ZHERAEN R TIEICIZmiD FLEFr b B
HIAEPERIEFR

A BHE? IR 8% TR FEE! KAME! HHE FREe!?

GJTMREFEHE LB R/ S D R EE G, T 510006)

CHERIITE RO ERE, ) 510665)

B OB W TARCAZA I T B Bt (85 4ER) X 2 RAE 2 (5 S R ik U2 B AT
H TR AR ARV, SIATTEERRAEERLRR, 2Rl NEN
ot TARICIZ G A ANAERF YA Be b IRE R AR 2. =S Eh R, ERER LR IR
L, BN S5 SRARFAE AR AL ) 0 58 4 35 32 BIME 55 o RAFEAAL T4, RINAE 5 To R
TEAR SR AF AR LT AN A (0 SN BEG, IS B e AR AT IR I AN AL 2 i (5
Wi o TAEJE i R R AR, AEARICAZ AT 261 T (SE58 1a/1b) A AE TR, Hidie i
KR (546 2/3) TR K . 45 RRW], MG TARCIZg iS5 BL, Z iR PRS- AH G
5T RAFAES B G A HERLGE TAFICAZIF AR 38 St R BT IR ZERF I B, AR 55 TR AR
FEARICAZ A 26 A F NSRBI Lo S5 R 87R, FEGmbs b BURE RE PR R S 2R 1 o4
FEHT BRSO B GRS TR, HAZ B2 S (.

REW W TARLIZ, wiskB, 4eRbB, BT RARTE, TR R

425 B842

1 5

ollf

M TAEICAZ (visual working memory, VWM) & X #0445 JE 47 IsF A7 A L i 37 B
(Baddeley, 2000; Baddeley & Hitch, 1974). HTIAEIF YRR E], VWM JCiE RIS N TA8 53
B4 N K i B A 43 B, (Cowan, 2017; Fukuda et al., 2010; Vogel et al., 2001). 1A K s Al 4R 45
TR aK, i R R A RS B G BN VWM 17N, DA A B b
IR A (Awh et al., 2006; Gazzaley & Nobre, 2012). [ P85 A i) 24435 t 22 R fE 4 % (T,
B, JEAR. G4, MR ROE PRGSO, R AT TR AR R DA K
T RAE IR o S5 T 2RI R R R BRI P R AR T i) — PORFE R, HARAE 2>

WsAs B 1 2023-04-04
* TR RS B FH 2R AT 7T 2R 4 100 H (2021A1515110452)
BE1EE #EUA, E-mail: nanwz@gzhu.edu.cn



— IR FE A B2 (Luck & Vogel, 1997). 3 TR ATE R el e s S AiuE £ Fiks
TEHEATVERS, AN HABAFAE (K820 (Wheeler & Treisman, 2002). {HEE VWM Hixt 2451 %
PREOVE B F A TSR IR T AR IS fe i T RHAE A7 AE Lo

BT RAARTEEEIS NN, BRI A B — MRk TP, [R5 A A Ho Ry
TESs 1% E 5hi0E (Ernst et al., 2013; O'Craven et al., 1999). LAY SZHHZHE BT 7T K £ SR FH AR
Wt gEa, VG E R SR IC 20 H bt N VWM JR4efr—BUrta], s 53R
I H HEAT L, AR A R S VWM 224845 BRI EHL#I(Lin & Luck, 2012). Luck
A1 Vogel (1997) 5 58 Z FHIE R AALE VWM H Oy BT 204K 13 B PR R A S SCRF, At
AR P AR A 3 S0 ORI, R E R AZ 2 RHIE A b () B — R AE 5 R0 12 2 AN RRAE 2 1]
MRS R BIF A 22 57 o AR I EIME 2 AR 55 ZOR B R 7 Ea e — A Rp e AT 112, ol
ToIEAEIR A B BT RS, V2 RAE S5 T RSN VWM. fifiJ5, Shen 55 A (2013)
Nk —AEH] VWM 5T 20K 1R B S AR, T B, wisih, 1E
AL EE I AZ B Z A, ekl i 0 A 7 EACIZ B R AR AR HoR B AR A AR, RIS
BIEAT 55 To R TEARRFAE AR AL, o 45 SRR I 2455 T R B TR R AIE A2 AR A X 1 e Iz e
) E RN, XRYMESS LR TEARFHIER — RIS HEN T VWM. fERE S R seier, @il
B Az A BEAIRAE 55 o SRR R AE AR A A3 DA I i AR A2 i e R VR AR #E
SRR, DERBIMF SR, RXFEET R RN R AR AT VWM 46
BB

BEIR IR TR LAMEDy VWM e T2 AR BV E S AL A AE e, 2R1T, IXLEiT 7T
RZRVERELE VWM B isp B i Sk B, RITEICIZ BT Bl 2 FNARFHIE S AR 55 I AH
Ttk O RIES R U Bk B A AT BUR AEAEICAZ R GRS B, [FIRE AT LSR8 HO7E A R
A LEFE B BOR AT F (Griffin & Nobre, 2003), 1A SS4ERET BURTE S A R0 T A
EA—FER K BL(Niklaus et al., 2017; Park et al., 2017; Sasin & Fougnie, 2020; Ye et al., 2016).
Ye 5 N(2016)7E—HULIZIREALS Y, A T IRFUAE B RHIE R AR A R AL O AE 5 B B RE 75K
TR U P BUE S5 A G R IELERE b, SRS E B AR (2 R) L B 2 )5 5 A0
WOFFAE TS AH N . SEIG SR AT N BER R SRR, FEABELRFM T, KRR
FFAE I ACAZ IR RHAE s FE PR R T, SRR 56 I P FRAE, e AZ 4% 5 2 BEALI
—FRHIE . SR RBUHR T LR, AN EERERR T LIRS HFRRE T g,
FEIR AT DU FH J5 v e 2 2R 0 PR PN v = R U 2 T 38 A AL R AR R R E 4E T L, [F)
IS 130 B B AR AE A A A7 AR A LSRN SCRF VWM s AR TRAAE A SR B 1k



4, Wang 5N (2017)BFFL R B, FEREICIZ B AEERIATIR T, 20— M BER AR Y
BRI AR J — R IE A2 R AT VWM RSB ZAMEAFRHER) T &
Gt ANFIYERERF LA > WA AAAEA TSI 7 R G5, #2209 VWM ZERRRY BOE TRAE
FRVE SR AL 1R SO .

gib, CHMBFII N VWM e T2 R g S X 5 5 TR R g E ik
PRAT AR AL T M R UESE SCRE, LK R E (RATF JE 1 45 18 W] RE A H T XSS A TR T I
VWM BT BB g AN R e IEBRATHTE, VWM G A F4ERE I B A7 E AN [ 1R AL
(Woodman, 2005), PEPIAE R R AT BE 22 BIAFAE T VWM AN EDIN TR Be. Biltn,
Ye S5 NAEAFH VWM AR THRFIERIAE AL B 4510 J5 J R A BRI VWM A7 AEJE
TR BVE R U A TR 455 0 N BRI FEE— D4 H e T B AR v S A T AR v E =3k
FAEET VWM R, AT —FF AR A —Fh=ll SR ik T 1 77 i i 12
BUH, BT R E R DL TRHE R T SO EA A E VWM e SR, DRI ALK
A RISCFFIX R B SHERFFT, 10 H AR B AR 1 R R 5 T AR R4 R, X
PRI RAE LGN G TR IC R RHEE Bk £ LA EZESR . Hli, AN
VWM % B BUFFEE T2 AR R R 70K 2 R (R R e 58 2, TSR VWM 4EF
By BOAFAE TR AE AV S BT 7R A2 M2 AR 25 8 3 o BEARAESR T B2 A 5 Y B 7
RIRA ARSI 55 TC AL R 55 AL AE B LK T, AELX AT RE I AN R AR 55 TR E A AE T
VWM. bl OEHEPZEERIS (Brown & McNeill, 1966), %58 MHFEEURBIFAL
RAMFAEMRICNZ . BTz e, 25 5e R T EPAAEAT N, Xrpe &
HTHESERREAET VWM. Bk, A 0EAER MG b fabr LAHEA &
SR BETE T RN VWM 2 FTZERF R Be b VE Bk B, iz B s 1 52
Ffo ABEFEAE Shen S5 ANAFFTH AL ST M B, SIARNERLRMEERL R
VWM A [0 T B R AE (AT 55 IS, TSR AT 25 To A AE AR AT 55 M SRR Y T30
RN, AT RO 5 Bh AT THEME VWM X6 22 4R 2R (S B T Bk B

BEAL, Xu (2010)HIRFFER I, 25 b 54T 55 To R IR RAE RAE RIS AZ 507 4 4
RERE A IGIE N VWM, TIFE S iC A2 0 26 AF X — L AR I 2 1 55 HE = a1k
R BARAT 55 TR AT BRI LI AR LA, T 5 EME S5 A SRAFAE AN B 5 SR A S o
IR SR MBI FUAIE WACAZ SRURE I AN 52 0 Gt B B BB o 2 T 2 A P i £ 45 2 (Shen et al,
2013; Yin et al., 2012), {H EZERFI B A R AR S 5 2 BC I S B A A TS 2

B, ARt 2 ot TR B S =N R, KRR VWM T g BRI 4E R



B BURTE R AR R R 2 2 BNCAZ T R . 2 T LR SR, SRATHERT: 1)7E%
R B, B2 B AT A 2k TR AR 1 B AR A HAS L2 S 42, RITEIRICIZ g i ik
HRT A LR B 55 T RRFAL A TR o S Z QR FRF AR AE AR, A2 R
BT PR FEAERF I BL, B2 (AT BE Ak T RAE FRVE R PR, BN B TR
IR LA RS, AN FERICAZ S 2 T AT RER IR AN R ) Pk

2 S 1 ARACAZ S S PE T VWM AR B 2 R

AR SR AR 52 8435 30 (5 BT 55 T RAFE A2 T 2 R RAHE ST R HE A 2L 5 50D,
L6 AL S AR T, R AL B 2 BT R IR AN R Rk, ALz
JE BRI REESLZR, #NESLZFIRR P 2R I ICIZ R 20, ERIERERE
RSP B SR BRI PR RFE I R 25, EROE R AR LER B, BoR
AR HR A 28 ZR AR 2 5 AR 2 AP B — P A E AT A P PR 20 ) B o o S R N B B R
HEA RIS T 2R RIER, WP B S T RRAE T IS NAZ RN AT A . 2, #A%ET
FAE A IR, WA BT PR

2.1 34§ 1a

2.1.1 #iRk

B KM G*Power 3.1 B BT R HOARE A B BEAT S0 BT, AR S IKCF RN B
(f=0.25, Cohen, 2013), o /KFA 0.05, Seittait /18 0.8 IRATHE T, THEPIRKFEAR N 24
No AT HREERIGETHL J, 26 1 S ER KA 30 4 (26 &4 tk, 4 &4 551E), F
K6 19.40 £1.10 % . FrA O vARI T, MAEEFEM I IER, TEEROFHENL,
TR S, SIS AT AT A B AR R TGRS R RS, SRS T .

2.1.2 LW ESHR

FITA 1 AT A 2 HEFE — AN B I (ST 5 18] Y S8 Sy, BE B B 60 JEoK . S
MBI S H{E 22 Shen S8 NFIWETT . SE8 1 B A AOSRIBMRE AR RV s R 3R AT 22

B, BEEE4rHESER 10245768, RlET% A 100Hz, LA (CIE: 0.312/0.329, 1.0 cd/m2)fE Ky



. BMED S R MICFEYE Eprime2.0 #4523 (Psychological Software Tools, Inc.,
Pittsburgh, PA) . BT EHE HAS R B ERTEAR A R B, Horh L 4 Fhigith: 205 (CIE:
0.64/0.33, 20cd/m2)- 4:4,(CIE: 0.6/0.3, 20 cd/m2)- ¥ t4,(CIE: 0.172/0.141, 20 cd/m2). ¥} 4(CIE:
0.269/0.125, 20 cd/im2), 4 FJtk: FIR(K/I: 1.88°<1.889. =HifH(h/h: 1.88<1.89. IF
TR LOTXLOTIMTLAE (K/h: 2173179, FEICIZBRRIIGE b, B —A17%
N 2.84° MAHIMRRIEA, L 60° NI AAERRKILE N £, £LET7. HLETi. A
Ml AR OTkIArH 6 A2 A B (W 155 3 WoR). M 6 ANZSIEE FFEEHLIE 2 M E
EIEDE . 112 AR G2 R — M FRRH (CBE S8R, FHN Arial, 75

N 24,

2.1.3 SCIgEIt

TIGN 2 (RFEARR: HIEEAR. JFEEAR) <2 ([EF LR NRA: A2, &
BN BETE . ARSI R AR 55 o R RFIE R B R B R E, T T ANTE
WHA T REAR AL, P IS AR AR BAL B AAL TR AR L BB TAR A
PUEAATARAAL 4 FifEIE o T SERAE S A S RFIE, fERE— Nk RS LA B s — Fb
AR AR 55 M ORRFAE(LL i €), 55— RO AR 55 TERAFAE . B L 4 RIS AT AR g0y
55 TERFFIEA L (B AALTEAIRA AL B EOABIEARAAR) 54 55 TE R FF AL AL (F s AL
WAL PO IRALAL)2 R 522 b 32 2R I LEAGX PR 2% T 12 53
5 EAE S5 T RFAERHE 55 A R AL 58 52 (1 TP

o6t 480 MU, BEFARAE T 120 MR, L8R 8 MR IEEAT, BRI ETR
Jr BRI D RIS RS 1 208k, SRR R KORZ) 50 bt . AEIESEI TR 2 A,
R ZHEAT 30 RIZR TR, HIERFR AT 90% A4 REE N IEXNSESG . ZhoIB BAE A
WK JEERSS T 1005 T I Bt 1 1E QS B8 B B 2 A 58 BCRE— BT 70 S 36 S 458 24 i # 73 FY)
SRS RER % o RIS IR, W S SI FE# #0010 5% . IRANARI AL I NG 54
B RIAL LW, TR BURYE DB (@) AHREFRAE (C) PIMRTS. T2 REs
A B IREE s 7 EAGRK IERA AR IR R 22 57, A% G IR R Fa AR AL RERS ik 1l
BRIEB AR RCR, X PN FR AR AN BURT DARS S Bl i B [H RIS RURE B, 3 ] AP A
BORIE SN RE P A R B ) o TR AT d'=Z [iEh %] — Z[EHRE]; C= —05(Z



[ 3R] + Z DR FRD). Horh i h 4R K52 AR SR IE AR AL, sl o it 52 31324k
M KE FR A5 (172 A S5 R I AR, Bl ok A 7381k,

2.1.4 SLIIER

IR 1 PR, BT IR AT #A — ME S8, otz 2 5 23 200
ms FEML A, FREEIRKEIT R IR NENE R R E SRR WA, FEX
AE T2 10 AR AZ B L AT B S5 o FE R R 2 B AR, 2Rz 0] 5 Hh LAE B e v e
SR TE] 500 ms, 7E—> 500~1000 ms MIBEHLRIS ARG 2 5, e 425 S 500 ms, FEE L

BEAL I AN R BN AR ZE R B, i 4k X 7 AR 42 2%l i s 10 A2 AR 554
RIVRHE, 555 TR AFE SR B . E 55— 500~1000 ms MIREIR 2 J&, Fiks BB
XRS5, PRI A O 5T A R e TR B R R AR A, R R AN A
TR —FRIE 0 [R)IN SCR PIAARFAE (B R SO B, s AR RN 508), B
AR R e R AAE Rl — AN B Lo 78 S AT S5 A SR AE 54195 To RAFAE A AE AR AL I 2 8
N 50%, SR IR R AE AR A2 B A A A P 0 o R R P TR L B
FiAIE, R VI 2000 ms. EVERLRIRIKIIA R ZAET, HidiZh il
I A0 UK PR AN BT B R TR AR [R]IN AL, B 5 P AR 4R 2 2R ] i £ 3 — R RpAE R 4T
e o FE DRI TR AR TSR 55 AR DRARHIE 2 75 R AR A, I 2B AE 55 T SRR AE ) AR
o MPALFHRAFER AR, WHETET “F” 8, SWHATET “07 8, #HfE
Pk [ P4 o BESRAAAAE SRAUE IE B2 AT B2 T DR s B3 B

200 ms 500~1000 ms 500 ms 300-1000 ms 2000 ms
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2.15 HIESMEER

SEEG 1 AR IE R 2 08 95.30%, 15 NI 45 S4BT 2 1T, 5Bk T A iRk (4.70%)
A 3 AMhvEZE 2 AR IR (1.84%), TETHEAS SAT IR Ha bR 2 01 21 B T A A S L 1k
(0.44%). XHHIBRJEIBARIAT T 2 (LREFE: AIERLR. FEBLR)=2 (115 L RIFE
AR, AR, ABAL) EEINE T . SR g R 2 fiR.

NI SRR, R LR, F (1, 29) = 34.48,p<0.001, 1) = 0.54, AT
2R Z AR [ REIFTR] (M= 701 ms, SE = 20.38) 18T 5 vEm £k Rk (M= 668 ms, SE =
18.49); (LS TLRIFEAR WA LML, F (1, 29) = 30.63, p< 0.001, 1) = 051, RIN
AL LAt T [ RS TE] (M = 695 ms, SE =20.01) 18 FA4E444 (M = 674 ms, SE = 18.66);
BRI G TR MR NN RAE, F (L 29) = 594,p=0.021, n) = 0.17. i
— B IR RS A BT R I, FERVE R RN, AR5 JORAFIE A SR AT T () Jse S B [ B 48
(716 vs. 687 ms), t (29) = —6.566, p < 0.001, Cohen’s d = —0.86, 95% CI = [—1.13, —0.59];
FER R R, AF 55 T RRHE AR A 56 14 1 S5 2 BN (8] [7) 4 5215 (675 ms vs. 661
ms), t (29) = —2.66, p = 0.013, Cohen’s d = —0.43, 95% CI = [—0.75, —0.10], FHHLE SN
gE R, PR RAR T I 55 TE RRHIE T DU A o 2 AP 1E , (H T R AR R TR
FEH K,

B 5 RMISHRARSE R TR, TEBUBME a8 ip, RRFBEHUNEE, F(1, 29) =
12.79, p=0.001, 0’ =0.31, RICARIERLR RN a0 8 (M = 3.83, SE = 0.09) K T J&1k
B&RAIK(M = 3.54, SE = 0.10); (L5 TLRFFHAERMER FHMARE, F(1,29)=001,p=
0.922; K HAEMALEE, F(1,29) =291, p=0.099. {ER&EFRriE C RIS B, 2k
FRNAEE, F (1, 29) = 1.86, p=0.184; (L5 LRFFERIL AR F RN E3E, F (L, 29) =
47.93,p <0.001, n? = 0.62, fEF T HRIFIEAL A T C(H (M= —0.15, SE =0.04) /M4
A (M= —0.15, SE = 0.03); LRI GIEFH L RIFIERNIBAZ BT R, F (1, 29)
=19.98, p<0.001, n’=0.41. fij AWML RE R, ERTERLRIRIA, 15 TRIHE
A LA T C /N (—0.19 vs. 0.25), t (29) = 9.62, p < 0.001, Cohen’s d = 1.42, 95% CI =
[1.12, 1.72]; fE/EERARIRRT, ES5TLRFHERMEKM T C EFRFEE/N (—0.11 vs.



0.05), t (29) = 2.55, p=0.016, Cohen’s d = 0.50, 95% CI = [0.10, 0.89], X5 Jx M 45 R —5L,
PAFR 2R 2K P AT 55 O R E T PR RS B35 A7, (HATE R LR IR TR K.

04 r

B L JREREE ok
800 O JC LA AR 03 I 1
sk 02
750 | | ~ *
) O ool f 1
= * =
Z 700 — E I
E(
-0.1 -
650
0.2
600 EE e . e . o3
[HFE=¥2"3 N JATEE R -03 ¢ s I
o [IPEESS ¥ JRIEELRER

Kl 2 25 1a S5 R
T AR A B BRI B R A 1) T4 P AR S AR RRFIE R A A8 . FRIR IR Z2 AR T2 T 4918

FIARHER . *** p <0.001; ** p<0.01; * p<0.05; n.s. p>0.05. F[Al,

2.1.6 i1t

e la AEARICIZ 6T, RABNERZRMNEEE LR D HIE VWM 150 A4
FEBT B 25 BT 55 T ORRFAE IR AR MRt 20 R AL 35 R (14 B — Ak FERF ALV E B B K50 25 AR B,
TR RAE NI fEbRIE ARkt dritE C {H.F, ARSI RAFIERI AR MR MM B EAFE, R
WA 55 T0 SRR Ik (4 A2 A 1y S RE B M B S5 A ORRHE AR B 52 0 RS, 2RI
AR5 ToRAFAE AR M I AZ FAE HIAE R bR bt (2 25 0, SRBLAEPIAME B 2RI T i+
AN R ZE A, HANESLRR K TR, XL VWM g A4k
FEBT BRI AR BE T R AR T

SRT, SEES la AEAE D TIER, BERZR IR E R LR WUCKH 2 B2
BTra, BN TP AR B 2 5, TSR A R 7R, LSRR T N
IS a5y B bR AR B AR AR, RIAFIE R RN R SR SR DA |
SEPE R o 45 RIFRIE B A P IR ZE 5 10 F K, TR Al S R 1 AT AU P v IR A S B2
AR AT RE XTSI A R AR R o BN SEIR A R, IR R R WU T BRI D93 4K
A I, A A E TR B ZE R Rk, 7ESEI6 1b *PivE S LRl o
JRER LRI R A HB T, H AR DRAE A B A4S, Dl R 22 5 o S 45
S, [ IR S 1a 45 R TR



2.2 £I§ 1b

SEEG 1b (K H 2 7 HERRSEES 1a tr AT AR R AN G 1 R A R B 2 B0 S 86 45 R+
P, AESER: b AR o HP AT, D IGUESEN la fU45 R .

221 ARFGE

G b FHSEEAS K2R 28 44 (22 &4k, 6 ), THUERS 19.04 £2.76 X, S
1b Wit 7ESEH 1a HUFERN A% 1 a0 R ekge: 1) N I ANRIZ R B A B30, XAl
BAZRANRE FESLRIAVCRHATE T, HYUF30E P 2) 8 7 ILELES:E1Z
GRS, FIBAA BRI 1S58 1a ) 4 MEBTEATEARSE, ST 4 BBt IR 73 501008 -
14 (CIE: 0.382/0.276, 20 cd/m2). ¥4 (CIE: 0.502/0.288, 20 cd/m2). k€4 (CIE: 0.526/0.388,
20 cd/m2). HHite (CIE: 0.402/0.451, 20 cd/m2). HEIR (K/: 1.88%1.889. #ik (K/I:
1.81.889. HZA (K/h: 1889 M5 (K/h: 1.67<1.679; 3) L5 1b &MEKMFT
64 MR, BAt 256 MR, SLIG R RZ) 40 4388 4) 256 1b HH ) 500~1000 ms Bl

(8] FE 40— [ 2 A 1000 ms. HAH 7 5525 1a fREF—2.
222 BIRAPIMEER

S5 1b R 1) A IE A Z6 0 95.31%, 175 B 25 B4 M 2 11T, SFR T T iR1IK (4.69%)
MG 3 MFRHEZE ZAMPAIR (1.48%), FETHHEAS SRR AR 2 Hi 5 B BT A AR SRS ik
(0.52 %). ARG RIEHREAT 1 2 (RREH: EELAR. FIESLR)>2 (RS LRR
R ANAe, Aefk) HIE B ME T Z 0

NG RE IR, LRI TN AEE, F(1,27)=3.39,p=0.077; {F5&TLREER

PRI RN B2, F (1, 27) = 10.14, p = 0.004, nf, =0.27, BIHATFHAEA AT B

i [E] (M =739 ms, SE =26.55) 18 F A& (M =722 ms, SE = 25.74); X HAEMAEE,
F (1, 27) = 255, p= 0.122, X 55C5 la LS RAE, BERPIFPLZRIRKIAT S T RRHET
PBNHAELE, (HRPI#H IR ZERAEE.

E SR TEbra: RER, ERURMERIR s Rrh, ENAL BB RS,
Fs<1.62, ps<0.214. fEREFrifE C RIS R, LRBMIFHMNEE, F(1,27)=8.76,p=

0.006, n’ =0.25, HiEML&RIKIKIM T IRAE C (M = 0.04, SE = 0.03) KT JEiE MRk



(M= —0.08, SE = 0.03); EFLRFIEZRNWIKB RN EE, F (1, 27) = 27.87, p< 0.001,
n, = 051 AR TERIHE WK AF T C . (M= —0.12, SE =0.03) /MFAZEM (M=0.07,
SE=0.03); XEHMEAANEE, F(L,27)=2.28p=0.143, 5MHZERE—8, HALRRIK
MRS TR AL T I NAAFAE, (HR I I 2R AR

S5 1b Ep) SEB3
A BOCRRES L ORI EAZE
* %
900 a 1300 ¢ --
. 100 n.s. H
850 [ ] ! 1200 |

1000 *kkk —_
[ g 1100 |
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2 J37 5[] (ms)
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H ook
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K3 siR s R,

E: B AL B SR 1b 458, B C. D NS 2 8RIE; I E. F s 3 45501,

2.2.3 i1ig

S 1h R AE R R R AR AT, a5 R A BTERFHEAR (R
(RN R F AR, BRSBTS R B AT R TR Baa s, (HR L SRR
RS TERFIEARM AL BAEIIFF AR . X5 la AR B, L2 miLkrBitk
UEFFI BUE N T2 AR AR R F AR 2 ARTIASHE TR H K08 T98IE VWM g B
AR T R R R Rk B, ZERRIY BUFAE R TARIE A RO B, 5008 1 el RIFA
FEEBATIUH BB S XTIIRATTIR Y 1 PIR AT REAMRRE: 28—, 4ERppr Boi st 2 T2 1
TERE P, POl REXT B A  B AR AT R BT TCVE X B AR N BRI R e s B, 4
Frbr BOUR S TRIERE BB, (ERBIEOARFF LA AR — 1 VWM 7245,
A Z [AAFAE BRI TE S BARJETE B AR R RENS I B URHEAT F570 lid(Souza et al., 2014; Rerko
& Oberauver, 2013), {HAEH T HAMESFICIZAGACTEAR (230 , M 4EFFAE S5 A SRR



AR AR BL AR R R, IR S TEORRE SR I T AR H IR . XS5 s
Lavie (2005)1) fifar BRAR AL, RIFE & OB R, B TR A OCRHE TR 2 R U, A
11175 BT 25 T0 RAFAE B T U R VAR 2N T sk, DIAEREFAR CE R, 12254+
AT R AR RE P (Shen et al., 2013; Yin et al., 2012), PRk, BT/ —D
(RIS ARSI AT ACE SR T, R RAERFP B P IR R A . AR B, W R4 Fr
B B B TR R, A A A R T A ST BR T PR, A, R AR T RHE
TR, BTN R 122 1 11 55 B K

3 S2iG 2 HHRIZ AR SR VWM il F4E R0 B 1 B e B =

3.1 MRAZE

SIS 2 AR KA 28 4 (21 & letE, 7 4B ), “FIFEES 21.11 £2.08 & . S5 2
e ACAZ BRI BE b T E BOE N E] 4 4, A 6 ANMALE H BEALIIE 4 A RIEE AR A
FEFI I B o AR AT 55 T3 SR AR IR 2 ZA7 T 25 M OCHRFAE A 5 R AR AR Ak, WIS M8 AT 5%
TERAFAE o 5256 2 MRV 55256 1b fREF— 8, 7EIER I BB sE . T 30 IR >1i

TR A AR S 06 AR
3.2 BIENHE4ER
3.2.1 BIESH

S2E6 2 RSP IERf 2R 75.59%, 235 B/ T-5256 1 (95.31%),t (84) = —24.57,p <
0.001, Cohen’sd = —5.65,95% Cl = [—6.11, —5.20], ASEFR RN CIZ 00T 1S AT 2548
A, ORI R R, (R B S g A2 S e R 1 R . TR SR B S5 R T 6T, B
R 7 AR IR (24.41%) R 3 MFRHEZE MR (0.64%), FETHEAS TR IR TE bR AT
SR RS (1.17%)0 SBIRIEBHEIEAT T 2 (RERRA.: AiERLR. FiE
BRR)> 2 (IE5 L RFFIEARMRAL: AR, A 4h) EEME Z0Hr. 1ok, A TRIE
A GG AEIL PR B AR, JRATIEHEAT T B S B0 R VR A 77 26 04T



322 RRBTEER

ORI RN, RRK MR, F (1, 27) =33.40,p <0.001, 0’ =055, &£IH
BIE R R R B S R[] (M= 887 ms, SE= 28.50) thT JeiEm&L XX XM= 991

ms, SE = 29.76): T35 T RAFIEAR AR T ML, F (1, 27) = 18.18, p < 0.001, n? = 0.40,
T FRAENEARAL 2644 T ) SUBERSE ] (M = 956 ms, SE =28.19) 18 T AL %44 (M = 921 ms, SE =

27.88); X HAFMEZ, F(1,27)=8.29, p=0.008, n§=0-24 fi] BN o BT 4 SR B, AR AT

ERELRRWITR, ARSI RRFIEAR AR NSRRI [A] 518 (915 vs. 860 ms), t(27) = —
6.07, p< 0.001, Cohen’s d= —0.61, 95% CI = [—0.82, —0.40]; T/ /aiEmL Rk, 1+
TR A G A A2 A 22 AR 2 (998 vs. 983 ms), t (27) = —1.24, p= 0.227,
Cohen’s d = —0.17, 95% CI = [—0.45, 0.11], RII A2 Fm RN, FERLR R
155 T RBFAE T IR T

M FAESEES 1b FISEES 2, HiVE R AR IR IAT 25 T0 KRR IE TN AR AR AR, SE50
Hh E B 2 R PR R R R R R . Oy VRIS S R R e R IR, AT
K506 1b 55256 2 R A R AR EIE, #AT 1 2 (D12 HdT: 1R, ) <2 (RS TR E;
AR SRR AR A2qh) HIRETT 208, Haidie g N2 R, F55 TR RHIE AL

RANANA S SRR, SO EARRE, F (1, 54) = 36.42, p < 0.001, 1) = 0.40,

IR0 12t a7 2% A4 R 16 ) R IS (M = 747, SE =28.53) B i 3t T id 12 i 461 (M =
991, SE =28.53); (E55 LRFFERM A F RN AR, F (1, 54) =2.94, p=0.092; ZHAE

AR, F(1,54)=0.17, p = 0.682.
323 [ESMILLER

E SRS HRARSE RN, TEBURIESRIF a0 8 b, RRBMF RN R, F (1, 27)
=47.27,p<0.001, 0’ =0.64, RIERLRINKN a0 H(M =192, SE = 0.09) K TJRit &R
RIK(M = 1.30, SE = 0.05); 1T:45 Jo K HFAE AR 2RI T RN A3, F (L, 27) = 0.60, p = 0.446;
LHAEHAEZE, F(1,27)=238,p=0.135. Effibni CHEMSER T, LRERAEM EHMBA
w3, F(1,27) =169 p=0204; (EFHTLRFHIERMMET ERNEE, F(1,27)=16.23,p<

0.001, n§ < 0.38, ES5TLFRIFERIL M TR C fH(M = 0.19, SE =0.06)/N F A KM =



0.33, SE = 0.05); LRIMGMEFIRFMEARNRMLEAEMEE, F(@Q, 27) = 1410,p<
0.001, 17 = 0.34. MR oR, HiE BRI RS ERAHE R T
] C {5 /):(0.16 vs. 0.42), t (27) = 5.23, p < 0.001, Cohen’s d = 0.95, 95% CI = [0.58, 1.32]; %X
i, SRR R P T RARIE A 5 AR A 2 [0 22 5 AN .75 (0.23 vs. 0.24), t(27) = 0.24,
p = 0.816, Cohen’s d = 0.04, 95% Cl = [—0.30, 0.37], S5MHZER—5, FERLRIRIKN
1% T RFHET BB R T
[FIRE, FRATRE S 1b 555556 2 (¥ fE i M A R IRt An i C & 9%, BT 2 (e 2 udi -

% ) %2 (R4 TE AR RS A k) WIRE T 20T, diRER, i ffy
TR, F (1, 54) = 2066, p< 0.001, 1) = 028, {RICIZAMKM T C EHM= —
0.08, SE =0.05) E & /N T g IZ 717 46 (M = 0.23, SE =0.05); 145 TC = HHIEAR (L2670 3=
WS, F (1, 54) = 5.94, p= 0.018, n = 0.10, E55ERFERMAKIE T C (M=
0.04, SE =0.04)/NFAZE MM = 0.11, SE = 0.04); T HAEH T3, F (1, 54) = 4.43, p = 0.040,
np =0.08. MM AT LRGN, RITIZARRIE T, AR5 TRIF AU ALK
% 5 5% (—0.16 vs. —0.01),t(54) = 3.21, p = 0.002, Cohen’sd = 0.61, 95% CI = [—0.23,
0.99], FicIZ g 2R, AR5 o RHFAE R AR AT 5 AL % 22 7 A 1235 (0.23 vs. 0.24), t (54)
=0.24, p = 0.815, Cohen’s d = 0.05, 95% CI = [—0.34, 0.43]. iX BT IZ g B3 A % 52 i
JE R ZAR U BT 55 T SRR E TR AU

— ERFFLEN  --- ERFFIEAE
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3.3 Whig

5920 1 S5 RANE, 5256 2 FACIZ I H BN E] 4 AN, ToiB R AR R BN IE R i Ak C
E EMSERE R, BERZR IR T IES RHAE TR R Z A, EEE R R IR
M PRI . [, JEiE e R ks S [ S BAE e R S At C ([ L2 =
(1, XEEERRYIE VWM SRR AR T RE AR, ESHBUR 2 T &R 1,
11 AR I B O RO B AR AR ARICAZ T 26 AR T RS T 2R 00, T D12 AT 3R TR AN
FEFRHIER o SR AT AR WK T IR AR AEAE , FTRERE t TS558 2 AiC 2 H o
N AT, WIEFAET TARCIZ 3~4 A EVEH 2 A (Vogel et al., 2001), #il/5#RBE WS RN N T
RS TERAFIE . AESESR 3 itk — DAL IZ T H N3] 6 T, HEEaiE Bzl TRk
PLRER 2R, PLRRAESE: 2 o e A2 R IR T IR R T Sk

4 SEEG 3 itz e T VWM gt A2 e B B A

41 RFGZE

SO 3RS KR 28 44 (16 &4k, 12 &2 534E), “F34EHS 20.57 £1.78 &, 5L
3 Kz ieAZ I H B mE] 6 A4S, SeIGAPRIANRRE 59256 1o RIS 2 (R 8, AR

M 72 Ak, 3 288 MR
4.2 BEEDIFEER
421 BB

S 3 R T IER A 65.54%, &35 /N T-52508 2 (75.59%), t (54) = —8.07,p <
0.001, Cohen’sd= —2.16,95% Cl = [—2.69, —1.62], FHICIZ T ERAEHIA Rt . N
I 4t A HT 2 /T, SR T A IR IR (34.46%) FIEE 3 ANbrifE 25 2 AMIRIR (0.6%), 7EITHHAE
SRS TEFR 2 BT BRI R (1.2%). XA G BORHEAT T 2 (R REM: A
FERAR. FERKR) <2 ((EHLRRERWEAL: A, AR =T 2507
FATE— 2K L5 1b 528G 2 FISEEE 3 (5 i B AR RAR IR S S R 5 A C (A9,



BEAT T 3 (A5 AR Py ) <2 (RS L RAIEAR R A%, 284k) HIRETT 253
B, HAidiz g N AR AR, (RS R IEAR WA N AR .

4.2.2 RRNETEER

SIS R, LR EN R, F(1,27)=17.13,p<0.001, n} =039, KIH
ATV B 2R 2RI SN ] (M= 962 ms, SE = 29.85) T ek ELL Rk (M= 1091
ms, SE = 23.72); AL T RAFE R W R T ML, F (1, 27) = 1117, p = 0.002, 0} =0.29,

T NTC SRS S R SR T] (M = 1044 ms, SE =20.89) 18 T- A48 444 (M = 1009
ms, SE = 24.28); K HAEHAEZE, F (1, 27) = 1.54, p= 0.225, RN 45 R, Pifh
L BRI A TS5 T RAFAE T PR A AFAEZE 5 o

BRI AT A RN, LT BN R, F(2,81)=4273,p<0.001, n) =051, K
FACNZ AT R (BG5S B E S8 18 K (747 vs. 991 vs. 1091 ms); £ 45 o A MEAR AL ST &
ML, F(1,81) =294, p=0.021, n2=0.06, TEXRFAEAMAAE KNI (M =951

ms, SE =15.82) 18T A4 (M = 935 ms, SE = 16.12); X HAEHAAEZE, F (2, 81) = 0.40,

p = 0.669.
423 FSRRMILER

fE SRR 4 SR R, FEBUBRMETRAR d 70 B a8 R, RRFM MR, F (1, 27)

=80.48, p < 0.001, nﬁ =0.75, BIFEELRIRIRN d'9%(M =130, SE=0.06) K TG iER &R
PRI (M = 0.68, SE = 0.06); 4155 o RFHIEARA R A F AR, F (1, 27) = 1.27, p = 0.269;
CHAERARE, F(1,27)<0.01, p=0.999. 7EfkiEAnitE C ARG R F, KRBT
%, F(1,27)=12.04,p=0002, n} =031, AFERLRANKN CfH (M=044, SE=0.06) KT
JaiE B R IRIR(M =0.24, SE = 0.06); (E55LRFHERM R F RN B, F (1, 27) = 20.05,
p< 0001, 0= 043, {EHTRAELMUHKITH CH (M= 027, SE=0.05) MFAZEKM
(M=041,SE=005): ZHMEIEH, F(1,27)=16.90,p<0.001, n’=039: iR

SRR, WERL R PSS T ORHER 6 T C {E5E/M0.31 vs. 0.56), t (27) =



5.71, p < 0.001, Cohen’s d = 0.83, 95% CI = [0.53, 1.12]; #R1fi, JEiEE LRI TR

WERAE KM Z M ZRAREE (0.23 vs. 0.25), t (27) = 0.38, p = 0.705, Coken’s d = 0.05, 95%

Cl=[—0.21,0.31], XRWPAHBARIERLZR IR FAAEALS L RFFHET PR o
FERS S b, ks baiE C AR EoR, D12 RN 3%, F(2,81)=13.16,p <

0.001, v = 0.25, (R A C {H(M = —0.08, SE =0.05)% & & /M F-HicdZ 114
(M = 0.23, SE =0.05)F1 51242 F1 17 (M = 0.24, SE =0.05); T2 T AF LA AL 2R - 2508 B 3,

F (1, 81) = 5.17, p= 0.026, n; = 0.06, {LFICHRIFMEARM KM T C {H(M = 0.10, SE =0.03)

NFAAFEAM(M = 016, SE = 0.03): R EAEMHALEMERE, F (2, 81) =310, p=0.051, n =

i AR AT G5 R, AL U S s AT S5 TE R AE R AL R A 5 AN AR S5 22 S

3 (—0.16 vs. —0.01), t (81) = 3.34, p = 0.001, Cohen’s d = 0.64, 95% CI = [0.26, 1.02]; it
LGN, ATS T RAE RS SAL A2 57 1 35(0.23 vs. 0.24),t(81) = 0.25,
p = 0.807, Cohen’s d = 0.05, 95% Cl = [—0.33, 0.43] ; miclZ & F, (55 R-AF AL
F M SR 2 AR (0.23 vs. 0.25), t (81) = 0.35, p = 0.728, Cohen’s d = 0.07, 95% CI =

[—0.31, 0.45].
4.2.4 ¥ FESTHT

S A F I 5 SER AR ) A A9 3 — 284518, (HR iz ek S bRl C E ERIAS
AR RIER] VLGB KF, RBCIZ 50 72 5256 18] B AF F BT I A s 2. BRI FRATT 5
AT VWM FEIRIR K AH, ZIRFR R HRIERE VWM 77l R AL A% i (Zhang et al., 2012;
Rouder et al., 2011; Pashler, 1988). HARIFHAXN: K=SH—FA) / (1—FA), H'SFER
WL H AR, H FoRdihE, FA FORERE. WIRASIGE RIS, AN TIFEAT
I 2N TR SR SRR ARG 2 70 L, 81 JEEE LR 1) VWM
HEPNZBCA 20, MRS RS2 200N, BT RE R LR K R SS TR RFIE TG
EARINT, MATERLRRK MO T ARER T EERLZRK.

AT LIS 1by SLEG 2 FISLE 3 =ANSRIG 45 RdkAT 3 GAIZffr: %, . ) <2 (4
TR FHERERR. JFRERAR) MRA T E50. SR ER, el i M EE, F (2,

81) = 17.28, p < 0.001, 1 = 0.30, fIRICAZAF KA T Y K A (M = 1.91, SE =0.08) & & /v -

tidAZ g (M = 2.53, SE =0.08)F1 1242 F i (M = 2.51, SE =0.08), 111 T 471 fiif A i 671 A 2 [



ZERARE REFMEMPIEE, F (L, 81)=65.94,p<0.001, n2=045, AiERHLRILK
N KAE(M =256, SE =0.05) & KT HEERLRIIK (M =207, SE=0.06); =& HAEH
%, F(2,81)=2334,p<0.001, =037, MRMMAPEERER, RISALAFHAET,
ERLRRKHEERERRIRZ A Z R AR (191 vs. 1.92),1(81) =0.17, p = 0.869;
i g AE N, BERLR AR K EZEEE R T EERLRIAIR(2.77 vs. 2.28), £ (81)
=4.73,p < 0.001 Cohen’s d = 0.91, 95% Cl = [0.53, 1.29] ; @iclZ i s&tE N, AiiERL &R
WEH K ERFEEEZERT EERLZEIRREB.00 vs. 2.02),t(81) = 950, p< 0.001,
Cohen’s d = 1.82, 95% CI =[1.44, 2.20].

—HIERAR --- REELR

35 ¢ %k %

A (270D A (4700 = e (631D

K5 AFRCIZ b B AT EEE LR IR K (E S R

4.3 g

UG 3 ARSI 2 ML, AT MBI AR, iR briE C EMEE R EMARE,
VB S PN I A2 5 S8 18] (14 3 T R s s 42 i 6 K 2 R JE T R R IR A 55 T R s
AETIRRN R T o X G RAIAMBRBL 2 AR SO AL T 5 T E g e, AE557C
FAFAE B T TEHEA L S BOCIE GRS 4E R 2 VWM . 1 H, VWM AR IRFR K245 28R
WHAXRAE T ZATHZR, e iZ00H B g K3 4 Tiza, PR RIRAE VWM 17
fif B Z S T aa B, JR i AR UK RS OB E N ok, S BOREAR A7k
EE WA, (RIS SEE6 ] 152 BAT FH th e 5 10 WO AZ 7 7 S8 hle 2 5 1



5 Hitit

AHEFCR) H 2B LA I AE VWM KR EIN TR B (i, 4E55) & alfs
FEJE T2 AR AT TRAAE AV SR B 7R SV sQ 2R Atk b, SIATE B RS
HEELR, 2PrBobEE VWM Pt Eis il SatANEIL—8, BATEKI VWM 1)
PR BOFAERE T2 AR B0 B P, R MR T AN 22 32 BHCAZ SAir K B SE I o [R] IS
FE VWM I4ERF I BOW S22 1 TARAE AT ek 3 2, (EOR AR T B mic A2 i 5640 1
B, ARG WHE. GRS CLRRFE A SR, #EP08 VWM AR 12
PR R G RN TR AR AR it A SR 1 B TR AR SRS

5.1 MR TAEICIZHMmAD M iR 2R T R AT RIEFRNK

£ VWM Gifdi B P AR AR 55 T ORRHE T AN R B, Tid iz fd s fik, & fdrh
TR RAEER I WA HEN VWM o, 285 RSO T2 B IR M . RER A
FE55 T RARFIEAZ A B AR A it 22 9 IR TR 15 21 5 A 78— Bt 45 2R (Gao et al., 2011; Jiang
etal., 2000; Shen et al., 2013; Yin et al., 2012). MAh, ASHE 70K )5 284k 3 22370 A B A 4
EE, XA T Re T B CR B R R RHE S 25 2 (B AL BLAE AT ORER I e, T —
B2 )07 B A5 BAH0E N 2 B 3 0S8 2 %A 8 H 0T 1 HARE B H2 Yin & ATEH
PERITE T SRR 3 51, 0 B A SN BRI I 2 ILAE B v A e W 7k S 7
Ao GERRITCR MR I T7 28 A7 AEAT 55 IO R R E TR . 54k, T HEBR LA
g B B T S A B R e P B AR AT I SR PN LT B, WA DL —
DA AR AP IRAE 1IR3 T2 PRI A RN (Foerster & Schneider, 2018; Gao et al.,
2016). SRS /b 554348 ] 241 #H 5% HE£7 (event related potentials, ERP)AITHRE 1 # LR
(functional magnetic resonance imaging, TMRI) A KB 7TEA K BT AT 55 TC FAFE Bl 3
TR, A T AR S5 TG SRR H A BB B3 X VWM (Serences et al., 2009; Woodman
& Vogel, 2008) . X AT RERIMERE S, FEALST M RRFIEAIRIE I, AE55 TC IRARFAEAE R i 8
(B H T 5 AT RN AR S5 T0 oK, JF HAEBEA S8 i A 55 T0 R ARFAEAE 1S A2 B AR 37 2 1)
—HRFEAA, S AR —F R N ARSI “ UTERIRZS (silent state)” (Bocincova &
Johnson, 2019; Mongillo et al., 2008; Stokes, 2015; Stokes et al., 2013). R K EIT A FTEH—

BOt R T AE S5 TCRRHE R TR, 2 B IR L pp 22 A $8 b v] BETFANE H T 5 544 55 To



fike B2, AWFRER TRATIRAR, FRIEVE VWM i B8 T 2 AT E
AR

5.2 MR TARICIZ4ER N R AV ERIE AR Z 1012 2 T iaeE

FERERLR AR, ATERGE RS A 564 T (5958 2/3) K3, #lilm] DUR AT
FER, SR 2 RE R R SRR AT 4R, X DAEMIASER -8 FEE
2] LK BE 2 73 R B U B T 0 O B 55 A QAR AIE b AT S B TR AE (7 R, [ PR i
B ARRFIEAE VWM P 4ERF I B B i A7 R B (Heathcote et al., 1994; Isenberg et al., 1990;
Stefurak & Boynton, 1986; Wheeler & Treisman, 2002; Wolfs et al., 1994). #R1, & ANEIMHIZE
FORYERRI B TRAE AT B2 2 BN AT 1A, FEARICIZ 26 1F T AR5 TR AFAE
TR ST AR B 25 A7 AE (SRR 1adb) . X UEA PIMT AT BERO AR RE . 55—, BSSEIRIAIA Sega 45 2R
RIS AT S5 TERRFAE T PR AFAE A, A2 03 A 2 DM PR 2 %
FEAE, TS50 H RN E] 4 WM 6 W5 T PURUSAH & 1. T H., iCiZ &R iras i
R, eSS, MR RN ICIZEE LI 7 2R XEE R TR Y
T2 AR ART R AR BE 08 1 DI I8 64 25 AH R AR (Gilchrist et al., 2016; Kuo et al., 2012; Nobre
etal., 2008; Souza et al., 2014: van Moorselaar et al., 2015). LAEHF 57238 48 F (09242390 H $i&
N 3~4 A, WILFZ VWM 255114 5 (Vogel et al., 2001), W] BERERT 4T T RFE C 4Ll T
PR RMCIEAFRIN L. 58,  7E3CFF VWM HAETERE T RAEE BB, ARG
BR 2 2B A R AE G, A 0T T0IE B I P R Re AIE 2 (8] A3 R 78 502 A L 57 1
(Markov et al., 2019; Wang et al., 2017), A s[aRHIEE 2 Ay —Mas(alE B, w26
= BAEAARE BAEFEEARRK VWM T R4t 4 (Ungerleider & Haxby, 1994; Ventre-Dominey et
al., 2005; Vicari et al., 2006; VL TL 25, 2007). FrEk, BUAEABLMEE 7 B A7 1) 45 Rt
HARZRE . SR A T8 P K 2 AR (5 B2 AR B RIS AR R A, BT 7 2 i A7 1E )
= VWM TR0, HIbaAH B4 mPE R TR, RIS A R 2R 2R ) DU AT 25 0 R
MERFIETES, (HRRAUXLERF 2 UESSAH KRR AE I AL DA oS A RV E B B, M S 8UE
25 ToRFFAESR IR AR BOVE R BRI SR — ELAERME S5 SRR I 75 A R N f= , 42558
FHFAE R 2 o T BRI L MR E VWM 241, X5 rT DURBONAT A FEAHE T 5256 2
Fsgs 3 v, ACAZ T IG K 5 T SRR IE I TR 2K



5.3 FMHHERE S AN TIEICIZ R AEILE

FELMERIBEFC R, B FCEATITE VWM G B BRI T 725 A 1 R A, A
NEARFHES B2 VB S BRI AT 45 (Ernst 2013; Luria & Vogel, 2011; Vogel,
Woodman, & Luck, 2001; O’Craven et al., 1999; Luck & Vogel, 1997), FRz NE:T E kK7
Rt MR, 75 VWM ZERFBT BOR IS TARME A R PR, MIUCH B ARRIES B2
LA B (R T AT A7 ) (Sasin & Fougnie, 2020; Markov et al., 2019; Niklaus et al.,
2017; Wang et al., 2017; Ye et al., 2016), FRZ JyHE THAEMAZMIR UL XS5 T X PR
MIEMRE R ARFAESS BAE VWM AR AERENLHIIN UL T 7 J& o SRTAT,  ARHIF 7E 10 45 SO0 filt ok
X =77 JEH —E M E R E

HYG, ARFFAETH T AR ZIINZERIG, 8 VWM il B AR T2
ROEFERE, HERFM BUFTE S TRME R RO PR BB IR AL 1 SE SCRF o REARAEREIT B
AT CASEIUEE TR (R RE, A8 A FATRZHEBRHE T 2R A R Ui . KA, i T 2R v
RN, EFE—AMHIES B 3E &R F 1 5 —HFHE(Emst et al., 2013; O'Craven et al.,
1999), A TR AL B =1L AT K AR5 TERRHE AR BN L, HR, a5t
THRAERAFREIRYL, S4B AR I ATE (5 S RLZE A EAR R VWM F 244,
HSE H EATH . SR, AW TR AEARICAL 587 561 R AR 55 To IR AL TR AR 98
FEAE, RATER R ICIZ AT AT R 2 2k Xt R M % RIS A i F AR e 4
ARSLY, TR B2 AP R R RN 38 4 o DU R IURRE 2> B AERE IO 78, KL N2
PR ANGA A AR L S 2, TR ESCTIR, X PAMRFIE AT e AS B AR AE AN [F ) VWM 1
RYidh, MBI RVE R RYE(Markov et al., 2019: Wang et al., 2017). #R1f, XFFEitafl
TEARIXBIEARRHAET =, A W RERAARETER —A VWM F RS, L5554 R —FhiE R
W SbAh VWM AR R EA S A B, a0 R R A AR AR A 1 E
WIZRGRIRRAZG . Ba, AT RS TRAE AR, (ERZ5RA N2
— SR B SR AR (S RS AP ER— VWM T R4,  HAR B Z A58 5 30

54 Fe5RE

AHIFFAE S B ANAFAE — e A R 2 Ak B %G, SIS TSIz ATV il ] A B
B, TRES BN A SEI6 (R B AR SRR EAFAE 22 5, T HAS RS2 S K1 RO 55
FEWAE, Bt PR T Bl 2 A A AR, AT BEAR T 185 S e a) 7 A 4 R A T 5 . R



KRBT 0 75 AR L IX — [ 8, 1 — 5 25 G0 A2 S R AE R B e B 2N 52 o FLIR
AN T P HGRE I PRI BB B S ke SR BRI 8], DG 1 AR S e R Ba A2 e 2 R
Ji BRI TRV 5 e R Rk T 2 28 5 8 RN B R I 1), (ELR XA i B A IR & S BUE T R
WA AZ5E BRI B Z R IS [, BEORA WF F0 R AT 5 AE e BB B S N R SRy
BRI Ja i e Rl IR 2 1) B A R] kR L A (Sahan et al., 2016), {Hi2X 845

AR50 23 (5 B a4, FEAR2R (A5 B B e % 8 15 4k Sd HTE 75 21— 5 1) SR IRAIE
e, BIRAWTFCEN 5] NG SRR AR S AR dESR bR LA 1 2R, (HiziRbs 2 H
FeE A HE R, AHBCT — Lo BB R AN BB . AT RS RG0SR A IR B
BRI, B S A k12122 4 T AR 25 TERRHAE 2 T BXHE S5 AR R A R, 117 24 4F
55 ToRAFAE HE IUAESE R I I, el B SR i o AN R 0 LA BT 2R 3 B PRI [A]
ZERN VWM 176l T AR BIAESS o R R RS B A 1 8F — 5 BOIE 4 SCHF (Foerster &
Schneider, 2018). {H & , ZWF FAAEARILIZ AT T, %2 T VWM Zafid i B ity s B,
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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 1a, 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 1a/1b) 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.

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



