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1 55

PL3E TAEIC 14 (visual working memory)Je& T
5 B B 7t (storage) 5 #: 2\ (manipulation) A IA
JN T 7 & % (Baddeley, 2012; Luck & Vogel, 2013),
A NHBHE IR TR G2 — o ZRGEATENR
JZ NI T F2 il 8 224 H (e.g., Hollingworth,
Richard, & Luck, 2008 ), i H. 545 g AN Tt
R EAN K (e.g., Wickelgren, 1997), TEINFIR S LT
BooHifr . 2T TAECICEZE, 2
RIS E A B A EORTFBL, andrhy . Ik sifg it
FHLERLAE, XL TAEICAZHLEE T T A Bk
RO¥RIT: WN%5&E (Alvarez & Cavanagh, 2004; Luck &
Vogel, 1997; Ma, Husain, & Bays, 2014; £ i, Cowan,
2015; Oberauer, Farrell, Jarrold, & Lewandowsky, 2016;
BTG, ZAEF5RK, 2010), FAEKE EE(Zhang & Luck,
2008; Bays & Husain, 2008; Xl k3%, JF % T,
2017). 17 (Vogel, Woodman, & Luck, 2001;
Wheeler & Treisman, 2002; ZZRZ0, fiffil, 55,
2015; ZEiR WL Christophel, Klink, Spitzer, Roelfsema,
& Haynes, 2017) K% TAEICIZ 5 H'E RGE M3 HAE
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FHHLHI(Gao, Gao, Li, Sun, & Shen, 2011; Oberauer,
Awh, & Sutterer, 2017)5% .

W 2 5T R WA i A BR M2 e TAEIC A2 B
HAZ O R IE, P ALBE A 3~4 A fAT R IA
(Luck & Vogel, 1997), X F Ml 37 9 K ARLE L T AE
ICACH AT, R A AR Z A TR Hom AL & 22
PEAT TIRAIRR o LS S rp B AR AR A IR AR A 57
FETE, MRAFTES R AR R . M B 2 IR 8]
AR EEE R . AR 2B ARTESS W]
(R A3 A, Sl T A AR TE 25 8] b i 20 U
Ao WRME BAE—E BB LA SZ A48 X B K/
ISR, AR LA B AR = A T v LA K J2AH
[vi] AR 1

Fa B TAE LI S R0 1 52 Wil & 1% 3] 2 0F 58
#9340 Chun 1 Jiang (1998) AU ZE ik B T &
S L I ) R AR 0 B B B A 0 A B AR Sy e 3
S, FORPOSAEH o H ARG TR, 45K
P ST LA BL AR R G B s o i — 2
AIBFFE R, WL A IR IC 250 H Y2 (] 14 £
KA H 0] ) ¢ & {5 B (Gmeindl, Nelson, Wiggin,
& Reuter-Lorenz, 2011; Jiang, Chun, & Olson, 2004;
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Jiang, Olson, & Chun, 2000; Olson & Marshuetz, 2005;

Woodman, Vecera, & Luck, 2003), 7EXEEHFFEH,
I H B R GARTE L — RIS 55, HER
PEA 25 MR RUE B 2RIk, ZoRaiciz &
P FA R B2 AR R (g6, B BRI B Bk
e H R A 5 A XY 2 (A A BUAE B R A AR A,
R 44 51 5 1242 AT: 55 T 5C (SR ki 12 2 4
A (O s E AR, UL Jiang et al., 2000), #itic
TCHRAR W TR EARTE A, B 4 s
B Z g 23 H (] Ak B B, A RIX 125t
BB SE M SRAFAE, X LA 00 28 58 X A8 YA LY
hn oAl g B s d A A sk ket Jiang et al.,
2000, Jiang et al., 2004), >k [ & &SI H 0 5T & 3K,
G T AR EIEENN TAEICIZHE T TR, 2R
I A B BAAAERT, B4R AN B TARICIZ G50 L
T2 NI AAFAE 1 35 22 5 (Olson, Zhang, Mitchell,
Johnson, Bloise, & Higgins, 2004), iX A A4 A {5 &,
A DA — 8 B B ok A 2 kT >k 1) TAEIC 2 RE T
i, teAh, RGBT ARSI ST e i3 3] T
S A B AR IEYE 32 4%, Xu Fl Chun (2007) % B E]
fEARE B 5012455 ook, Bl aR al e B 145
SUFCZAE ML ZURE T TAR D253, Bk
RN ZEAF (3 AR R T MR 4 44 B 20 SRl o
R ERIN B R) AR RIS AR o (3 A B AR5 R
TEAKAY T N Y4136 Bfi(inferior intraparietal sulcus, IPS),
WA R E NS G5 7 AE BT
At TARIEIZ 2 EH o 4140 Hollingworth I
Rasmussen (2010) A58 R M, BRI 2 44 15 XF 17
KARTEIB P R4 T 38, HE0 56 i 144 5L 5

BB B —3, Bl i S8t il AR R AL = 7K,

ROF (0 4 ORI 1A T AN 23 5 il iX AU o i
AN — LI 5T FE AR B 1 2h A AR A R HAE AL
Hil, n Sun % A(2015) & M ANGE T & AR TE B st
PP DR RSS2 PR B 0 — 2, A BUE B mT DA K
RIENER . Zhao 25 \(2014) % 122 ARG B b AT
[ A AU [ 145 0 3 B 19 2% A 4 IR L R A7 35 5 LA
SEILTE RN T,

FELL B Se gy rh, BOARAE 55 28 AU T AN [,
{EFG RUAE B AEA FUR) AR fig 08 48 H Lo T4E 12
CHIBEL A5 BRI A, 5 i 15 B
FEAETUARYE, IR A2 5 BR AN 2R GE U SR A7 7E R
g5 AL A4S R 0] i 2 19 {5 B ik A (Cover &
Thomas, 1991), MIZFISH K&, &\ HIEET)
TAEICAZ B A 3 78 T RE 8 45 R4CHb 5 46 I 7 4

{5 B RAE, M5 RA RN T/ RS meY
A RO T Z 0945 B o SRS AL o ey 4
7R AL, B UL B R T CAZ ST BARAE
LG B T B A 5 i i e i B . 2 an s
5 FH 14 20 25 4 B 1) 75 PR Ak 7 3% 2O B 1Y s Bl R
(Sun et al., 2015; Zhao et al., 2014), XX FHF5TH
A )@ M b 53 AR VI G A JE W A B X,
T 0T e A 48 Y R A 8 1] DL A ] 4 DR 25 i &
SRR 4 A A I S50, DA e s i B A R AR E 1Y
Mo ZETAY X RS BT Y R 6 T H AR
PRI E . RO RN AR, 4528 i 7 i 2t
PRI 28 6T A4 R A A R RO 20200, R 3 e VR Y
SRR RIS B (R 2 7 2, 1 3 4 T =K R
AU 244 22 8] 1) 25 18] 56 &R $R € (] 0 Hollingworth
& Rasmussen, 2010),

NN AL B 1) 23 (8] 56 F& AT DLk — 20 4l
Sy RIS AR 1 F7R) s (1)AE B 4R =3 [R] A X T
AL CREXT T 00, B2 BSA 76 1 g 5 A A X A
FARMOLE, A LA, AT AL X I AR R AR
KA SRR AS I AT AR AN AR, I A4 BT e B 2%
KA, AN— DB ARASR AL T H A Z AR 22 |
I7, RATE B 90° )5 AL T2 T J7; ()M
RUBAR TUIE S JUTE ), RIVE AR 047 5 4 B
2 EPEAR, R EENR G TUTES LR AIE
BUBTTE A, SRS B TiE e 5 T LA TR A H AN 23 e A= el
A% BRI DT T B, K AT LA 2 JC BE A 31—
MG EI ) BAARTEAS, QAR AE T A BT TAE A2
SZm X7 T R A H BYPE TS Sl ande], stRe
i i TS 1Y B2 e 4 P 1% 7 ORI A

R 1T Al RS AR b A TR PR B AR
O, EHEAMESE Ay B v B A X 7 5 LR
AR A BRI ARG, (145 w5 HoAA o —
il e Az AR A B TR I e 2 8 Ak, B 28I Y T AR I
TCGHL . WERARXT AR R e R, TR
2 BRI 7 A5 5 Y B DR A — B i, P A
fitt 45 Bk AT LIS 204 8O, 1eA2 8080 25 T 5
WER U AR ) EZAE ], B ATE LTI AR A
MG OL T, H R RS B ae g 8 - TAEICAZ i T
G, BH LIS 3 DL SRR LA R,

2 SEEe 1. MBI AR A [E] T s
XFALE TARICAZ B2

Seu 1Y H AT 505 AR B AE R T LE T
PRCIZGIROR IR T . 528 1 SRR 84E 5L,
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1 M RY Y A s [ AR XS 5 5 B AR LA 25
T a JRUGHRL b AR R, 107 AR R AR S (AR X 7 AR B B, T T A B R LR S AN AR B B B h S B i

PR, SR RSP, TR, R TR

SR A D 5 9 B St A 2 R 1 6, 5 N By
BRI 2R KA. AZZRA P (DEEEER
5 BT LA S 77 (Q)F WA R B JLAE 2 1
R

S — 2 IR YR AL Z5 A, TR S B
BB I B, 5 — 2 R R,
W B s H B — Rl oR 30050 3 BT B . b TR B A
TGS Y B AT H B, 5 70 00 B8 2 ] X LG &R,
PRI 7 20 €5 2% A7 1) A0 o T 48 7 4 28 g VR T BRI
A&, P EE R DL AR S50 T B EE 1 o)
Brxs 4, LB 1 (d) s AR g RAZ £, 3243 Hr
J5 5 A IG5 —E(Hollingworth & Rasmussen,
2010; Mitroff, Scholl, & Wynn, 2004),

R YR SRR R — B, SRR 80
Fofu iy YR 285 1 4 B S () IR DU eh TS ALAR e 2R o
AR AN . AL EE 4 DK, S Rihn T LA
TN 1, 20 30 4 2B ML 4
BT SR SRR A R D LA B, K A
0°, HERFETZrAIEL 45°, 135°, 225°, 315° WEEASM
B, 8 A A BEAEREA A B B Bl 150 LAY BE AL

B, A AT DABRIE AR B RLH ) 4 AN B ARGy A T
4 NGB RO B B RS EE B A 2.5°~3.5°0
1130 BB P B LIS B . Ry T PRIE AN [ ) 28 2 (] () ]
X o, H A AT 2 T A 78 S T 45 2 BR Y % AR A
TEN A 22 R R T 40, 5 RS A I B 3
ZHKT 0.5 M. WARBEME 2 PR,

o 1P
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Bl 2 FAF AL E

T a fSEPI SR IR TTHY 4 FRIT A ARBTAL B 4 DRIR, 551
ZIRMRE 45 B LRRIEAR M, FLFRE 1 RIREERIE
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11N, 2otk 7 N, AFIRTE 18~24 % Z [0l A Bk
PRy a8 (E AR o SEB T A 4
[l A5, SE80 5 AR 78 30 Jo AN R AR g i
2.2 Igwrsy

Sz K /IN R 0.5°%0. 5980 £ 1Y R AE Jic
(AR, BB E IR 6 B, HEIUE 4 FRRGB fH]
TR RL[255 0 0], FE(R[255 255 0], &
[255 0 255]. £¢{7[0 255 0], 5 {4[0 255 255], W fn
[0 0 255], EILET B &7 48 P & AR 1 Je iR oy,
B R AR R B S IdlE S T, SCsdh i
SERAT 55 TR/ A 10x 1O £ 1 BB, Bz A1 B0+
(N 1 3] 9 HBEHLIEER) .
23 THEE

SE R Y8 F Matlab PsychToolbox T.H.
fu 4 il (Brainard, 1997), JH-7E—% 32 {i Windows7
RGN st SRENMAE—A 19 5F CRT
WoRAE E R, BoRarPERR 1024768, kilHIR
100 Hz,, %56 FREG A2 %) b &
24 TWRES®IT

S AE 3 R, BRI E, FEBE
e rp Je s X R B A BEHLA BT, RS 500 ms,
BRI TE 2 F Uk o B A 50 R 1T AS W b R
PR R, DAADS B o A2 B i vl RE SR 8 0 4
577 2 (e.g., Vogel et al., 2001), KU 2 )5 Fkirh
Je R 1000 ms, TS T K 9 [R) A A B0 —
A 4 BARR, AR POE S R R
500 ms, Fifij5255F 1500 ms.

23 FREE G PR B 4 SRR, HA BUAR I 52
55 251 P BE S TR B Bt — BURIER), i NN

4
e

i =

HZE o

IR S HIER), B R 24 b 25 BRvk e
— PP, B ) S B4 B R RE S TV B B — 3K
OT A EHE AR —B OB 1), T 4 &t
(GnfE 4 FioR): a. JRIES- AR, b BRI
PEARAE; o RS-, d FEAS-H A
fbo TOIABAAAETR, REF B AR & 2 IR R
POALE b, A TE T35 0 0 3 o A A A
JE o AR A IR PR, S G B e I e A
A ET eSS 90°, BIJE 1, 2. 3. 4 RIREI S HIAE
203,04, 180 4, 1, 2. 3 R, st mdss
Pee PR, B 1, 2, 3. 4 RBREIEHIAES. 4. 1,
2 ZMR. TS WX AN AR 0y BRI 2, If
HR T 8o a0k A 58 U AT 55

PRIMF RIS, $OAZEAE 2000 ms PHZEEHR AL
SET LT —FOR B, SRRl N I TR
S o AT 55 it 50 U Bt rh o R B — 0T,
BRI X AR A N AR ) 5 AR BT
Bif57E 1000~1500 ms [H[H]E fe 2 AN — ANk,
AN S5 IR AE IE BRI BT ER T R RN

T =S 56 I 1 B SR Bl iR AT 2 ) DAUAE 2R
IR . IEFUSEER AL 240 MRIR, BRI A
4% 60 1lik, T RaNLZHE, SCERRHC 205 45 41
B, BT AL 40 MR SRR g R R S
25 ZXWHER5TE

SRy T SN A 1) ST, 2B B SE AR TR AR S
o W2 LE A R KR e A R I T o o 3 SR 2 5
1 A 38 280 o R s o s 0B 2R 4 1 A e Y
Wi H 2 O o &R LAE S 2 Jr 22081, Gt
SR 5 R

@ ©
— 62 a + s —
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L/ &SN EMA BB
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Bl 5 ARSI ALFAET 35 I3 (d)F S0 i
TE: *p<0.05; ** p<0.01; *** p<0.001

D7 7 R ZE AR B 1 ) RN 5K B i 2 KO
JTALANAE B WP S5 BB 07 48 %50(1.99) ik 2
T EACSAT T BBER 146 %0(1.78), F (1, 17) =
14.34, p < 0.01, 0y = 0.46; JLMTEZS R 2R A E 8000
BAT IR B 0 K, JRIEAS MRS B30 148
B9 S H IS PR & T 89S J1 48 50(1.87)
Z 2B AKFN B E, F(1, 17) = 1.16, p= 0.30; J7
P 5 LA A 38 BAE A AT 18 8 i E K, F
(1,17)=0.13,p=0.72,

R AL B < A VA B S S5 VA LS R T
FLF(1,17)=17.91,p<0.01,n7 = 0.51, Jy{iAZ8HT
B S B (816 ms) f 3 8 T 5 (v AR fL ) 45 (882 ms);
JURIIE A R 2R Y 28500 WA 1k 31 8 K-, F (1,
17) = 2.00, p = 0.18, JiJE & (843 ms) 5 Hi L &
(855 ms) A AF 1 NI 25 S AN i 2 T v SR

AR AR AR BAT R3] 8 7K, F (1, 17) = 0.03,

p=0.86,

BOIE BTN FMT, MBLAIE &R
TR, AR S € 5 B S TR B B [T 4
MR, PORIRIEA TS . SRR, R MT
OES S RS S Sy R A NG b SO T N 371 AR 19
o B RR AT k3 25 5, ) I 3 B SRR v T T o
AT RN S50, 5 2, AEREARTER B b i 7
PLARFEAAE, TR LI 25 K A= B Ak b 2 AR 4F
JERE, AE 55 58 AR AT DLAERFAE R S K. L
AT 25 PR AE ) 00 RSN, b 32 A0 ANt 2
MBS R 5076 R 32 BAETEHE B 1 5
B b 22 H AR AR TR 3 i 2, X AR R T AR
5 I A = FE R A 3R

TEL 8 2R 5 R PRy AR IS Z I b, J@ Pk
HRARR GO R AR T B, A0SR AT 2 I 56 1)
AR R M S AR 2 R Y OCHKR OC AR RS A SRR
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AE, TARCICETBO G, W e PR ]
IS o flanA SR R e e o, e
5 B AR B Oy AE R I (8] 1 3 Bl R b DR A AR
i, U508k T 5 (Gordon, 2004; Gordon & Irwin,
1996; Mitroff, Scholl, & Noles, 2007; Mitroff et al.,
2004), T 73 Ah—LLHIF 5 I 4 78 o8 s P S H R B
2 A I A 1 2 ) 7 22 ] ) 36 R X AR IR 2 /Y
G4 BAT BB 52 (Hollingworth & Rasmussen, 2010;
Zelinsky & Loschky, 2005),

XA A BESR U, 28 1 R AR g Pk S
AHXT 5 A5 2Z 1] (Y 3K 28 KT 55 Gt 30 1Y) i v S 39 o 22
YERT . B EE SRR, XFPARRT 5 A T AR 0T 1 1Y
23 (AL E, T LA A BT E RS 2 S 2 BRI M7
T — € T0 A AT LA B O B 1T 7 A2 PR AR S o 33X F
ARV AT TARICAC S B A R IR =

SR SLE 1 I AR BEE W FE 5 TUTIE 2SR 455
— BT 5 AR T A —BW S50, TovE B LA
XL R S IURE S R Ve, BRI 25—
W SRR R .

3OS 2. MR S R ARy
5 JUAATTE 25 0 R wa e

SH 1 PR T BB AR, AR R
RS ] TUART A4y Y 2 A 728 Al i €8 e i 4 L B 7
3755 T B Bt — B0, SCIZ ST R PR R B K
XN 7 AR EOR R T SE TARICAZ 58 1A 8%
PIE . SRIMTSEE 1 RHTE S T 5 B BoAs
R RIE RS, I B BB LIRS AL 7 6 &
A AR 26, TR TG 1k 25 A LR 25 A g —

LGN

% & R e o R A RS SRR S,
AT DA i e O SR A B AR, ok g L]
TEASMEA . MR — B, 050 2 i E 3 Fh sk
PF: JFIRA-TDT AR | A6 R e i — 7 (i AN 728 F AL 72
BERe— U —2L, AR e 55086 1 MR
P BT i — LAl — B4 A, SRR AIE B 52 PR
g e REAG 78 B T 5 Oy 1) A8 Ak, 4 Z B HRIE
JUTIE SR T —2, WA 41 T Sk dh sk
BAK, ARAsIRR IS ERIEARE, K2
AL B Y SR % IR R i KT, R LI
AR B R R B E
31 #Hik

18 ZWHT KA TERLF A SINA S G, Tk 8
N, e 10 A, 4EIBTE 19~23 % Z ], FrA #iddy
WA S IE B, BRSNS SE 1, L8
AUTA BRI 2 B S R B 1S, LR R A4k
30 JC N R MR R
32 ZEmmMERE

S 2 BOAE RIS A R S 1
33 ZWRESKRIT

B 2 AR SR 1 —5, WE 3 ik
P BOBE— AL | ) RYE S —J5 S AN AR R Y
eI —2, A 6 Firs . SR 2 HORFRIR B AL
5 1 PREIE S AR AR, BERATR : RS-
D5 DEAR A S AR SEES 1 R, I H I A 2
ARHFFE EF IO, TELE 2 PR FIES-Jr
AAR S AR N LR SR BT, O B AR R R
Ji i AR S

o ©
(k) ©
o ©
FHIARAE
(B) ©
@ ©
IR) ®
by
® @ ® ¢
TR JU—3%
TR B 56 o B

K6 SL 2 R E
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FA ARG, 0 56 B B 20 (0 ] R i 4 R S B,
U UAE BT i 7 (v AN AR 55 A, L nT BB 5 e % 5 1)
JUATE R A7 — B, T2 U B i % — L] — B0 5%
Fo FRUBER: 0 7 SO £ 9008k # 3iit£F 90°
Herp—F (] 6 FT R Al B T e 5% 90°), M i fifi 44 751
RS I 45 AR 3 BAL T 4 DR IR, WARE AR R
YR RE) TR A 28 AR B — B
34 ZXBHER5ITE

Xof ST 2 AR A T R I Y L DR R T 25 4
Br, BARZESANE 7 iR

HE 1R o 3 DS g S A 1 2 s ) e 2
K-, F(2,34) = 8.45,p<0.01, 0} = 0.33, NfiTAfif
FhAAF T G5 B L AFAE 22 5%, W A AU i i —
Ji A ANAE (2.03) . 4 B iE i — LA — B0 (1.78) P Fl 4%
P EIHEN 1 5 IR AR (2,12, FEL AT
rivde, srEMESARE, F (1, 17) = 0.90, p =
036, Mg HEMEFEHNEEKF, FA, 17) =
13.05, p<0.01, n; = 0.43,

J N7 B BB 5 ) AR RL, 3 i A A R Y
RBER BB E R, F (2, 34) = 3.81, p< 0.05, 1 =
0.18, [FIFERH AU E S — )7 i A5 (867 ms). 14 7iE
LA —38(896 ms) F& A 1 i W I 5 IR 25—
A (856 ms)HFAT HLAL, ABATH RIBBNEE, F(,
17) = 0.45, p = 0.51, 15 & A2 578 3] 8 % KF,

F(1,17)=6.83, p<0.05,1,=0.29,

SEHG 2 SSRGS 1 2R TR RIET,
TCe I 55 o B 14 %5 AR 44 L L An) TR 28 2 15 Kk AE T
P HAT: 55 GTRCER ORI s /K F-, A B g e — L
o] — B A T RSO BAR . F B R A gl i,
SR B R AR XS 7 (L PR A T I — 2, IR A B
0 B S U IR 25 00— Z vk a2 2K 78 SR,
A B i e - LA — B8 AF T, B A8 5 L
S B —BOEAF 2 T PRAF, AR I 62 0 i T e
emi g T AR HE 2z, XA AR ST AR
R 7 ARN 5 5 TUA IS S S — S0, A 7
L —2 T GRS B AR AR W] — K, e E T
JURTEZS — B oL, X R I AT 55 B 24K
TR 5 2 VR, iR JLADES I R .

S 1A R A AR R AR S AEAR
e TAFICICAE 55 R Y B BRI, Misess 2 A4 2R )
b — 2 7R A D 6 7 AR B ) 4 T o BE N 32
AR, mILREESRERIEA B . RT% g
S 2 TR S AL B AR L, (R S
JEBA Rl AR, 2 O BRI R, A
ATAT DAXT 06 2 2 AT LA e G454, HH 3 LA
By 7 AT, W5 B — B L 2 (Cooper &
Shepard, 1973; Metzler & Shepard, 1974; Shepard &
Hurwitz, 1984; Shepard & Metzler, 1988). Ul Jyty

3.0 - - - 1100
] ;m
2.5 ] C
T T T - 900
20 ] f
1 C 800
£ : " g
2 1.5 ] C 700 '}é’
® TS|
o] C 600
- - 500
05 - f
: C 400
04 300
& & & & F &
x % » X % :
P & & kg &
& %@ &% & @@ @%

Bl 7 S 3 PR AT S (d) A R Bt
e *p<0.05; ** p<0.01; *** p<0.001
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B e AR A N A 3R, il AR B A S
FARTT LS TLATIE 25 04 1 T RE A5 /5 H TR) A 1) 2
JOE A 1 A TR, R B — 2P IS AT IR

50 SE 3. e fIlbE e 2R &
T3 A5 U 25 1A

TESCHS 2 A BUAEERE LB SR FF AL,
SR TN A LA 285 08 — BRI B AT 1R & 107 L
KRB R . S8 2 s R R
AT e LB AL T e iR 2 SR B S AN i 2 1Y
AR, SRTAATRAIE 2 G A e B AR R —
EZR R, S 3 SRt TR i LR
K 8 B7R), st B AR ALy ad e, fili 2 HAT %
Sk o WR LTI 25 RO BR80T H BA R T A 2 3,
HLHE AR JUATHE 285 PR 3R 0 AR e A2 AT H B A R
Z LA B AR T A D PR s ke B 11 3 5
ity B A0SR A R 5 B AR X D5 (o — BRI 5 B
Z AT R, Wit BHALAE TARICIZ AT 55 Bisk
AR FLM N R A

B LRTEA, 925 3 BUE T 3 FhRE, 2
SRR L — 2, BB ST e . BB RS
I L REHLAR AL AN 9 Ji7R) H HE a5 L fie
FEIRAETT, 056 B B i g 28 DAY 2R 26 v B RIL A0
T 2 A7 5 ) 55 ke e e R — B, BB 25 —J7 (L B HIL
ARZEAET, DS B BEDLAN IR, 45 26 1 J5 L AR
SHER AR, HHEER SheR 2R — SR, X
5505 1 BHTE ST SR A& BT A TR

GBS 2 WUARRAE_E3F, TR 25 —T5 RLBELAS
AT AR B S B AR T G AR A A T 784k,
BB — LA — B AE T, B S M
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Effect of spatial position based configuration on visual working memory performance
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Abstract

It has been widely acknowledged that visual working memory (VWM) only maintains and manipulates a
limited amount of visual information (e.g. 3~4 objects). Studies on how VWM stores and processes objects have
been effective and have yielded useful results. Previous studies in this field are focused on the processing
mechanisms of individual objects. However, the mechanisms for grouping and organization of visual objects
have received an increasing amount of attention recently. Among numerous types of organizations, configuration,
i.e. the spatial formation of visual objects, plays a vital role in understanding the flexibility of human VWM.
Many studies have shown that configuration had significant influence on VWM performance. However,
configuration was usually employed as an approach to explore the effect of other factors on the memory system.
Only a few studies have directly addressed the mechanism of the configuration VWM. In this study, we attempt
to determine the critical factor of the information contained in a given configuration that influences VWM. We
then attempt to outline the underlying mechanism of the processing in memory system for a given configuration.

In experiments 1 and 2, we separately controlled the variation of two aspects for a given configuration: the
spatial position (i.e. relative position of an object described in left, right, and up/down, will be changed when
configuration rotates), and the geometric shape (i.e., shape of the polygon with the objects as its vertexes,
irrelevant to rotation). These two factors might vary independently or simultaneously. If the spatial position is
the dominant factor in the influence of configuration on VWM, the performance will improve when the spatial
position is kept constant. Consequently, broken or rotated geometric shapes will not affect memory performance.
If geometric shape is the critical factor, the effects would be in reverse, wherein the performance would improve
if the geometric shape is kept constant. The results from our experiments indicate that spatial position is the
dominant factor. There was no significant difference on VWM performance between same-position-different-
shape conditions (geometric shape varied while spatial position preserved) and the baseline condition
(configuration were completely identical). The memory performance declined significantly against the baseline
level when spatial position changed, regardless of the geometric shape.

In experiment 3, we systematically considered the rotation of a given configuration. A rotation clue was
provided such that mental rotation can be conducted on the previewed configuration. The paradigms were
identical to experiments 1 and 2; however, the controlled factor of experiment 3 was the consistency between the
rotation clue and the spatial position/geometric shape in test phase. When spatial position is consistent with the
rotation clue, the memory performance was better. Once again, the geometric shape showed no significant effect.

These findings suggest the following: First, when a given configuration boost the efficiency of VWM, the
primary factor is the spatial position of the object. Second, the overall geometric shape has no significant
influence on VWM performance. Third, the role of these two factors maintains the same under mental rotation of
a given configuration.

Key words visual working memory; objects; configuration





