DB 2E AR
Acta Psychologica Sinica

2017, Vol. 49, No.6, 711-722

%= 18] BE B X A 58 TAEICIZ LB AR

FBE L M WP x| &

(LT IR 2 SRR PR R AT S0, KIE  116029)

W OB LMEBTIEA B, AR AN [RS8 i L 5E 15 B AT LS A A LI R A 7 22 5%, Xt T 57 1)
B, —WHBEA — DI H BILE A SE TARICIZ ARG, Mix T EEAE R, AR LA—U O P43 F
BEAMSE TARICAZ R GE . (X T AL (R B R SLIE B UR R 22 JoAb R A2, B AT R B I A 218
ABIF TR BRI LB A5 A IL IS R 75 7T A8 52 2042000 F 28 A1 EE B R A2 o AIF SR TR f e g6 =t
Fe 4 —[] i 52 B e 4 g1t B S BRI BE Y 7 vk, Jdad 3 S SEEe A0 H 2 ) A 25 W] BE B2 1 AE
SRS AT A5 RN 1] 45 L B S AR 5 7 = s [ B 2 7K P b e ) 52 il [ i 522 P S/ 2 T F - 552
B2 R — B BT H 2 18] 23 (6] B B 2 X A58 TARIC A2 JUIRIAR 207 A W R R, S AT () i 22 B 2% F
T IE A A 23 B A 1 R R 3G R TR A o I S 5 2R R WX [] — 28 W 9 5 R R AT ILIT Ay A b BT A Y 35
FI Bt BR A AN S 181 5 B, S PRI LR 91458 oA BR A A A 85O0k ] — 2645 R 2B AT LI, JLIET )

DOI: 10.3724/SP.J.1041.2017.00711

AT RE S ME
KR A TS, LR,
SES Bs42
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Lo TAEICAZ S — A 7T AR L5 A5 B 47 8
IF i R A A OF BB AT 2 B BRI A iE 12 R S
(Baddeley, 2012; Hollingworth & Luck, 2008; Ma,
Husain, & Bays, 2014; Cowan, 2001; Zimmer, 2008),
RN T SIS AT, #E A
TR Hh FUA T SE 1 S o A B Ak S 9 BB R E 1Y
MSE TAEICAZRAE, A TE X 9% 207 722 (4 F1 S oA
BEATS SR AT LA b AR A A 2R 5 B, Rt
8 TAEICAZ I N PN RN T3 2l Y o 2
filto AT & B e TAR IS A i T
FR 254 3 %] 4 ~5ji H (Balaban & Luria, 2015; Fukuda,
Awh, & Vogel, 2010; Hardman & Cowan, 2015; Luck
& Vogel, 2013; Vogel, Woodman, & Luck, 2001), H
T TAFICICAFAE A B BRI, BT LA PR A T X R
RO E B AR B IR DA 5 R £ 5 21 AT 55 A G AR
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()3 768 4 70 TS DA B A5 B I BEARAT A9 T R B A K

JEE S5 v B A A5 2T e g L 2 AR B AR IE 1L
& 4 Z v (Droll, Hayhoe, Triesch, & Sullivan,
2005) . FLAR R AH AT B 0 BRI B AL R A S
W AE B AL TARICAZ R Ge 52k 1 R4 Fml ge,
H 2B RN R Y BN A5 S R i — 20
TR gt I ARG L0 TARICIC REZ A fE
AR E AL TAEICIZRAE, X —id FEpipR
B TAEICIZILE (visual working memory consolidation),
PRt L T B ) AR o TAR IR Rz b A AR
LR, XL TAE T I A% BIF 5% A 328 7 g
FAGE TAE G T IR Tk 2 —

FI A Potter (1976) % BAA A (1 B it F k7 [ A
e AR LI RARFE AL i 72 Hh 25 32 B 5 2245 B
TZIE, WFFEE R TAEICIC LR #E4T TR
AP TR, JEZLA o0 e A A A v {5 3
A7 DL B B[] 2 Bl 25 1002 300 E 550 (9 38 g 15
(Jolicceur & Dell’ Acqua, 1998; Stevanovski & Jolicceur,
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2011; Vogel, Luck, & Shapiro, 1998; Vogel, Woodman,
& Luck, 2006; West, Pun, Pratt, & Ferber, 2010), iX
VLA S8 T AR ICAZ YU o R A7 TE 2 fin T BRI
R AE 5T A A T A B 31 L (serial
consolidation) 5 AT PR 75 1t 19 147 UL [&] (limited-
capacity parallel consolidation )%= iz & X L [i] i 72
B AFAE I N C A BR A2 A T R o 17 81 LS A
RA AR HEEILIE — e E B, WA 2 MME
SR EEILE, AR H e BUF 8 7 g A~ T L
A PR 1 I AT ILIEASE 200 A S S AT L TR] i 3L
[l Z A5 2, HiZGd FEAF A — E AR BRR,
SRR EE I A5 R AR M TR ERR, R
LA 22 UGHATILIE o T 81 ILIE AR AN
A BR 2 Y IFAT DL A DA A R LT 5 0
BRI Z, DL AR BT A6 2% A e E) gk 2s o, RLk
WAL S5 289 AT LU DAAE 08 B 0 235 SR A e AR 5 2
(RS o SRy 1 — 25 o8 T b L [ S =X 1) T P iR A 7
b, WIREITRE T — RN EAIE T AR,

Huang #l Pashler (2007)% ] 531 —[] B 52 B4 #5
VB 43 591 v 4 a7 51) 52 B[] i 52 B 22 i gk,
TETE AR B B SR A 1 4] W 4 0 € e 70 20 €, 2 75
W ITE Z AT Ic iz b, AT AR pTE P 4
EHFAFT BRI IC IEA0 3 2 R T R i 2 A A
TR TERG R, S5 R 3R T T AR AZ LI
— TR RPN Tad #2 . {H)& Mance, Becker
1 Liu (2012)iA % Huang F1 Pashler (2007)HY 52 5
P BEAFAETC AR 5 1Y T, At €, 52 S EE AR X [
E FIE 0 H B A X 6] 7 55 45 R A% 1 23 i A Bk
TR R A ST BIC I ER R AR, #E i Al
TR A ILIE K B RR A TR 5256 R YRR IR AR
HEBRJS, & U 51 5 BRI ) B 52 19 000 5, 14 1E
BRI 35 25 5, PG UE R 744 a] LI
g (g B T ERR Sy 2 WA IR T OLIE . Z 5 B o
St — 2568 5 T A R B A5 AR 0 A2 I A5 =k
13 T WSS, AN BAEAS B 9256 2670 B Bl AE 7 51
£ S LN R TRRVAN R ST =i e G0 = :/1FS
R B0 12 IE#1 % (Liu & Becker, 2013; Becker,
Miller, & Liu, 2013), PUbABATIAR A& HBEXS J5
Tl EL AT A B 51 L

PL_EARSE oR Hh BEAE BT a5 B Z A A7
TERSR AR P FR ILIERE S, AT 3 400 X n) R
B A0 A [) 4 85 1 400 5 A5 2 R A7 1 LT 5
A3 AR R 2 N TR A DLIE B 3B . SR 1 Miller, Becker
I Liu (2014) % BUASARICIE RIS 1 3030 @45 A

1 TJ7 e BT TAEICAC U, 3 B4
2 3 3k — b L[] A DA N LR X P 2R e A R
HATYLIE Y, AT B T e T AR ACIL R Y
i 56 B2 (consolidation bandwidth), ZPRIEIA KA
PR AN () 4 B A0 v A5 5 A L 1 e Y — A I ] 3
L1 368 3 1) 47 9 A — Y, SR T 45 2R 15 2
HA AR A IA R0 TR AE DAL o B A AS ] 8 L 172
o, B B TXERERAR, BT g i L1 £
BN, PRI 05 B 2R AT ILIE I AT LA
A AT E (R AL EE ;17 S i T
XEFE R, J % iz ey 3L [ 671 28t A X e, AL L
[F5] 308 ) Y B R U R R SRR — A T Tl R
HEAT I AT oK o

T 5 3 Ve 5 R o AR 112 Y TR T A =
H5E BRI S, HET I — I 5% & iz 2 e
] % v BE 9 A 5¢ 4 1IE 7 o Rideaux, Apthorp A
Edwards (2015)%& 3L, FHXT 47 B A E 1 2 A
1, SRS [ 4E EAE [ E A 5 Pl mT
PIXT 5 g B AT A RS R i IR AT UL o X RIS
BRI 2 A7 B KR 0T 6 S X AR e 12 L
a7 A — s, DL T8 S PT RE R
et — AL, A —EET] DL i I [ HY 58 Y
LR 2R o SR S 90 Hh AT BEAFAE PR e i) R B 9
FabE ATt TR L R E R, AR
BRAMRE, fELL T, BFRE R 00, 45°,
90°FN 135°PURhJ7 [l A R ic Akt K, IF HAN 12
1t H H LK X 5509 07 X2 AR A BT
FENLE, BT A AR R SRR B IR A
[E 1) o FEIX PR B AT, BT LU A 5 Hb X}
[ RN TR v = Bl s = T VAW L (L oWy s DR T VAR
Ho2& 45°05 mMiSEAT i 2 B )& 13507 i, #
AT DR P A e e R e /N0, T 2 35 A
) 5 A7 B 48 0 D AT LUK S A2 R B\
X 001 90° A HES ME — T B OCRA G A
Zyichz; R, 15 BRI A] i 5 AT BB A AE ), BF
X4 K FA B #6125 (staircase method) 1 B 1 7F T 52
B P A R BAME T 79% 1 5 2 B X R 1 12 12 5
H 5 BB BRI — A D7 a5 88 Je /N i
(i) (5 B ), R T X S 56 v gl i 7 91 2 B AR
T BRI IER R AR B T 95% 4. Kk, WF5
T 1 B () AR AR RE ™ e TS PR Y
FREF ], (f A Rl R AR R T LA R T 2 W
B )X PR A 5 A5 B AT P SN I o 7 A i — () i
49 it BRI T BB A pR T 00 e () BRLESE [] 1%) S2 56 rh  h 2
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PUAF R 8 ms, BEAAEIE K 8 ms, T H # i A9
W71 BR8] A TU 220, AR08 B Aeh ok ol 107 i 1R —
R 22 BN (A SE A — 20 B MO, 3 e A/ ) S 56 3t
VORI AT LIRS S BRI ] o B i s, #liat
XTSI A G AR, 31X AT RE-S 2 R A [ FR
[ A o 7EIE A 250 b M A S g LU, ]
T2 1 PR Ao T B 3 Y R A %8 (R, Rideaux 55
(2015) I BIF T 48 Rk AN RE 58 4 UE S s TAEICAZ 1)
T[S 2RI i 52 380 Al PR 2R 9 S i) o (ELAS- VE Y 2,
R HE SR L A X ILIE 3 AR 1 = Al P, Rideaux 4§
(2015) YW FE A A AT W] RE S th 25 ] B 2 I 3 e
FC LA A Y B2 MR T3 Y o 7E Rideaux 4%
(2015) 2 50 (Y o7 B 181 2 25 F T, WS el =z 18] 791
o7 S L 7 A [ 2 A5 T ST, A R
R BE AR BB S A T ), AR LAUE A
S X425 H #1470 T.(Malcolm & Shomstein,
2015; Hiittermann, Memmert, & Simons, 2014;
Ruzzoli et al., 2011), FF LAYEA B [E E &4 T gk
AIRE 23 51 h0 A R e A2 B 4 T 8E TAR I
T, PR, BFSE# A W — DR 5T 25 (Bl R B A
RS R ICIC I S R

TEARMIH, BATKEIE Rideaux Z5(2015)fY
SEYG AT REAFAERY AR, I gk — DR STICAC I H 1A
[i] B 2 A5 R A% S Ml AL 5 T AR ICAC LIRS .
96, AT B EBRCR B G g A R, FRATTHE I
G H AL AR LB 5 i 8 SATRAL |,
PN Z )25 12 RAEXS A28 S ER DL 3 A
MEEBSCER, FrLMEREPIAITH Z A #EA R H R
AAEXTSC R, i H A Te 0 1T 5 Y 2 A
T H Z 8] @ AH X7 DL K 00 H 2 8] 04 AH X B2 A
AR, PR T AR R B 1k pliaia i 2H
BICAL R SRS 58 LSBT 55 R, BFRHc i H
F1%) 52 PP [] P 0, A1 1 PR ] 40 3000 2 7 Ay
Mance %5(2012)F1 Becker %(2013) 7 {ii Fi i H 3
Ko MHFFELERKA, AT 1 R i 1] £ 1 5
5 1 Y 4 5 BT P AR A 1 T A 58 R 1] R A [
T RYEIR IE R 2 AT 3 22 R, XA LA A
B e 7 o I [ 1] B ] ) 10 1 BB A R0 5
JE, FATEAE TP AS 1212300 H Z 8] i) 23 (8] 15 B
W HT AR B AT 1045 B LSR5 0
FAEBEUIR Rideaux %5(2015) K AF 5T 45 H 2 h 25
) B R T 2 By, B2 PN E A3 H Z [ R
BB, HAAOIR T IR B AL ORI, LR g
s

2 SEEG 1

SEEY 1 R Mance 2 (2012)F5E 6, LUF
1) afg [A] Bf 52 B 77 2 ) gl 2 S bk, [R]
Fsp K 42 i P A o B g S BR BT, & 178 P 51 f
R 2 BLAS A A AE 3 FhAS [A] A 2 1] R 5 7K - o
AT HEBR [A] B B S& A R XM A # (bilateral
advantage) 1 §E 2 X A S50 7 K A 52 ) (Alvarez &
Cavanagh, 2005; Holt & Delvenne, 2014; Railo,
2014), fEASZgRH, P A Hgk B AL A 0 AR o7 o
(Y2~ >0, AN 23 Rl s B B 0 A

FRAT T 40 2R 23 0] BE 25 BE 0% 52 i A T AR iC
TR ILIE AR, A4 e R B S 80 45 F Bk 3l ] LA
PG~ 25 8] B 2 000 1 R T IR AT LI, X A~
7% (] FE B B iy A AR T A DL, L i
T FE B A0 3 B Y IE B 2 0 Y R T R R Y OE
iR, AR 2 [l BE N BEXT AL GE TAE G IZ DL o 7
FEA RGN, AR AR R S B AR R R B A
I B A RS AT LLFEA T IEA T OLIE, DAt ik
TE 25 (] PR B8 A0 3 A AL /KT b Y IE B R 0 Y N A
TEREZES.
21 FHE
211 #Wik

TR 14 ZRFAEPOR et 10 4, FR4ER
24 %), B EE IR E S IR SL 8 H¥ AR S
RIS, SRR, A RGN, L6
. asEC el s, s IEL T IE R,
S A 25T HR I o
212 SKHR

SIEUOTE IR Y B B e g = BLE AT, SR At
BHEFAE 17 J25F CRT WoR 8% E (R 1024768,
A% 120 Hz), BEae1s 5o K 6.(128, 128, 128),
SERE SN S Y, ISR AN IS B Bk
iR B WoR e 60 cm, 1EMEAEXT . #2 7K A E-prime
1.1 gt 5517

e T | HER PRI (e 1 S 7K ST K T
ALY 1P IETIE A, idiz e n Siah 2
(233, 0, 0). # (231, 228, 66) ., 1% (26, 49, 178)F14#(30,
138, 18). JC 4 (oMLt AL 2 B0 — H 0L I3 &) (LA v ol
TN BLG, AR 6o Y 8 AN (i
1), 8 ML E 3 Bl T B JE Y 22.5°, 67.5°, 112.5°,
157.5°, 202.5°, 247.5°, 292.5°, 337.5°5 [ (VAT
HIn EJrm A 0°), i faddl 4x4 HEFEH 4
ol €2 Bt L HE 5 2H B o
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EE ¢

E3 0 B TR R Bt S iR VA wa A

213 ZRiER

B2 PR RIS T SR AR R . T R
AT, EoERA PR 2R 400 ms
M FEM A, FERAZE RIS —Mide ek
CRILBFIE] me fF SCH A B BR 52 55 ), 1212
Oz J5 R 200 ms AR, Wkt
L B 58— e e o & —8, HERNK
500 ms FYHOLERLE, ZJE R AN dIZab
(IR 55— Midiz g ml), BHEE R
ANER B, RO B 55 AN e e s g
AHTA], BEJS S — B 500 ms AU, BJE
TE 5t v e S AR (e, B ) 55 2 T TR
o B 1 B 2 5 5 22 S A A 2 B ) B
AR TR o A SRR e () B0 6, 5 AN e R v 2
AR, gl F ik, SORTE], gl b gk s
Ee— BRI RO S, A RBAAE 2000 ms

FIIEBAMA

+

VLG40 ms| W4

et m| By

HEE 8.5200 ms +

HAA500 ms . +

NS SOz, R A e 25 iH e . IR SRR 2
B4 600 ms MYz BE . [FIAT 2 BAME T B 250
5P 5 R BEAAE, (B0 00k 25 [ i
W TERA SR AR Pl A 2 AT e
AL, TR BORAE R UE TE 8 32 Y HT 42 T 2 7 Rz, X
B 14 S T DU AN A e 2K

BAXTEPI Tl 2 ISR TR 24 58 3 58,
RS 72 MR, 72 4% LR AT A SR
Jageit oA, J5 4 A0 5 R ABBA SE i THET,
BARTEMOE RTS8 )5 A 270 5 min AR BT
], B 2R IR E R,

FEPIRN RIS, PSS s i B AL
SR IAE 5 e A I 550 A ) 4 S B (IR 1 RN 1
fis, B B ZITHER) 8 Nz E AR E IS BB nT
REH BRI B, 2 1 cie @B urf vl et 7 &
ARG B0), BRI AN IC A2 e H2s W B e 1) 22 )
s, TR 2 RIS B B A W . R, B
MO LA IR A 3 FhiE oL . 4.6° (AN &
1 5078 2), 8.5° (A& 1 5478 3)F 11.1°(UnfiL
B 150 4), Ry RMA SR 2MAMT
3 FhA A B 1 LA R AR e Bt ML 2 2

#1 RIZREHRLERER

WL BE RS — BRI —
iRl Jt A
4.6° 56, 67,78 12,23, 34
8.5° 57, 68 13,24
11.1° 58 14

4 |FREm

AR A400 ms :+

Sz e me §+

HE#E 55200 ms +

HEAL500 ms |

JCZ IR me -

R .522000 ms

il 45200 ms

FERLAE 500 ms ™

+

B 8,52000 ms

K2 5286 1 s EIE
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2.1.4 [FIPRETIE](Thresholding exposure duration)
M £ LI

38 o ) s () R s [ 5 o g 4 R L [ — 1
VAR SRS N |51 P el ' 1 (O [E SO M R 2 A 7
IR T EIAT 3 AP H LA, FHmT 72
AR, Hp S — N4 R AT ARG ST
Mo ICTZ PN 3 FI AR 225 S 2 48 IR (48%3 =
144), DISEMERSE RN =C 2B, eIz 2
PRt AT 8 PRl AE(8 ms. 16 ms. 33 ms. 66 ms.
133 ms, 266 ms. 533 ms F1 800 ms)ZEME R EEHLE
B, BERhE IR A 18 R A B 8 Fi i
BREFRIZEAF T IR AERAE, FRHARA LT e

pe=3+y(1-e™)

Hrp pe R RBIE#RR, ¢ 2 BLETE], 5, v Fl B
¥ B S5 B SEA A T R 8 A ik
F| 80% 1E Al 5 FI X6F I8 114 5F 18] () VA 1E 32X 52 56 v 1)
eI A IR Ry B B A A S B B 1 25
IR RS FE S, R A ESR PR T 3 4 R A
PSS, R 72 R, HA A 5 7 5 2
ZAk e ], (HARBEATEE 53T -

215 HEGIUTSLIE

iefZu 5 2B E] 62.1 ms. BIR7ESA
MR BN TE AN 3 fos . SR MR 2
AR R 2T FERNEE, F(1,13)=9.75,p<
0.01, np = 0.43, ZS[MIFHEE F R0 &, F2, 26) =
4.25,p<0.05,mp = 0.41, S5 N2 A B 1 28
HAEH R, F(2,26)=11.58, p <0.01, 1 = 0.66, ¢
3 A B AKX 8 2 B TR A S A S T
KT LR, RPFE 4.6°05 8 b5 S8 5 )
e S B IERR R 2 B B 25 5%, «(13) = 0.05, p >
0.05; 7F 8.5°FF &5 [ ¥ 51 5 L5 [R) isf S B A 1E A o
Z A B2, 1(13) = 0.56, p > 0.05; 7F 11.1°
FEES 17 51 St B TE i 26 W s T W) e S A O
Wi, 1(13) =4.57, p<0.01,d = 1.68,

1.0 CYEZTIE 3

= -

ol 23

4.6° 4 8.5 11.1°% /8
Bl 3 SCuG 1 =FhEE S AT 5 & B0 ] B 5 B AN OE
S

DL 25 R B 4.6°F0 8.5° 1 B g 4 nl
DI WA Bt 5 BEATIFAT LR, MifE 11.1°0E 8
AP AR R R BEILIE — AN H L SRR AETE TS
—FPOTRE, 7E 11 1°8E 5 F ol dB ok o
Fie FOFA TR WA B0 5 B T UL 1Y, HOETE
T3 — U 2 LUR S AR A T L Y, S A
KRR RS B T4 T IEW R T RS R
H TR — AR, T EAE 3 RP I B K Lk
ORI YR i i e A U i

FHIIRE IS E#E (accuracy )XTEE  dn R wk
RAE 11185 B K7 b HUBEH% R 7 9 B X0 [ e 2
LA WG AN B B HEA T U, IR A 7 5 B B[]
Pk HBEILENCE — A E R, 40 @
S B (AT 50%), # HAEFIKH E
BT A T2 B 5 R (o e ) B AR AR ), X
T — A IC AR DL B T RERE I A S R
D AR IR, DA SR A S R IR 3R A 50%;
PR e e ) 2 €6, 2 PR S T e A2 B b ) — A B
(AL 50%), X—BIEH 50%H T GEE b
RICAE B A28 25%), LAY SR 1E
RS 5 WX 7 A 5B A S BR IE B R A
—H (TN EBRIER ), JH 50%0 A Get: 2
OB TSR B (L B S 25%), it
Bt HAEFEAT RN, I B RN TE R R 50%

K accuracy’ = 50%x50%+25%x ¥ 1) JL [ 5%
PRIEA R +25%x50% o AAHRTE 11.1°8 5 I [/ if 2 3
FAFFWIE#IRY accuracy’ Z 0] ANAETE 22 5 N1
MBI A T R BT P8 L EAE R an S [m] st
BEMEMTWIENR&ET accuracy’, Wi B 7E
111980 8 3l AE &8 o sk b R AT L e 2 T PR
B EE . B EBE 111 Ehtic
TR S BI H W IE AR 835 & T accuracy’, #(13) =
8,p<0.01,d=2.99,

REIEE BAARTLR TP EAICIZTH 2
PRASE B 5 A 0 =2 ) P B R 1 S AN AR 1Y), HJ
ALE SR LR A BE B AR AR IRy, #E 111088
B EOA RS R 4 M EQ . 4005
F1 8 5 LI HFE T, TAE 4.6°H01 8.5°HF B 7K
BN SR LR 4 MEEQR. 3. 6 fil 75)
I AT YL R S AR S — R AR, Bk
TR DX 2 2 0 T R R A2 T A T I /L
(N T AN G, H s e e R i S - 1110 5%
PFTF B IER R IRAK? AR RS, FeAi 14 R
o2 5 BB DA T2, RIS 1.
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4.5 1 8 S b (A R] s R E A SRR T 2
9, BRI 2. 3. 6 F1 7 SOALE FREI6
AR IE] B IR BB R IH R 7 s, SRJE R r B 7 it
FF2REeit . Rl o2 H B0 8 5 bk
Z ] BE B AN [R) 2 1 BB B i T2 5, TR 24
R r oM r o Z AR 22 5% BRI, S5 LM
e AT r oMl r 2 ZETE 4.6°KF EA
FETE B EVEZE R, ((13) = 0.55, p > 0.05; r o fl r 22
[B)7E 8.5°7K - E A PE 255, «(13) = 0.51, p >
0.05; ZEAHE &I H 2B ERFZET, rofl r e
[ ATFAE B2, 1(13) = 0.93, p > 0.05, X
Ui BT 2 A R B b £ ) ) B R 2 X
B A I e e A R
22 g

S 1 H B N TIERIEAMRTEAS [ 2 8] B B
KOV X s B AT L (R B2 5
I T BaRTE 3 R B KO B DL E IE AR, 45
REIAE 4.6°H 8.5°MH B L WA S B0 55 F T 1 IEHff
RZAFAEREZES, M 111 Epy 2
At A0 L A SR B B T A SR PR R A IR AR
M R EE AT LUR AR LE R B 2 - 11.1°FE B 4%
T XA B B T LA A R Az B T —
S, PR, A I Fe AR T A SR AR R Y IE A R
accuracy Z [A| 25, 458 &K IAE 3 FhE K 1
[l A 52 B0 Y IE 86 R W 2 = T accuracy’, %4 R
AT L3I A ) I S - 11 1O B 450 AT AT LA
Fie BT 2 N AT LR, (AR AR AE
AR AT AT UL, st A R B A 1
FEAR T IFAT U BOAE R . LA 25 SR UL B T H 2
) B R AR, AR I DL T 3o 2t A A — o o 2 1T
RIGHAHLE], IFE A PR B8O TR
X4

3 SLEG 2

SCHS 1RSSR T T RER B s )i X IR [
BB sZ i Ah, 4G T RER A T4 () I B 0 B B
i B BE RS2 o NS EEAT W I [R) R L[
FRIZETE, I ZRTHERR 78 B B A 8] P 50 H 8] #E ) 2
FZMR A AR BN C 12300 B YN B g 1) vT g o T
WS I 2 K 7E 3 IR S KT b % kA S R i G )
AOF AT . BF5R RS Vogel 45(2006) LA K
Fuller 45(2009)AH1LL 04 SEHAT: 55, 2Rk Je i E
— AMCC OB B, 25 SRR E] (me) P ) B
A S B AN H bRk, Bl i AE 55 2 HIWric 12

R RS B bR, B TAES 2R
AR Ak, 6 ARSI I N T A (5 R S ] P e
WA B AR BRI A TAEIE 2, R
T Ttk G T A SR s S o T B g ) 5 A S B
1E55 o FRATHEMI AN SR 3256 1 rp BT A5t 10 245 552 ph
RAE 11 1°HE B /K- 6 ik [l ik %o A 231 € £ 8L
AT IR B8 Gt R T s ), IS A R A A S 6 o ) I
7 TE A Z 0 Y 23 Bl E A (0 B ] I 1) 39 K T AR
R Z, WA S v Y RN TE B 30 Y AN S Bl
H b b ] 5 0 A8 £k mi A2 Ak
31 FHAEMELIEHR

VEHL 14 AR p et 10 4, FI4ER 25
Yo BOABHE I R E S A S8 H ¥R S it
FAUSE, B, LA RERHR, L .
e MR, M EM I IEH . S8
JE ¥4 TR

efZ s . B bR R B35 Ry K- K T
B R 1P IE B Ak, ici adem Hbr bk
B (047 £1.(233, 0, 0) . #5(231, 228, 66) . #5(26, 49,
178) 2% (30, 138, 18). FA~ Hbr i B Rl L 5L
PR Bt A M 8 S5 A A I D A, 2 AL Y T
REPE S0 1| SE AR, HEM O 4x4 AR
4 P BEALHES 20 5
3.2 SRIGIAAZ A0 PR A E) 2

SCE AR AN 4 FUR, B SETERE A R 8 —
B R 400 ms BTSSR Z A 7B
Ferp e B — AN 500 ms BYiCAZ e, BiE
() B S B A b B (2 B (] e 00 ] O 5
o), HbraHE R A 200 ms (SR (AR,
FEFEH (e 5 K0 B 2 () — R 500 ms
AL, oo e B v e S R 1 AT, B
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Effects of spatial distance on visual working memory consolidation
LI Tengfei; MA Nan; HU Zhonghua; LIU Qiang

(Research Center of Brain and Cognitive Neuroscience, Liaoning Normal University, Dalian 116029, China)

Abstract

During past years, visual working memory (VWM) consolidation has been studied extensively. Consolidation
of visual information into VWM is widely considered to occur with capacity limit. Previous studies have
demonstrated that two colors could be consolidated in parallel and two oriented gratings could be consolidated
only in serial. Some researchers provided a bandwidth hypothesis for these results: because of the difference
between the informational demands for color and for oriented grating, two colors could be consolidated in
parallel without exceeding the bandwidth limit, whereas two oriented gratings could only be consolidated in
serial because of exceeding the bandwidth limit. But other researchers recently realized that different positions
of stimulus could affect the VWM consolidation as well. In the present study, we used change detection
paradigm and sequential-simultaneous manipulation to examine whether the spatial distance between memory
items could affect the VWM consolidation.

In Experiment 1, we briefly presented two masked color patches (targets) within one of three levels of
spatial distance (4.6°, 8.5° and 11.1°). A probe color then appeared, and participants needed to judge whether the
probe color matched any one of the targets. The results showed that no difference was found between sequential
and simultaneous presentations in 4.6° and 8.5° spatial distance conditions, while the performance for sequential
presentation was better than simultaneous presentation in 11.1° spatial distance condition. These results
suggested that two colors were consolidated in parallel in 4.6° and 8.5° spatial distance conditions, but in serial
in 11.1° spatial distance condition.

In Experiment 2, we presented a color target firstly, and then two masked color patches appeared and the
participants needed to judge whether the color target matched any one of the two masked color patches. As a
result, no difference was found in the three given spatial distance conditions, eliminating the possibility that
perceptual encoding led to the results in Experiment 1. Considering that the consolidation for oriented grating
was different from the process for color and color might also be a unique visual feature, we attempted to use
oriented grating to replicate the results of Experiment 1.

In Experiment 3, we briefly presented two masked oriented gratings (targets) within three levels of spatial
distance (4.6°, 8.5° and 11.1°). A probe cue then appeared, and participants needed to judge whether the cued
sinusoidal grating had been oriented in a cardinal (horizontal or vertical) or an oblique (£45°) orientation.
Despite superior performance for sequential over simultaneous presentations in all three spatial distance
conditions, we found that the performance for parallel presentation was better than the accuracy’in 4.6° spatial
distance condition. The results suggested that parallel consolidation of oriented gratings into WVM was possible
when the spatial distance between memory items was short enough.

According to the results, we speculated that consolidation into VWM might be related to the distribution of
the visual spatial attention, and the consolidation bandwidth increased with increasing resources of attention
which memory items could get.

Key words visual working memory; consolidation; bandwidth.



