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PL3E TAEIC 14 (visual working memory, VWM)
S % L A BT I A i AN T 4 373 B (Baddeley,
2000; Baddeley & Hitch, 1974). 1T IAHIGE IR i PR
fill, VWM JGiZ [0 A0 5 P45 s A K i i) B A3
{& B.(Cowan, 2017; Fukuda et al., 2010; Vogel et al.,
2001) BEHS ARl P AR BB AT 55 5 oK, ek v B e 2
ARG ARG BiEA VWM #1700 T, DLZEf#
N JR E BRI (Awh et al., 2006; Gazzaley &
Nobre, 2012), H & ¥ 0 % 1434 i Z R REIE A
BLCn, B JeAR . srEAE), AR R R AR
BRI, RN 4T RERNERED LT
FROEAIE R BE TR0 T e e o e P e 1 2
AR — B AE R, JCABRRAE L 2 — R g e £ H
HH R (Luck & Vogel, 1997), & THFAF A7 20
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MIETAECHZ, WEITEL, 4EF50BL, T RARTER, JETRMEREE

B OO GRS PR B — AP RREE T R, MR SZ
fb R AE A 52 0 (Wheeler & Treisman, 2002). 1H7E
VWM X ZHRE AR B B B AR s R T
AR IS I TR AT A AE
ETERNEZEISIAN, YEREREIR T
— RRIERIE B, R — AR AR AR 259 B
Bl (Brnst et al., 2013; O'Craven et al., 1999), DA
S RRZ IR BT 9 K 22k ARk e 56300, %3
KRG ek 0125 B gaid e A VWM I 4k 5
— BT, B SR E T R, AT A AL
I VWM P& 45 B in TALHI(Lin & Luck,
2012), Luck HI Vogel (1997)fx .}y 24 1E %A TE
VWM 2k 5 T 2R 1 1 B e PR R AL S E 34,
AR AR v 2 3a R B, BTE HAd I Z Rk
FAR T B R —FRE 5 R B C 12 2 A FRAE 2Z 18] AT
55 R WA =57 . RFHMEE Y [T 5 ZoR gl 2
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T PR —FRRIE TR, BB IR IR A B
RS T PR, Ao B AT 55 TC G RRAE S 5 2 A
VWM. BfiJ, Shen % A (2013) X iHE—#EH] VWM
P 3T R R I B B E, T H
fafil, wHoEd, R E A0 LR Z AT, B
RS R AT 20 B A R DT s R R A
Ak, (A ZWAT 55 TR R IRFRAE A8 b, 252
KB YAT: 55 TC R BT AR R AR & A 78 Ak s 3 1) 2
JoF B[R] S 2 BN, 33X 2 AT 55 JE R TR AR FRAE B —
F4mid it AT VWM, 7ERES 09 SEaH, 383
ICIC AT o FEARAT 55 D0 R AR & A AR AL I E R LA K
Rk T ARSI i R 0 R Y T FE SRR, T
FRBNFAF 25, FWIX P T 2R 0 1 Bk B
R EFEAET VWM 1Y 4 i B Bt

BRI FE AT AESD VWM iR 5 TR
HEREMLRIFELERIEYE, SR, XEEFRKEZ TR
AETE VWM 1 4 filh B Be i 1 Bk R X, BITEIC2
St Z W HURRAE 541 55 AR G . A I UEdE 2= B
HEREEBEANOT LR A IS s B B, [RRE AT
PAFRFEE () FE P9 R R AE 10 4 15 B B & 4% /6 (Griffin
& Nobre, 2003), 1A GESF B By E Bk HRL
HI 5T HI A B A —FERY & PL(Niklaus et al., 2017;
Park et al., 2017; Sasin & Fougnie, 2020; Ye et al.,
2016), Ye % N(2016) 7 —Iic iz it 45, BT
PRITTE 22 R/ AIE 25 U P9 3 SR AIE 19 4t 4 By BE fig 715 K
IR R T A R BT S5 A SC IR |, R
L R(BIIL R)TEICILE 25 5 A ERE 1)
RS ARCNE . LI 55 WAL R 5 LR,
TEARMR RN, LR FHE R A i e v
fiE; FERPELRRAMT, LRI TS 7 P FpAERAE,
TCAZ AR I BE AL — A RRAIE o 25 R A AR S T rh
PRZRER, ARG R R U S HbRRE
ry AT REdE, RO AT LIRS TS R R G R
PRI R B R A3 TG 3N PR IS RAE A R 4R EE I
() Fsf 0, 5 B AR SRR AT 1 i A A B ST 1, DT 52
B VWM 7878 35 T HE v E % . b, Wang
FNQOLT)HWFFE IR, 7 1010 % AR il
PET, SR — P 4 B R A AR 850 I AN SR IR )
—FPRRIE R IEAZ R I MATTIAH VWM RGE R A £
MMEFFRE )T R GE, AR 2 B2 R AR 9 o0 5 i A A
FHEMAN B+ RGeh, #—0 VWM 4ER5f Bk
THREAE A AR AL TR ST

Zi b, TR 58 VWM hAEfERE T %
PR B B 2 TR AR A v R B AR R

HET AR A UESE 24, X R B LT S A 2518 T
B X LRI T 458 1 VWM I TR B A B 5k
ANIE S IEANFRATAR A, VWM G i RN 445 [y BEAETEAN
[5] i8 i AL (Woodman & Vogel, 2005), i H
P BB AT B 4 A AE T VWM BYAS [R i T
Bric, flan, Ye 5 NTEAR T VWM HfE7E 3 T 4R
HIEAEAIL B 2518 5 IR I VWM R {7 7E
T RERA LT, RS AR5 ik —
A4 LT R R ) 0 RN B T RR AR B 1 R L [ A
ET VWM i, A TAy—F il L —Fb
Ak B R TR Jr g iZmi 5, b5 T L
H B DA TR 7 O AT AETE VWM
SR, DAAE R ST I K B SRR — B (A SEE
5T, T H DAz AR R i et R S TR [ B
FMEER, LR IR BRI . G hs
WSERHIES BB LA AA e 22 5 . Biln, DAfIA
S VWM i i BEAAFE 3 T R AR Bt s K2
KR g, 1SR VWM 4E K5 B BL A
TEHETHFE A9 7 22 9 WF 52 2R T B2 [ e =
IR TE R MR S Y S i 58 b & BBk a0
55 TCRFHE 4 A e BEAL KT, (R W] REIF AN
WREAT 55 T RFEAAFTET VWM, o, (O
b 25 L T 2R 4 (Brown & McNeill, 1966), %5 %f
A& R IO AR RAFEAEA SGIEAZ . AT I
i 5, AR Al 523 20 W B T B,
XA RE T IE T % 845 B BAA7E T VWM, A it
A SBAEF — R da . RS AS DA R R IR 4
A B ST R LI VWM G A5 R 2 R B B
HE SRR, iz B PR A SR S A
WFFEAE Shen % AWFFEH Y A8 fb 38 5830 ULl 1,
SIAMEBLRMEERLRE VWM AFEINT
Wy B B 45 R AR AT 95 AH OGPk, WL AT: 55 TC R AP 1R
AR AR 55 R G REAE B T P00, AT A A b
B FRATELME VWM X 22 FRAE 2 AR5 B A0 T e 4
B,

AR, Xu (2010)BFFE AL, ZAkh 51155
KB R AR AE HAEAR LI A 5540 T A e 98 9k 2
FEA VWM, i 78 = 148 57 g S T X — e R )
SIHI 55 A o P AT S X B AR 55 TE
5N T IH AR, 1252 BT55 A1 S RRE
IR IR T SR B2 . ERAR S SR FE IR 242 B
o I 5 W) i A (9 B Hp 3 T R ) A T e AR X
(Shen et al., 2013; Yin et al., 2012), {H24EFH B
3 T T SR A5 23 A2 B A2 T ey 1Y 52 AT
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B Wik, AR sE—B B0t TR, L m A
ICAC i 0, R VWM b ity B BRI 4EH5 B Bt
(0 E R AR AU 252 BICAZ o 1R A . BT
IR BT IEAE R, AR DIERMB B, H2
FO AT A2k T % AR Y T R e PR HAN 23212 1
i, RIJCIEICAZ A e AR ] SR Y LS BT
55 TR B AUV o B Z UNSR S TR AIE A9 3
A, WA TN . 2)1EHERr B BL,
HZ AT RE e AL THRHE A B =, RDULEEA
BTN AR AZ AL AT A, TEARRAYIC
G 2515 AT REFR I AN [R) B8 403800

2 SEE 1 ARICAZ A & AE R VWM
G L R A5 [ B ) T T B AR X

ARSI 56 R FH AR Ak 5 5630 2 (F5 54T 55 TC G REAE
AR 5 23 5 W WA 55 R AIE 9 AR AR 38 5%), St
AL E AR SR, R TEICIC R Z AT S LR
IRTE L RIRK, MIEICIZR 2 e 2 ML RN G
FERELRAR, wnE s R LR S Bed
fCFtZ 00, RS AETE RSB, R AR
RK LRI BEICIL R 25, Rkt kAT
AEFFHrBE . BRI R L RN 2 AR Y B
—FFAEUEA T BE PR B S A B A 4 . IR AR BE R
T AR R S TR AR R, WP 1455
KAFHIE T N R AETE . [z, AR 3ET 4
TERY T B PR, RIS B TR R
21 3£I§ la
211 #ik

B R A G*Power 3.1 B4 BT 75 Bl iR A e
AT 53, FEH S 7KSF AW B (f = 0.25, Cohen,
2013), o /KFH 0.05, SR 10 0.8 BYTTHE T,
IR R R 24 Ao N THIIR RS GG
55701, S8 1 SRR A A 30 44 (26 Sk, 4 4
Bk, FIIAER 19.40 £ 1.10 % . FrA R A
FIF, M8 IEAL T IE %, o E s g 1% i,
TR HI s, SEBRHTRT A ER A E T gl v [
B, LRSS T — R
212 LENFBSHRE

JIT A B A 4 2 HEAE — > O 2 B W A9 0 ST /)N
PrIal N SE RS 50, BEESBRE 60 cm, ST M ALY
B HIfES 2% Shen % ANIWHFSE . SEH0 T A 1)
TR REYE R RS WoR BRI T B, PRy WA
1024x768, Wl#Hr %~ 100 Hz, LIHEA{4(CIE: 0.312/
0.329, 1.0 cd/m*WE N5 . B 35 IR i sk

¥ Eprime 2.0 34 3ZFL(Psychological Software
Tools, Inc., Pittsburgh, PA) . Jill 3k KL Fi A 6] 59 B
ORIERA R EIE, s 4 Mg, a6
(CIE: 0.64/0.33, 20 cd/m®) . %k {% (CIE: 0.6/0.3,
20 cd/m?). Wi {A(CIE: 0.172/0.141, 20 cd/m?). #3 {0
(CIE: 0.269/0.125, 20 cd/m?), 4 FhIEAR : [RIIE (KN
1.88°x1.88°), =L (K/: 1.88°x1.8°), IEHTE (K
/N 1.67°x1.6TO)RIH M ECK/N: 2.17°%2.17°), TE
CAZ B FERD B b, o —2R A 2.84° 0L A 1y i
LB, DL 60° K H o SITE R W 22 F 7 . 2200
e b7 A BT AL ARG 6 A A [
BEANE 19K 3 Ean). M6 Aas [ BEALH
12 A EEMEE . iICICRZ AT R S R B —
MV FLRF CBE SRR, FIEHR Arial, F
TN 24,
213 Xmigit

Sk 2 (REREKA: WEELR. FEEL
) x 2 (FES T RFHEARA AT . AR | ) Bk
W T o 455 TCRRHIEAE A A 1 AT 55 TR AIE J2
AR E, TR AR A T e & A AR
b, BT AL B AR AR AR . B AR IR RS
A BEAARTARAE Bl IE RS 4 il
Woo W TEGAT S A B, 7E58— iRk bR I
LR E — PR AEATE AT 55 AH SRR (L n i 62),
T3 —FINAE AT 55 ToORARE . LA L 4 R TE W] LAE
Y AT 55 TCORFREANAE (B BRI AR AR | Bl
ANABTEARANAR ) 5 4155 TC AR AR Ak (B 8 A AR TR
Al BRI A)2 MEIE o 5220 3 32
BRI LB A SR T 22 5, BRI
FEAE X AT 55 AH S RRAE AR AL 5 52 1 T PR AL

Sg A 480 MR, WA T A 120 MR,
SEYR R 8 AT AT, BT AE RS R WA
Z/H EIRBERE 1 405, S50 S oRYy 50 4
B, TEIELE I G2 a0, Bl E T 30
WY SRR, HIEF R T 90% A4 fgidk A E x5
55 o 25 2] Wy BETE B IR SR EB 205 1 1R B 5 A5 1Y s At
1 1 X 5 55 o B D) 2 A 50 i g — B 43 S 56 s R 5
MRTHER S SN B FNE A . AESC g R, Bk
14) I o7 B R IE A 2R i o o AN HE S B I AR 5
o 00 B2 R PEAG TE AR R, TH UGRS3 B (d) R
HARUEOPI N EbR . BT AR £ A B iy
P, T BRI B FE R IH Rz ) 22 5, (%
B 1) 1E B S A AN S RE 5 1 3 3 T i DT 1 %K
i, X BN TR ARAS AT DL A Bl BT 1H 0 3 )
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TRURAR S, 30T LATEAR H B i 7E S g el R v 19 Js2 i
i . HEARIMT : d'=Z [FHR] - Z [ERE;
C=-0.5 (Z [P H] + Z R Hbhdidhiam
S AT 55 A AR AR AR R A, R B Tl e 2% B AR 4k,
177 HE 48 2 A 55 AH DGR IEAS AR B, a0 &
AT AR
214 XWREF
LEARIE 1 R, AR R Z AT
— MRS, Rz 5 2B 200 ms 1Y
PR, bRaEE IR . IR T L R
JEE BRI, R IX B TR
FEICILRRZ W2 )5 . FERTE LRI, &%
Pl E e BRTE B s b e, S PATE] 500 ms, 7E—A>
500~1000 ms A REALFIEL ] BE 2 5, 1012 5 2 8
500 ms, B4 s BEAIL S IS AS [R] St FE IR 4
W ETE, g R EAR R R R i LR 1012
155 MO HREE, S4E 55 0 R MR IR 2R 9 200 .
TE 53—~ 500~1000 ms P LER Z Ji5, e 5B
— XTI 0, BRI RO R e A B S TR] AL
B kKA, HRA I — A R —Fh
FEIE B8 [ s A A P AR AREAIE (. HelcAB B, sl
g AR AR R ek AR ), B A8 4k 2 25 & A= 7 ]
— A EE I o ARSI T 55 A DG ARE 5 4 55 T0 G
TIE 2% L AR AR 21 50%, 43835 b H B %387 1Y)
FRIEAE A 12 58 A A (o P 3 1) o R0 ol 3 S 0
PR A 1F, SCIF B SO I A 2000 ms
JEEBLR IR F Z A TET, St bt
Bl 00K 1A [T 19 B30 65 R R R AR [R] B2 12,
B J5 PR R 2R I B I — PR IE A T 4R 1E . EER
) 5 T 4 3 e SR H W AT 55 AH SRR AIE 2 S R A AR

500ms 500~1000ms 3500ms 500~1000ms 2000 ms

1k, Rl Z W8 AT 55 To SRR AR AL o ISRAT 55 41 5%
FROE R A ARk, WIR 22 F4% F P4, SA A F
FE R R, SRR 2 )P R TE IR
TR AR AT EE T IR S
215 HIESWEER

SEHS 1 PR S IE A RN 95.30%, TERN
B4 R AT Z 01, SIBR T A5 R IRIR (4.70%) R H 3
AFRUEZE Z AR UK (1.84%), TEHHEE SR
T bR 2 Wi 5 55 I A A 7 3T (0.44%) o X Sl BRI
PIEEIEAT T 2 (BRI, MEELER. FiER
LR x 2 (1155 ToRAFIEAR AL . ANAE | AR1k) 1Y
FREME T 2200, G5 E 2 s

SNATEE R IR, LRI RN B, F (1, 29)
=34.48, p < 0.001, ;> = 0.54, A ELRIAKHIK
MHEI(M = 701 ms, SE = 20.38) 18 T/RiEE4AgR
(M = 668 ms, SE = 18.49); T35 LRAFIEAL LIS
TR0 W2, F (1, 29) = 30.63, p < 0.001, n; = 0.51,
FI N AR AL AT Y S BB Rl (M = 695 ms, SE
=20.01) 18 FAZEZMEM = 674 ms, SE = 18.66);
2R R A 5T 55 J0 R FRE AR b SR 22 10 ) 8 3%
F(1,29)=5.94,p=0.021, 1= 0.17, #E— 18
RO M K B, FERTE MR RINR T, AT 45 T4
TEAS Ak 55 8 B9 SR B[] B2 (716 vs. 687 ms),
1(29) = —6.566, p < 0.001, Cohen’s d = —0.86, 95%
CI = [~1.13, -0.59]; fEfaEELRK T, (£5L
KARFIEAR b S T B R B[] [ B BE 2 (675 ms vs.
661 ms), 1 (29) = —2.66, p = 0.013, Cohen’s d = —0.43,
95% CI = [—0.75, —0.10], FHALER R AFLE -, W
Tl 2 2 30U I AT 55 T DG ARRAIE 1 48 2580 g 4 Y 2 A7
e, (HEEREL R R TR EE R,

TRArAT L i

=R M7

A

K1 sckimizE
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ok 0.3
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02}
600 -3l
T ERE JBHEREE M ELE BHELR

K2 S5 1a 452R1E
T s AR E R 8/ e W WA ] T4 5 AL 55 AH R IR R A7 A o AR PR 25 2SR TR A N E Mo bR kiR
*k% < 0.001; ** p <0.01; * p<0.05; n.s. p>0.05, A,

G SRS TR Args R Bon, TERURME d 8
W, LRRISHIERN W E, F (1, 29) = 12.79, p =
0.001, mp = 0.31, RICHFEELRIKIKN d'534K
(M =3.83, SE = 0.09)K T 5 E L RKILIKM = 3.54,
SE = 0.10); {155 JoRAFEAR LIS 2500 A I 3,
F (1, 29) = 0.01, p = 0.922; LHAEAA R, F
(1,29)=2.91, p = 0.099  FE it C HAIZEHH,
LRI FHONA WE, F (1,29) = 1.86, p = 0.184;
1E55 RIS AR AL A ERON B, F (1, 29) =
47.93, p < 0.001, n = 0.62, {T55JoEAFHEAE b 254
T CEWM =-0.15, SE =0.04) /NFARAE &AM =
0.15, SE = 0.03); ZFmIEM 5455 T RFHIEZ I
R AR, F (1, 29) = 19.98, p < 0.001, 1} =
0.41, fAHRN /T4 R BoR, FERE LRI K
o, AT S5 TE AR AR LA T Y CIEHE/N-0.19 vs.
0.25), 1 (29) = 9.62, p < 0.001, Cohen’s d = 1.42, 95%
CI = [1.12, 1.72]; TEJREBARIRK P, 15Tk
FRIEAR A A5 NI C ERIFETE /N(-0.11 vs. 0.05), ¢
(29) = 2.55, p = 0.016, Cohen’s d = 0.50, 95% CI =
[0.10, 0.89], X5 NiAf&5 % —2, MR
AT 55 TG S RRAE T IR R000 #4052 A7 AR, (AR
LR TR E R,

216 itig

SLH la FEARICAZ T S 0F T, SRTHIE L
RMJGTEZLRDBAE VWM (1) 2 % A1 4557 B BX
% BT 55 T0 R 1 A8 A X 22 REAIE 2 A 1) B — 2
JERRIE T BRI s . S5 R, TCit R AE
A PRIS SR S AR iE C{E I, 1145 CRAFAE AR 1L
FI F RN b EAEAE, FWIE S5 JCRHE 19 22 TL
SEREAE 5 M B AT 55 A OCHRRAE I AR b e 5% . Ik
Hh, LRI G55 ORI AR A 2 A 3 B AR A

PR FE bR L W Y, RBEM AR L R
TR AR A, BT R R T R
TR, X EELE R SCHFTE VWM Y Zi % A 4E 55 By
BB A T RAR R

SR, S lafEE— N THRHEER, MEELR
TR T 3 2k R FH Y 2 Rl AL 52 3R ) 7 =
H A2 T AR R (R 0 25 57, T S S 45
IR, LRI F RN AE S a3 B e s
HB A A, RIUNRAIE TR L R T B SRy SR
DA B X 3 TF 8 S P o . 25 SRR s 3 e )
AR 25 S0 EL Y, BT 3k S g R R e
IR SR A2 R ] RE X S 4 S P AR R LA
SEE AR, PR R R T BRR R o T %
W IR, WA A S e TR EE by 22
57 WUk, EEE 1b PETEELR IR AE R
LR R AT, B AR ORIE R N
afi v, YRR 25 ST S G 4 R A SR, Rl
PRI IE SIS 1a 25 B 551
22 XI§1b

SEH 1b 1 H 2 T HERRSEE 1a FETE L
R R R ML BT S g RT3, 7rsL
5 1b RN R UCR s AT, PR
S la BISERE
221 WRAE

SEI 1o FHSEFER R FAE 28 (22 ALtk 6 4
k), FHAER 19.04 +2.76 %, S8 1b B HESE
55 la 3EAE AT IR S 1) b TR RIS
REMZ FMHE I, MAEELR AR S EER
LR RANVUCR FHAH BB, 4 i g 18] - 455 2)
T VLS 2ic s sk S, O R BR T SE 5
la Wiy 4 FPEEFTEAR S, S3MAT 4 Fhi e FE
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RS9 R . A (CIE: 0.382/0.276, 20 cd/m?), #i{h,
(CIE: 0.502/0.288, 20 cd/m*) . £ {f,(CIE: 0.526/0.388,
20 cd/m?). #HE {5 (CIE: 0.402/0.451, 20 cd/m?). Jif
IR/ : 1.88°%1.88°), fidk(R/N: 1.89x1.88°),
AR/ : 1.8°x1.8°) I+ (R/N: 1.67°%1.67°); 3)
SEEY 1b BRI ARAE T 64 ik, Bk 256 ik, 52
B9 B R 24 40 438 4) SE5 16 H1EY 500~1000 ms
Bt L IE) B 48— [ 5E 4 1000 ms, HABEB /> 5525 1a
PR¥RE—3,
222 HEHWMELER

SCHS 1b g YRR R S 95.31%, FEX
Jof B 45 A B Z T, BIBR T AR IR (4.69%) FilEE
3R 22 Z AR (1.48%), TETHAAE S Kl
WARPR Z 5 53R A R B BRI (0.52 %) X 4]
FRIGRBIESEAT T 2 (REER: AidEELR. &
HFRELR) < 2 (LT RFHEZEAEA . AR A2
1) By E Sy 2250 Hr (LR 3 H A il B),

SV AR R, KRB ERNARE, F
(1,27)=3.39, p = 0.077; 1F: 55 JCRRHEAS AL AL
BN R, F (1,27)=10.14, p = 0.004, n3 = 0.27, %
IR TCORFHAE AR S5 T B SO B[] (M = 739 ms,
SE =26.55)18 T A28 & F(M = 722 ms, SE = 25.74);
THAEMARE, F(1,27) =255 p=0.122, x5
SCHS 1a IEE RN, BEARPIRN IR AT 55 To K
FRAE TR A7 AR, (HEPH Z 222 A 3%

SRS AR g R o, TERURTERS bR d'or
B, ERON ML BAEYIR R, Fs < 1.62,
ps <0214, TEREIRUE C LR T, LRI £
N 2, F (1, 27) = 8.76, p = 0.006, 03 = 0.25, Hif
TR R IR G ARE C{H(M = 0.04, SE = 0.03)
KRFFEELRIRRWM = -0.08, SE = 0.03); 1£5
TCRFHEASAIE R =20 2, F (1, 27) = 27.87,
p <0.001,n, =0.51, {5 JCXRFHEAE AT C
(M = —0.12, SE =0.03) /NT A& (M = 0.07,
SE = 0.03); XHAEHANRE, F(1,27) =228, p =
0.143, 5 NHTEEH—2L, PIFhZ R RIS 0
KAFE TR EHAAE, (B E Z M2 A
223 itig

SCEY 1b AT B LRI AR EELRIK
STAPETT, Z50 Rk BT O REEAR AT A 0N
W EAEAE, BARGAS I By TR 98 B KT 4k
FE B s, HIE RIS 55 TCRRRIE AR Ak
KRS HAERIFA W . X 5IH 1a BIEEHR—2L,
TC I I G i By BE A S 2 5 By BE 34 Oy 3 T &R Y v
HIEREIE, ARMTAAT ST /Y H W& T 5800E VWM
Wt By B AR L T R R TR B B, 4ERERY
BUETESEFHRRE 0 T B B, 5056 1 Mg Rt
AFFATRATHIN A B . XTI ATHE T PR AT R
MIRRERE : 55—, ZEFFB B SR 3 T R AR TR
PR, Bl RE XA 10 B AR A T 3 436 1 JE 1 ke

B TERFHMEAE O ToRFHEAZ

90 s 1200 [ 1300 [ LLaRe

= | — 1100 F n.s. 1200 | !
| ) ) -
E g0} : B . — Bl
= = 1000 A =
E E i 1000 |
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B 1 = X 900
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IPEVEE: RHEEER (IFER-¥2 ¥ AR T EER R BHBER

Booar RRSEEEEEEE D F
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g o2t o a o
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=2 il a1 o, 4 0
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A B AR BAEGE AR ICAZ G i A [ BEAY A ] T R ok HE A 1403

FARNIRARHIE LR, 58—, RPN Boe 5L T4
TERY T B PR, (ER 0 A FUE R R IE A7 it 7E )
—/ VWM FRGH, A E 22 A IR 5 o
IR G B LR R R B IR SEAT F0 I (Rerko &
Oberauer, 2013; Souza et al., 2014), 1HJ&H T 247/
1B 55 ie A2 A A RAR (2 ), BUR HEFR AT 55 A 6
FRAE AT BEIFAS R DA AP 0 B R, NI 55
TCRFFIEARE T ARG . X —JFEE 5 Lavie
(2005) Y T ff BEIS AL, BEDFEm AU T, BT
1555 FHOCRHIE 75 B 0 B2 IR n, AT R BT 55 o ¢
FEAE T 90N RIS R T, eAh, LIAER B
FOARM, ICACARTIFA S5m0 5 T2 AR 1 &
PR (Shen et al., 2013; Yin et al., 2012), FHIlt,
AT HE— 20 S50 oA g A3 T, R
RARF BT i BB R Ak JAB,
RYERF B BOREE T RN TR, A 7 A 42
TS BR TR, AHB, QSR 38 TR IE A
B, B AT PN N iz 2 0 H 55 B 2T K

30 SEEG 2 it A& N VWM
G L R A5 [ B2 ) T T 1R AR X

31 WIRFE

SEYY 2 FRSFTERCOR AR 28 2421 Akt T4
BE), FILERY 2111 £ 2.08 %, 5256 2 Ko LR
FERDN 5 rh i 3T H B E] 4 4>, 6 A BE
LI 4 D IO FIE RS A AR B EDE .
AT 5405 8 2 AR B 2 2R 1) I T AT 55 A DG R 1iF 2 5
RAARA, R Z WA 55 TOORRHIE . 5280 2 MORHRT
TARE IR 1b e 7EIER L Z Al o8
BT 30 IR IR AR SLI0 Ti fe o
32 HEHWMEER
3.2.1 HIERSH

S 2 R AR IE RN 75.59%, WEH
INFEEES 1 (95.31%), ¢ (84) = —24.57, p < 0.001,
Cohen’s d = —5.65, 95% CI = [-6.11, —5.20], AxXEH
fift Bl 2 10 A2 B far (A 3G KA 55 A8, iR BT B,
(] Fsf e, 5 A S 3 A2 A A 455 A R o R IO
B2 R BT Z 0, SIBR T R 1RRIK (24.41%) AL
3 ANBRUEZE Z AN IR (0.64%), TETTHEAS SRS
BN Z HT AR BT AR S IR (1.17%) o XS BR 5
IR EAT T 2 (R HiFEELE. FEE
LER) x 2 (1R 55 T RFFEAR ARSI . RAE | AR 1k) 11
FERE MR 5 (WE 3 9 C f1 D), Iksh, AT
BoiEie A2 i far Ae i B MR, ATE AT

T B R ARG T 22 BT (ILIEL 4),

04 p ——— FTRFCAL - FERIFAEAAE
03}

02

HE C

0.1

7

0 T.o”
i

701 -

70.2 L

i

3L
MRAMRE) P RAAE) S RAT(eI)
K 4 AFEHCAZ G B e ERLRIR KGR IE C [HY
A

322 RMEZR

SN BT EE R R, RREMERN BE, F
(1,27) = 33.40, p < 0.001, n3 = 0.55, I AFIER
2R IR Y SN ] (M = 887 ms, SE = 28.50) R
TR ELRIRIR (M = 991 ms, SE = 29.76); 115
TCRFFEASARSE A RO W2, F (1, 27) = 18.18, p
< 0.001, ny = 0.40, FEIFHEARMLIRMF T (1 SR i)
(M =956 ms, SE =28.19) 18T ARAE5A5(M = 921 ms,
SE = 27.88); ZXHAEM R, F (1, 27) = 829, p =
0.008, n; = 0.24., fAT BRI AT 45 SR R, TERTE R
LRI, AT55 oA AR 24T 14 52 g B[]
F2(915 vs. 860 ms), ¢ (27) = —6.07, p < 0.001,
Cohen’s d =—0.61, 95% CI = [—0.82, —0.40]; TMi7E)5
W RELRIR T, 5 TR G AR Z
[A] 22 5 A 8 2 (998 vs. 983 ms), t (27) = —1.24, p =
0.227, Cohen’s d = —0.17, 95% CI = [-0.45, 0.11],
T M0 A KRS, S5 i BRI AT 55
TCRFHETHRANE R T o

i TAESZE 1o FIS2E6 2 v, AT R RIR Y
55 ToAFAE TR N e A7 AE, S50 b 2 22
S R R BRI . R TR e B far %
JEERL R, RO 16 595K 2
MR R R G IE, #4171 2 aefeffr: k.
H) x 2 (fE55 TCRAFIEAR LAY . RAE | A81k) 1Y
RAT 00, Hohiciz o g e A8, 15550
KRR R A AR i, S5 2R WoR, gt e
FRN B, F (1, 54) = 36.42, p < 0.001, 13 = 0.40,
R ey 2544 W S DL B (M = 747 ms, SE =
28.53 ms)E g FH T g T far 4R (M = 991 ms,
SE = 28.53 ms); {55 JoORAFAEARfLZE AL F -0 A
W, F (1, 54) =294, p = 0.092; S HAEHANDE,
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F(1,54)=0.17, p = 0.682,
323 ESHRMBER

{5 SRS TR ARgs B Won, TERUERMERS bR d'5
B R, KRERELRE, F (1, 27) = 47.27,
p<0.001,n%=0.64, AjFEZELRIRIKN d'BE(M =
1.92, SE = 0.09) K TJaiF B4 KAk (M = 1.30, SE
= 0.05); 1E55 o RFFNFE AR AL A 0 AN 3, F
(1,27)=0.60, p = 0.446; LHAEARNEZE, F (1, 27)
=2.38,p=0.135, 7EGAniE CEMG RS, LR
BRI TRV ATZE, F (1, 27) = 1.69, p = 0.204; 1T
55 TCRRFE AR ISR 3500 B2, F (1, 27) = 16.23,
p<0.001, ;= 0.38, 1155 TLRAFIEAEMSLI TR C
fH(M = 0.19, SE =0.06)/N T RAE4A(M = 0.33, SE
= 0.05); I G55 TCRRHIE AR L A28 B A
A%, F(1,27)=14.10, p < 0.001, 03 = 0.34, #F—
A0 T BAREONE A T B, T R R IR A 55T
RAFEE A S F T 1 C fHEE/IN0.16 vs. 0.42), ¢ (27)
=5.23, p < 0.001, Cohen’s d = 0.95, 95% CI = [0.58,
1.32]; 4R, JEEEL R P TR 5 A
AR LA 2 0] 22 AN 1. 257(0.23 vs. 0.24), 1 (27) = 0.24,
p =0.816, Cohen’s d = 0.04, 95% CI = [-0.30, 0.37],
5 R AR —B, 5 R RIS AT 45 T
TETHERNIIERT o

AR, FRATHSLE 16 55250 2 IR LRI
WS bRE CEAIE, 4T 2 Gefe g K. )
2 (B45 TCRFFF AR ARSI . R4 | A5fk) MIIRA
ZWT. SR IR, CIC AT ERN B, F (1, 54)
=20.66, p < 0.001, n3 = 0.28, fKicIZTm s Ty
C1H(M = —0.08, SE = 0.05)% i #/NF Hid 12 7 fif
ZAFEWM = 0.23, SE = 0.05); 55 JoRFFHAEE ALY
TR B, F (1, 54) = 5.94, p = 0.018, 13 = 0.10,
1555 TCRFFAE AL T C fHWM = 0.04, SE
=0.04)/NFAZLAME(M = 0.11, SE = 0.04); £ HAE
W3, F(1,54) = 4.43, p = 0.040, 1} = 0.08. fij
BN AT T 25 J R, ARICAS AT A& E R, AT 55 ook
FEAE AR AL 25 1 5 A 8 45 1F 22 55 W 3% (-0.16 vs.
—0.01), 7 (54) = 3.21, p = 0.002, Cohen’s d = 0.61,
95% CI = [-0.23, 0.99], HiclZffmi s, 1155
TCRAFE AT 5 AR 5 22 A W3 (0.23 vs.
0.24), 1 (54) = 0.24, p = 0.815, Cohen’s d = 0.05, 95%
CI = [-0.34, 0.43], XKL far 1A= REE 52
M) Ji v Bk K AT 55 JC R R IR T PR 3800 o
3.3 itig

558 1 450K R, 28 2 #0425 H 3G E)

4 AN, TEIR SR AE SN I IS AR AR C 2
RER, HIEEL R 155 TCRIE TR
I S AR, NS R R IR TR AN 2K
R, 5 T R AR B S 30 ) 1) 52 AR T AE 4
Fadfe CH P2 B, XEEg L RUI/E VWM
W SCAFAE B AR A BB . AN B AR
WK IR R, WETEAGCIZ T 5 0F T
(SE55 1a/1b) ) 4EREB B Bk B 2O 2 A
FARM IR FE TRAE R o RIS 2600 N AEAE T
P50 118 I PR s Pl A T R O R i ) ok AR R AT
55 FH S ARRAE I T T 5 1 R R IR S BUE 55
SRR SR T AR R IR, 1 — EAT 45 A0 O ARAE
T 2 R R R (LR 2), RS JC KA
AEAE JC AT B0 T o SR A E B2 R R T4
NATSRAFAE, FIRER T S22 ficA25 H s R
4 I, WAL F TAEIEIZ 3~4 DR EEEZ N
(Vogel et al., 2001), #il/58R GEAE [l BN TAF: 55 Tc
RAFIE AESE 5 3 e — 2P0 235 B 34 m 3 6 i,
FEATHEBRRIAR P TR TSR, D
K BE S 2 v 5 T R R AR T U8 R AT
.

4 2 3 N & R VWM
G By R 24 B BE ) T T e A X

41 WRF*E

SIHY 3 FHSEAEAS R 28 (16 4k, 12 44
B, SEHAERR 20.57 £ 1.78 %, 5256 3 ¥R
Hd s I HBCE NS 6 4>, SLE AR 5 S5
1b FISEE 2 PREF—FL, BRI EMT 72 ik, 3
288 MK o
42 HIEHSWMEER
421 HUESWH

Sy 3 g a2 65.54%, WE T
INTSEHY 2 (75.59%), ¢ (54) = —8.07, p < 0.001,
Cohen’s d = —2.16, 95% CI = [-2.69, —1.62], F£WiC
TC AT A AR M o T8 SO B 45 SR 3 Al Z 1T, 4l
B 1 A5 R (34.46%) L H 3 A FRifE2E Z bl
W (0.6%), FETTHEAT SRS HE PR Z 7 A bR T A A
S BRI (1.2%) 0 KT HIBR I ORI T T 2 (&
B AIEFERELR. FEBLAR) x 2 (EF I
RSB TR | ARk B E A 5 22 53 M (L
Kl 3 E il F), FRATT#E—K 5080 1b, 525 2 Fl
SEH 3 Y v R A K I BN R bR o C A
HIF, #ATT 3 Gefetsr: A, L m) x 2 (RS
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A B AR BAEGE AR ICAZ G i A [ BEAY A ] T R ok HE A 1405

TCRAFNEARAO AL . R4 | ARfh) IR T 2250007,
Horpg Az i A ) AR o, A 55 JC R HEAE AR fL 2 7Y
AN B (ULIE] 4).
422 RRNBZER

SN EE R IR, LRI RN W, F (1,27)
=17.13, p < 0.001, n3 = 0.39, I NHTHFELRIL
W RSB E] (M = 962 ms, SE = 29.85) RTJ5iE
AR ZRW (M = 1091 ms, SE = 23.72); 115 To K4
HEARAR S 3400 W2, F (1,27)=11.17, p = 0.002,
Ny = 0.29, FIH TCIAFAFAS LA AE T (1 50z s [
(M = 1044 ms, SE =20.89) & T ANAELMM =
1009 ms, SE = 24.28); & HAEHAWE, F (1, 27) =
1.54, p = 0.225, FILES N ATE5 S, PPk Rk
R B AT 55 To AR T3 AN e 2 5

S R N T N T TN (o VA1 1 e =% QAR
F(2,81)=42.73, p<0.001,n> = 0.51, Ffi#FicAZ fafir
R S S R I R T TS DR (747 vs. 991 vs. 1091 ms);
555 TCRRFE AR ARSI FER N B 3%, F (1, 81) =
2.94, p = 0.021, 0} = 0.06, JEFFFAFALI A4 T 1)
JNERHE[(M = 951 ms, SE =15.82) 18 T A48 &0
(M =935 ms, SE = 16.12); ZZHAFHA W, F (2, 81)
=0.40, p = 0.669,
423 ESHMCER

& SRS TR Args R Won, TERURMETE bR d'or
BEER T, RREMERN W E, F (1, 27) = 80.48,
p <0.001,mp =0.75, AiEBELRIRKN a8 M=
1.30, SE = 0.06) K Tk EL& R IR(M = 0.68, SE
= 0.06); 155 JoRRHIE AR AL T30 AN 3, F
(1,27)=1.27, p = 0.269; ZTHAEHAANEZE, F(1,27)
<0.01,p=0.999, TERGEIRIHE CEMARSD, LR
KA ERN B, F (1, 27) = 12.04, p = 0.002, 0} =
0.31, AIEBELRIKK CIHM = 0.44, SE = 0.06)
KFRTEELZIRIRWM = 0.24, SE = 0.06); 1£5 1
FRFIEAS AL A 00 W3, F (1, 27) = 20.05, p <
0.001, mp = 0.43, 155 TERARMEAAL A T C(H
(M =0.27, SE =0.05) /NFARZEZMM =041, SE =
0.05); AZHEAEHBE, F (1, 27) = 16.90, p < 0.001,
ny = 0.39; fRIHELN A HTAE R BoR, RITEELE R
TS5 ToRAFIE AR AL 25 R 1Y C {EFE/IN0.31 vs.
0.56), 1 (27) =5.71, p < 0.001, Cohen’s d = 0.83, 95%
CI = [0.53, 1.12]; #Rifi, JEERLRIAK P IO CHE
TEARA G AR 25 2 (8] 22 58 1 35 (0.23 vs. 0.25), ¢
(27) = 0.38, p = 0.705, Cohen’s d = 0.05, 95% CI =
[-0.21, 0.31], XEUAH HAAFTEELRIAKT

FEAEAE 55 TCRARRAE T80

RS SC b, et bR C R EoR, id
T2 ERON L, F (2, 81) = 13.16, p < 0.001,
n = 0.25, MRiCIZ & F Y C {EH(M = —0.08, SE =
0.05)%2 g /N T HIcIZ s (M = 0.23, SE =0.05) 71
B AST(M = 0.24, SE =0.05); 1T 45 Jo R AEAS
PRI E 30 W3, F (1, 81) = 5.17, p = 0.026, 13 =
0.06, 15 L RFHEZBIL A TR C fHWM = 0.10,
SE = 0.03)/NFAAEZAF(M = 0.16, SE = 0.03); 5
HAEAHZMERE, F (2, 81) = 3.10, p = 0.051, 1) =
0.07. fATERRLN 3BT 2s 3 WoR, ciZ it 44T,
1555 TCRFFNE AR AL S5 SR S5 22 57 1 35 (—0.16
vs. —0.01), 7 (81) = 3.34, p = 0.001, Cohen’s d = 0.64,
95% CI = [0.26, 1.02]; HictZ s &40, fE57k
KAFME AR A 5 A S5 22 5 AN 1 35 (0.023 s,
0.24), ¢ (81) = 0.25, p = 0.807, Cohen’s d = 0.05, 95%
CI = [-0.33, 0.43] ; midleAmi &M T, [E5IK
FRAE AL S5 F 5 A S5 22 5 A 10 3 (0.23 vs.
0.25), ¢ (81) = 0.35, p = 0.728, Cohen’s d = 0.07, 95%
CI=[-0.31,0.45],
424 IFESHT

S A B Y 38 S 1 S5 (R) ) S BT A B — s 2
1w, EEICC A TEdR SAniE C 1 Esc BRI R
KB T Sk 2K, RWICAL A 78 52 50 1Rl )
YEREIEARSREL, I RATIIA T VWM 45345
br KAH, ZAatng HIRVPAL VWM F7 it R AR 1Y £
(Pashler, 1988; Rouder et al., 2011; Zhang et al., 2013),
BRI AX R K=8Sx(H~-FA)/ (1 - FA), Hrf
SFnICAZ I B, H Rt PR, FA RN BHRR
WERA LI R T E, IB AT AR AL 171 o
ZUT, WAL S A M JC AR AEARAS 2 7 T,
Al REELRIRRZ A VWM 258 %A 2%
A, MAEBGS RCIZ A AT, BT R ELR
TR AT 55 JEOCRHIE TSI AT 20 T, I S 4
FIAR T TAREILE RERTFEERLREIAK,

FATXF L 15, F25 2 FSLE 3 =Ll 2h
kAT 3 qefe . AR, . m) < 2 (R KA
BEELRR . JFEELR) MIRGTTZEHrLE 5).
SRR, eIC e RN EE, F (2, 81) = 17.28,
p <0.001,n; =0.30, fKicAZHufmi &0 TR K{EM =
1.91, SE = 0.08)%L &g /N FHid{Z ffar(M = 2.53,
SE = 0.08)FI =2 fifmi(M = 2.51, SE = 0.08), 1M
Hh A A R R BT 2 (R 25 S AN B RIS R
3, F(1,81)= 6594, p <0.001,n3 = 0.45, FiEE
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RZRIRK T W KA{H(M = 2.56, SE = 0.05)% it & KT
RS TEELRIRIRWM = 2.07, SE = 0.06); ZZHAEM
B3, F(2,81)=23.34,p<0.001,n2=0.37, fiH%L
BT AR won, RS2 M &, fiEELER
WK AEFEBELRIR Z B 25 A8 E01.91 vs.
1.92), ¢ (81) = 0.17, p = 0.869; HidtZ i &1 F,
AEEARAK TN K HEEERTREZEELR
KWK (2.77 vs. 2.28), ¢ (81) = 4.73, p < 0.001, Cohen’s
d=0.91,95% CI=1[0.53, 1.29]; EiciZmmi&F,
AEEARKK TN K EHRSEERERTRER
IR (3.00 vs. 2.02), ¢ (81) = 9.50, p < 0.001,
Cohen’s d = 1.82, 95% CI = [1.44, 2.20].

357 BEERR AR
30

25+
20

Kfli

L5f
10}
05

R PRARES)  SARGH)
Bl s AFEHCIZ o TR EELRIK K 4R E

43 itig

SEES 3 SSRGS 2 AL, AR T RO A 4
B, et bR C ARSI E, TR ETEN
2 S Gl T[S T ST N Tl VAR (1. dy el =1
J FE AR AR WAL 55 JC R AFE T IR T
XS RN —2, S 55 M ORI 1
BRRIGINS, AE55 JCRRAE B T T PN 3
TCik AR LY FFFE VWM LT H, VWM & 38 b i)
Sy MT LS FAL PR R T 2Z AT 258, Mic 425 B L
R 4 W2 JE, WAL RIKIKE VWM 7t
B 2ZEFUIFG B, FEERLRIAR PR TS
TCRFFAE N T2, 5 S5O 1) 77 At i LA
[Fi) B 52 56 8] 49 38 B FH A 6 6% Uk BH 12 412 T 7E
VWM 4ER5J B Ak 2] 5 98 55 15

5 BEifie

AHIFFERY H B8 e SR G 55 7 VWM AN 7]
IR Be(Fifith . HEFRp) Ao 5 0 B4 3 T & AR Y
I TRAAE B PR Al 23 5 2
fii b, SIARHEBLRMEERLR, HEMm%E
2 VWM T PR, SRt AL —2, &

TR B VWM I G i B BOAF7E B T2 0 1 B i 4%
B, HOR SRR A 2 52 B)iC A2 G i K P 152
Wil o [R] IS 7E VWM B ZERR BT BOWL SR 3] 1 3 TRHAE Y
TERERER, (HRAR TR R ICIZ A 55T .
M2, RUSEAEG — 5 G FE bR A SR
WA, HE—0 VWM il By BAr e 56 T & 1R 1)
T T e A SR AE R [ BOFF 70 Bk T4 AR 1Y v 3
PERIA S 1T R AR
51 MEIMEBIZMEBMERETEERNE

BiRFEER

1t VWM gt B B b AR i i 4 55 JCOCHRE T4
MONERH, TeisicAC s mAk, 20 b B Br A R
HRR A A VWMt 285 RS 5 TR AR
TER PRI o KR L 55 TE R R AL Y A2
b 58 230 2R B 5T R 15 B 5 AR 0F 58 — By &5
(Gao et al., 2011; Jiang et al., 2000; Shen et al., 2013;
Yin et al., 2012), BEAh, ASBFFER B AL AL 58 4%
JEA R A, XA T BE T o aUR U 2
B AEAE B 5 25 )AL B A5 B AT SCIR B 12 SR,
17— HLIZ 5 (A7 A 2 M0 I 25 A o 1 28
TEZALE B B HARAE B o (HU2 Yin 55 AR [ RE
TR SR PR A i A5, O350 B B R0
S IAE B b SRR o A S I 2, AR A
PTG 18 W A 52 B 7 AR 35 A R AT 55 TSR E 1Y
TR . 38k, R T HEER DL 25 R R i T SL e
FOAS B 1 5 S M B o AT ) SR e T i
By, WFEE A — P AE A R e T
X b B T & K ) 4 5 %L W (Foerster & Schneider,
2018; Gao et al., 2016), SR /D& 538 I G548
A& HL 1V (event related potentials, ERP)F1I)HE1: i
LR (functional magnetic resonance imaging, fMRI)
AR BT 5T BAT K AT A A 55 J0 O Rr AR BT Y
U, MBI AR 55 T R AR AR I A it #E0E A
VWM (Serences et al., 2009; Woodman & Vogel,
2008) X I AT RE R B2, TEAT 55 AH AR IR
W, AT 55 JC AR [RGB i T 5 Y ETA
FUINTAL 55 To 6, I HARBEA 280 P AT 55 JCCHHIE
TEICIZ TR AR B 2 6] — B ARAFANAE, FET A2 oy
— PP BT BB TS 19« U BR R 3 (silent state)”
(Bocincova & Johnson, 2019; Mongillo et al., 2008;
Stokes, 2015; Stokes et al., 2013). #R i KEAT NHHF
FEA O R I T 55 JCRAFIE B TR, W
XA 2 R R A P RE I AN IS T T B AT 55 0 R
fiE, B2z, AROFREL THAIFEER, FHUGEY]
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A B AR BAEGE AR ICAZ G i A [ BEAY A ] T R ok HE A 1407

TE VWM Gt i [ B AA A R T 2% 1A 1 T B e P =X
52 MEI(ECIZERMERETHIENERIE

BEXZLZ ATRE

e B LR, BATIER = AL 1A
FAFE (SE5 2/3) &, BT DUARIEAT 55 2K, L
I e 2 FE AR T B SR R T 4 R, X
DIMERBTFE S R —2 FiEEL R L 2
TR EHT O3 BE BT 55 AH DG AR AE b DA S BLEE T
FRERTE R, AR UE AR RETE VWM 4y
B B 4 &5 it A7 B9 B % (Heathcote et al., 1994;
Isenberg et al., 1990; Stefurak & Boynton, 1986;
Wheeler & Treisman, 2002; Wolfe et al., 1994), 9k 11,
A NEHMRY S5 R dE R By BOEE THRE AT R 25 32
FhCIZ s By, ARSI /T, AR5
KRFAERY T IRBVATI IR A TE (S50 1a/1b)o XTI
APIFATREROERE . S —, BSSCER I B SR A R K
BRACAZ B 05 X AT 55 T G R A HIE 4800 A7 7 A 5 A
M, il 2R 2 A TR BE AL, T
MG H G INE] 4 W 6 WS TR RN B 2k
7o miH, IeICE RS R W R, Hidii i
K PEm fa, PR R N iz a1
ZE 5 o IX LSS LI R IICAZ 7 AT B BB R A%
AL AT 55 M SR A (Gilchrist et al., 2016; Kuo
et al., 2012; Nobre et al., 2008; Souza et al., 2014,
van Moorselaar et al., 2015), PAEBFE 5 8 FH A%
WG H By 3~4 4>, W72 VWM &1y 7t
(Vogel et al., 2001), W RELLAT AT 55 JCRFRIE T 48
PSRRI EGR T, 8, E3F
VWM HETERE TRHIERE AT 5T v, M5 R
KRZ B AR A S, A BRI X P fh
FEAE 2Z (8] ) 73 2 508 A& AH B ST () (Markov et al.,
2019; Wang et al., 2017), FA ][] 53 E T L2 A8 A
g —Fh A E R, A G B E RS SR
AR VWM F RGP QR T 4, 2007; Ungerleider
& Haxby, 1994; Ventre-Dominey et al., 2005; Vicari
et al., 2006). LA, BV & BL #5538 6 A 10 45
RIP I AR BE . SR MRS i &R 82 i B
ERILARPI RN EA R AR L, T P A AE [ —
A VWM TR GE, Il 5w 4 [ Fh i 22 e,
RIS 7 B 2 R T LA 55 0 SC RRAE 19 5% R 5
G, (HIZAUXHERF 2 BT 55 M R A 2 LA
S EB YT R, DI BT 55 0 SRR AR R A
MITE R TR o SR — BLAESRHT 55 AH OCRRIE i 5 22110
PRGNS, AT 55 JCORRH AR 23 T BEURAS 2 i 9

HEBRTE VWM Z b, X5 il DL R AT ALE AR
P25 2 FISEES 3, Mg A2 i far g K =2 )5 o o0 kE
HER) TRV TE K o
5.3 EMHHEESEMRE TIEICIZPITFEELE
TELMERBESE T, SRR ENTHE VWM af B Bt
RINEE TR0 B BT, W B AR R E
5 LU S B ARMIE AT f7 4 1 (Ernst et al.,
2013; Luck & Vogel, 1997; Luria & Vogel, 2011;
O’Craven et al., 1999; Vogel et al., 2001), FZ Kk
TEIRMEAE UL, M, 72 VWM 4ERE Bk I
FETRAE A B B U, A BARRRIE(S B
JE IAH E M ST )RR E T 2 17 476 B9 (Markov et al.,
2019; Niklaus et al., 2017; Sasin & Fougnie, 2020;
Wang et al., 2017; Ye et al., 2016), FRZ AHET4HE
AR B o 30K R0 350 35K VR oW a5 7 A e 2 A
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Abstract

Visual working memory (VWM) and selective attention are two essential topics of investigation in the field
of cognitive psychology. Previous studies have suggested that object-based attention selection modes may be
present during the VWM encoding stage, and feature-based attention selection modes may be present during the
maintenance stage. Nonetheless, these conclusions are based on different research paradigms, object feature
dimensions, and response indicators, so it is prudent to exercise caution when inferring the existence of distinct
attention selection modes during different stages of VWM processing. The aim of the present study is to
evaluate this hypothesis and provide empirical support.

In Experiment la, 30 college students were recruited to complete a change-detection task. Participants were
instructed to memorize the features of the objects presented in the memory display by means of a pre-cue or
retro-cue presented prior to or following the memory display. Specifically, in pre-cue trials, participants were
asked to memorize only the cueing task-relevant feature while ignoring the task-irrelevant feature. In retro-cue
trials, participants needed to memorize the entire object so that they could select the task-relevant feature
according to the retro-cue. The present study examined the “irrelevant-change distracting effect” by comparing
memory performance between the condition of task-irrelevant feature changes and no-changes on the memory
probe test display. Experiment 1b had a similar procedure, except that the cue types were block designs. Based
on the design of Experiment 1b, Experiments 2 and 3 increased the number of memory items to test whether the
memory load would modulate the attention selection modes. Twenty-eight participants were recruited for
Experiment 1b, Experiment 2, and Experiment 3. All experiments were 2 (cue types: pre-cue, retro-cue) x 2
(task-irrelevant feature change types: change, no-change) within-subjects designs, participants’ response times
(RTs) and correct rates were recorded, and the sensitivity and criteria of the participants were calculated by
signal detection theory (SDT).

The results of the three experiments showed that the change in task-irrelevant features had an impact on
task performance in the pre-cue trials, with longer RTs and lower criteria in the task-irrelevant feature change
condition than in the no-change condition. This distracting effect was not modulated by the memory load. This
suggests the existence of robust object-based attentional selection during the encoding stage in VWM. In
contrast, in the retro-cue trials, the distracting effect was present only in the low memory load condition
(Experiment la/lb) and disappeared when the memory load increased (Experiment 2/3). This suggests that
during the maintenance stage, task-irrelevant features are processed only under low memory load conditions,
and insufficient resources lead to their inability to be processed as the demand for attentional resources for
task-relevant features increases.

In summary, the present study provides further evidence for the hypothesis that different modes of
attentional selection exist in the encoding and maintenance stages of VWM, specifically that the attention
selection mode during the VWM encoding stage is object-based, while the attention selection mode during the
maintenance stage is feature-based and regulated by memory load. This study has important implications for
resolving the controversy surrounding the attention selection mode of multifeature objects in VWM.

Keywords visual working memory, encoding stage, maintenance stage, object-based attention, feature-based
attention





