,
46) = 13.71, p= 0.001, n2 = 0.23, FIH MR EZL
s A 58 SR80 s T80 B G e R A T 1
THAEREE, F(, 46) = 22.41, p < 0.001, n; =
0.328, K IR 7E TN SAF T 77 A 1 1 A0 KR T
FEAE TS N - A W B fedm, sk .
W FEE S ELEAEARE, F(L, 46) = 1.15,
p = 0.289, 0y = 0.02, &R ECIE fin 200 XE B
HEIM I oA AR FUHA A B A8 BAE R
53 itig

SCES 4 A K 1 OMISEER 3 AL, B, M
TG 22 P48 R, U AR AR A
ZHAEH . BARRI , TEHIAMET, RS0
R, MAEIEWHI AN, EEAEHEE R Z A R
N P 2800 o X — 2R Ak T FRATT AR S A
E51e . Ji4h, SERa R AT LR W, ISR
S SRR ) B 5 | RS AT S5 M R A R i L B Rk
I 38 O, BT 55 X BE 3G I I T 1A S B U RN
M2 BAEF A dl, B, ANAAT 55 MERE Sk, 24
T ARy EARET, T A AR DL 23S A Oy =6k
PR SN AT A 7 A S

6 SiHe

AT FE 48 A A1 JE 25 114 7R 5 0058 1 R 45 A 10
e, WU T A EZ MR, KT 44
SCHG I AE R, FRATTI R T RN R A B A A T
e AR, I H WU RN, AU DAAS
) (1) 7 20V E AT o BRI, 4 320k
Sy EAREE, T AT LA SN E R BT R A T sk
IR B8 G SNy SE A W 7/ T D (18RI a ch=a DK i VAL : )
I AR FREAT R
6.1 SexXeIF

FEXF F WU AN E RO R MR HE B, —A%
A AE T AT IE S AR A e SOOI AN B A
ST BRI, A REAE R OV TR A I RTHE T, W
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TR E ) OC R o IR 2GR Ay sk 50 9 3%
MARVEISS J1. Flhn, 7€ Kok %5 A (2012)1) L HEH:
FPRF 5T VL S Marzecova %5 A (2017) A0S AH ¢ H,
PrffsE b, R T AL R B th e PR B
JHE SRS AH0C, M 7 BER (0 2 () 48 J 1
PRPE U], JHEH 5506, XA e b L
FEAT MR Y 28 Rl 7R JE b, e DR800 A PR T 93
W AR, H R TAE Kok S8 A y#d=rh, i
BEHESAE, M 545 T0oe, WiFEES W
FXF UL ) 5 W) AP 1 (B 38E , Shy 1 B A T SR 45
Wi, Zuanazzi 1 Noppeney (2018)JFFEfEH T
PSR T 8 A Ve, FENT s B R A B, AR
DO A RN R, B SRR ERAEE (LT T 77 AT b 3k
B 7 U AN AR, (BT A DT R LT
T8 T A7 AE I FH P 2008 B 1 I (Beer & Roder, 2004;
Beer & Réder, 2005), Jf HIEAL T E B RN
AE7E [F]—BL AL E FU ML RN AL ) [ 8, S
THIANBIBESE, AT T — 5 i fu ek, ff
T AMNEXER R I, W00 25 (B AT 2045 DX
AR XI55, IF 43 AE Ze A DX IEOR BT DXk
PR UM AN R . B T8 8 — DB 7 5 2 [ I
MIEAAFEEM ETMER, JFHAG G EEF R L
T EAR BA B LR TS IE R, FrLLX g
FEAE WS FE M 1E 22 A0 e U B IRIRS, 3 Be ] 78 v
THE S A AR BRI R . T3, TEADRSR
FE55 A & 5 BEE 55 45 6 WU 55, T Al
HREHA GG B, FEREFREE P T
SR BN T RO RS2 ma AL, PRLte, FRATT A SE g%
g A — AT, BB b RIEE T =R
IRV IRVE (A 18] 8, I HLREAR X 7% 58 5 W 5
e[ AE B AR 54 55 LR AR OGRS, dfe] Xp R4 7
R AR
6.2 ARTHEXRTHHAFEENXER
TEIEASA A P Al L, ABFIE Y
T3 — AR SAE TR B O T H 4w iR L &
XA OB R, JOF Ho& BT U F AR R, F6
WA K BRI AAMIE . Zuanazzi Fl Noppeney
01T, 43 il Tl 8 5 8 45 L AR Gl 5
fES5 TR, SCBR 25 R I T AT 55 A oG M g
(3 5 X PR SR %) 56 R I AR . AR WESE
FE T F AR H An 4l L 08 =R 7E 4 O W g v,
TUHAR AR 54155 B4l (R, XS T 45
LR, P B bR TR T O S A S5 K
REINER, P, RERMOIIEE Zuanazzi 1

ST H OC T FUH A BRAVEME 2 SORTR], (HARMLRY 25 2R
PRI 7T LA F0UHH 5 4T 55 Bk A% 110 5 5 P B R, D,
AT 55 W AR TR ) U 2 5 1 B AR AL AR, Ml
554 55 B 2 AR08 55 1 T 0 O OR 2 5 R A
ZLHAEM

FAh, UAEE UGN, DA e R
Xt B bR B A S U G343, A it
SEA R, HARKG SR AP il a] LIRS 75 2 R
TS| 51 7% (Chang & Egeth, 2019), PAFEWFFTEL
FI TR H AR B35 X H AR UM AL 2 A L],
H T AR AR A AN D 56T 400 ) AR 3845 8 X0 R s
R F W )i 58 (van Moorselaar & Slagter, 2019;
Wang & Theeuwes, 2018; Wang et al., 2019). 4,
AWTERY, BT A2 (8] 2 B O Y
M3 A A2 (] 52 9 B AR A T T P
e 52 i (van Moorselaar & Slagter, 2019), X 53k
ATTAE TR 3244 40 B Bsf 0L 45 28] 1) 0 44 = 50—
3, van Moorselaar 55 A\ i3 i il i BF5E A 30,
A Rk B B H AR S AR B O Y SR
FEAEANGE AR R R 2R SO, 2 B H ARG A0
YA PR 58 A0 [F] B9 2201 (van Moorselaar
& Slagter, 2019), St —3, ARSLEERI—FhA]
RE MYl BRI, FETE Bt B v B AR 2E A 4Py
AT ML, i PO X X A i R Y 18 1 1
Ao
6.3 Bi#HMHSEERNXR

ARWFFE R Y B A BRI, BB AT &
FETERE AZ HAEH], X RUIPIE 2 LIS B
S BNAT A L, BUWH AR T A RN K
THEBUH Z&F T W BRUY . X 5 HT AT S
FEAEALZAL . #E Marzecova % A ERP #F58H7,
TE N1 IR0 A TR 23 11 (150 ~ 200 ms) & BT Fid
FE B EA 528 B AEH (Marzecova et al., 2018;
Marzecova et al., 2017). T1fii Kok %% AAY fMRI W57
WU S A5 e e U S WL A, RIZER T 4
PF T BEWLEE 3] B I 9 00 S s, 7R T AR A
T, TERE BTN R 22 A RE, DI A5 A T4
ST, MAFSIEAS =W, 1 HAUH i ss
55 W& KT oAU M 2155 (Kok et al.
2012) AWFFEIE ko B B AN S 1 AR 2
RS, UM AR 0 A TE, HiE A
AR SR T B BUH RN 5 5K . X 5 R S
BTN A BARE IR S Al . DA
FERR TR MR B 5 BAR U Z R 6 &R, W%
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2| /) 22 B AE R o] 10000 2 65 2 8 (Feldman &
Friston, 2010; Heilbron & Chait, 2018; Rauss et al.,
201 1) KA - B T FASIAN P M 1 2 A HLAE
TR W, BN IR T R R v PO R 25K
MNP BAEE AT, PO I i 4% . i
AWFFEITE A A B WU S AR T Ok
F, MYEFI GBS, W RETEAT & UMM 5T,
JEARTE Z TR U BRSO BUNIRG BB, A
P i g DR A TE B RCR W 2 B MAEIE RS 250
T, PRI ALTE ZI TR, IR B ASCR AR R
F— PRI R, WS S rIBFSE MR BF
FUMIERP WY, WA SEH AT MG, R TF-BeA
[F] S BOWE AR AR AN F], A 7] e PR I 3 BOW £ 1A 5
B E R

S5RATAWF5EF Bt—2L, Zuanazzi A1 Noppeney
(2018) i FH #5 FL W 38 18 AT AR 5E, ST Tl e
B L R e BN AT R . AR, YU 51T
% FLEEAACHT, Wi 28 B AGE MR 1T, Bk
WAy TERATER R AT, SO 09 R0 ) e 2
DT AR I 0 SO TEAR B AR, T
FISF 18 S5 7 B IS 1717488 1 T Ao %) S g B o 3 AT L
W T BUNRON . TAEARTE Y, R E
ZRAE T B PSRN, 3 R TR B AT B B
RO, AB AR WG BITE IR 1 2 45 F T SO R00
Henyai R . LSRR 45 R 2= S T REvE N R o
—, 55 AWFIE S [ 2R 78 SRk
ESIA TSR, TR HETHEOIME 55, i
Zuanazzi 55 NAEZS [} 52777050 , ZORPOIHEFT IR
DTS5 o AT REZRINFNHE T 55 B s 2L B9 BE A
], 2B ANE 2R 2 AR AR E . H
AT T A0 A L A E) R,
Zuanazzi % NWBF5EHUR AT B 8B #E17 . =,
TEAMEFE R, S AEEFUH 0 Fe ] 53 5100 80% il
20%, WMi7E Zuanazzi % NBYBF5EH, P& L1535
M 65%R1 35%, ASBIFFE HHBR B U0 Al BE i T
ToUI 5 iR Z I S BT AR ) 55 1k LA g A i
RV A

TN, TEABRSE R, BUHE ARG R
R AR, R R AU R R G R Y
AW EWHEER, MENZEAENAREA BT
11 A & I N1 e B ol 8§ S 1 Y i)
AL FEVE RS o AR, BRI T bRk B 25
HE VLR AE S BIE (GKIL 4%, 2021; Gaspelin &
Luck 2018). HiI# A FrA i i 300 AR 23 5 — i 1]

AR, HARZRES | B AE RS,
E=N B8y N A VA R 2 IS T A b €
;2 Az — Fif <attend-to-me” 95 5, B A L1 T HL
SAMEXAE S, ASRAM A R, ) 23 R A T A
o ARG, A B BE BT R 25 8] 47
B ZARE, (HSE TR0 2 ()AL B A5 B A Rl
SR A R EE R A B E R, B R
ANBE I B 23 )7 B A AE o DAPDRGH I 5 3408 1 1L A
BL-T- BEAS A SE A 5 b P AR B S A5 2R Y
SED BRAE FUM i 25 T 62 B, RURIBR 7 AT &
B AE BN, AR E W RO, X 0] DA
5 IUHARSFIS, B0 AR BEXT R AR T 4
JABR R R B, AR R AR, ol iy
BB S3) H bR —], T A T PR SO,
BRI T B MITEIE BT, B TA
A H B R R, B Lot o] DL A s i B,
MRS TR . T3 46, IES- 106 2 A A
FARLF- U BB AR X A5 R, MR R B ilfeik T
“attend-to-me” {55, MHHIZMAT, £f56 A L
TMER, ZESMELAIURM S, A0, 7R TN
FMTF, JEARFE A BT E R, MG S AR TR
L, PRAS P2 A 1 R0 o AL 3 P A B # i
b S B AT ST Th OB AN A EAE L, A,
BIPARaiE N b —A e, | B E R A
T AR R A EL S M R
6.4 SUOHMTHSEIEMNXE

FATER 1O BARBUN 5RO R, WK
TR DY S B R R . G0 P U,
FOU A o LAl S i 05 2R T Y o 145 2R
Y Zuanazzi % NBFFR S0 2 25 5 AHL, FRATIA
N, U5 ERR TR B AR BOM & S
N R o AT a4 K, TERLRE I R I AR
AW, H—Ax BAniRnl e, K="
XF o3 BRI R A o FEASZEG v, U AR 43
OYIEFER S, WUWA E 08 b, TR AR
— TR SNER SR, poliEat S 4% B ARt T
BT S5 o R, ATRESE B T AR 5 A Fxt
30 ) 14 AL 3R 3 3k AN ) ) e 2 ML ot ST 58 Y,
Jr ATEAE G, ERWLEE S T AE 530 b (8 S50 A
TE B J2 LA 57 (additive) 19 75 20 A58 S8 AT O
AR
6.5 EFHEENTFHHIERXRZNZM

FWFTER, AT 55 MERE XS 2o 48 28 7 A 52 il
(Huang & Pashler, 2005; Reimer & Schubert, 2019;
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John-Saaltink et al., 2015), {HAT45MEfE 2645200
TUWANE A R RIFAIERE . R TR 55 XEJE 2
T 5 e U RN P YOG &R, FRATDA L T 2 T
FAR g AR S0 1 FNS25 4 Y45 R AR R, 1E
—EATSSME AR ARSI Y, PO RNE B A RIS
SR, BHFEERWL, AT S5 MERE ORI,
TARECE Z (5 B, 1 EE AN DI04 2 (Chen
et al., 2017), FESLHR 4, AE55XMERE MK T RES
PR T 2 B O B ANE AR, K
S U RN R AR AR DA 3 L Y O A [R] 5 e
T ABFRATTAL 5 T 2 IO 4 15 2,
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The effects of expectation on attention are dependent on whether expectation
ison thetarget or on thedistractor?
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Guangzhou University, Guangzhou 510006, China)

Abstract

Both attention and expectation are important mechanisms to help the brain filter and process information in
a complex environment. However, there is still no unified conclusion about whether they act interactively or
additively on perception. Previous studies that used the spatial cueing paradigm to address this issue might have
confounded attention and expectation. Recently, researchers have made efforts to define attention and
expectation orthogonally. Using ERP and fMRI techniques, they explored the relationship between endogenous
attention and probabilistic expectation in a way that defining attention by task relevance and defining
expectation by probability. In the present study, we explored the relationship between exogenous attention and
probabilistic expectation, by making clear orthogonal definitions for them. Moreover, previous studies mainly
considered the relationship between target expectation and attention. Considering the possible difference
between expectation on a target and expectation on a distractor, we also focus on the influence of expected
subject in the relationship between expectation and attention.
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In the present study, double peripheral cuing combined with visual search paradigm were used to explore
the relationship between expectation and attention. We defined attention using peripheral cues without
probabilistic information. Attended was defined when a peripheral cue was consistent with the location of the
target, and unattended was defined when the peripheral cue was inconsistent with the location of the target.
Expectations were defined by using spatial probabilities, and the participants were told beforehand where the
stimulus would be more likely to occur through instruction. Four experiments were carried out in this study, and
each experiment included 24 valid participants. Before the formal experiment, the participants were told which
locations the target would appear more frequently (the distractor was randomly presented) or which locations the
distractor will appear more frequently (the target was randomly presented). In a formal trial, the participants
were presented with a 500 ms fixation point first, and then there were 50 ms double-cues without any validity
probability. After the double-cues disappeared for 150 ms, a target array (consisted of a target and a distractor)
appeared for 1000 ms. Participants were asked to find the target and to perform a discrimination task by pressing
corresponding keys.

In experiment 1, the double-cues were presented randomly in the left or right visual field, such that
attention was manipulated in left or right visual field. In contrast, the participants were expected the targets or
distractors to occur more in the upper or lower visual field, that is, expectation was manipulated in the upper or
lower visual filed, orthogonal to the manipulation of attention. In Experiment 1, we found that when the
expected subject is different (on the target or on the distractor), the relationship between expectation and
attention was different. When the target is the expected, expectation and attention influenced performance in an
interactive way. However, when the distractor is the expected, they influenced performance in an additive way.
In experiment 2, the double-cues were randomly presented in the upper or lower visual field, while the
participants were expected the targets or distractors to occur more frequently in the left or right visual field.
Contrary to our prediction, under this manipulation of attention, the main effect of attention was not significant.
We suspected that this was due to the presence of attention cues across the left and right visual field. Therefore,
we improved Experiment 3 by presenting the attention cues with diagonal locations centered on the fixation
point, and manipulating the expectation on the orthogonal diagonal location to the attention cues. We replicated
the basic findings of Experiment 1 in Experiment 3, that is, when the target was expected, expectation and
attention interactively influenced performance. However, when the distractor was expected, expectation and
attention influenced performance separately. Furthermore, in order to explore whether task difficulty affects the
relationship between expectation and attention, we increased the number of stimuli in Experiment 4. Again, we
found that when the target was expected, expectation and attention were interacted in Experiment 4. Moreover,
by comparing with Experiment 1, we found that the relationship between expectation and attention did not
change as a function of task difficulty.

Our results suggested that when the expected subject is different (on the target or on the distractor), the
relationship between expectation and attention was different. Previous studies have suggested that in the process
of visual search, the promotion of the target and the inhibition of the distractor are controlled by two different
neural mechanisms. Therefore, the relationship between expectation and attention is different when target is the
expected subject relative to when distractor is the expected subject. When the target is expected, the interaction
between expectation and attention on performance can be explained by predictive coding theory. Under the
expected condition, the prediction error is small and there is no need to update the prediction model in the brain,
so the efficiency of attention is higher. Under unexpected conditions, the prediction model needs to be updated,
which leads to relatively low efficiency of attention. When the distractor is expected, expectation and attention
affect performance additively, which may be due to the low correlation between the distractor expectation and
the target task, or the processing of the distractor and the target are completed by different neural mechanisms.
In conclusion, we believe that when expectation is anchored to different subjects, the relationship between
expectation and attention are different. Specifically, when expectation is anchored to the distractor, they
influence performance independently, and when expectation is anchored to the target, they are influence
performance interactively.

Key words visual expectation, visual attention, spatial cue, visual search, double peripheral cues





